
Info from  Official Appraisal Folders stored in R10 FM office file cabinets 

2003-2018 TimberSales (1000+ MBF) Sale# Advertised Date Awarded
Last Twin Reoffer 03241 5/1/2003 Y
Twin Bridges II 03255 6/21/2003 Y
South Lindy Mountain Resale 03223 7/17/2003 N
Orion South 03259 7/21/2003 Y
Grey Ghost Cedar Salvage Reoffer 03248 7/28/2003 N
Luck Lake 03269 8/16/2003 N
Fusion 03270 9/25/2003 Y
Situk Blowdown Reoffer 40556 10/9/2003 Y
Thorne Island 04088 4/3/2004 Y
Orion North 04052 4/10/2004 Y
Luck Lac 04096 6/11/2004 N
Finger Point 04092 6/17/2004 Y
Licking Creek 04091 8/6/2004 Y
Midway Reoffer II 04106 9/23/2004 Y
Drumlin 04113 9/25/2004 N
Kogish Shinaku 04103 9/30/2004 Y
Boundary 04118 9/30/2004 N
Shady 05038 3/31/2005 Y
Coyak Salvage 05074 4/11/2005 Y
Luck Lac II 05098 7/29/2005 Y
Doughnut 05082 8/4/2005 N
Lindenburg 05112 9/29/2005 Y
Skipping Cow 05083 9/29/2005 Y
Upper Carroll II 05092 9/29/2005 Y
Buckdance Madder Reoffer 05054 1/31/2006 Y
Red Mountain 06074 2/18/2006 Y
Drumlin Reoffer II 05105 4/22/2006 Y
Bluelight Special 06042 6/15/2006 N
Backline 07032 4/12/2007 Y
Tuxekan 07057 7/25/2007 Y
Scratchings 07050 8/27/2007 Y
Backline Helicopter 08031 6/3/2008 N
Baht 08040 7/18/2008 N
Overlook 07065 7/22/2008 N
Overlook Reoffer 07065 3/5/2009 N
Backline Helicopter Reoffer 08031 3/5/2009 N
Frenchie 09108 3/5/2009 N
Orion North Reoffer 08035 3/12/2009 Y
Diesel 09124 11/28/2009 Y
Slake 10024 9/11/2010 Y
Heceta Stewardship YG 1/1/2011 Y
Frenchie Stewardship 09108 1/1/2011 Y
Backline Helicopter Reoffer II 08031 3/17/2011 Y
Tonka Stewardship 1/1/2012 Y
Wabbit Stewardship 11008 1/1/2012 Y
Tower 11013 2/9/2013 Y
Zarkof Salvage 12017 3/16/2013 Y
Big Thorne Stewardship 14041 1/1/2014 Y
Dargon Point 14005 5/10/2014 N
Last Stand 14012 10/4/2014 Y
Camel Back 14015 8/22/2015 Y
Big Buck 15035 9/15/2015 Y
North Kuiu 16060 8/13/2016 N
Three Sisters 14026 9/3/2016 Y
GNA Kosciusko YG 17033 1/1/2017 Y
GNA Vallenar YG 18062 1/1/2018 Y
In Between Resale 14013 2/10/2018 N
Rough Luck 17023 3/31/2018 Y
North Kuiu 2 17010 5/7/2018 N
Wrangell Island 17001 8/18/2018 N
South Snakey 18005 8/25/2018 Y
South Snakey 18005 8/28/2018 N



Info from  Official Appraisal Folders stored in R10 FM office file cabinets 

2003-2018 AWARDED Timber Sales  
1000+ MBF Sale #

NMBF incl 
nonsaw Advertised Date

AWARDED  
= Y

Harvest 
acres St-Trck $ New Perm Rd Tmp Rd

calc new 
rd miles

calculated % 
closed

Last Twin Reoffer 03241 1314 5/1/2003 Y 22 89 0 0.45 0.45 100%
Twin Bridges II 03255 7027 6/21/2003 Y 249 170 3.09 1.44 4.53 32%
Orion South 03259 3384 7/21/2003 Y 124 151 0 0.7 0.7 100%
Fusion 03270 38623 9/25/2003 Y 1477 202 10.28 4.41 14.69 30%
Situk Blowdown Reoffer 40556 25124 10/9/2003 Y 1203 234 0 0.91 0.91 100%
Thorne Island 04088 1916 4/3/2004 Y 110 356 0 0 0
Orion North 04052 6382 4/10/2004 Y 381 151 5.1 1.5 6.6 23%
Finger Point 04092 10490 6/17/2004 Y 296 234 1.6 2.5 4.1 61%
Licking Creek 04091 15322 8/6/2004 Y 527 126 3.1 3.17 6.27 51%
Midway Reoffer II 04106 8222 9/23/2004 Y 427 156 0 0 0
Kogish Shinaku 04103 8026 9/30/2004 Y 290 221 0 1.47 1.47 100%
Shady 05038 4026 3/31/2005 Y 231 127 0 0.1 0.1 100%
Coyak Salvage 05074 7959 4/11/2005 Y 593 234 0 0 0
Luck Lac II 05098 8586 7/29/2005 Y 320 346 1.17 0.16 1.33 12%
Lindenburg 05112 23239 9/29/2005 Y 715 230 1.3 0.59 1.89 31%
Skipping Cow 05083 18641 9/29/2005 Y 851 189 2.57 2.34 4.91 48%
Upper Carroll II 05092 16488 9/29/2005 Y 609 147 4.74 0.65 5.39 12%
Buckdance Madder Reoffer 05054 15425 1/31/2006 Y 647 199 0.4 5.25 5.65 93%
Red Mountain 06074 5889 2/18/2006 Y 640 398 0 0 0
Drumlin Reoffer II 05105 1080 4/22/2006 Y 27 157 0 0.19 0.19 100%
Backline Cable 07032 4519 4/12/2007 Y 267 265 0 1.01 1.01 100%
Tuxekan 07057 8883 7/25/2007 Y 236 154 6.13 0.16 6.29 3%
Scratchings 07050 11332 8/27/2007 Y 546 204 3.77 3.26 7.03 46%
Orion North Reoffer 08035 4360 3/12/2009 Y 361 212 1.17 1.08 2.25 48%
Diesel 09124 23853 11/28/2009 Y 1165 162 2.6 11.7 14.3 82%
Slake 10024 18839 9/11/2010 Y 1403 225 1.1 10.3 11.4 90%
Heceta Stewardship YG 11029 7557 1/1/2011 Y 386 178 0 0.8 0.8 100%
Frenchie Stewardship 09108 26177 1/1/2011 Y 1137 231 0 3.1 3.1 100%
Backline Helicopter Reoffer II 08031 1751 3/17/2011 Y 237 460 0 0 0
Tonka Stewardship 12026 36401 1/1/2012 Y 2220 234 1.4 5.4 6.8 79%
Wabbit Stewardship 11008 1314 1/1/2012 Y 78 148 0 0.7 0.7 100%
Tower 11013 1204 2/9/2013 Y 52 238 0 0.6 0.6 100%
Zarkof Salvage 12017 3452 3/16/2013 Y 110 392 0 0 0
Big Thorne Stewardship 14041 97717 1/1/2014 Y 3819 294 3.1 13.7 16.8 82%
Last Stand 14012 1639 10/4/2014 Y 62 164 0 0.5 0.5 100%
Camel Back 14015 8444 8/22/2015 Y 389 179 0 4.7 4.7 100%
Big Buck 15035 3813 9/15/2015 Y 50 135 0 0 0
Three Sisters 14026 9803 9/3/2016 Y 372 265 0.7 1 1.7 59%
GNA Kosciusko YG 17033 30008 1/1/2017 Y 1500 258 0 0 0
GNA Vallenar YG 18062 2624 1/1/2018 Y 73 139 0 0 0
Rough Luck 17023 7559 3/31/2018 Y 438 222 0.7 2.7 3.4 79%
South Snakey 18005 1752 8/25/2018 Y 91 165 0 0.8 0.8 100%

42 540164 24731 215.2619 54.02 87.34



2003-2010

# of Sales 
(>1MMBF) 

Sold
MMBF 

Awarded 
# TS purchasers 

(>3MMBF)
# log comp 
(>3MMBF)

 calculated 
total 

companies Acres
fell yd load 

$/MBF
new rd 
miles

calc new rd 
mi / mmbf 

harv
% new rd 

closed 
2003 5 75 4 4 8 3075 $205 21.3 0.3 72%
2004 6 50 5 6 11 2031 $180 18.4 0.4 59%
2005 6 79 5 6 11 3319 $211 19.3 0.2 49%
2006 3 22 4 5 9 1314 $249 5.8 0.3 61%
2007 3 25 4 5 9 1049 $197 14.3 0.6 50%
2008 0 0 3 3 6 0
2009 2 28 3 3 6 1526 $170 16.6 0.6 65%
2010 1 19 2 2 4 1403 $225 11.4 0.6 90%

AVG per year 3 37 4 4 8 1715 $203 15.3 0.4 64%
Total MMBF 299

2011 3 35 2 3 5 1760 $231 3.9 0.1 100%
2012 2 38 2 3 5 2298 $231 7.5 0.2 90%
2013 2 5 2 3 5 162 $352 0.6 0.1 100%
2014 2 99 2 3 5 3881 $292 17.3 0.2 91%
2015 2 12 2 3 5 439 $165 4.7 0.4 100%
2016 1 10 2 3 5 372 $265 1.7 0.2 59%
2017 1 30 2 3 5 1500 $258 0.0 0.0
2018 3 12 2 3 5 602 $195 4.2 0.4 90%

AVG per year 2 30 2 3 5 1377 $258 5.0 0.2 90%
Total MMBF 241



2003-2010

# of TSales 
(>1MMBF) 

Sold
TS MMBF 
Awarded

# timber comp 
(operate 3-33 

MMBF/yr)
1000 
Acres

fell yd load 
$/MBF

miles new 
rd

new rd miles 
/ mmbf harv

% new rd 
closed 

annual exp / 
annual harv

2003 5 75 8 3.1 $205 21.3 0.3 72% 9%
2004 6 50 11 2.0 $180 18.4 0.4 59% 23%
2005 6 79 11 3.3 $211 19.3 0.2 49% 42%
2006 3 22 9 1.3 $249 5.8 0.3 61% 11%
2007 3 25 9 1.0 $197 14.3 0.6 50% 16%
2008 0 0 6 0.0 19%
2009 2 28 6 1.5 $170 16.6 0.6 65% 48%
2010 1 19 4 1.4 $225 11.4 0.6 90% 36%

AVG per year 3 37 8 1.7 $203 15.3 0.4 64% 25%

2011-2018

# of TSales 
(>1MMBF) 

Sold
TS MMBF 
Awarded

# timber comp 
(operate 3-33 

MMBF/yr)
1000 
Acres

fell yd load 
$/MBF

miles new 
rd

new rd miles 
/ mmbf harv

% new rd 
closed 

annual exp / 
annual harv

2011 3 35 5 1.8 $231 3.9 0.1 100% 51%
2012 2 38 5 2.3 $231 7.5 0.2 90% 51%
2013 2 5 5 0.2 $352 0.6 0.1 100% 22%
2014 2 99 5 3.9 $292 17.3 0.2 91% 41%
2015 2 12 5 0.4 $165 4.7 0.4 100% 23%
2016 1 10 5 0.4 $265 1.7 0.2 59% 58%
2017 1 30 5 1.5 $258 0.0 0.0 42%
2018 3 12 5 0.6 $195 4.2 0.4 90% 46%

AVG per year 2 30 5 1.4 $258 5.0 0.2 90% 41%



8  Years Before and After R10 Roadless Restriction in 2011 ip 061319      improved 112219

Decreasing Trend  in # of TS, Volume, Companies, Acres, & new roads Increasing Trend in Logging Costs and % Export

2003-2010

# of TSales 
(>1MMBF) 

Sold
TS MMBF 

Sold

# timber comp 
(operate 3-33 

MMBF/yr)
1000 
Acres

miles 
new rd

new rd miles 
/ mmbf harv

% new rd 
closed 2003-2010

fell yd load 
$/MBF

annual exp / 
annual harv

2003 5 75 8 3.1 21.3 0.3 72% 2003 $205 9%
2004 6 50 11 2.0 18.4 0.4 59% 2004 $180 23%
2005 6 79 11 3.3 19.3 0.2 49% 2005 $211 42%
2006 3 22 9 1.3 5.8 0.3 61% 2006 $249 11%
2007 3 25 9 1.0 14.3 0.6 50% 2007 $197 16%
2008 0 0 6 0.0 2008 19%
2009 2 28 6 1.5 16.6 0.6 65% 2009 $170 48%
2010 1 19 4 1.4 11.4 0.6 90% 2010 $225 36%

AVG per year 3 37 8 1.7 15.3 0.4 64% AVG per year $203 25%
Total MMBF 299

Decreasing Trend  in # of TS, Volume, Companies, Acres, & new roads Increasing Trend in Logging Costs and % Export

2011-2018

# of TSales 
(>1MMBF) 

Sold
TS MMBF 

Sold

# timber comp 
(operate 3-33 

MMBF/yr)
1000 
Acres

miles 
new rd

new rd miles 
/ mmbf harv

% new rd 
closed 2011-2018

fell yd load 
$/MBF

annual exp / 
annual harv

2011 3 35 5 1.8 3.9 0.1 100% 2011 $231 51%
2012 2 38 5 2.3 7.5 0.2 90% 2012 $231 51%
2013 2 5 5 0.2 0.6 0.1 100% 2013 $352 22%
2014 2 99 5 3.9 17.3 0.2 91% 2014 $292 41%
2015 2 12 5 0.4 4.7 0.6 100% 2015 $165 23%
2016 1 10 5 0.4 1.7 0.2 59% 2016 $265 58%
2017 1 30 5 1.5 0.0 0.0 2017 $258 42%
2018 3 12 5 0.6 4.2 0.4 90% 2018 $195 46%

AVG per year 2 30 5 1.4 5.0 0.2 90% AVG per year $258 41%
Total MMBF 241



 SOURCE:    Timber Sale Summary Reports and Accomplishments,  https://www.fs.usda.gov/detail/r10/landmanagement/resourcemanagement/ 

Calendar 
Year Destination

Sitka 
Spruce

Western 
Hemlock

Alaska 
Cedar

Western 
Red Cedar All Species

CY exp 
shipment

Annual 
Harvest

annual exp/ 
annual harv

2003 Canada 0.1 0.4 0.2 0.0 0.6
U.S. 0.0 0.0 0.1 0.3 0.4
Pacific Rim 0.0 0.0 2.9 0.4 3.3

Total Exports 0.1 0.4 3.2 0.6 4.3 4.3 48.1 9%
2004 U.S. 0.0 0.0 0.0 1.4 1.4

Pacific Rim 6.8 1.2 1.7 0.0 9.7
Total Exports 6.8 1.2 1.7 1.4 11.2 11.2 49.2 23%

2005 U.S. 0.0 0.0 0.0 3.9 3.9
Pacific Rim 11.7 1.9 1.9 0.0 15.5

Total Exports 11.7 1.9 2.0 3.9 19.5 19.5 46.6 42%
2006 U.S. 0.0 0.0 0.0 2.5 2.5

Pacific Rim 0.4 0.1 0.4 0.8 1.8
Total Exports 0.4 0.1 0.5 3.3 4.4 4.4 40.0 11%

2007 Canada 0.1 0.0 0.0 0.2 0.3
U.S. 0.0 0.0 0.0 0.2 0.2
Pacific Rim 0.2 0.1 2.7 0.0 3.0

Total Exports 0.3 0.1 2.7 0.4 3.5 3.5 22.5 16%
2008 U.S. 0.0 0.0 0.3 1.1 1.4

Pacific Rim 1.2 1.7 1.6 0.0 4.4
Total Exports 1.2 1.7 1.9 1.1 5.8 5.8 30.0 19%

2009 U.S. 0.0 0.0 0.0 0.3 0.3
Pacific Rim 3.5 8.7 0.8 0.4 13.4

Total Exports 3.5 8.7 0.8 0.7 13.7 13.7 28.3 48%
2010 U.S. 0.0 0.0 0.0 0.0 0.0

Pacific Rim 2.5 8.6 1.8 0.0 12.8
Total Exports 2.5 8.6 1.8 0.0 12.9 12.9 35.7 36%

2011 U.S. 0.0 0.0 0.0 5.3 5.3
Pacific Rim 1.2 7.8 1.7 0.0 10.7

Total Exports 1.2 7.8 1.7 5.3 16.0 16.0 31.6 51%
2012 Canada 0.1 0.0 0.0 0.0 0.1

U.S. 0.1 0.0 0.0 0.8 0.9
Pacific Rim 1.4 4.6 1.8 0.0 7.8

Total Exports 1.6 4.6 1.9 0.8 8.9 8.9 17.5 51%
2013 Canada 0.0 0.0 0.0 0.0 0.0

U.S. 0.0 0.0 0.0 0.0 0.0
Pacific Rim 1.8 6.3 0.8 0.0 9.0

Total Exports 1.8 6.3 0.8 0.0 9.0 9.0 41.2 22%
2014 Canada 0.0 0.1 0.0 0.0 0.2

U.S. 0.0 0.0 0.0 0.0 0.0
Pacific Rim 3.7 9.2 1.8 0.0 14.7

Total Exports 3.7 9.4 1.8 0.0 14.9 14.9 36.7 41%
2015 Canada 0.0 0.0 0.0 0.0 0.0

U.S. 0.0 0.0 0.0 0.0 0.0
Pacific Rim 3.8 8.3 1.3 0.0 13.4

Total Exports 3.8 8.3 1.3 0.0 13.4 13.4 59.5 23%
2016 Canada 0.0 0.0 0.0 0.0 0.0

U.S. 0.0 0.0 0.0 2.3 2.3
Pacific Rim 6.1 13.6 2.9 0.1 22.8

Total Exports 6.1 13.6 2.9 2.4 25.0 25.0 43.5 58%
2017 Canada 0.0 0.0 0.0 0.0 0.0

U.S. 0.0 0.0 0.0 0.7 0.8
Pacific Rim 1.0 4.1 0.7 0.0 5.8

Total Exports 1.0 4.1 0.7 0.7 6.6 6.6 15.9 42%
2018 Canada 0.0 0.0 0.0 0.0 0.0

U.S. 0.0 0.0 0.0 0.5 0.5
Pacific Rim 1.8 6.0 0.8 0.0 8.7

Total Exports 1.8 6.1 0.8 0.5 9.2 9.2 20.0 46%

Tongass National Forest Log Exports and Interstate Shipments (MMBF)
(Compiled by Tongass NF)





 SOURCE:    Timber Sale Summary Reports and Accomplishments, located at Webpage: https://www.fs.usda.gov/detail/r10/landmanagement/resourcemanagement/ 

Timber Harvested From National Forests in Alaska 1908 to Present

Tongass National Forest

           Period
Sawlog 

MBF
Non-Sawlog 

MBF
Converted 

MBF
Calendar 

Year
Converted 

MBF
calculated 
CY MMBF

Oct-18 Dec-18 3,766.08 156.80 3,922.88 2018 20,007.86 20.01
Jul-18 Sep-18 5,638.13 32.26 5,670.39
Apr-18 Jun-18 4,060.26 58.00 4,118.26
Jan-18 Mar-18 3,899.01 2,397.32 6,296.33
Oct-17 Dec-17 3,751.48 0.00 3,751.48 2017 15,882.05 15.88
Jul-17 Sep-17 5,041.74 30.89 5,072.63
Apr-17 Jun-17 2,708.84 114.53 2,823.37
Jan-17 Mar-17 4,204.77 29.80 4,234.57
Oct-16 Dec-16 7,826.98 53.75 7,880.73 2016 43,520.80 43.52
Jul-16 Sep-16 7,193.21 2,614.50 9,807.71
Apr-16 Jun-16 10,490.15 12.74 10,502.89
Jan-16 Mar-16 13,669.24 1,660.23 15,329.47
Oct-15 Dec-15 9,482.18 253.01 9,735.19 2015 59,490.49 59.49
Jul-15 Sep-15 11,772.19 136.95 11,909.14
Apr-15 Jun-15 7,534.86 27,579.29 35,114.15
Jan-15 Mar-15 2,674.74 57.27 2,732.01
Oct-14 Dec-14 6,920.24 207.01 7,127.25 2014 36,650.67 36.65
Jul-14 Sep-14 14,422.41 1,474.56 15,896.97
Apr-14 Jun-14 10,581.56 814.00 11,395.56
Jan-14 Mar-14 1,800.85 430.04 2,230.89
Oct-13 Dec-13 9,275.20 327.84 9,603.04 2013 41,166.75 41.17
Jul-13 Sep-13 13,476.05 6,490.50 19,966.55
Apr-13 Jun-13 5,406.99 5,797.50 11,204.49
Jan-13 Mar-13 366.67 26.00 392.67
Oct-12 Dec-12 4,686.90 115.07 4,801.97 2012 17,469.63 17.47
Jul-12 Sep-12 4,448.23 273.44 4,721.67
Apr-12 Jun-12 6,207.59 151.00 6,358.59
Jan-12 Mar-12 1,334.40 253.00 1,587.40
Oct-11 Dec-11 7,981.43 178.47 8,159.90 2011 31,643.13 31.64
Jul-11 Sep-11 11,487.69 300.85 11,788.54
Apr-11 Jun-11 6,386.46 60.71 6,447.17
Jan-11 Mar-11 5,161.01 86.51 5,247.52
Oct-10 Dec-10 7,128.12 2,026.50 9,154.62 2010 35,650.47 35.65



Tongass National Forest

           Period
Sawlog 

MBF
Non-Sawlog 

MBF
Converted 

MBF
Calendar 

Year
Converted 

MBF
calculated 
CY MMBF

Jul-10 Sep-10 10,947.74 171.98 11,119.72
Apr-10 Jun-10 7,262.76 175.55 7,438.31
Jan-10 Mar-10 3,615.76 4,322.06 7,937.82
Oct-09 Dec-09 8,450.98 462.90 8,913.88 2009 28,326.99 28.33
Jul-09 Sep-09 10,352.88 910.69 11,263.57
Apr-09 Jun-09 6,532.93 1,612.78 8,145.71
Jan-09 Mar-09 0.50 3.33 3.83
Oct-08 Dec-08 8,402.71 566.68 8,969.39 2008 30,001.84 30.00
Jul-08 Sep-08 10,500.39 418.53 10,918.92
Apr-08 Jun-08 7,968.01 1,025.07 8,993.08
Jan-08 Mar-08 1,082.83 37.62 1,120.45
Oct-07 Dec-07 4,492.87 2,464.13 6,957.00 2007 22,480.70 22.48
Jul-07 Sep-07 9,352.60 1,877.52 11,230.12
Apr-07 Jun-07 1,800.87 548.56 2,349.43
Jan-07 Mar-07 1,024.47 919.68 1,944.15
Oct-06 Dec-06 2,609.79 601.54 3,211.33 2006 40,044.70 40.04
Jul-06 Sep-06 15,268.81 2,097.66 17,366.47
Apr-06 Jun-06 8,634.57 324.63 8,959.20
Jan-06 Mar-06 8,450.14 2,057.56 10,507.70
Oct-05 Dec-05 6,174.70 153.15 6,327.85 2005 46,583.45 46.58
Jul-05 Sep-05 6,820.14 970.41 7,790.55
Apr-05 Jun-05 14,960.15 8,151.06 23,111.21
Jan-05 Mar-05 8,472.34 881.50 9,353.84
Oct-04 Dec-04 8,329.13 1,017.41 9,346.54 2004 49,180.43 49.18
Jul-04 Sep-04 13,922.65 7,352.85 21,275.50
Apr-04 Jun-04 11,462.81 1,097.99 12,560.80
Jan-04 Mar-04 5,332.96 664.63 5,997.59
Oct-03 Dec-03 5,997.20 605.41 6,602.61 2003 48,106.69 48.11
Jul-03 Sep-03 27,165.85 2,881.91 30,047.76
Apr-03 Jun-03 7,148.10 2,800.25 9,948.35
Jan-03 Mar-03 1,322.52 185.45 1,507.97
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Yellow-Cedar Decline
Cause: Yellow-cedar decline is caused by fine-root freezing injury. It occurs on sites with shallow soils and low
snowpack. Yellow-cedar is uniquely vulnerable to this form of injury compared to associated conifers.

Host(s) in Alaska:

Yellow-cedar (Callitropsis nootkatensis (D. Don) Oerst. ex D.P. Little; formerly Chamaecyparis nootkatensis
Topics

Climate Adaptation Strategy for Yellow-Cedar in Alaska
Several branches of the USFS (Forest Health Protection, Pacific Northwest Research Station,
Alaska Regional Office, and National Forest System) worked together to develop 
A Climate Adaptation Strategy for Conservation and Management of Yellow-cedar in
Alaska (2016). This report synthesizes the ecology, cultural and commercial values, taxonomy,
and silvics of yellow-cedar; the mechanism and risk factors of yellow-cedar decline; guidance
and opportunities for the active management of yellow-cedar; the development of models to
estimate the distribution of yellow-cedar and the current and future risk factors for decline;
and the current and projected future status of yellow-cedar in 33 management zones in
Alaska.

Current Status & Distribution in Alaska (2018 Update)

Yellow-cedar decline,
Peril Strait, Chichagof
Island.

Dead and dying yellow-
cedars, Peril Strait,
Chichagof Island.

Climate Adaptation Strategy for Yellow-Cedar
Current Status & Distribution
Yellow-Cedar Decline Summary
Historic Activity
Causes of Yellow-Cedar Decline
Symptoms & Damage
Ecological Impacts
Salvage Opportunities
Decline in Managed Young-Growth
Recent Work
Distribution Map
Resources & Publications (full list)

NEW The US Fish & Wildlife Service decision to deny federal protection for yellow-cedar under the Endangered
Species Act was finalized on October 7th, 2019. The full listing decision is available in the Federal Register (Vol.
84, No. 194). The Yellow-Cedar Species Status Assessment, upon which the decision was based, was completed in
December 2018. Read more here.
In 2018, less than 18,000 acres of forest with actively dying yellow-cedar trees (trees with yellow-red crowns)
were mapped during the aerial survey (see Map), down from a recent peak of 47,500 acres in 2017. This
reduction in mapped acreage likely reflects a true decrease in decline activity following a colder, snowier winter,
but also stems from more conservative mapping. In 2018, surveyors made a concerted effort to draw polygons
tightly around areas of forest affected by decline. When surveyors draw larger polygons around affected forest and
assign a lower value for the percentage of trees affected, it may inadvertently incorporate areas of forest only
marginally affected by decline. Both styles of mapping are correct, but larger polygons can inflate the total area of
mapped decline. Increases in overall affected acreage are expected to roughly coincide with the occurrence of
decline events (early spring thaws followed by freezing conditions in the absence of snow, as occurred in 2015 and
2016). However, because trees and forests typically remain symptomatic for several years as trees gradually die,
a significant decrease in mapped acreage is not expected from one year to the next, even when weather promotes
cedar health.
Yellow-cedar forests along the coast of Glacier Bay and in Prince William Sound remain healthy. However, a 100-
acre patch of yellow-cedar mortality with old snags was reported in 2016 alongside La Perouse Glacier (Glacier
Bay National Park), tens of miles northwest of the northernmost mapped decline. Ben Gaglioti of the Lamont
Doherty Earth Observatory confirmed that the dead trees/snags are yellow-cedar, and that adjacent healthy forest
also contains yellow-cedar. The snags in this patch appear to have died around 1990 based on secondary branch
retention (time-since-tree-death can be estimated based on snag charactaristics). In May 2018, Gaglioti and
his team sampled 100 cedar snags from (a) the 100-acre mortality patch on the moraine and (b) adjacent glacier-
buried forest that has been uncovered by glacial recession (their main project objective). They will cross-date the
samples to pinpoint when they died and to understand their population structure. This yellow-cedar mortality,
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Yellow-Cedar Decline Summary

Forest with yellow-cedar
decline near Peril Strait,
Chichagof Island.

A planted yellow-cedar
on Prince of Wales Island.

A naturally-regenerated yellow-
cedar seedling.
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Historic Activity
Our information on tree ages indicates that most of the trees that have died within the last century, and continue to
die, regenerated during the Little Ice Age (~1400 to 1850 AD). Heavy snow accumulation is thought to have occurred
during this period, giving yellow-cedar a competitive advantage on low-elevation sites in Southeast Alaska. Trees on
these low-elevation sites are now susceptible to exposure-freezing injury under warmer climate conditions. An
abnormal rate of yellow-cedar mortality began around 1880, accelerated in the 1970s and 1980s, and continues
today. These dates roughly coincide with the end of the Little Ice Age and a warm period in the Pacific Decadal

Oscillation, respectively. On a finer temporal scale, recent analysis of 20th century weather station data from
Southeast Alaska documented increased temperatures and reduced snowpack in late winter months, in combination
with the persistence of freezing weather events in spring (Beier et al. 2008). From the time crown symptoms appear,
it takes 10 to 15 years for trees to die, making it difficult to associate observations from aerial surveys to weather
events in particular years. Although there is continued activity of yellow-cedar decline, mortality has subsided
somewhat in the last two decades.

Recent mortality is most dramatic on the outer and southern coast of Chichagof Island (Peril Strait) and at higher
elevations, indicating an apparent northward and upward spread that is consistent with the climate patterns believed
to trigger mortality. At the southern extent of decline in Alaska (55-56° N), mortality occurs at relatively higher

north of previously mapped decline, is of great interest, since cedar populations in Glacier Bay are considered
healthy but at future risk of decline.
We continue to monitor young-growth stands for symptoms of yellow-cedar decline. Prior to 2012, young-growth
stands were thought to be protected from freezing injury by relatively deeper rooting on productive sites, but 33
young-growth stands with decline symptoms have now been detected. In 2018, we installed 41 plots in five
young-growth stands with the most severe decline crown symptoms and mortality to quantify impacts. Read more
about decline in young-growth here and read the report from this plot installation effort here.
 

Yellow-cedar decline is linked to climate change. Yellow-cedar trees are killed by freezing injury to fine roots where
there is insufficient snowpack to insulate roots from lethal cold temperatures (<-5°C, 23°F) during cold events in
early-spring. Root and foliar tissue of yellow-cedar prematurely dehardens in spring, which makes it vulnerable to
severe cold at this time.
As a long-lived tree, many affected yellow-cedar forests established under the colder, more favorable climate of
the Little Ice Age (1400-1850). An abnormal rate of yellow-cedar mortality began in the late 1800s, spiked in the
1970s and 1980s, and continues today.
Yellow-cedar is relatively more abundant on sites with high water tables, where it faces less competition from
western hemlock and Sitka spruce. Although yellow-cedar is more competitive on wet sites, shallow rooting
translates to greater vulnerability to fine root-freezing injury. Research into root and foliar cold tolerance has
shown that yellow-cedar roots are more sensitive to this type of injury than associated conifers.
From the time crown symptoms appear, it often takes 10 to 15 years for trees to die, making it difficult to
associate observations from aerial surveys to weather events in particular years. Impacted forests tend to have
mixtures of old dead, recently dead, dying, and living trees, indicating the progressive nature of tree death.
Yellow-cedar is extraordinarily decay resistant and trees often remain standing for 80 to 100 years after death,
allowing for the long-term reconstruction of yellow-cedar population dynamics in unmanaged forests. Long-term
retention of wood properties provides opportunities for salvage harvest to offset harvest from healthy forests.
Even in severely affected forests, it is typical for 20-30% of the yellow-cedar basal area to remain alive; residual
healthy trees are thought to be protected by microsite factors (deeper rooting) or tree genetics (freezing
tolerance). On a regional scale, excessive yellow-cedar mortality may lead to diminished populations (but not
extinction), especially considering this species’ low rate of regeneration and recruitment in some areas. These
losses may be balanced by yellow-cedar thriving in other areas, such as higher elevations and un-impacted parts
of its range to the northwest.
Land managers can promote yellow-cedar through thinning to reduce competing vegetation or planting it on sites
where it is expected to thrive into the future (deep soils and persistent snowpack). Yellow-cedar is preferred deer
browse, and deer may significantly reduce regeneration in locations where spring snowpack is insufficient to
protect seedlings from early-season browse.
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elevations, while farther north, decline is restricted to relatively lower elevations. Yellow-cedar forests along the coast
of Glacier Bay and in Prince William Sound appear healthy, presumably protected by deeper and more persistent
snowpack. In 2004, a collaborative aerial survey with the British Columbia Forest Service found that yellow-cedar
decline extended at least 100 miles south into British Columbia. Since that time, continued aerial mapping around
Prince Rupert and areas farther south have confirmed more than 120,000 acres of yellow-cedar decline in BC.

More than a half-million acres of decline have been mapped in Southeast Alaska through aerial detection survey since
surveys began in the late-1980s (see table of cumulative decline acreage by land ownership in Southeast Alaska),
with extensive mortality occurring in a wide band from the Ketchikan area to western Chichagof and Baranof Islands.
The cumulative estimate includes forests mapped in the 1980s that were killed since the turn of the century. This
augments what is traditionally mapped during aerial detection surveys: actively dying trees with yellow-red tree
crowns.

Return to top
Unraveling the Complex Causes of Yellow-Cedar Decline
Yellow-cedar decline functions as a classic forest decline and has become a leading example of the impact of climate
change on a forest ecosystem. The term forest decline refers to situations in which a complex of interacting abiotic
and biotic factors leads to widespread tree death, usually affecting one tree species or genus over an extended period
of time. It can be difficult to determine the mechanism of decline, and the causes of many forest declines worldwide
remain unresolved.

Our current understanding is that yellow-cedar decline is associated with freezing injury to fine roots that occurs
where snowpack in early spring is insufficient to protect roots from late-season cold events. Yellow-cedar trees
appear to be protected from spring freezing injury where snow is present, insulating tree roots and preventing
premature root tissue dehardening (tissue activation following winter dormancy).

Hennon et al. (2012) provides a detailed summary of the interdisciplinary research approach at multiple spatial and
temporal scales, along with extensive evaluation of the role of biotic agents (insects and pathogens) (Hennon 1986,
1990a), that unraveled the complex causes of yellow-cedar decline. Temporal patterns include the timing of yellow-
cedar forest development and favorable climate (based on tree age), long-term linkages between climate patterns
and pulses of decline, and fine-scale study of air and surface soil temperatures in research plots to identify
temperature thresholds and mortality events. Spatial patterns range from landscape level (latitude and elevation,
patterns of snow persistence), to site level (mortality concentrated where hydrology or bedrock restricts rooting
depth and snowpack does not persist in early-spring), to tissue level (sensitivity of yellow-cedar to freezing injury in
spring).

The hypothesis that has emerged is consistent with the observed patterns: conditions on sites with exposed growing
conditions and inadequate snowpack in spring are conducive to premature root tissue dehardening, resulting in spring
freezing injury to fine roots and gradual tree mortality. The temporal patterns help to explain why yellow-cedar occurs
on many sites where it is currently maladapted.

Return to top
Symptoms & Damage
Symptoms of yellow-cedar decline include yellow-red-brown foliage discoloration (affecting greater than 15% of the
tree crown) and crown dieback, which results from damage to the fine roots. Root-freezing injury often kills individual
trees slowly over more than a decade, causing the tree crown to gradually thin and discolor. Some trees remain alive
for decades with only 5-10% of the original foliated tree crown, having lost most of the biological and ecological
function of a live tree. Affected forests often contain trees at various stages of decline.

Trees weakened by freezing injury may die rapidly if they are attacked and girdled by secondary bark beetles.
Comprehensive assessment of pathogens and insects associated with declining trees found that Phloeosinus bark
beetles (Phloeosinus cupressi) and Armillaria root disease play only minor roles in yellow-cedar mortality, attacking
trees stressed by other factors (Hennon 1986, 1990a). However, the presence of these agents can indicate that trees
have been stressed by root injury. Although it is not possible to see dead fine roots with the naked eye, it is possible
to see dark-colored necrotic (dead) tissue moving up from dead coarse roots when the bark around the roots and
root collar is removed.

Research on seasonal cold tolerance of yellow-cedar has demonstrated that yellow-cedar trees are cold-hardy in fall
and mid-winter, but are highly susceptible to spring freezing. Yellow-cedar roots are more vulnerable to freezing
injury, root more shallowly, and de-harden earlier in the spring than other conifer species in Southeast Alaska
(Schaberg et al. 2005).

Click on image for larger version.

A dark-colored lesion
at the root collar of a
declining yellow-
cedar crop tree with
bark removed.

Mycelium of the
Armillaria root rot
fungus beneath the
bark of a declining
yellow-cedar.

Phloeosinus beetle
galleries and larvae
beneath the bark of
a declining yellow-
cedar crop tree.

Phloeosinus beetles
beneath the bark of
a declining yellow-
cedar tree.

Phloeosinus beetles
beneath the bark of
a declining yellow-
cedar tree.
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Ecological Impacts
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Yellow-cedar is an economically and culturally important tree. The primary ecological effects of yellow-cedar decline
are changes in stand structure and composition (Oakes et al. 2014). Snags are created, and succession favors other
conifer species, such as western hemlock, mountain hemlock and western redcedar. In some stands, where cedar
decline has been ongoing for up to a century, a large increase in understory shrub biomass is evident. Nutrient
cycling may be altered, especially with large releases of calcium as yellow-cedar trees die. The creation of numerous
yellow-cedar snags is probably not particularly beneficial to cavity-nesting animals because its wood resists decay,
but may provide branch-nesting and perching habitat. On a regional scale, excessive yellow-cedar mortality may lead
to diminished populations (but not extinction), especially considering this species’ low rate of regeneration and
recruitment in some areas. These losses may be balanced by yellow-cedar thriving in other areas, such as higher
elevations and parts of its range to the northwest. Yellow-cedar is preferred deer browse, and deer may significantly
reduce regeneration in locations where spring snowpack is insufficient to protect seedlings from early-season browse.

Return to top
Salvage Logging
Salvage recovery of standing dead yellow-cedar trees in declining forests can help produce valuable wood products
and offset harvests in healthy yellow-cedar forests. Cooperative studies between the Wrangell Ranger District, the
USDA FS Forest Products Laboratory in Wisconsin, Oregon State University, the PNW Research Station, and Forest
Health Protection have investigated the mill-recovery and wood properties of yellow-cedar snags that have been dead
for varying lengths of time (Kelsey et al. 2005). Prior to this work, Hennon et al. (1990b) developed a snag
classification system that relates snag characteristics to time since tree death. The mill recovery work has shown that
all wood properties are maintained for the first 30 years after death. At that point, bark is sloughed off, the outer rind
of sapwood (~0.6" thick) is decayed, and heartwood chemistry begins to change. Decay resistance is altered
somewhat due to these chemistry changes, and mill-recovery and wood grades are reduced modestly over the next
50 years. Remarkably, wood strength properties of snags are the same as that of live trees, even after 80 years.
Localized wood decay at the root collar finally causes sufficient deterioration that standing snags fall about 80 to 100
years after tree death. The large acreage of dead yellow-cedar, the high value of its wood, and its long-term retention
of wood properties suggest promising opportunities for salvage. Read about a current project on the economic
feasibility of salvage logging here.

Click on image for larger version.

Appearance, characteristics, and mean time-
since-death for the five dead tree (snag)
classes of yellow-cedar (Hennon et al. 1990b).
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Young-Growth Yellow-Cedar Decline
Yellow-cedar decline was recently observed for the first time in young-growth. Before this, it was thought that the
fine roots of cedars in young-growth forests were protected from decline freezing injury by greater rooting depth on
more productive sites managed for timber. In 2013, we investigated dying yellow-cedars in two adjacent young-
growth stands on Zarembo Island and determined that the cause of tree damage was yellow-cedar decline. The
affected stands had been thinned to favor abundant yellow-cedar.

Forest Health Protection has worked with the Tongass National Forest Silviculture Program to compile a database of
young-growth timber units known to contain yellow-cedar, currently 338 stands, to facilitate monitoring (see Map).
Low-altitude aerial imagery and aerial detection surveys are used alongside the database to identify stands with
discolored tree crowns and suspected decline, which are subsequently inspected on the ground. Decline has now been
ground-verified in 33 young-growth stands on Zarembo, Kupreanof, Wrangell, Mitkof and Prince of Wales Islands.
Most affected stands currently have a low incidence of yellow-cedar mortality (1-15 trees), but three stands on
Zarembo Island, one stand on Wrangell Island and one stand on Kupreanof Island are heavily impacted. In severe
cases, up to half of the yellow-cedar crop trees are estimated to be dead or dying. Affected stands are typically 27 to
45 years old and thinned between 2004 and 2012; decline has now been detected in 18% of stands in this age
bracket. Of the stands in our database, one-half are in this vulnerable age range and one-third are younger.

Current management recommendations are to maintain tight spacing between cedars (6-8 ft) during pre-commercial
thinning to account for potential loss to crop trees, and to avoid thinning in wet portions of stands; thinning provides
little tree-growth payoff on these sites and may contribute to greater soil temperature fluctuation. Key management
treatments include promoting yellow-cedar through planting and thinning in areas suitable for the long-term survival
of this valuable species. Understanding the risk factors for yellow-cedar decline in young-growth is a major research
need. Predicting where decline is likely to occur in young-growth could allow managers to prioritize other conifers
during thinning in some units or portions of units expected to be vulnerable to decline.

Bioevaluation reports are available from work on young-growth yellow-cedar decline on Zarembo Island (Mulvey
et al. 2013, updated 2015) and Kupreanof Island (Mulvey et al. 2015) and from our effort to quantify decline
impacts in the most severely affected young-growth stands on Kupreanof, Wrangell and Zarembo Islands
(Mulvey et al. 2019).

Click on image for larger version.
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A young-growth
stand on Kupreanof
Island with yellow-
cedar decline, as
seen by float plane.

 

Recently-killed crop
tree on Zarembo
Island that appears
to have died rapidly
due to its full red-
brown crown.

Forest pathologists
examine a declining
yellow-cedar crop
tree with a thin
crown on Kupreanof
Island.

A yellow-cedar crop
tree on Zarembo
Island with a
thinning, discolored
crown. 

A healthy yellow-
cedar crop tree on
Zarembo Island
above the main area
of yellow-cedar
decline in this stand.
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Recent Work & Current Events
Yellow-Cedar Petitioned for Endangered Species Act Listing: On October 7th, 2019, federal protection for
yellow-cedar under the Endangered Species Act (ESA) was deemed unwarranted. The U.S. Fish and Wildlife
Service's listing decision is available in the Federal Register (Vol. 84, No. 194). The petition to list yellow-cedar as
endangered or threatened under the ESA was received on June 24th, 2014. The initial finding was that a review of
the science and status of yellow-cedar was warranted. As part of the scientific review of yellow-cedar, the Yellow-
Cedar Biology, Ecology, and Emerging Knowledge Summit was held at the University of Alaska Southeast in October
2017. The meeting was attended by experts from many disciplines from the United States and Canada and covered
the best available science and information needs regarding yellow-cedar. The Yellow-Cedar Species Status
Assessment was completed in December 2018.

We have carefully assessed the best scientific and commercial information available regarding the past,
present, and future threats to the yellow-cedar, and we evaluated all relevant factors under the five listing
factors, including any regulatory mechanisms and conservation measures addressing these stressors. The
primary stressors affecting the species' biological status include the effects of climate change (including
changes in temperature and precipitation patterns), timber harvest, fire, and herbivory. We found that yellow-
cedar is experiencing a decline primarily caused by a changing climate in the core of its range; therefore, it has
somewhat reduced resiliency. However, the area affected represents less than 6 percent of the species' range,
and there are still high levels of representation and redundancy as demonstrated by its high levels of genetic
diversity and wide distribution on the landscape, respectively. Despite impacts from effects of climate change,
timber harvest, fire, and other stressors, the species is expected to persist in thousands of stands across its
range, in a variety of ecological niches, with no predicted decrease in overall genetic diversity into the
foreseeable future. - USFWS Listing Decision, Federal Register Vol. 84, No. 194

Permanent Monitoring along the Northern Margin of Decline (2011-2015): Lauren Oakes completed her PhD
at Stanford University in 2015 researching yellow-cedar decline in Southeast Alaska. She installed permanent
monitoring plots along the outer coast of Chichagof Island, the northern margin of yellow-cedar decline, and in
healthy yellow-cedar forests in Glacier Bay, to quantify changes in forest community structure in decline-affected
yellow-cedar forests (Oakes et al. 2014). Key findings were that succession favors other conifer species, especially
western hemlock, and that understory functional plant diversity and composition changed. She evaluated the current
and expected future status of yellow-cedar in Alaska under climate change, and the cultural and social perspectives
around active management of yellow-cedar on lands with varying protection status (Oakes et al. 2015a). Lauren
explored the relationship between knowledge of, and adaptation to, widespread, climate-induced tree mortality
(Oakes et al. 2015b). She has written a non-fiction book based on her graduate work, In Search of the Canary Tree:
A Story of a Scientist, a Cypress and a Changing World, see her website for more details.

Natural Yellow-Cedar Migration in Alaska (2014-2016): University of Alaska Southeast/Fairbanks and the
Forest Service undertook a project to understand the establishment, migration and spread of yellow-cedar
populations near Juneau. John Krapek mapped all known yellow-cedar populations and established plots at their
edges to examine regeneration success and stand expansion. Despite large areas of suitable habitat, yellow-cedar
only occupies < 1% of its potential niche near Juneau, indicating an ongoing migration. Recent stand expansion
appears limited, with the last major pulse of establishment during the Little Ice Age (1100–1850). Yellow-cedar
migration in the region appears episodic, and tied to climate and/or forest conditions different than today (Krapek
and Buma 2017).

Yellow-Cedar Salvage Potential (ongoing since 2014): The Alaska Coastal Rainforest Center, Forest Service,
State of Alaska, and University of Alaska Southeast are conducting a project to evaluate the economic feasibility of
salvaging dead yellow-cedar. Monitoring plots have been installed on Kupreanof and Prince of Wales islands to
compare forest composition, structure, seedling regeneration, and damage to residual trees from logging equipment
in salvaged and unsalvaged stands impacted by yellow-cedar decline. Logging and milling costs will be tracked to
assess the economics of this harvest against the value of the final products. Salvage recovery of standing dead
yellow-cedar trees in declining forests may provide new opportunities for small mill operators, and can offset harvests
in healthy yellow-cedar forests.

Rangewide Vulnerability Assessment (ongoing since 2015): Specialists from the US and Canada initiated a
project in 2015 to evaluate the climate vulnerability for yellow-cedar throughout its entire range, from northern
California to Prince William Sound in Alaska (Buma et al. 2016). Future work will incorporate climate models related
to freezing injury, drought, and fire disturbance events.

Common Garden Studies (ongoing since 2009/10): A yellow-cedar common garden study has been established
at the Héen Latinee Experimental Forest near Juneau and at several sites on Prince of Wales Island to evaluate
differences in growth and survival between seedlings of different genetic sources and collection locations. Heavy deer
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browsing pressure on Prince of Wales caused notable mortality of seedlings. Seedlings near Juneau have experienced
very high survival and growth, presumably because snow protected them from early-spring browse at this site. In
2009, 3,300 one-year-old plugs of yellow-cedar were planted across 30 total acres at three sites in Yakutat. Seedling
survival was very high (90%) in post-planting measurements, but within the last two years survival has dropped to
an estimated 20-30%. Planting sites were visited by Tongass silviculturists and Forest Health Protection staff in
August 2017. Restricted rooting depth and seasonal flooding at planting sites in the Yakutat forelands likely increased
vulnerability to fine root freezing injury in the absence of insulating snowpack. Survival was noticeably higher along
skid roads, where equipment had churned the soil. The use of plugs may have also resulted in compromised root
structure. A canker disease was also detected on some seedlings and collected for diagnosis. The causal fungus was
cultured and genetically sequenced and is thought to belong to the genus Allantophomopsis, but an exact species-
level sequence match was not found.
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Maps
Click on image for larger version.

Active and cumulative
yellow-cedar decline
mapped by aerial
detection survey in
Southeast Alaska as
of 2018 with the
distribution of yellow-
cedar.

Young-growth stands
that contain yellow-
cedar and the severity
of yellow-cedar
decline in 33 affected
stands (2018).
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Resources & Publications
Click here to access more than 50 yellow-cedar publications. Also see the annotated bibliography of yellow-cedar
(Hennon and Harris 1997), and Literature Cited sections of Hennon et al. (2016, 2012).

Hennon, P. E ; Harris, A. S. 1997. Annotated bibliography of Chamaecyparis nootkatensis. Gen. Tech. Rep. PNW-GTR-
413. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 119 p.
Available here.

Hennon, P. E.; D'Amore, D. V.; Schaberg, P. G.; Wittwer, D. T.; Shanley, C. S. 2012. Shifting climate, altered niche,
and a dynamic conservation strategy for yellow-cedar in the North Pacific coastal rainforest. BioScience. 62: 147-158.
Available here.

Hennon, P. E.; McKenzie, C. M.; D'Amore, D. V.; Wittwer, D. T.; Mulvey, R. L.; Lamb, M. S.; Biles, F. E.; Cronn, R. C.
2016. A climate adaptation strategy for conservation and management of yellow-cedar in Alaska. Gen. Tech. Rep.
PNW-GTR-917. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 382
p. Available here.
 

Content prepared by Robin Mulvey, Forest Pathologist, Forest Health Protection, robin.mulvey@usda.gov.
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A B S T R A C T

The need for winter road maintenance (WRM) is changing in cold regions due to climate change. How the
different modes of WRM will contribute to future overall emissions from infrastructure is therefore of great
interest to road owners with a view to a more sustainable, low-carbon future. In the quest for near-zero-emis-
sions transport, all aspects of the transport sector need to be accounted for in the search for possible mitigation of
emissions. This study used 35 peer-reviewed articles published between 2000 and 2018 to map available in-
formation on the environmental impacts and effect of WRM and reveal any research gaps. The articles were
categorized according to their research theme and focus. They were found to focus mainly on the local effects of
WRM with emphasis on effects on water. Of the reviewed works, 27 contain information related to the en-
vironmental effects of deicers on a local level while five focused on global impact, which was mainly caused by
fuel consumption. Only two articles took a holistic look at the system to identify emission sources and the
effectiveness of possible changes in operations methods or material selection. In conclusion, WRM would benefit
from further research to understand how it affects the natural environment in regions with a cold climate.
Furthermore, a life-cycle approach could reveal ways to mitigate emissions through effectively comparing
possible changes in the system without shifting the problem to other aspects of road transport.

1. Introduction

To achieve the goal of keeping the rise in the global average tem-
perature well below 2 °C (United Nations, 2015), greenhouse gas (GHG)
emissions from all sectors of society, including transportation, must be
drastically reduced. The transportation sector is estimated to be re-
sponsible for over a quarter of GHG emissions in Europe (Chapman,
2007; EC, 2015), and approximately 14% of total global GHG originate
from road transport (Pachauri et al., 2014). The road transport sector
contributes to a series of other global and local environmental impacts
including stratospheric ozone depletion, acid deposition, and emissions
of particulate matter (PM) and toxic chemicals, among others (Colvile
et al., 2001; Lewis, 2018). The demand for mobility today is high and is
estimated to rise further in the coming decades (Chapman, 2007;
Schafer and Victor, 2000; Wang et al., 2006).

Road transportation can be divided into several life cycle phases
where each phase pertains to different activities. Life cycle phases of
road transport are the design phase, construction phase, use phase,

operation and maintenance phase and, finally dismantling. Each phase
has different emission profile and contribute to the life cycle emissions
of the road to a different extent. On roads with a high volume of traffic,
i.e. more than 20,000 average annual daily traffic (AADT), direct
emissions from traffic (use phase) form the single largest source of GHG
emissions. However, the extraction, production and transport of mate-
rials for construction of the road is the largest contributor on a lower
traffic volume road with AADT 3000 (Santos et al., 2015; Zhang et al.,
2010b). The emphasis in the literature has been on vehicle technology
and emission reduction from road traffic (EC, 2015; Lombardi et al.,
2017). This may be explained by the fact that there has been more
research on heavily-trafficked roads and it is clear that traffic is the
largest contributor towards global warming (Liljenström, 2013). Elec-
tric, hybrid and other vehicles using fuel solutions other than conven-
tional fossil fuels emit less GHG while driving on the road. Comparing
the different energy carriers and different vehicle technologies is im-
portant to discover how on-road emissions can be reduced. It has been
shown that a switch towards hybrid solutions such as plug-in gasoline/
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electric hybrid and plug-in fuel cell/battery vehicles would provide
opportunities for emission reduction (Lombardi et al., 2017).

Several stakeholders are involved in any road transport including
road users, owners and operators, as well as road construction and
maintenance workers. Road owners are usually national or local public
authorities that are responsible for road construction and maintaining
road infrastructure. The cost of constructing new and maintaining ex-
isting infrastructure often takes a considerable share of annual budgets
(Zhang et al., 2010b). The high costs reflect the importance of the in-
frastructure's durability. The main factors affecting durability are the
traffic load and climatic conditions (Liao et al., 2018). Low tempera-
tures and frequent freeze-thaw cycles coupled with long winters sig-
nificantly affect the service life of the road and its maintenance needs.
Additionally, road infrastructure in such climates is often treated with
anti- and de-icing chemicals (henceforth ‘deicers’) which further da-
mage the infrastructure (ibid). Calculations of emissions during road
construction which compare the different materials used (Birgisdóttir
et al., 2006) as well as emissions from road construction machinery
(Ebrahimi et al., 2018) have been investigated. While Birgisdóttir et al.
(2006) do not focus on winter maintenance specifically, they include it
in their study with the quantity of deicer and fuel used during winter
maintenance operations.

The above studies show that decisions made early on in the design
process can be very beneficial from the environmental point of view.
This is supported by papers on road alignment and its effects on traffic
emissions (Booto et al., 2017; Mauro and Guerrieri, 2016). Further-
more, looking carefully at climate factors before designing a road can
make it possible to improve its longevity and reduce the frequency of
both pavement and structural maintenance. During the lifetime of a
road, operational maintenance including lighting, cleaning, road-
marking and the provision of road rails and signs is also necessary.

Cold regions additionally need WRM to ensure adequate services for
road users. The general goal of WRM is to ensure mobility and traffic
safety, limit environmental effects, provide good service and care for
the road infrastructure capital that exists (Guesdon et al., 2016; Min
et al., 2016; NPRA, 2014; Shi et al., 2013). In cold regions, WRM is
extensive with regard to both time and material use. WRM ensures safe
mobility by increasing friction and road visibility. Friction between the
tire and the pavement is essential for control of the vehicle and affects
acceleration, breaking distance and directional control. Friction control
is achieved by either applying de-icing chemicals or sanding, with
chemicals employed mostly on heavily-trafficked roads while sanding is
more common on roads with lower volumes of traffic (Norem, 2009).

Accidents on winter roads are quite common, and 16% of total
fatalities on Norwegian roads during 2005–2012 were considered to be
due to weather and driving conditions (NPRA, 2013). In Canada the
proportion of fatalities considered to be due to adverse road conditions
was close to 12% (2014); however, local variability is high, and on a per
capita level fatalities are twice as high in Canada as in Sweden (Kelsall
and Redelmeier, 2016). The main reasons for such accidents are often
rooted in human behavior, with drivers failing to adjust their speed in
accordance with the reduced friction on the road (Norrman et al.,
2000).

WRM is the action of keeping roads open and safe for traffic and
includes operations such as snow removal and ice control. WRM has
changed over past decades in line with the increasing demand for
mobility. Mostly this is in response to users' expectations of the service
provided; i.e. the frequency of road clearing and how soon the road
should be snow- and ice-free after a weather event (Andersson, 2016;
Jónsson, 2017; Kelsall et al., 2016). This increase in demand for WRM
has resulted in growing emissions and the increased use of chemicals
for friction control. WRM is not predictable, and requires vigilance.
Road-owners usually provide operation procedures (Larsen et al., 2011;
Vegagerðin, 2012) for winter maintenance operators to follow for
specific road conditions including observation, mechanical snow re-
moval, the application of deicer, and gritting as needed during the

winter months (NPRA, 2014).
The term “anti-icing” refers to the action of applying chemicals to

prevent wet pavements from freezing by lowering the freezing point of
the water. Anti-icing also prevents the initial bonding between the
pavement and frozen precipitation. De-icing describes the act of using
chemicals to remove snow and ice that have already bonded with the
pavement. Additionally, chemicals are used for anti-compaction by
weakening the bond between the snow crystals to prevent the snow
from forming a hard crust and bonding to the pavement surface (Wåhlin
and Klein-Paste, 2015), making it easier to remove. Deicers are applied
in solid form, pre-wetted, or as solution depending on condition on the
road. A study of operators' experiences in North America reports that
most winter maintenance operators felt that anti-icing helps to improve
roadway safety, achieving bare pavement more efficiently and making
mechanical snow removal easier (Cui and Shi, 2015). It is known that
chemicals have adverse effects (Fay et al., 2013; Fay and Shi, 2012) and
that their use is not always appropriate, as their effectiveness is de-
termined by the temperature and precipitation (Norem, 2009). Ad-
ditionally, different types of chemicals often have different degrees of
effectiveness (Fay and Shi, 2011; Kramberger and Žerovnik, 2008;
Wåhlin and Klein-Paste, 2015). Several studies have focused on the
effects of anti- and de-icing materials, comparing different types (Fay
and Shi, 2015; Fitch et al., 2013; Ramakrishna and Viraraghavan, 2005;
Shi et al., 2014b). Others evaluate their total performance by con-
sidering the effectiveness of deicer materials in relation to their en-
vironmental sustainability (Fitch et al., 2013; Shi et al., 2014a). The
method considered most effective is the application of the right amount
of the right type of salt for the prevailing temperature, at the right time
(Kramberger and Žerovnik, 2008).

Sodium chloride (NaCl) is the most commonly-used material for
anti-and de-icing, and has been proven to be most effective in low
temperatures (Merrikhpour and Jalali, 2013; Munck et al., 2010;
Ramakrishna and Viraraghavan, 2005; Rivett et al., 2016). It is the
chemical on which this research focuses, henceforth de-icers refer to
NaCl unless otherwise stated. Other commonly used deicers include, for
example, calcium chloride (CaCl2), magnesium chloride (MgCl2), cal-
cium magnesium acetate (CMA) and potassium formate (KCOOH)
(Klein-Paste and Wåhlin, 2013).

In society today, people expect to be able to travel all year round.
The result of this is a continuing increase in the demand for snow re-
moval and in the use of chemicals during winter months. The use of
deicer has increased in cold regions during recent decades (F. Li et al.,
2015; NPRA, 2017; Prosser et al., 2017). It is expected that all modes of
transport will continue to grow by 2050 (EC, 2013). In Norway, per-
sonal transport is estimated to increase by 28% by 2050 while goods
transport is estimated to increase by 70% for the same period
(Samferdselsdepartementet, 2017). Therefore moving towards low- or
zero-emission road transport is of utmost importance. WRM is in-
creasingly considered an important part of transportation sustainability
(Shi et al., 2013). Contributing to this process, this study addresses the
following questions:

1. What is the focus, thematically, of research concerning the en-
vironmental impacts and effects of WRM?

2. How do WRM activities influence global environmental impacts and
local environmental effects?

3. What are the main research methods used to find the environmental
impacts and effects of WRM?

These questions are addressed through a review of available re-
levant literature on the subject. The scope of this article is limited to the
effects of WRM, and therefore the effects of construction and general
maintenance are not included.

The objective of this study is to provide a scientific review of the
state of knowledge about the environmental impacts and effects of
WRM in cold-climate regions; effects pertaining to localized,
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incremental changes, and impacts relating to systemic changes at a
global scale. The focus is on cold-climate regions, which can be defined
as regions where snow and ice are present for at least part of the year.

2. Theoretical framework

To get a good representation of the literature pertaining to WRM
and the environment, a clear and specific search for relevant scientific
articles was vital. The search results then needed further reviewing,
limiting and categorization. The following section explains these steps.

2.1. Search terms

For this paper, Scopus (Elsevier B.V., 2018) was used for biblio-
metric purposes. Two searches were considered relevant for the pur-
poses of this paper. They were both limited to English-language scien-
tific articles and reviews published in 2000–2018. The first search
focused on WRM using several key words to try to catch all articles
focusing on environmental issues. The search criteria are shown in
Fig. 1, where horizontal and vertical keywords are linked by “or” and
“and” logic respectively.

The search based on the criteria shown in Fig. 1 returned 74 articles.
The second search focused on catching articles on energy and/or fuel
consumption during winter road maintenance. This search returned ten
articles, of which one had already been included. This volume of 83
articles was considered beyond the scope of this review, besides which
not all of the articles met the aim of this study, and therefore further
limitation of the articles was needed.

2.2. Article selection for further study

The title, key words and abstracts of the articles found were ex-
amined in order to exclude any articles that were not relevant for the
purpose of this study. The first step was to exclude articles that did not
address environmental impact or effect. Some of the articles addressing
environmental issues did not address WRM.

However, articles that addressed energy consumption or efficiency
as means of limiting environmental impacts/effects were included. The
articles were then categorized according to their focus area and the
main theme.

The remaining 35 articles are considered to offer a good re-
presentation of the state of knowledge today. A few handbooks and
reports as well as selected papers about the execution of WRM were
included in the review for background information, to add overall value
to the study (Fig. 2).

Through qualitative examination of the titles, key words and ab-
stracts of the selected articles these papers were then arranged ac-
cording to their focus area and then into the categories shown in

Table 1. While the Method category does not always address the impact
or effects of WRM, it does reflect on procedures that could be useful for
the mitigation of emissions. Finally, some of the articles reviewed fit
into more than one category, as most have a main focus but also discuss
other effected environmental mediums. The borders between the cate-
gories are therefore sometimes crossed.

Additionally, the selected articles reference lists were examined to
reveal any highly relevant conference's that might benefit the review. It
was found that many of the papers have used technical reports by en-
vironmental agencies and road administration (eg. Fitch et al., 2013;
Gałuszka et al., 2011; Guesdon et al., 2016; Munck et al., 2010; Nordin
and Arvidsson, 2014; Ramakrishna and Viraraghavan, 2005; Rivett
et al., 2016). Regarding relevant conferences that could give valuable
information, the International Winter Road Congress (PIARC) is the one
that was referenced most often, however, it is only referenced in three
articles (Arvidsson, 2017; Hääl et al., 2008; Ratkevičius and
Laurinavičius, 2017). The International Winter Road Congress has been

Fig. 1. Search criteria for Scopus.

Initial search

Narrowed search

Qualitative assessment of titles, 
keywords and abstract

Search shown in Figure 1 and Winter road 
maintenance + energy/fuel consumption
Search results: 83

Relevant articles for further study
Search results: 35

Winter road maintenance
Search results: 346

Fig. 2. Search procedure and explanation of how only relevant articles were
found. Each step presents the number of articles found.

Table 1
Article focus and category.

Focus Categories

Local Soil
Global Air
Method Water

Vegetation
Biodiversity

H.R. Vignisdottir et al. Cold Regions Science and Technology 158 (2019) 143–153

145



a sharing platform for cold regions countries since 1969 and is held
every four years. This did not warrant special search in the conference
proceedings for additional information.

3. Results and discussion

The articles reviewed a wide range of topics. This section gives an
overview of the results of the literature search and then moves on to the
environmental impacts and effects of WRM.

3.1. General overview of search results

Since the year 2000, on average two articles have been published
per year on the topic of the environmental load of WRM, as shown in
Fig. 3. The figure shows that no articles were published on the subject
in 2002 and 2007, and that there is ongoing research with a slight in-
creasing trend, with 66% of the articles reviewed published after 2010.

Looking at the focus of the articles (see Fig. 4) it is clear that Local
effect has been researched the most, and far less attention has been paid
to Global impact and Method. The local effect on water is the area with
the highest number of articles. Only two of the available articles fo-
cused particularly on the effect on nearby biodiversity of road salting.
Again, the categories often overlap.

It is clear that there has been more research on the local effects of
WRM, with an emphasis on the environmental effects on water and soil.
Additional specific research on the effects of WRM on biodiversity are
necessary.

3.2. Environmental impacts and effects of WRM

The results of the review are presented here to answer the questions
above regarding the themes, environmental impacts and effects and
methods of the reviewed articles to present state-of-the-art knowledge
on the environmental impacts and effects of WRM.

Research has shown that operation and maintenance throughout the
lifetime of a road is highly relevant when it comes to emissions.
Assuming a lifetime of 100 years and not taking into account emissions
from traffic, operation and maintenance can be responsible for up to
half of a road's emissions throughout its lifetime. Winter maintenance
contributes approximately a third of total road operation and main-
tenance emissions, which include pavement maintenance and regular

maintenance in addition to winter maintenance. This result was ob-
tained through calculations of the documented energy consumption of
winter maintenance vehicles and the salt used (Birgisdóttir et al.,
2006).

3.2.1. Global impact
The global impacts of WRM include climate change and ozone de-

pletion, with fuel combustion from WRM vehicles as the largest con-
tributor. Fuel consumption is affected by several parameters, such as
road alignment in the landscape Booto et al. (2017), road roughness,
rolling resistance, speed, wind, tire pressure, driver behavior and eco-
driving, as well as the macro- and micro-structure of the road, the age of
the vehicle and its engine efficiency. Some of these parameters are
strongly influenced by snow and ice, and therefore by WRM operations;
such as road roughness and rolling resistance and the likelyhood of
traffic congestion. Snow and ice and should therefore be considered
when road traffic fuel consumption is estimated. This however is rarely
done: the weather conditions taken into account are mainly tempera-
ture, humidity and wind (Nordin and Arvidsson, 2014). Moderate
traffic congestion has proven to reduce overall emissions from traffic on
roads (Avetisyan et al., 2014; Barth and Boriboonsomsin, 2008) due to
the vehicles' lower speed and thereby reduced fuel consumption during
the congestion. Maintenance operations can cause moderate congestion
or even delays, but it has been found that such a delay will generally
only cause a small amount of emissions compared to the emissions from
the maintenance operation itself. Delays on roads already used to full
traffic capacity are found to cause an exponential increase in emissions
during road maintenance work, indicating that future traffic levels on
roads are very important when estimating road life-cycle emissions
(Galatioto et al., 2015).

Lower speeds decrease fuel consumption, and precipitation often
causes traffic to slow down. With this in mind it is interesting to look at
the energy efficiency of WRM; that is, to look at the overall emissions of
both WRM and the traffic on the road compared to the consumed en-
ergy of traffic on snow- and ice-covered roads. Anti- and de-icing
measures are, according to Nordin and Arvidsson, never energy-effec-
tive compared to allowing snow to lie on the road, which reduces traffic
speed and thereby energy consumption. This is very interesting in
theory, but road safety is also important. Road accidents require energy
for the rescue and clean-up, as well as for the heavy road congestion
they may cause.
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Nordin and Arvidsson (2014) found that the speed limit on a road
strongly affects when it is energy-effective to remove snow from it. To
elaborate on this, by including energy used by both general traffic and
WRM vehicles it is possible to see when it is energy-effective to remove
the snow from the road. As small amounts of snow on the road reduces
the speed of the general traffic it will use less energy than if they
maintain the speed and WRM vehicles additionally use energy for
clearing the roads. At a speed limit of 90 km/h the snow cover should
be more than 1 cm (at low density 100 kg/m3), while a higher speed
limit of 120 km/h requires snow removal when the snow reaches 2.5 cm
(also low density snow). This changes slightly if the snow is wet, when
it is energy-effective to remove it when it is only 0.5 cm thick. This
suggests that the timing of winter maintenance operations is highly
relevant.

However, a study of road conditions and WRM in 2016 (Min et al.,
2016) found that better road conditions reduce emissions. The logic
being that adverse weather increases speed variability and that drivers
strive to maintain their speed, whereby the fuel consumption of the
vehicle is bound to increase with the increased resistance and the need
to switch to higher gears to maintain speed. This reduces fuel com-
bustion efficiency, leading to increased fuel consumption (Laurinavicius
et al., 2010; Min et al., 2016).

The above studies highlight the role of the driver in energy con-
sumption. They agree that WRM effects energy consumption, but do not
agree when it is beneficial to conduct WRM, with respect to energy
consumption. One of the reasons for this can lie in a very basic as-
sumption about driver behavior. Nordin and Arvidsson's (2014) model
assumes that drivers adjust their speed up to a point according to the
weather and road conditions, and is based on traffic flow monitoring in
Sweden. Min et al. (2016) on the other hand assume that drivers strive
to maintain their speed, that is, they agree that overall speed is reduced
but find that speed variability increases. These modeling techniques
result in significant differences in the results, as lowering the speed of
the vehicle reduces energy consumption while striving to maintain
speed increases it.

3.2.2. Local effect
Local environmental effects of WRM include reduced air quality and

changes and/or harm to vegetation, soil and watersheds (Mattias
Bäckström et al., 2004; Green et al., 2008; Norrström and Bergstedt,
2001). The main pollutants include nitrogen oxides (NOx), sulfur oxides
(SOx), non-methane hydrocarbons, particulate matter (PM2.5 and
PM10), carbon monoxide (CO) and volatile organic compounds (VOCs)
(Zhang et al., 2010b). The local effects of winter maintenance are
mainly caused by salting and by exhaust gas, which along with tire and
road wear contribute to the emission of particulate matter. In the light
of this it is not surprising that the main theme of the reviewed articles
was the local environmental effects of deicers. The effects of using
deicers are very location-specific because of differences in the dis-
tribution method, type of salt used, road drainage systems, distance to
nearby streams and watersheds, topography, temperature, precipita-
tion, wind and absorption to nearby soil, as well as storage facilities for
the deicers (Ramakrishna and Viraraghavan, 2005).

3.2.2.1. Air. Local environmental effect on air include noise and
reduced air quality, both of which affect human health (Colvile et al.,
2001) for example aggravate asthma, reduce lung functions and cause
eye irritation. Local effects on the air from traffic in general are mainly
caused by the emission of solids in the form of particulate matter (PM2.5

or PM10, where the number refers to the size of the particles in μm) and
nitrogen oxide (NOx) emissions which affect human health through
inhalation (Colvile et al., 2001; Hääl et al., 2008). NOx not only
contributes towards higher levels of PM but additionally towards smog
formation and acid rain. Fuel combustion in diesel engines is the main
source of Nitrogen oxide (NOx) emissions (Chen et al., 2012) which
cold weather further increases (Min et al., 2016). The use of studded

snow tyres on bare1 roads additionally causes micro-destruction of the
pavement where the material is made airborne, along with salt and
sand. Especially within cities, where WRM is also often high, this is a
real problem because increased of PM levels affect human health.
However, it should be noted that depending on the landscape around a
city, the main contributor to PM levels may be domestic wood
combustion together with diesel engine exhaust, rather road dust and
deicer. This was found to be the case in a mountain valley in the US,
where wind and thermal circulation are crucial in retaining acceptable
levels of air pollutants (Chen et al., 2012).

For highways on the other hand, sand and deicer have been found to
be significant contributors to PM levels during winter (Gertler et al.,
2006). Again, the topography, weather and urban density play a sub-
stantial part in both what pollutants are released and pollution levels.
Estimations suggest that after a weather event, where deicer has been
applied the level of PM is likely to increase by approximately 30%.
immediately afterward. However, the increase in PM is almost double
that of the control: the first dry day after a weather event (ibid). In the
area referred to here not only a liquid deicer but also sand were applied.
Studies have shown that the effects of PM decreased to background
levels within 50m of the road (M. Bäckström et al., 2003).

Noise is also a local effect, with an increase of 5 dBA significantly
affecting human health. Noise pollution from studded snow tires in both
urban and rural areas is quite high. It is estimated that reducing the use
of studded tires by 20% would decrease noise emissions by 1–1.5 dBA
(Laurinavicius et al., 2010), and such a reduction is considered sig-
nificant for human health.

Air pollution from WRM is therefore considerable, and some efforts
have been made to limit the effects. Street sweeping to reduce road dust
and PM levels in the long run is one of these measures: according to
Gertler et al. (2006) it is not clear whether this is beneficial. In the short
term it only re-suspends particles in the air, causing higher PM levels.
However, there have been developments that aim at reducing the ne-
cessity of deicer and other abrasives by using sweeps to achieve bare,
dry road sooner after weather event, as discussed in section 3.4.

3.2.2.2. Soil. Local environmental effects of WRM on soil include
damage to organisms, the mobilization of metals, and increased
salinity (Hääl et al., 2008; Löfgren, 2001; Ramakrishna and
Viraraghavan, 2005; Sun et al., 2015). The effects on soil are
generally limited to within about 10m from the road (Hääl et al.,
2008), with a significant drop in concentration at 2m from the road
(Pedersen et al., 2000), but they can be detected at up to 50m (Löfgren,
2001), with high seasonal variability. The environmental effects of
WRM on soil are mostly from the use of deicer, which has been proven
to affect soil alkalinity. Soil samples taken near a high-trafficked road
show that the average pH of roadside soil is considerably higher (7.36)
than the optimal pH for plant growth, of 4.5–6.5 (Czerniawska-Kusza
et al., 2004; Hääl et al., 2008). This is supported by Gałuszka et al.
(2011), who found that snow near the city of Kielce (south-central
Poland) had a mean pH of 7.3 and soil 7.8. Additionally, zinc is
sensitive to pH in the soil and an increased amount of chlorides results
in increased concentration of zinc (Hääl et al., 2008). The mobilization
of heavy metals is effected by WRM, as deicer increase their solubility.

Furthermore, an increase in ionic strength has the ability to displace
other important cations (Al3+, Ca2+, Mg2+ and H+) which can nega-
tively affect soil chemistry (Czerniawska-Kusza et al., 2004; Löfgren,
2001). In the presence of salt these have been found to increase in
concentration by 18–51 times normal levels. The ions Na+ and K+ also
increase, less drastically, to 2–6 times more than normal (Löfgren,
2001).

Heavy metals from road traffic tend to accumulate in nearby soil
and can later be mobilized by de-icers and enter freshwater ecosystems

1 Bare road is when a road is snow and ice free and dry.
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(Schuler and Relyea, 2018). The application of deicer along with the
intrusion of salt water into freshwater aquifers due to a higher sea level
are likely to increase the mobilization of lead (Pb), mercury (Hg) and
arsenic (As) from both the soil and coastal aquifers into the nearby
freshwater aquifers. Such mobilization is dependent on several factors
such as the type and form of the deicer used, the heavy metal involved,
redox process (process of reductant transferring electrons to the oxi-
dant), and the presence and types of other ions, as well as organic
matter content in the medium (Sun et al., 2015). The effect of heavy
metal mobilization range from toxicity to organisms to harm to fresh-
water habitats and intrusion to groundwater systems used for both
human consumption and agriculture (Schuler and Relyea, 2018).

Sun et al. (2015) found that when deicer, salt and an additional mix
of CaCl2 (seawater) were introduced to a water medium, the elements
investigated in the study above had higher mobility than when only
deicer was used. Na, K, Ca, Mg, Al, Fe, Mn, Zn, Cu, Pb, As, Hg, Si, Cl, S,
and P were all found to peak in concentration in soil in sync with peak
concentrations of Ca and Na in water. This agrees with Bäckström et al.
(2004) results for Cd, Cu, Pb, and Zn. Additionally, they (ibid) point out
that other trace elements are also mobilized by deicer.

A couple of studies that focused on the effects of deicer on soil found
that the effects were temporary and were not sufficient to suggest that
any drastic changes should be made (Hääl et al., 2008; Ramakrishna
and Viraraghavan, 2005). However, they also found that as snow
melted by the end of winter the concentration of calcium and chloride
gradually increased in the soil, with high variation depending on the
level of WRM service. A study conducted in Denmark found that the soil
did not leach much salt during the spring and concentration of salt in
the soil increased during the summer with the decreasing amount water
in the soil. It was not until fall that most of the salt leached out. This
means that during plants' growth period soil water has the highest
concentration of salt compared to other seasons (Pedersen et al., 2000).

Road dust, which originates from the wear and tear of the road and
of vehicle parts such as tires, brakes, and engine parts, also affects the
soil. Road dust is a source of heavy metals, including but not limited to
copper, chrome, zinc and nickel. Deicers are also partly to blame here,
as they cause the corrosion of vehicle parts which is then transported to
nearby soil (Hääl et al., 2008).

WRM can also have other consequences through its effects on soil.
WRM-affected soil has negative effects on construction materials, spe-
cifically galvanized steel reinforcements. Deicer used near concrete
structures should be sulphate-free, as sulphates in the soil have been
shown to significantly increase concrete corrosion (Padilla et al., 2013).

3.2.2.3. Vegetation. Local environmental effects of WRM on vegetation
include, among others, reduced biomass, a disorder in photosynthesis
due to a decreased chlorophyll level and cell plasmolysis. Deicers also

reduce the bioavailability of important nutrients by alkalizing the soil.
This can lead to the total destruction of the plant or tree (Czerniawska-
Kusza et al., 2004; Dmuchowski et al., 2011; Gałuszka et al., 2011;
Munck et al., 2010; Viskari and Kärenlampi, 2000). The environmental
effects of WRM on vegetation are caused mostly by deicer but also by
exhaust fumes. The trend over the last two decades indicates a
significant correlation between forest mortality and the use of deicer
on nearby roads (Fan et al., 2014). For an indication of the forest
mortality rate, it can be assumed that increasing deicer used by 10 tons/
km could lead to increased odds of mortality of nearby vegetation by
10% when precipitation is high. Lower mortality can be assumed in
years with lower precipitation and the same increase in the use of
deicers (ibid).

The accumulation of salt in the needles of pine trees has been found
to directly correlate with the amount of deicer used on nearby roads
(Viskari et al., 2000). A similar process has been observed in trees with
leaves, in which the salt accumulates and cause toxicity; the salt in
leaves also makes the tree more vulnerable to frost (Dmuchowski et al.,
2011; Munck et al., 2010).

To protect trees in a central strip from the effects of salt, straw mats
were laid around the tree trunk. This did not give any significant pro-
tection against either salt spray or salt water in the soil around the tree.
However, when the protection mats were in a square, as shown in red in
Fig. 5, they gave considerable protection. This square configuration was
found to give the greatest protection as they reduced direct sprey of salt
to soil and tree from the road while still providing protection all around
the tree. The optimal solution is to plant trees at least 2m from the
road, as salt deposition at this distance decreases by 50–80% (Pedersen
et al., 2000). This is in line with Fan et al.'s (2014) findings of greater
forest mortality within the first 10m from the road compared to the
mean of the first 100m from the road. Distance from the road beyond
20m was found to be insignificant. This is supported by both Munck
et al. (2010) and Viskari et al. (2000). Viskari et al. (2000) found that
the concentration of sodium and chloride in pine needles were
equivalent to the background level at a distance of 20m. The topo-
graphy around the road is also important. While no difference was
found between upslope and downslope mortality rates, interestingly but
not surprisingly forest on a sharper slope was more sensitive to salt (Fan
et al., 2014). This is useful knowledge when planning roads in areas
with a need for extensive WRM, where benefits could be achieved for
nearby vegetation.

The articles reviewed are in consensus about the usefulness of trees
and other vegetation as a barrier for salt spray from the road. Avoiding
aerial spray of deicer is very important to prevent further effects on
vegetation, as it has been found to have a greater effect on the accu-
mulation of salt than root uptake (Fan et al., 2014; Munck et al., 2010;
Pedersen et al., 2000; Viskari and Kärenlampi, 2000). Weather and
topography are also often mentioned as local variations that can in-
fluence the degree of effect deicer on vegetation (Meriano et al., 2009;
Munck et al., 2010; Viskari et al., 2000). Finally, the type of vegetation
is important, with tree species and density having a significant effect on
the probability of deicer damage (Munck et al., 2010). A study con-
ducted after overuse of deicer in Beijing found that bushes are more
vulnerable than trees with leaves, which again are more vulnerable to
large amounts of salt than trees with needles (Z. Li et al., 2014). This
can be explained by the variation in the surface area of the plants and
the proportion of it receiving the spray.

3.2.2.4. Water. Local environmental effects on water are mainly
eutrophication, higher pH values, and smaller amounts of oxygen
dissolved by typical water pollutants such as ammonia, nitrates and
phosphates. This affects organisms in the water by changing the
necessary condition for living (Aghazadeh et al., 2012; M. Bäckström
et al., 2003; Merrikhpour et al., 2013; Ostendorf et al., 2009;
Ramakrishna and Viraraghavan, 2005). Zhang et al. (2010a, 2010b)
investigated the life cycle emissions of pavement overlay system. They

Fig. 5. Straw mats protective measures, parallel to the road and square around
the tree.
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found that the production of materials used are high emitters of
pollutants contributing to the largest share of both phosphate
emissions and dissolved matter, while the influence of on-road traffic
is responsible for the majority of biochemical oxygen demand (BOD)
emissions (Zhang et al., 2010a). Furthermore, emissions of nitrogen
oxides (NOx) are primarily from fuel combustion. NOx is the main
contributer towards eutrophication in surface water through formation
of nitrates (Schlegel et al., 2016).

The effects on soil and vegetation discussed above are closely linked
to affected surface and groundwater. WRM's effects on water are mostly
caused by the use of deicer as well as by the de-icing vehicles' exhaust
gas and wear on the road. Among the possible effects are increased
salinity up to toxic levels, eutrophication, increased bioavailability of
toxic substances, and high levels of lead (Merrikhpour and Jalali,
2013). There are indications that the higher lead levels near highly
trafficked roads are not due to the use of deicer but to fuel combustion.
However, chemicals and ions in runoff generally do increase in the
presence of deicer (M. Bäckström et al., 2003; Ostendorf et al., 2009).
Bäckström et al. (2003) found that copper (Cu), cadmium (Cd), cobalt
(Co), lead (Pb), tungsten (W) and zinc (Zn) all increased during the
winter. Deicer can also affect groundwater and drinking water, and
thereby human health. The concentration of chloride in surface water
and groundwater has been increasing over recent decades along with
increasing use of road salt in cold climates (Kramberger and Žerovnik,
2008; Meriano et al., 2009; Novotny et al., 2008; Ostendorf et al., 2009;
Prosser et al., 2017). Sodium does not have the same effect, probably
because Na ions are more likely to be retained in soil (Guesdon et al.,
2016).

The contamination of groundwater by deicer is a slow process
(Aghazadeh et al., 2012), but it is a matter for concern as groundwater
does not have the same ability as surface water to dilute the salt, as the
water flow rate and volume are less than those of surface water
(Ramakrishna and Viraraghavan, 2005). Furthermore, chronic use of
deicer can increase heavy metal concentration in groundwater and
catchments. Catchments generally seem to have the ability to remove
35–50% of deicer chemicals by overland flow, while the rest accumu-
late until they reach steady-state concentrations (Meriano et al., 2009).

The effect of increased chloride concentration on surface water can
include a change in the density gradient, salt-induced stratification and
the stimulation of algae growth. Ramakrishna and Viraraghavan
(Ramakrishna and Viraraghavan, 2005) conclude that the impact of the
use of deicer on surface water was negligible due to the low con-
centrations and volumes of water, which agrees with what Novotny
et al. found. They (ibid) found that even though the lakes investigated
were affected by nearby use of deicer it was still not enough to prevent
full mixing2 during the year. Seasonal changes in salinity have also been
observed in lakes near to roads, where concentration increases through
the winter months and often peaks slightly after the last application
(Allert et al., 2012; Novotny et al., 2008). As road deicer use is likely to
increase, its effects should be regularly re-evaluated.

As with soil, water affected by deicer is slightly more alkaline
(pH 7.5–7.9) than background water and a higher level of contamina-
tion is observed in the presence of deicer (Aghazadeh et al., 2012; M.
Bäckström et al., 2003; Merrikhpour et al., 2013).

In a recent paper Prosser et al. (2017) report that it is likely that salt
is a driver for toxicity in road run-off. This only emphasizes the need for
carefully-conducted winter maintenance operations, especially with the
use of deicer. The effect of deicer on surface and groundwater depend,
like the other medians, on many factors which include but are not
limited to application rate and frequency, the distance between the
median and the road, and the flow of water in the catchment. Heavy

precipitation causes rapid salt runoff and dilution (Aghazadeh et al.,
2012; Rivett et al., 2016). Other WRM measures can also affect water in
urban areas where traffic is heavy. A study of the correlation between
deicer and contamination in road runoff (Helmreich et al., 2010) con-
cludes that the link between contamination levels and deicer used on
highly trafficked urban roads was weaker than the contamination
caused by the application of gravel.

3.2.2.5. Biodiversity. Local environmental effects of WRM on
biodiversity include physical abnormalities, reproductive issues, and a
higher mortality rate (Allert et al., 2012). The searched used for this
literature review returned few articles that addressed the effect of salt
on biodiversity and wildlife. This is an area that needs more attention,
as the studies reviewed here point out (Hintz and Relyea, 2017; Sanzo
and Hecnar, 2006; Jones et al., 2016). The effect of long-term exposure
to a high concentration of deicer include for example physical
abnormalities (growths and defects), reproductive issues, and an
increased mortality rate; it can also cause a change in wetland
foodwebs and the structure of ecological communities eg. species
hierarchy, interaction such as competitions and parasitism (Allert
et al., 2012; Jones et al., 2016).

Wildlife is mainly affected by water in runoff, streams and lakes,
with streams often containing the highest concentration. Streams are
not only affected during the winter or when snow melts in the spring
but can also have high concentrations throughout the year. This stresses
their ecosystem. According to Hintz and Relyea (2017), salmonids are
sensitive to deicer, as are top predators, which play a vital role in
maintaining the ecosystem in the stream. A high concentration of deicer
of more than 3000mg Cl− L−1 causes problems for egg survival in
Atlantic salmon and can also create oxidative stress and affect meta-
bolism, renal function and the development of salmonid embryos (ibid).

Similar effects of deicer were seen in larval wood frogs, where even
lower concentrations were found to be lethal in acute experiments.
Furthermore, both behavioral and physical symptoms presented at all
salt concentration levels, including reduced feeding and swimming
activity and a slower response to stimuli. Chronic experiments found
similar behavioral and physical symptoms within the first week (Sanzo
et al., 2006).

The results suggest that salt has a negative impact on local ecosys-
tems. Different species have different tolerance for salt, which may lead
to an altered species composition and affects interspecies competition.
This may lead to local extinction of species. The effect of deicer on
wildlife therefore calls for further research and efforts to reduce the use
of deicer.

3.3. Research methods

Returning to the research questions, the main focus of research on
the global environmental impacts of WRM activities is on climate
change. As climate change is strongly affected by energy consumption,
the method of investigating the impact of WRM uses fuel consumption
models along with weather models and monitoring, traffic density and
road-surface conditions, to establish bases for the models. The main
strength of this method is that it is very detailed and captures the lar-
gest single source of emissions. While this is a powerful method for
studying global environmental impact, it cannot provide sufficient in-
formation on local environmental effects. The models capture PM
emissions directly from the use of fossil fuels, but omit dust from the
road, vehicles and tires.

Where local environmental effects are concerned, the main research
area has been water, followed closely by soil. Local effects are strongly
linked to the application of deicer, which is the focus of most of the
articles reviewed. The main methods used to measure local environ-
mental effects are on-site sampling and the monitoring of air, water and
soil. The method for vegetation additionally includes macroscopic ob-
servation of both death and damage. The research methods used for

2 Full mixing of lakes is when the different density water layer mix fully so
that oxygen and nutrients are distributed throughout the lake (Kirillin and
Shatwell, 2016).
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effects on biodiversity include both site sampling and laboratory
testing. Chronic and acute tests were performed to obtain the results
reported in these articles. The studies varied when it came to the dosage
tested, with some using field data while others used several en-
vironmentally-relevant laboratory doses tests to find the effect of
deicer. The methods applied in the studies are considered well-suited to
the purpose even though the observational results of the effects on
vegetation is difficult to verify. The studies and their methods are well
recognized as fit for their purpose and could, if used combined, com-
pliment results for global environmental impacts.

However, an overall view could further enhance understanding of
the impacts and effects of WRM on the environment. Fitch et al. (2013)
and Birgisdóttir et al. (2006) present the only studies to use life cycle
assessment (LCA). LCA is often used to analyze emissions from a single
product or service but has also been used for larger projects and systems
(Stripple, 2001). Butt et al. (2015) advocate using LCA on road infra-
structure and projects to help to improve technology towards more
sustainable roads in the future. They believe that LCA can be especially
useful for making decisions at both network and project levels. To be
able to make the right choices when it comes to emission reduction it is
important to use tools that are capable of quantifying current emissions
on both a global and a local scale, comparing the effects of different
policies and technologies, handling scenario analysis and considering
several different types of emissions to avoid problem-shifting. The LCA
framework has been used for this purpose (Baitz et al., 2013; ISO,
2006). Using it to evaluate procedures and materials for WRM could
therefore help to reduce emissions from road operations and main-
tenance over a roads' life-cycle.

3.4. WRM methods and alternatives to deicers

Many of the studies reviewed for this article conclude that due to
the effects of deicer, mainly on water, soil and vegetation, new strate-
gies for WRM should be developed and followed (eg. Fan et al., 2014).
The literature has a lot to offer regarding the most effective de-icing
materials as well as operational procedures to reduce the amount of
deicer used and its dispersion towards the roadside (eg. Koefod et al.,
2015; Lysbakken and Norem, 2011). However, de-icer is not the only
option for keeping roads dry, safe and open. In periods of extreme cold,
applying deicer is ineffective and does not increase friction on the road.
Therefore the use of salt in such extreme weather conditions is not
advised. For such situations more adapted solutions are necessary. Ef-
forts are being made to achieve dry, bare roads faster using brushing.
This idea was tested a few years ago and it was found that during a
snowstorm the road had to be brushed approximately every 30min,
which is resource-intensive and unrealistic (NPRA, 2014; Sivertsen,
2015). However, this solution has been developed and is in use at air-
ports. The method is starting to be used on winter roads, where the aim
is reduce the need for salt (Øveråsen AS, 2017). Using brushes at the
end of rather than during a weather event is having positive results. The
environmental benefits of this solution have not yet been investigated,
but it offers an interesting possibility for reducing not only the use of
deicer but also the total distance driven to apply such chemicals. It is
strongly recommended to further investigate the effects of de-icer use
and their fate in the environment. Furthermore, methods that drasti-
cally reduce or eliminate the necessity for de-icers should be prioritized.

The effects of deicer can be offset slightly if the effects of studded
tires are also taken into account. Wear on a wet surface is estimated to
be 2–6 times higher than on a dry surface, and adding the effect of
studded tires in winter creates such high wear that beside it, summer
wear appears almost negligible (M. Bäckström et al., 2003). The use of
studded tires during the winter season increases vehicles' fuel con-
sumption and wear on the road pavement, causing increased emissions
of, for example, particulate matter (Hallberg and Renman, 2006;
Laurinavicius et al., 2010). With the extensive winter maintenance
carried out today, clearing both snow and ice frequently and applying

deicer, it is possible that studded tires could be avoided, thereby pre-
venting the added emissions that they generate. Several countries have
banned and/or limited their use (BlackCircles.com, 2018; Elvik and
Kaminska, 2011; Laurinavicius et al., 2010). However, a project con-
ducted in Norway has found that accidents increase by 2% in cities that
have significantly reduced the use of studded tires (Elvik and Kaminska,
2011).

Several studies have investigated the effectiveness of available
deicers (Fay and Shi, 2015; Fitch et al., 2013; Hossain et al., 2014;
Ramakrishna and Viraraghavan, 2005; Shi et al., 2014b) and informa-
tion from these studies could be utilized for a more sustainable use of
deicers. This can be achieved by applying the right kind of deicer to the
road at the right time. Many articles published since 2000 have ad-
dressed road salting methods in search of a way that is both effective
and minimizes environmental impact. The effectiveness and appro-
priate use of deicer are well-documented (Blomqvist et al., 2011;
Burtwell, 2001; Klein-Paste and Wåhlin, 2013; Wåhlin et al., 2014), and
tools and models have been developed that predict the need for it
(Hinkka et al., 2016; Kramberger and Žerovnik, 2008). The problem
however seems to be that WRM operators do not know about or choose
to not follow recommendations (Raukola and Terhelä, 2001). In an
effort to resolve this, WRM agencies have increasingly been requiring
operators to attend a course on best practice in winter maintenance as
well as offering continued learning on the subject (Gryteselv et al.,
2013; Skills Training Centre Ltd., 2014).

Alternative materials to the basic sodium, calcium and magnesium
chlorides (NaCl, CaCl2, MaCl2) that make up deicer have been sug-
gested over the years. While their effectiveness and environmental ef-
fects are beyond the scope of this article, mentioning some of the al-
ternatives is considered beneficial: they include but are not limited to
sugar, levulinic acid (C5H8O3) and potassium formate (Fay and Shi,
2012; Ružinskas et al., 2016).

4. Conclusion

This article set out to answer three research questions about the
environmental impacts and local effects or winter road maintenance in
cold climates, and to this end has closely examined 35 articles con-
sidered to give a clear indication of this in order to obtain a good re-
presentation of the state of knowledge on the subject. Below are the
main conclusions regarding each of the research questions.

1. What is the research focus, thematically, of research concerning the
environmental impacts and effects of WRM in cold climates?

The papers reviewed show that the research focus is on local en-
vironmental effects, with most interest in the use of deicer. It is also
clear that the effect on water is the environmental factor receiving the
most attention, followed closely by that on soil. Regarding the much
less-studied global environmental impacts, the research is almost ex-
clusively on climate change caused mainly by direct emissions from
WRM fuel combustion.

2. How do WRM activities influence global environmental impacts and local
environmental effects?

The main global environmental impacts of WRM are climate change
and ozone depletion, both largely from the use of fossil fuel during
WRM. Local environmental effects are listed below, along with the
main contributors.

Soil: Considerable effect on soil pH, with mobilization of chemicals
in the soil, caused by deicer use and some road dust.

Water: Increased salinity up to toxic levels, eutrophication, in-
creased bioavailability of toxic substances and contamination of ground
water. The main culprit is deicer, with road dust again contributing.

Air: Effects on PM levels during and after de-icing operations
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especially, caused by the road dust in general; the use of studded tires
contributes considerably.

Vegetation: Damage to and toxicity of plants from the use of deicer
on roads.

Biodiversity: Toxicity causing defects, reduced response time and
even death, mainly due to the use of deicer.

3. What are the main research methods used to find the environmental
impacts and effects of WRM?

The methods used to investigate the global environmental impacts
of WRM are predominantly fuel consumption models, with sampling
and laboratory testing the main method for local effects. Very few
studies use LCA of the WRM as a service, which is considered a bene-
ficial method to use to avoid problem shifting. Further work should
include a full LCA of WRM so that it can be included in road LCA in the
future and thereby accounting for all aspects of road transportation.

This review emphasizes the need to further investigate the need and
use of de-icers as well as optimization techniques for drastic reduction
in their use. It is also clear that it is important to incorporate all aspects
of road transportation, from the design of the road infrastructure to its
construction, maintenance and use, on the path towards zero-emission
road transportation.

Author contributions

Hrefna Run Vignisdottir initiated and carried out the main bulk of
the research. She was responsible for the literature review and data
analysis and was also the main person responsible for drafting the ar-
ticle. Rolf André Bohne and Helge Brattebø served as the main super-
visors during the process and, with Babak Ebrahimi, Gaylord Kabongoo
Booto, Reyn O'born and Holger Wallbaum, contributed to the analysis
and interpretation of the results. Helge Brattebø additionally assisted
with the structure of the paper. All the co-authors provided critical
comments on the manuscript prepared by Hrefna Run Vignisdottir
during the process, and have all given their final approval for this
version to be published.

Declarations of interest

Funded through the project E39 Coastal Highway Route - subproject
sustainable infrastructure for the Norwegian Public Roads
Administration.

Acknowledgement

I would like to thank Sally Sutton for her assistance with the English
language.

References

Aghazadeh, Nojavan, Mogaddam, 2012. Effects of road-deicing salt (NaCl) and saline
water on water quality in the Urmia area, northwest of Iran. Arab. J. Geosci. 5 (4),
565–570. https://doi.org/10.1007/s12517-010-0210-6.

Allert, Cole-Neal, Fairchild, 2012. Toxicity of chloride under winter low-flow conditions
in an urban watershed in central Missouri, USA. Bull. Environ. Contam. Toxicol. 89
(2), 296–301. https://doi.org/10.1007/s00128-012-0673-0.

Andersson, 2016. Forventninger til vintervegene (e. Expectations towards winter roads).
Retrieved April 7, 2018, from. https://www.vegvesen.no/om+statens+vegvesen/
presse/nyheter/lokalt/Region+Midt/Nord-Trøndelag/forventninger-til-
vintervegene.

Arvidsson, 2017. The Winter Model – a new way to calculate socio-economic costs de-
pending on winter maintenance strategy. Cold Reg. Sci. Technol. 136, 30–36. https://
doi.org/10.1016/j.coldregions.2017.01.005.

Avetisyan, Miller-Hooks, Melanta, Qi, 2014. Effects of vehicle technologies, traffic vo-
lume changes, incidents and work zones on greenhouse gas emissions production.
Transp. Res. Part D: Transp. Environ. 26, 10–19. https://doi.org/10.1016/j.trd.2013.
10.005.

Bäckström, M., Nilsson, Håkansson, Allard, Karlsson, 2003. Speciation of heavy metals in
road runoff and roadside total deposition. Water Air Soil Pollut. 147 (1–4), 343–366.

https://doi.org/10.1023/A:1024545916834.
Bäckström, Mattias, Karlsson, Bäckman, Folkeson, Lind, 2004. Mobilisation of heavy

metals by deicing salts in a roadside environment. Water Res. 38 (3), 720–732.
https://doi.org/10.1016/j.watres.2003.11.006.

Baitz, Albrecht, Brauner, Broadbent, Castellan, Conrath, Fava, Finkbeiner, Fischer,
Fullana i Palmer, Krinke, Leroy, Loebel, McKeown, Mersiowsky, Möginger, Pfaadt,
Rebitzer, Rother, Ruhland, Schanssema, Tikana, 2013. LCA’s theory and practice:
Like ebony and ivory living in perfect harmony? Int. J. Life Cycle Assess. 18 (1), 5–13.
https://doi.org/10.1007/s11367-012-0476-x.

Barth, Boriboonsomsin, 2008. Real-world carbon dioxide impacts of traffic congestion.
Transp. Res. Rec. J. Transp. Res. Board 2058, 163–171. https://doi.org/10.3141/
2058-20.

Birgisdóttir, Pihl, Bhander, Hauschild, Christensen, 2006. Environmental assessment of
roads constructed with and without bottom ash from municipal solid waste in-
cineration. Transp. Res. Part D: Transp. Environ. 11, 358–368. https://doi.org/10.
1016/j.trd.2006.07.001.

BlackCircles.com, 2018. Winter Tyres: EU Laws & Legislation. Retrieved April 21, 2018,
from. https://www.blackcircles.com/tyres/winter-tyres/laws-and-legislation.

Blomqvist, Gustafsson, Eram, Ünver, 2011. Prediction of salt on road surface: Tool to
minimize use of salt. Transp. Res. Rec. https://doi.org/10.3141/2258-16.

Booto, Bohne, Vignisdottir, Pitera, Marinelli, 2017. The Effect of Highway Geometry on
Fuel Consumption of Heavy-Duty Vehicles Operating in Eco-driving Mode. CRC Press,
Taylor and Francis Group.

Burtwell, 2001. Improvements to snow and ice control on European highways. Meteorol.
Appl. 8 (4), 475–479. https://doi.org/10.1017/S135048270100408X.

Butt, Toller, Birgisson, 2001. Life cycle assessment for the green procurement of roads: a
way forward. J. Clean. Prod. 90, 163–170. https://doi.org/10.1016/j.jclepro.2014.
11.068.

Chapman, 2007. Transport and climate change: a review. J. Transp. Geogr 15, 354–367.
https://doi.org/10.1016/j.jtrangeo.2006.11.008.

Chen, Watson, Chow, Green, Inouye, Dick, 2012. Wintertime particulate pollution epi-
sodes in an urban valley of the Western US: a case study. Atmos. Chem. Phys. 12 (21),
10051–10064. https://doi.org/10.5194/acp-12-10051-2012.

Colvile, Hutchinson, Mindell, Warren, 2001. The transport sector as a source of air pol-
lution. Atmospheric Environment 35, 1537–1565.

Cui, Shi, 2015. Improved User Experience and Scientific Understanding of Anti-Icing and
Pre-Wetting for Winter Roadway Maintenance in North. In: Transportation Research
Board, pp. 104–119 (Washington).

Czerniawska-Kusza, Kusza, Duzyński, 2004. Effect of deicing salts on urban soils and
health status of roadside trees in the Opole region. Environ. Toxicol. 19 (4), 296–301.
https://doi.org/10.1002/tox.20037.

Dmuchowski, Brogowski, Baczewska, 2011. Evaluation of vigour and health of “street”
trees using foliar ionic status. Pol. J. Environ. Stud. 20 (2), 489–496.

Ebrahimi, Born, Kabongo, Vignisdóttir, 2018. Tank-to-wheel emissions from articulated
steered wheel loaders. In: 7th Transport Research Arena TRA 2018. Transport
Research Arena, Vienna.

EC, 2013. EU Energy, Transport and GHG Emissions: Trends to 2050 Reference Scenario
2013. https://doi.org/10.2833/17897.

EC, 2015. Reducing emissions from transport. Retrieved from. http://ec.europa.eu/
clima/policies/transport/index_en.htm.

Elsevier B.V., 2018. Scopus – document search. Retrieved August 20, 2004, from. https://
www.scopus.com/search/form.uri?display=basic.

Elvik, Kaminska, 2011. Effects on accidents of reduced use of studded tyres in Norwegian
cities. Oslo. Retrieved from. https://www.toi.no/getfile.php/1317393/
Publikasjoner/TØIrapporter/2011/1145-2011/1145-2011-el.pdf.

Fan, Weisberg, Nowak, 2014. Spatio-temporal analysis of remotely-sensed forest mor-
tality associated with road de-icing salts. Sci. Total Environ. 472, 929–938. https://
doi.org/10.1016/j.scitotenv.2013.11.103.

Fay, Shi, 2011. Laboratory investigation of performance and impacts of snow and ice
control chemicals for winter road service. J. Cold Reg. Eng. 25 (3), 89–114. https://
doi.org/10.1061/(ASCE)CR.1943-5495.0000025.

Fay, Shi, 2012. Environmental impacts of chemicals for snow and ice control: state of the
knowledge. Water Air Soil Pollut. 223 (5), 2751–2770. https://doi.org/10.1007/
s11270-011-1064-6.

Fay, Shi, 2015. Current strategies to mitigate the impacts of chloride based deicers to the
environment. Environmental Connection Conference 2015. Portland Convention
Center, Portland; United States Retrieved from. http://www.scopus.com/inward/
record.url?eid=2-s2.0-84926295592&partnerID=tZOtx3y1 (16 February
2015 through 18 February 2015; Code 111450).

Fay, Shi, Huang, 2013. Strategies to mitigate the impacts of chloride roadway deicers on
the natural environment. A synthesis of highway practice. Synthesis 449. National
Cooperative Highway Research Program (NCHRP). https://doi.org/10.13140/2.1.
1360.2249.

Fitch, Smith, Clarens, 2013. Environmental life cycle assessment of winter maintenance
treatments for roadways. J. Transp. Eng. 139 (February), 120822055938002. https://
doi.org/10.1061/(ASCE)TE.1943-5436.0000453.

Galatioto, Huang, Parry, Bird, Bell, 2015. Traffic modelling in system boundary expansion
of road pavement life cycle assessment. Transp. Res. Part D: Transp. Environ. 36,
65–75. https://doi.org/10.1016/j.trd.2015.02.007.

Gałuszka, Migaszewski, Podlaski, Dołȩgowska, Michalik, 2011. The influence of chloride
deicers on mineral nutrition and the health status of roadside trees in the city of
Kielce, Poland. Environ. Monit. Assess. 176 (1–4), 451–464. https://doi.org/10.
1007/s10661-010-1596-z.

Gertler, Kuhns, Abu-Allaban, Damm, Gillies, Etyemezian, ... Proffitt, 2006. A case study of
the impact of Winter road sand/salt and street sweeping on road dust re-entrainment.
Atmos. Environ. 40 (31), 5976–5985. https://doi.org/10.1016/j.atmosenv.2005.12.

H.R. Vignisdottir et al. Cold Regions Science and Technology 158 (2019) 143–153

151

https://doi.org/10.1007/s12517-010-0210-6
https://doi.org/10.1007/s00128-012-0673-0
https://www.vegvesen.no/om+tatensvesen/presse/nyheter/lokalt/Region+idt/Nord-Tr�ndelag/forventninger-til-vintervegene
https://www.vegvesen.no/om+tatensvesen/presse/nyheter/lokalt/Region+idt/Nord-Tr�ndelag/forventninger-til-vintervegene
https://www.vegvesen.no/om+tatensvesen/presse/nyheter/lokalt/Region+idt/Nord-Tr�ndelag/forventninger-til-vintervegene
https://doi.org/10.1016/j.coldregions.2017.01.005
https://doi.org/10.1016/j.coldregions.2017.01.005
https://doi.org/10.1016/j.trd.2013.10.005
https://doi.org/10.1016/j.trd.2013.10.005
https://doi.org/10.1023/A:1024545916834
https://doi.org/10.1016/j.watres.2003.11.006
https://doi.org/10.1007/s11367-012-0476-x
https://doi.org/10.3141/2058-20
https://doi.org/10.3141/2058-20
https://doi.org/10.1016/j.trd.2006.07.001
https://doi.org/10.1016/j.trd.2006.07.001
https://www.blackcircles.com/tyres/winter-tyres/laws-and-legislation
https://doi.org/10.3141/2258-16
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0060
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0060
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0060
https://doi.org/10.1017/S135048270100408X
https://doi.org/10.1016/j.jclepro.2014.11.068
https://doi.org/10.1016/j.jclepro.2014.11.068
https://doi.org/10.1016/j.jtrangeo.2006.11.008
https://doi.org/10.5194/acp-12-10051-2012
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0080
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0080
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf6085
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf6085
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf6085
https://doi.org/10.1002/tox.20037
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0090
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0090
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0095
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0095
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0095
https://doi.org/10.2833/17897
http://ec.europa.eu/clima/policies/transport/index_en.htm
http://ec.europa.eu/clima/policies/transport/index_en.htm
https://www.scopus.com/search/form.uri?display=basic
https://www.scopus.com/search/form.uri?display=basic
https://www.toi.no/getfile.php/1317393/Publikasjoner/T�Irapporter/2011/1145-2011/1145-2011-el.pdf
https://www.toi.no/getfile.php/1317393/Publikasjoner/T�Irapporter/2011/1145-2011/1145-2011-el.pdf
https://doi.org/10.1016/j.scitotenv.2013.11.103
https://doi.org/10.1016/j.scitotenv.2013.11.103
https://doi.org/10.1061/(ASCE)CR.1943-5495.0000025
https://doi.org/10.1061/(ASCE)CR.1943-5495.0000025
https://doi.org/10.1007/s11270-011-1064-6
https://doi.org/10.1007/s11270-011-1064-6
http://www.scopus.com/inward/record.url?eid=2-s2.0-84926295592&partnerID=tZOtx3y1
http://www.scopus.com/inward/record.url?eid=2-s2.0-84926295592&partnerID=tZOtx3y1
https://doi.org/10.13140/2.1.1360.2249
https://doi.org/10.13140/2.1.1360.2249
https://doi.org/10.1061/(ASCE)TE.1943-5436.0000453
https://doi.org/10.1061/(ASCE)TE.1943-5436.0000453
https://doi.org/10.1016/j.trd.2015.02.007
https://doi.org/10.1007/s10661-010-1596-z
https://doi.org/10.1007/s10661-010-1596-z
https://doi.org/10.1016/j.atmosenv.2005.12.047


047.
Green, Machin, Cresser, 2008. Effect of long-term changes in soil chemistry induced by

road salt applications on N-transformations in roadside soils. Environ. Pollut. 152 (1),
20–31. https://doi.org/10.1016/j.envpol.2007.06.005.

Gryteselv, Bø, Dahlen, Frøytlog, Larsen, Leland, ... Reitan, 2013. Opplæring i vinterdrift
for operatører Project manager. Oslo.

Guesdon, Santiago-Martín, Raymond, Messaoud, Michaux, Roy, Galvez, 2016. Impacts of
salinity on Saint-Augustin Lake, Canada: Remediation measures at watershed scale.
Water (Switzerland) 8 (7). https://doi.org/10.3390/w8070285.

Hääl, Sürje, Rõuk, 2008. Traffic as a source of pollution. Est. J. Eng 57 (1), 65–82. https://
doi.org/10.3176/eng.2008.1.05.

Hallberg, Renman, 2006. Assessment of suspended solids concentration in highway runoff
and its treatment implication. Environ. Technol. 27 (9), 945–950. https://doi.org/10.
1080/09593332708618710.

Helmreich, Hilliges, Schriewer, Horn, 2010. Runoff pollutants of a highly trafficked urban
road – correlation analysis and seasonal influences. Chemosphere 80 (9), 991–997.
https://doi.org/10.1016/j.chemosphere.2010.05.037.

Hinkka, Pilli-Sihvola, Mantsinen, Leviäkangas, Aapaoja, Hautala, 2016. Integrated winter
road maintenance management – new directions for cold regions research. Cold Reg.
Sci. Technol. 121, 108–117. https://doi.org/10.1016/j.coldregions.2015.10.014.

Hintz, Relyea, 2017. Impacts of road deicing salts on the early-life growth and develop-
ment of a stream salmonid: Salt type matters. Environ. Pollut. 223, 409–415. https://
doi.org/10.1016/j.envpol.2017.01.040.

Hossain, Fu, Lu, 2014. Deicing performance of road salt. Transp. Res. Rec. J. Transp. Res.
Board 2440 (2440), 76–84. https://doi.org/10.3141/2440-10.

International Standards Organization, 2006. ISO 14040:2006 - Environmental
Management - Life Cycle Assessment - Principles and Framework. International
Standards Organization, Geneva.

Jones, Mattes, Hintz, Schuler, Stoler, Lind, Cooper, Relyea, 2016. Investigation of road
salts and biotic stressors on freshwater wetland communities. Environ. Pollut. 221,
159–167. https://doi.org/10.1016/j.envpol.2016.11.060.

Jónsson, 2017. Ársskýrsla Vegagerðarinnar 2016. Reykjavik.
Kelsall, Redelmeier, 2016. Winter road safety is no accident. Can. Med. Assoc. J. 188 (4),

241. https://doi.org/10.1503/cmaj.160100.
Kirillin, Shatwell, 2016. Generalized scaling of seasonal thermal stratification in lakes.

Earth Sci. Rev. 161, 179–190. https://doi.org/10.1016/j.earscirev.2016.08.008.
Klein-Paste, Wåhlin, 2013. Wet pavement anti-icing – a physical mechanism. Cold Reg.

Sci. Technol. 96, 1–7. https://doi.org/10.1016/j.coldregions.2013.09.002.
Koefod, Mackenzie, Adkins, 2015. Effect of prewetting brines on the ice-melting rate of

salt at very cold temperatures. Transp. Res. Rec. J. Transp. Res. Board 2482 (2482),
67–73. https://doi.org/10.3141/2482-09.

Kramberger, Žerovnik, 2008. A contribution to environmentally friendly winter road
maintenance: optimizing road de-icing. Transp. Res. Part D: Transp. Environ. 13,
340–346. https://doi.org/10.1016/j.trd.2008.03.007.

Larsen, Sivertsen, Lysbakken, Nonstad, Thordarson, 2011. Lærebok Drift og vedlikehold
av veger. 365. Publisher Statens Vegvesen (E. Norwegian Public Roads
Administration), pp. 303–331.

Laurinavicius, Miskinis, Vaiskunaite, 2010. Analysis and evaluation of the effect of
studded tyres on road pavement and environment (III). Baltic J. Road Bridg. Eng 5
(3), 169–176. https://doi.org/10.3846/bjrbe.2010.24.

Lewis, 2018. The changing face of urban air pollution. Science 359 (6377), 744–745.
https://doi.org/10.1126/science.aar4925.

Li, Z., Liang, Zhou, Sun, 2014. Impacts of de-icing salt pollution on urban road green-
space: a case study of Beijing. Front. Environ. Sci. Eng 8 (5), 747–756. https://doi.
org/10.1007/s11783-014-0644-2.

Li, F., Zhang, Fan, Oh, 2015. Accumulation of de-icing salts and its short-term effect on
metal mobility in urban roadside soils. Bull. Environ. Contam. Toxicol. 94 (4),
525–531. https://doi.org/10.1007/s00128-015-1481-0.

Liao, Kumar, Dojutrek, Labi, 2018. Updating secondary climate attributes for transpor-
tation infrastructure management. J. Infrastruct. Syst. 24 (1), 1–12. https://doi.org/
10.1061/(ASCE)IS.1943-555X.0000396.

Liljenström, 2013. Life Cycle Assessment in Early Planning of Road Infrastructure. pp. 88.
Löfgren, 2001. The chemical effects of deicing salt on soil and stream water of five

catchments in southeast Sweden. Water Air Soil Pollut. 130 (1/4), 863–868. https://
doi.org/10.1023/A:1013895215558.

Lombardi, Tribioli, Cozzolino, Bella, 2017. Comparative environmental assessment of
conventional, electric, hybrid, and fuel cell powertrains based on LCA. Int. J. Life
Cycle Assess. 22 (12), 1989–2006. https://doi.org/10.1007/s11367-017-1294-y.

Lysbakken, Norem, 2011. Processes that control development of quantity of salt on road
surfaces after salt application. Transp. Res. Rec. J. Transp. Res. Board 2258, 139–146.
https://doi.org/10.3141/2258-17.

Mauro, Guerrieri, 2016. Comparative life-cycle assessment of conventional (double lane)
and non-conventional (turbo and flower) roundabout intersections. Transp. Res. Part
D: Transp. Environ. 48, 96–111. https://doi.org/10.1016/j.trd.2016.08.011.

Meriano, Eyles, Howard, 2009. Hydrogeological impacts of road salt from Canada's
busiest highway on a Lake Ontario watershed (Frenchman's Bay) and lagoon, City of
Pickering. J. Contam. Hydrol. 107 (1–2), 66–81. https://doi.org/10.1016/j.jconhyd.
2009.04.002.

Merrikhpour, Jalali, 2013. The effects of road salt application on the accumulation and
speciation of cations and anions in an urban environment. Water Environ. J. 27 (4),
524–534. https://doi.org/10.1111/j.1747-6593.2012.00371.x.

Min, Fu, Usman, Tan, 2016. Does winter road maintenance help reduce air emissions and
fuel consumption? Transp. Res. Part D: Transp. Environ. 48, 85–95. https://doi.org/
10.1016/j.trd.2016.08.010.

Munck, Bennett, Camilli, Nowak, 2010. Long-term impact of de-icing salts on tree health
in the Lake Tahoe Basin: environmental influences and interactions with insects and

diseases. For. Ecol. Manag. 260 (7), 1218–1229. https://doi.org/10.1016/j.foreco.
2010.07.015.

Nordin, Arvidsson, 2014. Are winter road maintenance practices energy efficient? A
geographical analysis in terms of traffic energy use. J. Transp. Geogr 41, 163–174.
https://doi.org/10.1016/j.jtrangeo.2014.09.004.

Norem, 2009. Selection of strategies for winter maintenance of roads based on climatic
parameters. J. Cold Reg. Eng. 23 (4), 113–135. https://doi.org/10.1061/(ASCE)
0887-381X(2009)23:4(113).

Norrman, Eriksson, Lindqvist, 2000. Relationships between road slipperiness, traffic ac-
cident risk and winter road maintenance activity. Clim. Res. 15 (3), 185–193. https://
doi.org/10.3354/cr015185.

Norrström, Bergstedt, 2001. The impact of road de-icing salts (NaCl) on colloid dispersion
and base cation pools in roadside soils. Water Air Soil Pollut. 127 (1), 281–299.
https://doi.org/10.1023/A:1005221314856.

Novotny, Murphy, Stefan, 2008. Increase of urban lake salinity by road deicing salt. Sci.
Total Environ. 406 (1–2), 131–144. https://doi.org/10.1016/j.scitotenv.2008.07.
037.

NPRA, 2013. National Plan of Action for Road Traffic Safety Abridged Version Contents.
Oslo.

NPRA, 2014. Standard for drift og vedlikehold av drift riksveger.
NPRA, 2017. Quantity Report Winter 2016/2017. (Trondheim).
Ostendorf, Palmer, Hinlein, 2009. Seasonally varying highway de-icing agent con-

tamination in a groundwater plume from an infiltration basin. Hydrol. Res. 40 (6),
520–532. https://doi.org/10.2166/nh.2009.062.

Øveråsen AS, 2017. Sort uten Salt. Retrieved June 15, 2018, from. http://www.
overaasen.no/veiutstyr/sort_uten_salt/sort_uten_salt/.

Pachauri, Meyer, Van Ypersele, Brinkman, Van Kesteren, Leprince-Ringuet, Van Boxmeer,
2014. Climate Change 2014 Synthesis Report. (Russian Federation), Hoesung Lee
(Republic of Korea) Scott B. Power (Australia) N.H. Ravindranath (India).

Padilla, Ghods, Alfantazi, 2013. Effect of de-icing salts on the corrosion performance of
galvanized steel in sulphate contaminated soil. Constr. Build. Mater 40, 908–918.
https://doi.org/10.1016/j.conbuildmat.2012.09.077.

Pedersen, Randrup, Ingerslev, 2000. Effects of road distance and protective measures on
deicing NaCl deposition and soil solution chemistry in planted median strips. J.
Arboric. 26 (5), 238–245.

Prosser, Rochfort, McInnis, Exall, Gillis, 2017. Assessing the toxicity and risk of salt-im-
pacted winter road runoff to the early life stages of freshwater mussels in the
Canadian province of Ontario. Environ. Pollut. 230, 589–597. https://doi.org/10.
1016/j.envpol.2017.07.001.

Ramakrishna, Viraraghavan, 2005. Environmental impact of chemical deicers – a review.
Water Air Soil Pollut. 166 (1–4), 49–63. https://doi.org/10.1007/s11270-005-
8265-9.

Ratkevičius, Laurinavičius, 2017. Assessment model of levels for winter road main-
tenance. Baltic J. Road Bridg. Eng 12 (2), 127–134. https://doi.org/10.3846/bjrbe.
2017.15.

Raukola, Terhelä, 2001. Do salting operations match road and weather conditions?
Results of Finnish follow-up study. Transp. Res. Rec. (1741), 29–33.

Rivett, Cuthbert, Gamble, Connon, Pearson, Shepley, Davis, 2016. Highway deicing salt
dynamic runoff to surface water and subsequent infiltration to groundwater during
severe UK winters. Sci. Total Environ. 565, 324–338. https://doi.org/10.1016/j.
scitotenv.2016.04.095.

Ružinskas, Bulevičius, Sivilevičius, 2016. Laboratory investigation and efficiency of dei-
cing materials used in road maintenance. Transport 31 (2), 147–155. https://doi.org/
10.3846/16484142.2016.1190787.

Samferdselsdepartementet, 2017. Nasjonal Transportplan 2018–2029: Meld. St. 29
(2016–2017). Norwegian Parliament, Oslo Retrieved from. https://www.
regjeringen.no/contentassets/7c52fd2938ca42209e4286fe86bb28bd/no/pdfs/
stm201620170033000dddpdfs.pdf.

Santos, Ferreira, Flintsch, 2015. A life cycle assessment model for pavement management:
road pavement construction and management in Portugal. Int. J. Pavement Eng 16
(4), 315–336. https://doi.org/10.1080/10298436.2014.942862.

Sanzo, Hecnar, 2006. Effects of road de-icing salt (NaCl) on larval wood frogs (Rana
sylvatica). Environ. Pollut. 140 (2), 247–256. https://doi.org/10.1016/j.envpol.
2005.07.013.

Schafer, Victor, 2000. The future mobility of the world population. Transp. Res. A Policy
Pract. 34 (3), 171–205. https://doi.org/10.1016/S0965-8564(98)00071-8.

Schlegel, Puiatti, Ritter, Lesueur, Denayer, Shtiza, 2016. The limits of partial life cycle
assessment studies in road construction practices: a case study on the use of hydrated
lime in Hot Mix Asphalt. Transp. Res. Part D: Transp. Environ. 48, 141–160. https://
doi.org/10.1016/j.trd.2016.08.005.

Schuler, Relyea, 2016. A Review of the Combined Threats of Road Salts and Heavy Metals
to Freshwater Systems. BioScience 68 (5), 327–335. https://doi.org/10.1093/biosci/
biy018.

Shi, Veneziano, Xie, Gong, 2013. Use of chloride-based ice control products for sustain-
able winter maintenance: a balanced perspective. Cold Reg. Sci. Technol. 86,
104–112. https://doi.org/10.1016/j.coldregions.2012.11.001.

Shi, Huang, Williams, Akin, Veneziano, 2014a. Highway winter maintenance operations
at extremely cold temperatures. In: Climatic Effects on Pavement and Geotechnical
Infrastructure. American Society of Civil Engineers, Reston, VA, pp. 52–65. https://
doi.org/10.1061/9780784413326.006.

Shi, Jungwirth, Akin, Wright, Fay, Veneziano, ... Ye, 2014b. Evaluating snow and ice
control chemicals for environmentally sustainable highway maintenance operations.
J. Transp. Eng. 140 (11), 1–8. https://doi.org/10.1061/(ASCE)TE.1943-5436.
0000709.

Sivertsen, 2015. Winter Maintenance Operation Knowledge and Execution in Norway.
H.R. Vignisdottir, Trondheim.

H.R. Vignisdottir et al. Cold Regions Science and Technology 158 (2019) 143–153

152

https://doi.org/10.1016/j.atmosenv.2005.12.047
https://doi.org/10.1016/j.envpol.2007.06.005
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0170
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0170
https://doi.org/10.3390/w8070285
https://doi.org/10.3176/eng.2008.1.05
https://doi.org/10.3176/eng.2008.1.05
https://doi.org/10.1080/09593332708618710
https://doi.org/10.1080/09593332708618710
https://doi.org/10.1016/j.chemosphere.2010.05.037
https://doi.org/10.1016/j.coldregions.2015.10.014
https://doi.org/10.1016/j.envpol.2017.01.040
https://doi.org/10.1016/j.envpol.2017.01.040
https://doi.org/10.3141/2440-10
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf8410
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf8410
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf8410
https://doi.org/10.1016/j.envpol.2016.11.060
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0210
https://doi.org/10.1503/cmaj.160100
https://doi.org/10.1016/j.earscirev.2016.08.008
https://doi.org/10.1016/j.coldregions.2013.09.002
https://doi.org/10.3141/2482-09
https://doi.org/10.1016/j.trd.2008.03.007
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0240
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0240
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0240
https://doi.org/10.3846/bjrbe.2010.24
https://doi.org/10.1126/science.aar4925
https://doi.org/10.1007/s11783-014-0644-2
https://doi.org/10.1007/s11783-014-0644-2
https://doi.org/10.1007/s00128-015-1481-0
https://doi.org/10.1061/(ASCE)IS.1943-555X.0000396
https://doi.org/10.1061/(ASCE)IS.1943-555X.0000396
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0270
https://doi.org/10.1023/A:1013895215558
https://doi.org/10.1023/A:1013895215558
https://doi.org/10.1007/s11367-017-1294-y
https://doi.org/10.3141/2258-17
https://doi.org/10.1016/j.trd.2016.08.011
https://doi.org/10.1016/j.jconhyd.2009.04.002
https://doi.org/10.1016/j.jconhyd.2009.04.002
https://doi.org/10.1111/j.1747-6593.2012.00371.x
https://doi.org/10.1016/j.trd.2016.08.010
https://doi.org/10.1016/j.trd.2016.08.010
https://doi.org/10.1016/j.foreco.2010.07.015
https://doi.org/10.1016/j.foreco.2010.07.015
https://doi.org/10.1016/j.jtrangeo.2014.09.004
https://doi.org/10.1061/(ASCE)0887-381X(2009)23:4(113)
https://doi.org/10.1061/(ASCE)0887-381X(2009)23:4(113)
https://doi.org/10.3354/cr015185
https://doi.org/10.3354/cr015185
https://doi.org/10.1023/A:1005221314856
https://doi.org/10.1016/j.scitotenv.2008.07.037
https://doi.org/10.1016/j.scitotenv.2008.07.037
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0340
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0340
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0345
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0350
https://doi.org/10.2166/nh.2009.062
http://www.overaasen.no/veiutstyr/sort_uten_salt/sort_uten_salt/
http://www.overaasen.no/veiutstyr/sort_uten_salt/sort_uten_salt/
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0365
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0365
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0365
https://doi.org/10.1016/j.conbuildmat.2012.09.077
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0375
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0375
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0375
https://doi.org/10.1016/j.envpol.2017.07.001
https://doi.org/10.1016/j.envpol.2017.07.001
https://doi.org/10.1007/s11270-005-8265-9
https://doi.org/10.1007/s11270-005-8265-9
https://doi.org/10.3846/bjrbe.2017.15
https://doi.org/10.3846/bjrbe.2017.15
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0395
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0395
https://doi.org/10.1016/j.scitotenv.2016.04.095
https://doi.org/10.1016/j.scitotenv.2016.04.095
https://doi.org/10.3846/16484142.2016.1190787
https://doi.org/10.3846/16484142.2016.1190787
https://www.regjeringen.no/contentassets/7c52fd2938ca42209e4286fe86bb28bd/no/pdfs/stm201620170033000dddpdfs.pdf
https://www.regjeringen.no/contentassets/7c52fd2938ca42209e4286fe86bb28bd/no/pdfs/stm201620170033000dddpdfs.pdf
https://www.regjeringen.no/contentassets/7c52fd2938ca42209e4286fe86bb28bd/no/pdfs/stm201620170033000dddpdfs.pdf
https://doi.org/10.1080/10298436.2014.942862
https://doi.org/10.1016/j.envpol.2005.07.013
https://doi.org/10.1016/j.envpol.2005.07.013
https://doi.org/10.1016/S0965-8564(98)00071-8
https://doi.org/10.1016/j.trd.2016.08.005
https://doi.org/10.1016/j.trd.2016.08.005
https://doi.org/10.1093/biosci/biy018
https://doi.org/10.1093/biosci/biy018
https://doi.org/10.1016/j.coldregions.2012.11.001
https://doi.org/10.1061/9780784413326.006
https://doi.org/10.1061/9780784413326.006
https://doi.org/10.1061/(ASCE)TE.1943-5436.0000709
https://doi.org/10.1061/(ASCE)TE.1943-5436.0000709
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0450
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0450


Skills Training Centre Ltd, 2014. Winter Service: Courses/Winter Maintenance. Retrieved
April 21, 2018, from. http://www.skillstrainingcentre.co.uk/winter-maintenance.

Stripple, 2001. Life cycle assessment of road. Life Cycle Assessment of Road: A Pilot Study
for Inventory Analysis. pp. 182.

Sun, Alexander, Gove, Koch, 2015. Mobilization of arsenic, lead, and mercury under
conditions of sea water intrusion and road deicing salt application. J. Contam.
Hydrol. 180 (1/4), 12–24. https://doi.org/10.1016/j.jconhyd.2015.07.002.

United Nations, 2015. Summary of the Paris Agreement. Retrieved May 3, 2017, from.
http://bigpicture.unfccc.int/#content-the-paris-agreemen.

Vegagerðin, 2012. Handbók um Vetrarþjónustu. Reykjavik.
Viskari, Kärenlampi, 2000. Roadside Scots pine as an indicator of deicing salt use – a

comparative study from two consecutive winters. Water Air Soil Pollut. 122 (3–4),
405–419.

Wåhlin, Klein-Paste, 2015. The effect of common de-icing chemicals on the hardness of
compacted snow. Cold Reg. Sci. Technol. 109, 28–32. https://doi.org/10.1016/j.

coldregions.2014.09.007.
Wåhlin, Leisinger, Klein-Paste, 2014. The effect of sodium chloride solution on the

hardness of compacted snow. Cold Reg. Sci. Technol. 102, 1–7. https://doi.org/10.
1016/j.coldregions.2014.02.002.

Wang, Zeng, Yang, 2006. Smart cars on smart roads: an IEEE intelligent transportation
systems society update. IEEE Pervasive Comput 5 (4), 68–69. https://doi.org/10.
1109/MPRV.2006.84.

Zhang, Keoleian, Lepech, Kendall, 2010a. Life-cycle optimization of pavement overlay
systems. J. Infrastruct. Syst. 16 (4), 310–322. https://doi.org/10.1061/(ASCE)IS.
1943-555X.0000042.

Zhang, Lepech, Keoleian, Qian, Li, 2010b. Dynamic life-cycle modeling of pavement
overlay systems: capturing the impacts of users, construction, and roadway dete-
rioration. J. Infrastruct. Syst. 16 (4), 299–309. https://doi.org/10.1061/(ASCE)IS.
1943-555X.0000017.

H.R. Vignisdottir et al. Cold Regions Science and Technology 158 (2019) 143–153

153

http://www.skillstrainingcentre.co.uk/winter-maintenance
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf9460
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf9460
https://doi.org/10.1016/j.jconhyd.2015.07.002
http://bigpicture.unfccc.int/#content-the-paris-agreemen
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0470
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0475
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0475
http://refhub.elsevier.com/S0165-232X(18)30393-8/rf0475
https://doi.org/10.1016/j.coldregions.2014.09.007
https://doi.org/10.1016/j.coldregions.2014.09.007
https://doi.org/10.1016/j.coldregions.2014.02.002
https://doi.org/10.1016/j.coldregions.2014.02.002
https://doi.org/10.1109/MPRV.2006.84
https://doi.org/10.1109/MPRV.2006.84
https://doi.org/10.1061/(ASCE)IS.1943-555X.0000042
https://doi.org/10.1061/(ASCE)IS.1943-555X.0000042
https://doi.org/10.1061/(ASCE)IS.1943-555X.0000017
https://doi.org/10.1061/(ASCE)IS.1943-555X.0000017


Viewpoint

https://academic.oup.com/bioscience  XXXX XXXX / Vol. XX No. X • BioScience   1   

World Scientists’ Warning of a Climate Emergency

WILLIAM J. RIPPLE, CHRISTOPHER WOLF, THOMAS M. NEWSOME, PHOEBE BARNARD, WILLIAM R. MOOMAW, 
AND 11,258 SCIENTIST SIGNATORIES FROM 153 COUNTRIES (LIST IN SUPPLEMENTAL FILE S1)

Scientists have a moral obligation   
to clearly warn humanity of any 

catastrophic threat and to “tell it like 
it is.” On the basis of this obligation 
and the graphical indicators  presented 
below, we declare, with more than 
11,000 scientist signatories from 
around the world, clearly and unequiv-
ocally that planet Earth is facing a 
climate emergency.

Exactly 40 years ago, scientists from 
50 nations met at the First World 
Climate Conference (in Geneva 1979) 
and agreed that alarming trends for 
climate change made it urgently neces-
sary to act. Since then, similar alarms 
have been made through the 1992 Rio 
Summit, the 1997 Kyoto Protocol, and 
the 2015 Paris Agreement, as well as 
scores of other global assemblies and 
scientists’ explicit warnings of insuf-
ficient progress (Ripple et al. 2017). Yet 
greenhouse gas (GHG) emissions are 
still rapidly rising, with increasingly 
damaging effects on the Earth’s cli-
mate. An immense increase of scale in 
endeavors to conserve our biosphere is 
needed to avoid untold suffering due 
to the climate crisis (IPCC 2018).

Most public discussions on climate 
change are based on global surface 
temperature only, an inadequate mea-
sure to capture the breadth of human 
activities and the real dangers stem-
ming from a warming planet (Briggs 
et al. 2015). Policymakers and the 
public now urgently need access to a 
set of indicators that convey the effects 
of human activities on GHG emis-
sions and the consequent impacts on 
climate, our environment, and society. 
Building on prior work (see supple-
mental file S2), we present a suite of 
graphical vital signs of climate change 
over the last 40 years for human activi-
ties that can affect GHG emissions and  
change the climate (figure 1), as well 

as actual climatic impacts (figure 2). 
We use only relevant data sets that are 
clear, understandable, systematically 
collected for at least the last 5 years, 
and updated at least annually.

The climate crisis is closely linked to 
excessive consumption of the wealthy 
lifestyle. The most affluent countries 
are mainly responsible for the his-
torical GHG emissions and generally 
have the greatest per capita emissions 
(table S1). In the present article, we 
show general patterns, mostly at the 
global scale, because there are many 
climate efforts that involve individ-
ual regions and countries. Our vital 
signs are designed to be useful to 
the public, policymakers, the busi-
ness community, and those working 
to implement the Paris climate agree-
ment, the United Nations’ Sustainable 
Development Goals, and the Aichi 
Biodiversity Targets.

Profoundly troubling signs from 
human activities include sustained 
increases in both human and rumi-
nant livestock populations, per capita 
meat production, world gross domes-
tic product, global tree cover loss, 
fossil fuel consumption, the number 
of air passengers carried, carbon diox-
ide (CO2) emissions, and per capita 
CO2 emissions since 2000 (figure 1, 
 supplemental file S2). Encouraging 
signs include decreases in global fer-
tility (birth) rates (figure 1b), decel-
erated forest loss in the Brazilian 
Amazon (figure 1g), increases in the 
consumption of solar and wind power 
(figure 1h), institutional fossil fuel 
divestment of more than US$7 tril-
lion (figure 1j), and the proportion 
of GHG emissions covered by car-
bon pricing (figure 1m). However, the 
decline in human fertility rates has 
substantially slowed during the last 
20 years (figure 1b), and the pace of 

forest loss in Brazil’s Amazon has now 
started to increase again (figure 1g). 
Consumption of solar and wind energy 
has increased 373% per decade, but 
in 2018, it was still 28 times smaller 
than fossil fuel consumption (com-
bined gas, coal, oil; figure 1h). As 
of 2018, approximately 14.0% of 
global GHG emissions were covered 
by carbon pricing (figure 1m), but 
the global emissions-weighted aver-
age price per tonne of carbon dioxide 
was only around US$15.25 (figure 1n). 
A much higher carbon fee price is 
needed (IPCC 2018, section 2.5.2.1). 
Annual fossil fuel subsidies to energy 
companies have been fluctuating, and 
because of a recent spike, they were 
greater than US$400 billion in 2018 
(figure 1o).

Especially disturbing are concur-
rent trends in the vital signs of cli-
matic impacts (figure 2, supplemental 
file S2). Three abundant atmospheric 
GHGs (CO2, methane, and nitrous 
oxide) continue to increase (see 
figure S1 for ominous 2019 spike in 
CO2), as does global surface tempera-
ture (figure 2a–2d). Globally, ice has 
been rapidly disappearing, evidenced 
by declining trends in minimum sum-
mer Arctic sea ice, Greenland and 
Antarctic ice sheets, and glacier thick-
ness worldwide (figure 2e–2h). Ocean 
heat content, ocean acidity, sea level, 
area burned in the United States, 
and extreme weather and associated 
damage costs have all been trending 
upward (figure 2i–2n). Climate change 
is predicted to greatly affect marine, 
freshwater, and terrestrial life, from 
plankton and corals to fishes and for-
ests (IPCC 2018, 2019). These issues 
highlight the urgent need for action.

Despite 40 years of global climate 
negotiations, with few exceptions, we 
have generally conducted business 
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as usual and have largely failed to 
address this predicament (figure 1). 
The climate crisis has arrived and is 
accelerating faster than most scientists 
expected (figure 2, IPCC 2018). It is 

more severe than anticipated, threat-
ening natural ecosystems and the fate 
of humanity (IPCC 2019). Especially 
worrisome are potential irreversible 
climate tipping points and nature’s 

reinforcing feedbacks (atmospheric, 
marine, and terrestrial) that could lead 
to a catastrophic “hothouse Earth,” 
well beyond the control of humans 
(Steffen et al. 2018). These climate 

Figure 1. Change in global human activities from 1979 to the present. These indicators are linked at least in part to 
climate change. In panel (f), annual tree cover loss may be for any reason (e.g., wildfire, harvest within tree plantations, 
or conversion of forests to agricultural land). Forest gain is not involved in the calculation of tree cover loss. In panel (h), 
hydroelectricity and nuclear energy are shown in figure S2. The rates shown in panels are the percentage changes per 
decade across the entire range of the time series. The annual data are shown using gray points. The black lines are local 
regression smooth trend lines. Abbreviation: Gt oe per year, gigatonnes of oil equivalent per year. Sources and additional 
details about each variable are provided in supplemental file S2, including table S2.
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chain reactions could cause significant 
disruptions to ecosystems, society, and 
economies, potentially making large 
areas of Earth uninhabitable.

To secure a sustainable future, we 
must change how we live, in ways that 

improve the vital signs summarized 
by our graphs. Economic and popu-
lation growth are among the most 
important drivers of increases in CO2 
emissions from fossil fuel combustion 
(Pachauri et al. 2014, Bongaarts and 

O’Neill 2018); therefore, we need bold 
and drastic transformations regarding 
economic and population policies. We 
suggest six critical and interrelated 
steps (in no particular order) that gov-
ernments, businesses, and the rest of 

Figure 2. Climatic response time series from 1979 to the present. The rates shown in the panels are the decadal change 
rates for the entire ranges of the time series. These rates are in percentage terms, except for the interval variables (d, f, g, 
h, i, k), where additive changes are reported instead. For ocean acidity (pH), the percentage rate is based on the change 
in hydrogen ion activity, aH+ (where lower pH values represent greater acidity). The annual data are shown using gray 
points. The black lines are local regression smooth trend lines. Sources and additional details about each variable are 
provided in supplemental file S2, including table S3.
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humanity can take to lessen the worst 
effects of climate change. These are 
important steps but are not the only 
actions needed or possible (Pachauri 
et al. 2014, IPCC 2018, 2019).

Energy
The world must quickly implement 
massive energy efficiency and conser-
vation practices and must replace fos-
sil fuels with low-carbon renewables 
(figure 1h) and other cleaner sources 
of energy if safe for people and the 
environment (figure S2). We should 
leave remaining stocks of fossil fuels 
in the ground (see the timelines in 
IPCC 2018) and should carefully pur-
sue effective negative emissions using 
technology such as carbon extraction 
from the source and capture from 
the air and especially by enhancing 
natural systems (see “Nature” section). 
Wealthier countries need to support 
poorer nations in transitioning away 
from fossil fuels. We must swiftly elim-
inate subsidies for fossil fuels (figure 
1o) and use effective and fair policies 
for steadily escalating carbon prices to 
restrain their use.

Short-lived pollutants
We need to promptly reduce the emis-
sions of short-lived climate pollutants, 
including methane (figure 2b), black 
carbon (soot), and hydrofluorocar-
bons (HFCs). Doing this could slow 
climate feedback loops and poten-
tially reduce the short-term warming 
trend by more than 50% over the next 
few decades while saving millions of 
lives and increasing crop yields due to 
reduced air pollution (Shindell et al. 
2017). The 2016 Kigali amendment to 
phase down HFCs is welcomed.

Nature
We must protect and restore Earth’s 
ecosystems. Phytoplankton, coral reefs, 
forests, savannas, grasslands, wetlands, 
peatlands, soils, mangroves, and sea 
grasses contribute greatly to sequestra-
tion of atmospheric CO2. Marine and 
terrestrial plants, animals, and micro-
organisms play significant roles in car-
bon and nutrient cycling and storage. 

We need to quickly curtail habitat 
and biodiversity loss (figure 1f–1g), 
protecting the remaining primary and 
intact forests, especially those with 
high carbon stores and other forests 
with the capacity to rapidly sequester 
carbon (proforestation), while increas-
ing reforestation and afforestation 
where appropriate at enormous scales. 
Although available land may be limit-
ing in places, up to a third of emissions 
reductions needed by 2030 for the 
Paris agreement (less than 2°C) could 
be obtained with these natural climate 
solutions (Griscom et al. 2017).

Food
Eating mostly plant-based foods while 
reducing the global consumption of ani-
mal products (figure 1c–d), especially 
ruminant livestock (Ripple et al. 2014), 
can improve human health and signifi-
cantly lower GHG emissions (including 
methane in the “Short-lived pollutants” 
step). Moreover, this will free up crop-
lands for growing much-needed human 
plant food instead of livestock feed, 
while releasing some grazing land to 
support natural climate solutions (see 
“Nature” section). Cropping practices 
such as minimum tillage that increase 
soil carbon are vitally important. We 
need to drastically reduce the enormous 
amount of food waste around the world.

Economy
Excessive extraction of materials and 
overexploitation of ecosystems, driven 
by economic growth, must be quickly 
curtailed to maintain long-term sus-
tainability of the biosphere. We need 
a carbon-free economy that explic-
itly addresses human dependence on 
the biosphere and policies that guide 
economic decisions accordingly. Our 
goals need to shift from GDP growth 
and the pursuit of affluence toward 
sustaining ecosystems and improving 
human well-being by prioritizing basic 
needs and reducing inequality.

Population
Still increasing by roughly 80 million 
people per year, or more than 200,000 
per day (figure 1a–b), the world 

population must be stabilized—and, 
ideally, gradually reduced—within a 
framework that ensures social integrity. 
There are proven and effective policies 
that strengthen human rights while 
lowering fertility rates and lessening 
the impacts of population growth on 
GHG emissions and biodiversity loss. 
These policies make family-planning 
services available to all people, remove 
barriers to their access and achieve 
full gender equity, including primary 
and secondary education as a global 
norm for all, especially girls and young 
women (Bongaarts and O’Neill 2018).

Conclusions
Mitigating and adapting to climate 
change while honoring the diversity 
of humans entails major transforma-
tions in the ways our global society 
functions and interacts with natural 
ecosystems. We are encouraged by a 
recent surge of concern. Governmental 
bodies are making climate emergency 
declarations. Schoolchildren are strik-
ing. Ecocide lawsuits are proceeding 
in the courts. Grassroots citizen move-
ments are demanding change, and 
many countries, states and provinces, 
cities, and businesses are responding.

As the Alliance of World Scientists, 
we stand ready to assist decision-mak-
ers in a just transition to a sustainable 
and equitable future. We urge wide-
spread use of vital signs, which will 
better allow policymakers, the pri-
vate sector, and the public to under-
stand the magnitude of this crisis, 
track progress, and realign priorities 
for alleviating climate change. The 
good news is that such transforma-
tive change, with social and economic 
justice for all, promises far greater 
human well-being than does business 
as usual. We believe that the prospects 
will be greatest if decision-makers and 
all of humanity promptly respond to 
this warning and declaration of a cli-
mate emergency and act to sustain life 
on planet Earth, our only home.
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World Scientists’ Warning to Humanity:  
A Second Notice

WILLIAM J. RIPPLE, CHRISTOPHER WOLF, THOMAS M. NEWSOME, MAURO GALETTI, MOHAMMED ALAMGIR, EILEEN CRIST, 
MAHMOUD I. MAHMOUD, WILLIAM F. LAURANCE, and 15,364 scientist signatories from 184 countries

Twenty-five years ago, the Union   
 of Concerned Scientists and more 

than 1700 independent scientists, 
including the majority of living Nobel 
laureates in the sciences, penned the 
1992 “World Scientists’ Warning to 
Humanity” (see supplemental file S1). 
These concerned professionals called 
on humankind to curtail environmen-
tal destruction and cautioned that 
“a great change in our stewardship of 
the Earth and the life on it is required, 
if vast human misery is to be avoided.” 
In their manifesto, they showed that 
humans were on a collision course 
with the natural world. They expressed 
concern about current, impending, 
or potential damage on planet Earth 
involving ozone depletion, freshwa-
ter availability, marine life depletion, 
ocean dead zones, forest loss, biodiver-
sity destruction, climate change, and 
continued human population growth. 
They proclaimed that fundamental 
changes were urgently needed to avoid 
the consequences our present course 
would bring.

The authors of the 1992 declara-
tion feared that humanity was pushing 
Earth’s ecosystems beyond their capac-
ities to support the web of life. They 
described how we are fast approach-
ing many of the limits of what the 
 biosphere can tolerate  without 
 substantial and irreversible harm. 
The scientists pleaded that we stabi-
lize the human population, describing 
how our large numbers—swelled by 
another 2 billion people since 1992, 
a 35 percent increase—exert stresses 
on Earth that can overwhelm other 
efforts to realize a sustainable future 
(Crist et al. 2017). They implored that 
we cut greenhouse gas (GHG) emis-
sions and phase out fossil fuels, reduce 

deforestation, and reverse the trend of 
collapsing biodiversity.

On the twenty-fifth anniversary of 
their call, we look back at their warn-
ing and evaluate the human response 
by exploring available time-series 
data. Since 1992, with the exception 
of stabilizing the stratospheric ozone 
layer, humanity has failed to make 
sufficient progress in generally solv-
ing these foreseen environmental chal-
lenges, and alarmingly, most of them 
are getting far worse (figure 1, file S1). 
Especially troubling is the current 
trajectory of potentially catastrophic 
climate change due to rising GHGs 
from burning fossil fuels (Hansen et al. 
2013), deforestation (Keenan et al. 
2015), and agricultural production—
particularly from farming ruminants 
for meat consumption (Ripple et al. 
2014). Moreover, we have unleashed 
a mass extinction event, the sixth in 
roughly 540 million years, wherein 
many current life forms could be 
annihilated or at least committed to 
extinction by the end of this century.

Humanity is now being given a 
second notice, as illustrated by these 
alarming trends (figure 1). We are 
jeopardizing our future by not reining 
in our intense but geographically and 
demographically uneven material 
consumption and by not perceiving 
continued rapid population growth as a 
primary driver behind many ecological 
and even societal threats (Crist et al. 
2017). By failing to adequately limit 
population growth, reassess the role 
of an economy rooted in growth, 
reduce greenhouse gases, incentivize 
renewable energy, protect habitat, 
restore ecosystems, curb pollution, halt 
defaunation, and constrain invasive 
alien species, humanity is not taking 

the urgent steps needed to safeguard 
our imperilled biosphere.

As most political leaders respond to 
pressure, scientists, media influencers, 
and lay citizens must insist that their 
governments take immediate action 
as a moral imperative to current and 
future generations of human and other 
life. With a groundswell of organized 
grassroots efforts, dogged opposition 
can be overcome and political leaders 
compelled to do the right thing. It is 
also time to re-examine and change 
our individual behaviors, including 
limiting our own reproduction (ideally 
to replacement level at most) and 
drastically diminishing our per capita 
 consumption of fossil fuels, meat, and 
other resources.

The rapid global decline in ozone-
depleting substances shows that we 
can make positive change when we 
act decisively. We have also made 
advancements in reducing extreme 
poverty and hunger (www.worldbank.
org). Other notable progress (which 
does not yet show up in the global 
data sets in figure 1) include the 
rapid decline in fertility rates in many 
regions attributable to investments in 
girls’ and women’s education (www.
un.org/esa/population), the promising 
decline in the rate of deforestation in 
some regions, and the rapid growth 
in the renewable-energy sector. We 
have learned much since 1992, but 
the advancement of urgently needed 
changes in environmental policy, 
human behavior, and global inequities 
is still far from sufficient.

Sustainability transitions come 
about in diverse ways, and all require 
civil-society pressure and evidence-
based advocacy, political leadership, 
and a solid understanding of policy 
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Figure 1. Trends over time for environmental issues identified in the 1992 scientists’ warning to humanity. The years 
before and after the 1992 scientists’ warning are shown as gray and black lines, respectively. Panel (a) shows emissions 
of halogen source gases, which deplete stratospheric ozone, assuming a constant natural emission rate of 0.11 Mt CFC-
11-equivalent per year. In panel (c), marine catch has been going down since the mid-1990s, but at the same time, fishing 
effort has been going up (supplemental file S1). The vertebrate abundance index in panel (f) has been adjusted for 
taxonomic and geographic bias but incorporates relatively little data from developing countries, where there are the fewest 
studies; between 1970 and 2012, vertebrates declined by 58 percent, with freshwater, marine, and terrestrial populations 
declining by 81, 36, and 35 percent, respectively (file S1). Five-year means are shown in panel (h). In panel (i), ruminant 
livestock consist of domestic cattle, sheep, goats, and buffaloes. Note that y-axes do not start at zero, and it is important to 
inspect the data range when interpreting each graph. Percentage change, since 1992, for the variables in each panel are as 
follows: (a) –68.1%; (b) –26.1%; (c) –6.4%; (d) +75.3%; (e) –2.8%; (f) –28.9%; (g) +62.1%; (h) +167.6%; and (i) humans: 
+35.5%, ruminant livestock: +20.5%. Additional descriptions of the variables and trends, as well as sources for figure 1, 
are included in file S1.
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instruments, markets, and other driv-
ers. Examples of diverse and effective 
steps humanity can take to transition 
to sustainability include the follow-
ing (not in order of importance or 
urgency): (a) prioritizing the enact-
ment of connected well-funded and 
well-managed reserves for a significant 
proportion of the world’s terrestrial, 
marine, freshwater, and aerial habi-
tats; (b) maintaining nature’s ecosys-
tem services by halting the conversion 
of forests, grasslands, and other native 
habitats; (c) restoring native plant 
communities at large scales, particu-
larly forest landscapes; (d) rewilding 
regions with native species, especially 
apex predators, to restore ecological 
processes and dynamics; (e) devel-
oping and adopting adequate policy 
instruments to remedy defaunation, 
the poaching crisis, and the exploi-
tation and trade of threatened spe-
cies; (f) reducing food waste through 
education and better infrastructure; 
(g) promoting dietary shifts towards 
mostly plant-based foods; (h) further 
reducing fertility rates by ensuring 
that women and men have access to 
education and voluntary family-plan-
ning services, especially where such 
resources are still lacking; (i) increas-
ing outdoor nature education for 
children, as well as the overall engage-
ment of society in the appreciation 
of nature; (j) divesting of monetary 
investments and purchases to encour-
age positive environmental change; 
(k) devising and promoting new green 
technologies and massively adopting 
renewable energy sources while phas-
ing out subsidies to energy production 
through fossil fuels; (l) revising our 
economy to reduce wealth inequality 
and ensure that prices, taxation, and 
incentive systems take into account 
the real costs which consumption pat-
terns impose on our environment; and 
(m) estimating a scientifically defen-
sible, sustainable human population 
size for the long term while rallying 
nations and leaders to support that 
vital goal.

To prevent widespread misery 
and catastrophic biodiversity 

loss, humanity must practice a 
more environmentally sustainable 
alternative to business as usual. This 
prescription was well articulated by 
the world’s leading scientists 25 years 
ago, but in most respects, we have not 
heeded their warning. Soon it will be 
too late to shift course away from our 
failing trajectory, and time is running 
out. We must recognize, in our day-
to-day lives and in our governing 
institutions, that Earth with all its life 
is our only home.

Epilogue
We have been overwhelmed with the 
support for our article and thank the 
more than 15,000 signatories from all 
ends of the Earth (see supplemental 
file S2 for list of signatories). As far as 
we know, this is the most scientists to 
ever co-sign and formally support a 
published journal article. In this paper, 
we have captured the environmental 
trends over the last 25 years, showed 
realistic concern, and suggested a few 
examples of possible remedies. Now, 
as an Alliance of World Scientists 
( scientists.forestry.oregonstate.edu) and 
with the public at large, it is important 
to continue this work to  document chal-
lenges, as well as improved  situations, 
and to develop clear, trackable, and 
practical solutions while communicat-
ing trends and needs to world leaders. 
Working together while respecting the 
diversity of people and opinions and 
the need for social justice around the 
world, we can make great progress for 
the sake of humanity and the planet on 
which we depend.

Spanish, Portuguese, and French 
versions of this article can be found 
in file S1.
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This paper provides an assessment of the competitive position of the forest products
sector in southeast Alaska relative to that of its major competitors. An analytical frame-
work relying on the economic concepts of comparative and competitive advantage is
first developed, with emphasis on the relative cost and productivity of productive inputs
such as labor, capital, and raw materials. The assessment is divided into three main
components: (1) forest resource characteristics and production costs in the logging
sector, (2) production costs in the sawmill sector, and (3) relative market position in
end-product markets. Major competing regions are British Columbia in Canada and the
states of Washington and Oregon in the United States. Japan’s market for soft-wood
saw logs and sawn wood is the focus of the end-market analysis. Data consistently
indicate that southeast Alaska has been a high-cost producer of sawn-wood products
operating at the margin of profitability over the assessment period. This is due to a
combination of high labor costs on a per-unit-of-input basis and low productivity for
labor inputs in both the logging and sawmill sectors, and for raw material inputs in the
sawmill sector. Certain species and log grades, however, are capable of generating
considerable profits, and the relation between average profitability for the sum total of
harvests in southeast Alaska and the profitability of specific components of this har-
vest also is analyzed. Implications of these findings for current efforts to promote
increased value-added timber processing in southeast Alaska are discussed in the
conclusion.
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An assessment of the competitive position of the forest products sector in southeast
Alaska has important implications for various forest policy questions including current
efforts to increase value-added processing in the region as well as the more general
debate over harvest levels for the Tongass National Forest. Primarily because of its
remote location, southeast Alaska generally has been recognized as a high-cost pro-
ducer of wood products. On the other hand, some species and log grades harvested in
southeast Alaska are capable of sustaining high market prices in some market cycles,
thereby offsetting higher production costs. The objective of this assessment is to pro-
vide quantitative measures of production costs and product revenues for softwood
lumber produced in southeast Alaska and to compare these data with similar meas-
ures for southeast Alaska’s principal North American competitors. Although most of
the assessment concentrates on average costs for timber harvested and processed
in southeast Alaska, production costs and market prices for specific species also are
included.

The first section of this assessment establishes a framework that can be used to as-
sess the position of the wood products sector relative to that of its competitors and end
markets in southeast Alaska. The economic concepts of comparative and competitive
advantage are used to focus the analysis on the cost and utilization of productive inputs
such as labor, capital, and for the sawmill sector, log inputs. In subsequent sections,
this framework is used to organize data specific to southeast Alaska and to compare
these measures with similar measures used in the coastal region of British Columbia in
Canada and the Pacific Northwest region of the United States.

The body of the assessment focuses on specific aspects of the chain of events starting
from the forest resource to the sale of processed products in final markets. Following a
general overview of the wood products sector in southeast Alaska, logging costs and
the composition of the forest resource are considered. Next, we discuss processing
costs and efficiency in the sawmill sector. This is followed by an analysis of total lumber
production costs. The relative position of southeast Alaska products in the Japanese
market for softwood sawn wood is considered next. We then address the impact of pro-
duction costs and market prices on the imputed “residual value” of stumpage (market
prices minus production costs) and the observed prices received for the sale of timber
in southeast Alaska, British Columbia, and the Pacific Northwest. As cost factors and
their implications for comparative and competitive advantage are not static over time,
the next to last section of this report concentrates on how southeast Alaska’s regional
comparative advantage in lumber production may be changing over time. The conclu-
sion addresses the policy implications of the assessment.

Two main bodies of economic theory specifically address the position of a regional
wood products sector relative to that of its major competitors. The first is the Hecksher-
Ohlin trade theory (and variants thereof), which is summarized in the concept of com-
parative advantage. The second is found more often in the business and management
literature and relates to the competitiveness of a firm, industry, or sector. Although
competitiveness is defined in various ways, all definitions involve the ability to supply
comparable goods at lower cost than major competitors. Before addressing their ap-
plication to the southeast Alaska wood products sector, we will discuss each of these
theories separately.

First described by the British economist David Ricardo in the early 19th century, the
concept of comparative advantage today relies heavily on the work of Hecksher (1949
for example), Vanek (1963), and Ohlin (1967). Their work primarily explains trade pat-
terns as a function of country-specific endowments of productive inputs (or “factors”),
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which usually are restricted to labor and capital. Briefly stated, the theory of compara-
tive advantage holds that a country will specialize in producing products that more
intensively use productive factors that country has in relative abundance. Hence, de-
veloping countries, such as China, with large labor resources relative to the supply of
capital inputs, will specialize in labor-intensive goods. Countries with large stocks of
fixed and human capital such as the United States, on the other hand, will specialize
in capital or information-intensive goods. This specialization and resulting trade, it is
argued, maximizes welfare by efficiently allocating the productive resources of all
traders.

A corollary to the concept of comparative advantage is that of factor price equalization,
which holds that, in equilibrium, wages (including payments for capital) paid to similar
productive factors will be equal across all trading countries. To continue with the above
example of developing and developed countries, factor price equalization can readily
be seen in the tendency of imports of labor-intensive manufactures from low-wage
countries to depress wages for unskilled labor in the developed nations. Note that the
quality of factor inputs must be similar, and labor skills must be taken into account.
Here, skilled labor can be viewed as the combination of unskilled labor and human
capital inputs (namely, education and experience).

Empirical work addressing comparative advantage has tended to concentrate on only
the broadest aggregate measures, yielding general conclusions about the compara-
tive advantage of nations but little information about specific regions or products. A
common approach is to view the net balance of trade of a country in capital or labor-
intensive goods as indicative of its comparative advantage in either of these categories.
The share of the net trade of a given good in the country’s total trade volume can then
be used as a measure of comparative advantage. This is often termed “revealed com-
parative advantage.” Econometric methods can then be used to estimate the relation
between revealed competitive advantage and variously constructed indexes of the
endowment of labor and capital of a country, both fixed and human (see Balassa 1978
for an example of this approach). Not surprisingly, empirical studies have found a con-
sistent relation between capital endowments and net exports of capital-intensive goods.

Bonnefoi and Buongiorno (1990) provide a rare example of the application of this sort
of method to trade in wood products. By regressing net trade of various wood products
on total income and on proxies for capital endowments and forest resource endow-
ments (represented by per capita income and total harvest, respectively), they were
able to explain a relatively high proportion of the net international trade in processed
wood products. They were not as successful, however, in explaining roundwood ex-
ports. Additionally, the influence of their capital proxy was generally insignificant in
all but the paper and paper board sector. Given that total harvest was used as a proxy
for forest resource endowments, results of the study simply state that those countries
with high levels of harvest relative to the size of their economies are more apt to export
wood products either in raw or in processed form. An additional conclusion is that coun-
tries with high capital endowments are more apt to export paper products.

Bonnefoi and Buongiorno (1990) highlight the difficulty in incorporating forest resources
as a productive factor in a comparative-advantage analysis. The problem involves
measuring the relative abundance or scarcity of a natural resource in economic terms.
A substantial amount of literature addresses this question for nonrenewable resources
(for example, Smith 1980, Solow 1974). Berk (1979) provides an often-cited example of
a forestry-related application, and Catimel (1996) provides a general discussion of the
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relation of scarcity, comparative advantage, and trade in Canada’s forest products sec-
tor. Although stumpage prices (the price of standing timber) and harvest costs have
been proposed as two possible measures of scarcity, both entail certain problems, and
there is no broad agreement on an accepted or unambiguous measure of timber scar-
city in the literature on the topic.

The second of economic theory applied in this assessment is that of competitiveness.
Brinkman (1987) provides two definitions of competitiveness: (1) “market competitive-
ness,” which refers to the ability of an industry to supply comparable goods at a lower
cost than other producers; and (2) “true competitiveness,” which is defined as the
ability of an industry to provide goods to the international market in competition with
other producers such that the activity augments the wealth of the nation. This second
definition addresses the need to consider the total costs and benefits accruing from
production activities. These include government subsidies, and economic externalities
affecting both market and nonmarket values. For this assessment, we concentrate on
the first definition, although issues such as direct subsidies and environmental exter-
nalities are recognized as being important to forest management.

The literature on competitiveness is both voluminous and diffuse, ranging from theoret-
ical discussions of the tangible and intangible elements that affect the competitive posi-
tion of firms, industries, and nations (for example, Coffin and others 1993, Porter 1990)
to more practical analyses of industry cost structures and markets. Indeed, many of the
articles found in the trade journals as well as many university and public sector work-
ing papers fall into this latter category. Similarly, this report relies extensively on the
measurement and analysis of production costs and end-market price behavior as
indicators of competitiveness.

Although closely related, competitiveness and comparative advantage are not the
same. Comparative advantage is an equilibrium concept. At economic equilibrium, fac-
tor prices, and therefore production costs, will be equal for all trading partners. Advan-
tage will be measured solely by the relative volumes of production and trade of different
types of goods. Competitive advantage, on the other hand, relies on the existence of
disequilibria. Here, different technologies and factor wages result in different produc-
tion costs for similar goods. The country (or region) demonstrating the lower cost pos-
sesses a competitive advantage. To the extent that factor wages reflect the economic
fundamentals of a country or region, and not market distortions, competitive advan-
tage will reflect an underlying comparative advantage. In this case, the expected mar-
ket equilibrium has not yet been reached. Economic theory would predict that this
competitive advantage will result in increased production volumes and relative trade
shares. At the same time, increased local demand for productive factors, and increased
supply of the final product in export markets will result in the equalization of factor
wages. Consequently, competitiveness can be used (with proper care) to predict future
economic developments: countries with a competitive advantage in a given industry
can expect increasing production and export market shares in that industry. Also, if the
supply of productive factors used in that industry is constrained, the country can expect
increasing wages to those factors. For competitive disadvantage, the exact opposite is
the case.

The application of this argument to the wood products sector is complicated by the fact
that timber is a major component in the input mix. As demonstrated by Berk (1979),
and further evidenced by positive stumpage prices, timber is a scarce resource, at least
in the short run. This is especially true for the high-quality, old-growth timber that com-
prises a proportion of southeast Alaska harvests. High scarcity values for the timber
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(referred to as “scarcity rents” by economists) will be reflected in high market prices for
logs or lumber products. Stumpage prices will partially reflect these scarcity rents. The
production of logs, however, will entail the use of other inputs, and the cost of these
inputs also will be incorporated in the stumpage value of the resource. Here, the
stumpage price can be seen as a residual value that measures the final market price of
the logs minus the cost of their production. Using an example that also fore-shadows
the conclusions of this paper, consider a region with high labor costs but also high
scarcity rents associated with its timber. Although the region will be at a competitive
disadvantage in logging per se, it still may have an advantage in log production if the
scarcity value of the timber is high enough to compensate for the higher cost of labor.

This sort of competitive advantage based on scarcity value, however, cannot always be
used as a predictor of future increases in production volumes. The scarce resource is,
by definition, depletable. With old-growth timber, the limited volume of accessible tim-
ber may severely constrain increases in production. Even with second-growth or plan-
tation timber, currently available supply will be dictated by investments made years
ago, sometimes under different economic conditions. Before physical depletion of sup-
ply is reached, production costs can be expected to rise at an increasing rate as pro-
ducers are forced to harvest more inaccessible stands. For certain stands, these costs
will exhaust even relatively high timber scarcity rents, and the resulting negative resid-
ual values (or zero stumpage prices) will clearly signal a lack of profitability and com-
petitive advantage in the sector. In addition to changing production costs, the sector
also may face cyclic swings in the demand for its product. Such swings are well known
in the wood products sector. The resulting price fluctuations will be reflected in chang-
ing stumpage values, and once again, negative profitability during some portions of the
market cycle.

The previously mentioned arguments suggest two ways to measure competitiveness:
production costs and profitability—essentially two sides of the same coin. Production
costs can be estimated by examining the productivity and wages of specific factors.
For example, hourly wages can be combined with labor hours per unit of output to de-
rive a unit cost for labor. The latter can be estimated by examining stumpage prices
or calculating residual values. In the following analysis, these measures for south-
east Alaska are compared with those for the Pacific Northwest and British Columbia.
Throughout, it is important to view specific products as a combination of factor inputs,
and the production process as a whole as a process that seeks to efficiently allocate
the use of these factors. Subject to the limitations of technology and often policy, firms
will attempt to maximize the use of factors that are cheap relative to other producers
and minimize the use of those that are expensive.

Rigorous application of the theories described previously to the question of compara-
tive and competitive advantage of southeast Alaska is complicated by the lack of
adequate comparable data for the region and its competitors, the relative absence of
competitive stumpage markets in the region, and the general complexity of the wood
products sector. For southeast Alaska, these complexities include physical and policy-
induced resource constraints and the potential to produce various products in different
locations. Rather than presenting an abstract but complete picture of the competitive
position of the region, the present analysis is more similar to putting together a puzzle
where some of the pieces are missing. Consequently, the following sections present
evidence of the relative position of the region in a somewhat piecemeal fashion by
using available data and making comparisons where possible. Different stages in the
production and marketing process are used as the principle means to organize these
data and their comparisons.

The Wood Products
Sector in Southeast
Alaska
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Figure 1 provides a schematic diagram of the wood products sector, which identifies
major production stages and key elements that combine to determine competitiveness.
Three broad areas of analysis are indicated: (1) the forest resource in which timber
stocks are combined with labor, machinery, and other inputs to produce raw logs; (2)
the processing sector in which logs are combined with other factors to produce pro-
ducts such as lumber and chips (including mill residues); and (3) end markets where
purchasers compare the price and physical characteristics of southeast Alaska pro-
ducts to those from other regions. These purchasers include both manufacturers and
final consumers. Factor costs include wages, interest (the opportunity cost of invested
capital), and costs for other materials and services. The physical characteristics of
timber contribute to the determination of competitive status through their effect on the
quantity and cost of other factor inputs needed to both manufacture and use products
from southeast Alaska, and the range, quantity, and quality of products that may be
supplied. Finally, end-market demand shifters such as construction activity and con-
sumer preferences in conjunction with the availability of substitute products will help
determine product prices.

Along the bottom portion of figure 1, the concept of stumpage price as a residual value
also is displayed. Given the assumption of perfect information and competitive markets,
the difference between final price and production costs will be “bid back to the stump”
or, in other words, concentrated in the stumpage price. The validity of these two as-
sumptions, however, particularly that of perfect information, is open to question. Stump-
age prices are perhaps better viewed as emerging from a separate stumpage market in
which purchasers bid based on expected profits and thus include their expectations of
future price fluctuations and their attitude toward risk. In spite of the intervening influ-
ence of these and other factors in stumpage markets, the connection between stump-
age prices and residual values nonetheless remains a strong one. Both measures will
be examined in the following analysis.

Data for this report were drawn from various sources. The physical characteristics of
the forest resource are analyzed by using historical data on southeast Alaska log pro-
duction by species and grade. Pond log values, mill prices (or export prices as reported
by the U.S. Department of Commerce [as reported in Warren 1998]), and end-market
prices in Japan comprise our primary sources of price data at different stages of the
production process. For estimates of harvest and processing costs, we have relied on
USDA Forest Service sale appraisal data and industry survey data1 available from out-
side sources. Our discussion of factor costs focuses on relative wage rates as reported
by the U.S. Bureau of the Census, Annual Survey of Manufactures.

Cost estimates from the sale appraisal process are a major source of information used
in this report. These estimates, however, are based on historical industry conditions (as
reflected in Forest Service cost collection surveys), and these conditions have changed
considerably in recent years as the sector has adjusted to the closure of the region’s
remaining pulp mill in Ketchikan and a general reduction in sawmill capacity. Addition-
ally, new production facilities are being considered. These developments could sub-
stantially alter the costs reported in the sale appraisal process as well as the general
economics surrounding the Forest Service’s sale program. Census of Manufactures

1 U.S. Department of Agriculture, Forest Service. 1984-
94. Sale appraisal data. Unpublished data. On file with:
USDA Forest Service, Forest Management Division,
Alaska Region, P.O. Box 21628, Juneau, AK 99802.
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wage and labor input data, on the other hand, provide a more independent (but signifi-
cantly less detailed) assessment of costs faced by southeast Alaska producers. These
data reflect more fundamental economic conditions in southeast Alaska, and they gen-
erally corroborate the conclusions found in the analysis of the sale appraisal data.

Although in certain years Alaska has imported pulpwood and mill residues, these im-
ports are small and largely irrelevant to the assessment of southeast Alaska’s competi-
tive and comparative advantage. In the absence of imported raw timber, the quantity
and the physical characteristics of the forest resource in southeast Alaska define the
upper boundary of how much and what sorts of wood products the region may pro-
duce. For the Tongass National Forest, this boundary will be further constrained by
several forest regulations, including designations of the suitable timber base and con-
straints on harvest designed to ensure sustainability and guard against high grading
(that is, harvesting only the better trees or stands). Restrictions on exports of raw
material from the Tongass National Forest currently limit log exports of federal timber
to Alaska yellow cedar (Chamaecyparis nootkatensis (D. Don) Spach) and a proportion
of the western redcedar harvest (Thuja plicata Donn ex D. Don). This ban applies to all
sales outside the region. The Tongass National Forest timber base is the major focus
of this part of the report, and the private forests of southeast Alaska will be discussed
primarily in terms of their impact on Tongass National Forest harvests and subsequent
processed goods. Additionally, we have concentrated on only the existing timber stock;
future second-growth timber supplies and issues of forest productivity are not
considered.

The distribution of harvest by species and log grades is largely determined by the for-
est resource, particularly if proportionality requirements restricting high grading at the
stand or forest level are in place. In table 1, we present 1995 statistics for harvest by
species and grade for southeast Alaska and British Columbia (similar data are not
readily available for the Pacific Northwest). Estimates for southeast Alaska are based
on Alaska Region log scaling tickets, whereas for British Columbia estimates are from
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the Vancouver log market.2 3 In general, log class distributions are similar across re-
gions, with a high concentration of volume in the saw log class (number 2 saw logs in
southeast Alaska), and a higher proportion of volume in the lower grades for western
hemlock (Tsuga heterophylla (Raf.) Sarg.) than for Sitka spruce (Picea sitchensis
(Bong.) Carr.). Although there are higher percentages in the premium grade for south-
east Alaska, this could possibly be an artifact of the different log classification systems
used for each region.

A more striking difference is found in the comparison of the shares of Sitka spruce
in total production. Because of the relatively small share of Sitka spruce in British
Columbia total volume, spruce volumes supplied in 1995 are small in spite of the over-
all position of British Columbia as a major forest products producer. In that year, south-
east Alaska accounted for about 70 percent of estimated total North American produc-
tion of Sitka spruce (42 percent from private owners and 28 percent from the Tongass
National Forest) with British Columbia accounting for the remainder. This highlights the
special position southeast Alaska enjoys as the world’s major producer of Sitka spruce.
For hemlock, however, the situation is reversed. Southeast Alaska accounts for around
17 percent (private 11 percent and Tongass National Forest 6 percent) of total western
hemlock production for export to Pacific Rim markets; British Columbia, at 59 percent,
accounts for most of the western hemlock production, and the Pacific Northwest ac-
counts for most of the remaining 23 percent. If Pacific Northwest production for U.S.
domestic markets were included in this calculation, southeast Alaska’s share of total
hemlock production would be significantly smaller. The role of the region as a principal

2 Although the southeast Alaska log ticket data
purportedly comprise a census of total Tongass National
Forest log production, analysis indicates that a small
proportion of log production is not recorded. Neverthe-
less, it seems safe to assume that the sample is repre-
sentative. The Vancouver log market, on the other hand,
constitutes only a minority share of total British Columbia
coastal log production. We have no reason, however, to
believe that the sample differs systematically from the
whole.
3 British Columbia log market prices and volumes.
Unpublished data. On file with: British Columbia Council
of Forest Industries, 1200-555 Burrard Street,
Vancouver, BC V7X 1S7, Canada.

Table 1—Distribution of 1995 harvest by species and grade, coastal British
Columbia and southeast Alaska

Species and Premium Low-grade Species share
location saw log Saw log  saw log Utility (of total harvest)

Percent
Sitka spruce:

British Columbia 14.6 61.8 10.0 13.6  1.9

   Southeast Alaska 17.4 52.7 11.3 18.6 23.8

Hemlock:

   British Columbia 3.7 46.9 17.0 32.4 15.6

   Southeast Alaska 7.2 41.2 24.8 26.8 58.3

Note: Southeast Alaska log classes are translated as follows: premium saw log = no. 1 saw log, select and
special mill; saw log = no. 2 saw log; low-grade saw log = no. 3 and no. 4 saw logs; utility = utility   logs.
Source: USDA Forest Service (1984-94), British Columbia Council of Forest Industries (see footnote 3).
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supplier of Sitka spruce and a relatively minor sup-plier of hemlock has important im-
plications when analyzed in conjunction with the end markets for each of these species,
and they will be discussed further in later sections of this report.

Harvest costs per thousand board feet log scale4 for southeast Alaska, the Pacific
Northwest, and British Columbia are displayed in figure 2. Figures for southeast Alaska
were estimated by using Forest Service sale appraisal data from independent sales,
and they represent an appraised cost rather than actual transactions (Western Pine
Association).5 Data for the Pacific Northwest and British Columbia were obtained from
a private mill survey and represent actual costs as reported by respondents (Resource
Information Systems, Inc. [RISI] 1996). The figure clearly indicates a similarity in both
levels and trends between southeast Alaska and British Columbia and a large discrep-
ancy between these series and that for the Pacific Northwest. As will be shown in sub-
sequent sections, the similarity between southeast Alaska and British Columbia also
is reflected in delivered wood costs (or pond log values). Though accessibility is a
factor, the increasing trend in harvest costs in southeast Alaska most likely is due to
decreases in both average piece size and volumes per acre. National forest sales in
the Pacific Northwest likely have experienced similar increases in cost because of
these same factors and from a related expansion in the use of helicopter logging sys-
tems. Regional Pacific Northwest averages, however, may have been held in check by
an increasing proportion of private volumes in the total mix, and the greater accessi-
bility and more uniform characteristics of the second-growth private resource. In any
event, these data show a large and expanding cost differential between southeast
Alaska and the Pacific Northwest.

British Columbia has the highest harvest costs of the three regions, which likely is due
in part to similar resource characteristics as those encountered in southeast Alaska.
Firms in British Columbia, however, operate in a substantially different macroeconomic
environment, thereby making direct comparisons of costs with U.S. producers proble-
matic. Trends, on the other hand, are more amenable to comparison. Most harvests in
both regions are concentrated in old-growth timber and thus occur at the extensive
margin of timber production. As old-growth stocks are liquidated, increasing costs over

Harvest Costs

4 Log scale (broad feet log scale) refers to a Scribner
measurement in which round logs are converted into the
number of board feet lumber tally (board feet lumber to
tally a square foot of lumber 1 inch thick), which can be
produced from these logs. Initially, board feet log scale
and board feet lumber to tally were theoretically identical,
but increasing lumber recovery and variations among dif-
ferent regions and different log sizes mean that the two
measures are not the same. Converting broad feet log
scale to broad feet lumber to tally entails an estimate of
the physical conversion of logs to lumber at the mill. This
issue is further addressed in the subsequent section on
log conversion efficiency and overrun.
5 Here we have used volume weighted yearly averages
from the Forest Service form FS 2400-17 (line 29, logg-
ing costs net of specified road construction). These
figures represent Forest Service estimates of expected
costs and not actual costs incurred by harvest. The lack
of an adequate sample size (particularly in 1986) is a
problem, but the estimates generally conform to expecta-
tions and seem to be relatively stable (though slightly
increasing) over time. Note that the extension of this
series to the entire Tongass National Forest requires the
assumption that the long-term contract sales exhibit the
same cost parameters as the independent sales.
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time can be expected. This is in contrast to the Pacific Northwest, where second-growth
timber constitutes a substantial and increasing majority of total harvest, a trend which
was accelerated by the recent declines in harvests from public lands in the region.

Table 2 displays a more detailed description of southeast Alaska-appraised logging
costs as estimated from the sale appraisal data. The major cost categories include
skidding and loading (44 percent of 1985-94 average total logging costs), transportation
to mill (16 percent), and felling and bucking (12 percent). Specified roads are counted
as separate for the application of purchaser road credits. They accounted for 15 percent
of total appraised logging costs in the 1985-94 period. The total change over the sample
period is reported in the last column of table 2. The $26-increase in skidding and loading
(an estimated 3.7-percent annual rate of increase) is the largest increase for any single
category and accounts for over half of the total increase in logging costs. Costs in this
category will be sensitive to several factors, operability and log size being chief among
them. In contrast to the “logging cost” subtotal, “total logging costs” experienced slight
gains over the sample period, but this is due to a zero reported specified road cost in
the final year, an anomaly which disguises a generally upward trend in these costs as
well (note that only one sale was available for the 1994 sample).

The physical characteristics of the forest will largely determine the quantity and mix of
productive factors used to harvest a given quantity of timber. Although economic theory
predicts the marginal substitution of factors (capital for labor, for example) because of
changes in relative factor wages, production technologies in the real world are less
flexible. Logging firms will combine various productive inputs based on a limited menu
of possible logging techniques. Consequently, the ability to adjust the mix of inputs may
be limited. When combined with wage rates, the use of these factors will determine
total production costs. Table 3 displays labor cost statistics for Alaska and for the

Figure 2—Harvest costs in southeast Alaska, the Pacific Northwest, and British Columbia. All
estimates exclude permanent roading costs (from USDA Forest Service, Alaska Region, timber
sale appraisal data [see footnote 1]; RISI 1996).
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Table 2—Southeast Alaska logging costs from sale appraisal sample (1995 dollars per thousand board feet
log saclea)

Year

1985-94
Category and sample 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 change

Dollars
Cost category:

Felling and bucking 28 41 33 29 31 29 28 35 24 24 -4
Skid and load 84 117 95 101 106 121 114 147 133 110 26
Haul dump raft and tow 45 44 36 45 39 37 37 38 44 51 6
Road maintenance 3 3 3 5 4 2 4 5 4 8 5
Temporary roads 11 22 15 14 17 19 14 15 13 7 -4
Other 13 2 4 10 13 13 12 16 20 24 11

Logging cost (subtotal) 184 230 186 205 210 220 210 257 237 224 40
Specified road costs 32 0 45 55 43 65 41 48 65 0 -32

Total logging costs 216 230 231 260 253 285 251 305 302 224 8
Sample information:

Sample size 3 1 8 8 5 7 7 7 10 1
Total volume of sales
(MMbf)b 121 5 88 118 38 55 34 36 115 2

a LS = log scale.  See footnote 2 in the text for explanation of measurement units.
b MMbf = million board feet.
Source: USDA Forest Service, Alaska Region, timber sale appraisal data, (see footnote 1).

Table 3—Labor inputs in the logging sector, Alaska, Oregon, and Washington (1987-94)

Year
Labor inputs Yearly
by region 1987 1988 1989 1990 1991 1992 1993 1994 Average growth

– – – – – – – – – – – – – – – – – – – Hours – – – – – – – – – – – – – – – – – – – – Percent
Logging production
hours per Mbf ls:a

Alaska 3.59 2.79 3.32 3.47 3.61 3.23 3.57 5.56 3.64 5.20
Pacific Northwest 2.37 2.45 2.35 2.64 2.58 2.78 3.02 3.38 2.7 4.90
Difference (%) 52 14 41 31 40 16 18 65 35 —

– – – – – – – – – – – – – – – – – – – – – Dollars – – – – – – – – – – – – – – – – – – –

Logging production wage
(1995 $ per hour):
Alaska 17.33 15.91 17.43 16.63 17.53 17.96 16.96 15.24 16.87 -0.50
Pacific Northwest 14.14 13.52 14.22 13.68 14.13 13.73 13.37 13.41 13.77 -.60
Difference (%) 23 18 23 22 24 31 27 14 23 —

 – – – – – – – – – – – – – – – – – – – – – Dollars – – – – – – – – – – – – – – – – – – –

Unit labor cost
(1995 $ per Mbf ls):a

Alaska 62.29 44.36 57.84 57.63 63.35 57.99 60.47 84.74 61.08 4.60
Pacific Northwest 33.47 33.06 33.38 36.15 36.51 38.15 40.41 45.27 37.05 4.30

   Difference (%) 86 34 73 59 74 52 50 87 65 —
Difference 28.82 11.3 24.47 21.48 26.84 19.84 20.05 39.47 24.03 —

a Mbf = thousand board feet log scale.
Source: U.S. Department of Commerce, Bureau of the Census, Annual Survey of Manufactures (1985-94).
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Pacific Northwest as represented by an Oregon-Washington average (comparable data
were not available for British Columbia). These data were obtained from the Bureau
of Census’ Survey of Manufactures and are reported for production workers; that is,
workers directly engaged in production as opposed to those engaged in management
and support.

As shown in the upper rows of table 3, Alaska used an average of 3.6 hours of produc-
tion worker labor per thousand board feet log scale of lumber output over the 1987-94
period. The Pacific Northwest used 2.7 hours—a difference of 35 percent. Each of the
years reported likewise shows a significantly higher labor intensity in logging production
in Alaska, and though each region shows a generally increasing trend over time, there
is no significant trend in the difference between them. As noted in the analysis of the
sale appraisal data, the most likely explanation for higher labor intensity in Alaska re-
lates to its remoteness and more difficult terrain, conditions which preclude certain
mechanized harvesting operations and which necessitate higher labor inputs even
under comparable harvest systems. Smaller average log sizes in Alaska also may
play an important role in dictating lower labor productivity.

Relative wages are a function of both industry-specific conditions and of other factors
affecting the regional labor market as a whole (which will be discussed in a latter sec-
tion). As in the case of labor intensity, wages in the Alaska logging sector are consist-
ently and significantly higher than those in the Pacific Northwest, and there is no
discernible trend, either increasing or decreasing, in their relation.

By combining labor intensity and wages, we may obtain a measure of the unit cost of
labor in the logging sector (in other words, the labor costs incurred in the production of
one thousand board feet log scale; see the bottom rows of table 3). The combined ef-
fect of the higher labor intensity and higher wages in Alaska is evident in the estimated
average unit labor cost differential (65 percent) between Alaska and the Pacific North-
west. This translates into an extra $24 per thousand board feet log scale in labor costs,
which Alaska must pay on average over and above costs paid in the Pacific Northwest.
This differential applies only to those employment categories that are explicitly coded
as logging; if the case is similar for other labor inputs (such as those engaged in road
construction), then the total per thousand board feet labor cost differential will accord-
ingly be higher. In terms of relative levels, the labor cost data presented here mirrors
the total harvest cost estimates presented above, but the divergence of trends ap-
parent in the total cost data is not evident here; costs in both regions are increasing
at essentially the same rate (see table 3 last column). Given the short timespan con-
sidered and the high year-on-year variation in the labor cost data, however, these trend
estimates are far less robust than the estimates of average levels for the entire period.

Other factor costs include capital costs (interest on loans and the opportunity cost of
invested capital), energy costs, the cost of other materials (including stumpage costs),
and various other costs such as road construction and transportation. Although labor
statistics are covered by federal and state reporting agencies, information on other
factor inputs is largely unavailable, and it was not possible in this report to derive unit
cost measures for other inputs. Labor cost differentials may nonetheless be indicative
of the relative cost of other inputs in southeast Alaska. Higher wages reflect a higher
overall cost of living for the region (the cost of living allowance for federal employees
in Alaska, for example, is 25 percent). This higher cost also generally will apply to pro-
duction activities as well as consumption.
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Capital costs in the region, as measured by interest rates, may be assumed to be
equivalent to that for investments of comparable risk in the Pacific Northwest as cap-
ital markets are well integrated at the national and, increasingly, international levels.6

Capital inputs per Mbf harvested in Alaska, however, may well be higher due to more
difficult operating conditions and the absence of road transportation networks. Indeed,
if we assume similar capital to labor ratios in both regions, then unit capital inputs will
exceed those in the Pacific Northwest by the same amount as the unit labor input. For
similar reasons, inputs of other materials and services generally will be higher in south-
east Alaska than in the Pacific Northwest. Thus, even assuming wages for these inputs
are similar to those in the Pacific Northwest, costs will be higher because of lower pro-
ductivity. Wages for these inputs, however, are likely to be higher owing to the gen-
erally higher costs endemic to the local economy.

This section focuses on lumber production, again concentrating on unit labor costs
arising from the combined influence of productivity and wages. More so than in the
logging sector, the distribution of fixed capital investments in the region will help deter-
mine the productivity of other inputs (notably labor) and thereby overall production
costs. Closure of the Ketchikan Pulp Company’s mill in Ketchikan in 1997 brought pulp
production in the region to an end; consequently, lumber, wood chips, and panel pro-
ducts remain as the most viable commodity options for the wood products sector in the
foreseeable future.7 A laminated veneer lumber plant is planned for the region, but it is
not yet installed. Changes of this sort may somewhat alter labor productivity statistics
for the sector, but underlying fundamentals determining comparative and competitive
advantage will remain the same. In addition to revenues from lumber sales, the sale or
other use of mill residuals (sawdust and chips) often will play a key role in mill profit-
ability. Because of a lack of data, however, this role could not be directly analyzed in
this report. Nonetheless, the general wage and productivity information, which is part
of the following analysis, will have implications for the production of all mill products,
including residuals.

Total sawmilling costs net of the cost of wood inputs  for southeast Alaska, the Pacific
Northwest, and British Columbia are shown in figure 3. The figures here are reported in
terms of thousand board feet log scale, and the sources for the Pacific Northwest and
British Columbia are the same as those cited for logging costs. Figures for southeast
Alaska were obtained from the “midmarket analysis,” a component of the Forest Ser-
vice sale appraisal process (see footnote 1). They constitute an average manufacturing
cost for all species milled in southeast Alaska, meaning western hemlock and Sitka
spruce for all practical purposes. Once again, southeast Alaska costs are significantly
higher than those for the Pacific Northwest, ranging from 19 percent higher in 1984 to
about twice the Pacific Northwest figure throughout the 1991-94 period.

The Manufacturing
Sector

Total Manufacturing
Costs in the Sawmilling
Sector

6 Because of current policy in southeast Alaska, private
firms have identified uncertainity as a major impediment
to obtaining financing for new production capacity, which
in turn, signifies a higher interest rate within the sector
owing to higher risk. This higher capital cost, however, is
a reflection of the current state of the sector and does not
constitute an exogenous input cost. Given identical risk
and potential for profit, interest rates in southeast Alaska
should match those in the Pacific Northwest and
elsewhere.
7 In addition to these products, several specialty wood
products are manufactured in southeast Alaska, with
music-wood as the most visible example. The dynamics of
this sector, however, are considerably different from those
in main-stream commodity production, and specialty wood
products are beyond the scope of the present analysis.
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The trends in these series are also similar to trends for logging costs. Declining costs
in the Pacific Northwest are commonly ascribed to closures of inefficient mills over the
last few decades. This occurred in the early to mid 1980s because of a demand-driven
recession in the wood products industries, and again in the early 1990s because of a
supply contraction from expanded forest conservation. Costs for southeast Alaska,
on the other hand, have been increasing at an average 3-percent real growth rate per
year over the period shown. Data from previous years, however, indicate that the early
1980s saw a sharp decline in processing costs. (Because of a lack of comparability and
other statistical problems, these earlier data are not displayed here). The 3-percent real
growth figure, therefore, may be the partial result of the endpoints chosen for analysis
and not of longer term trends. Declining log quality and piece size resulting in increased
processing and handling costs also may be partly responsible for this trend. Although
British Columbia logging costs are similar to those in southeast Alaska, manufactur-
ing costs for British Columbia seem to be closely associated with those of the Pacific
Northwest in both levels and trends. This is not surprising given British Columbia’s
position as a major and highly competitive producer of sawn wood for export markets
both in the United States and throughout Asia. Although productivity in the British
Columbia logging sector largely will be determined by the physical characteristics of
the resource, costs in the sawmilling sector will reflect the efficiency gains needed to
successfully compete in global commodity markets.

Table 4 summarizes labor inputs in the sawmilling sector. The sources and derivations
are similar to those for the logging sector shown in table 3. Again, unit labor costs in
southeast Alaska are considerably higher (49 percent higher, on average) than those
in the Pacific Northwest. This is due to the combination of higher per-unit labor inputs
and higher hourly wages. Although higher factor use in the logging sector is easily
explained by the more arduous physical conditions found in southeast Alaska, the

Figure 3—Lumber manufacturing costs in southeast Alaska, the Pacific Northwest, and British Columbia
(from USDA Forest Service, Alaska Region, timber sale appraisal data [see footnote 1]; RISI 1996).
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same argument cannot be made for the sawmilling sector. The relatively low score on
labor productivity in sawmilling for southeast Alaska is somewhat surprising given the
lack of kiln drying and other finished lumber processing in the region, activities which
would tend to raise the number of production hours per Mbf in lumber manufacture.

There are several possible explanations for the relatively higher costs of labor for saw-
milling in Alaska than in the Pacific Northwest. First and foremost, Pacific Northwest
mills are noted for their high degree of mechanization, and, with a large proportion of
their activity devoted to the production of standardized dimension lumber, they are
likely to benefit from efficiencies and economies of large scale not obtainable in south-
east Alaska. Secondly, though adequate figures for fixed capital accumulation are dif-
ficult to come by, it is commonly recognized that the capital stock in southeast Alaska
is relatively old and poor in quality. Mills in southeast Alaska commonly utilize less ex-
pensive and older equipment, which results in lower labor productivity. Thirdly, south-
east Alaska mills have been operating well below full capacity throughout the period
included in this analysis. This underutilization of installed capacity may have been mir-
rored by an underutilization of labor resources, with mills hiring more workers per Mbf
than would be necessary at optimal capacity utilization.

Many of the arguments relevant to the cost of other factors in the logging sector also
apply in the sawmilling sector. With the exception of capital costs, mills in Alaska will
face higher prices for goods and services in line with the higher prices faced by all firms
operating in the region. As with labor, the absence of large-scale economies will reduce

Table 4—Labor inputs in the sawmilling sector, Alaska, Oregon, and Washington (1987-94)

Year
Labor inputs Yearly
by region 1987 1988 1989 1990 1991 1992 1993 1994 Average growth

   – – – – – – – – – – – – – – – – – – – Hours – – – – – – – – – – – – – – – – –  Percent
Sawmill production
(hours per Mbf lt):a

Alaska 3.97 8.81 4.21 5.48 6.89 5.96 7.75 5.25 6.04 3.10
Pacific Northwest 4.54 4.67 4.65 4.78 4.8 4.88 5.19 4.76 4.78 1.20
Difference (percent) -13 89 -9 15 43 22 49 10 26 —

Dollars

Sawmill production wage
(1995 $ per  hour):
Alaska 13.35 14.75 13.76 14.28 14.61 17.21 16.02 17.74 15.21 3.80
Pacific Northwest 13.13 12.76 12.69 12.82 12.98 12.92 13.16 13.57 13.01 .50
Difference (percent) 2 16 8 11 13 33 22 31 17 —

Dollars

Unit labor cost
(1995 $ per Mbf lt):a
Alaska 52.97 130 57.96 78.19 100.59 102.58 124.15 93.07 92.44 7.00
Pacific Northwest 59.64 59.56 59.06 61.26 62.32 63.01 68.28 64.55 62.21 1.70
Difference (percent) -11 118 -2 28 61 63 82 44 49 —

Difference -6.66 70.45 -1.1 16.93 38.27 39.56 55.88 28.52 30.23 —

a  MBF It = thousand board feet lumber tally.
Source: U.S. Bureau of the Census, Annual Survey of Manufactures (1985-94).
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the productivity of capital investments and other inputs. Also, although the link between
physical resource characteristics and the quantity of inputs needed is not as direct as in
the logging sector, the remote location mills in the region will necessitate certain inputs,
particularly in the area of transportation, not needed in the Pacific Northwest. Conse-
quently, both the unit cost of nonlabor inputs and the quantity needed will be higher in
southeast Alaska.

In general, both the trends and levels shown in table 4 are consistent with the data
shown in the previous section on total sawmilling costs (fig. 3): southeast Alaska
levels are significantly higher than those in the Pacific Northwest, and the difference is
increasing over time. In contrast to declines in the total cost data for the Pacific North-
west, per-unit labor cost estimates for the Pacific Northwest show an increasing trend.
This constitutes somewhat of an anomaly in the data, but, as with labor costs in the
logging sector, the trend estimates presented here are not robust. Moreover, the Pacific
Northwest, especially the state of Washington, has experienced rapid increases in
secondary manufacturing of wood products in the last decade (Robertson and Lippke
1996). This will be reflected in higher labor inputs per Mbf and thereby higher costs
(note that increased production hours per Mbf account for most of the increase in costs
in the Pacific Northwest shown in table 4). Because of survey procedures, the cost
estimates shown in figure 3 are less apt to include secondary manufacturing activity
and thereby register this shift in industry structure in the Pacific Northwest.

As with labor inputs, efficiency in the conversion of log inputs to lumber is an important
indicator of competitive advantage in lumber manufacture. High conversion rates will
minimize log inputs and the costs associated with them, and will thus denote an ef-
ficient use of both the forest resource (as embodied in stumpage rates) and the labor
and other inputs needed to harvest and deliver logs to the mill. “Overrun” is a measure
of the amount of lumber (denoted in lumber tally, or Mbf lt), that can be produced from
a unit of log input (log scale, or Mbf ls). Brooks and Haynes (1997) cite an estimated
overrun of 1.22 for southeast Alaska in 1994. In contrast, the 1994 Forest Service esti-
mate for the Pacific Northwest is 1.7.8 Resource Information Systems Inc., a private
consultant firm, has estimated the Pacific Northwest west-side overrun at 2.03, though
they do not claim that this represents an unbiased sample (RISI 1996). The smaller
Forest Service Pacific Northwest estimate of 1.7 is about 35 percent higher than that
for southeast Alaska, thereby indicating that, even with equivalent delivered log costs,
southeast Alaska mills would incur considerably higher costs for their log inputs. Over-
run estimates for British Columbia are currently not available, but it is commonly as-
sumed that British Columbia conversion efficiency is somewhere in between the Pacific
Northwest and south Alaska, and most likely closer to the former than the latter.

Various factors will determine log conversion efficiency. Species, log diameters and
grades, and the amount of log defect all are important determinants that are beyond the
control of the local sawmilling sector. Other, less tangible, factors such as the local pool
of labor skills and accepted local business practices also may affect conversion effi-
ciency. Mill technology, however, is often a more important determinant and is directly
dependent on the investment and production decisions of mill operators. Choice of end
product is likewise largely dependent on producer decisions. Taking independent fac-
tors such as labor skills and forest characteristics as a given, there is still good reason
why producers may decide not to maximize log-conversion efficiency. In regions like

8 Personal communication. 1996. Darious Adams,
professor, Oregon State University, Corvallis, OR 97331.

Log Conversion
Efficiency and Overrun
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southeast Alaska where manufacturing costs (as opposed to delivered log costs) con-
stitute a much higher proportion of the total cost of lumber production incentives to
minimize the cost of log inputs may be relatively weak, especially if such moves would
entail substantial investments of new capital. Likewise, where relatively large profits
are made on a small proportion of the log volume (high-grade spruce and cedar) but
the bulk of material (lower grade hemlock) presents little profit potential even when
delivered wood cost are excluded from the calculation, incentives to economize on
inputs of this lower grade material will be minimal. Here, labor and capital are the high-
cost factors, and their use will be minimized relative to that of log inputs.

The above arguments do not explicitly consider the role of wood chips in the sawmill
product output mix. Pulp production, however, played a dominant role in the timber
economy of the region over the period examined in this report. Consequently, sawmill
overrun rates, as well as overall productivity, may have been substantially impacted by
the need to maintain a steady supply of mill residue to augment wood fiber supply for
the pulp mills. Vertical integration of lumber and pulp manufacturing facilities increases
the possibility that this is the case. More generally, the ability to enhance profits through
the sale or use of wood chips and other mill residue will alter sawmill behavior and the
relation between factor inputs and product outputs. And finally, the ability to legally (and
profitably) export certain species in raw log form may affect the behavior of a mill in sit-
uations where it has this option. Hence, the low conversions efficiencies of the south-
east Alaska sawmilling sector is the likely result of various contributing factors, many of
which may make good sense given the product mix and economic conditions prevailing
in the region.

Another approach to estimating relative lumber production costs can be made through
the comparison of southeast Alaska pond log values and British Columbia log prices.
Pond log values are derived by subtracting manufacturing costs from final product
prices (FOB mill) as reported for Alaska in the sale appraisal process. Assuming per-
fect competition in the British Columbia log market, log prices should represent a
similar measure, with mills bidding up prices until all profits (that is, revenues over and
above production costs and a normal rate of return on investment) are dissipated. A
comparison of southeast Alaska pond log values and British Columbia log market
prices is shown in figure 4. In terms of both absolute levels and changes over time,
prices in the two regions are remarkably similar. If we assume that end-product prices
are about equivalent across regions, the implication is that processing costs are also
about equivalent in Alaska and British Columbia, or that lumber production is consid-
erably more profitable in British Columbia. When considering the similarity between
estimated harvest costs in the two regions and the large discrepancy between saw-
milling costs (see previous sections), it seems that the latter argument, that British
Columbia mills are more profitable, is the more likely of the two. The lower production
costs of British Columbia lumber producers are not reflected in higher log prices. This,
in turn, implies a partial break in the link between residual value and prices of interme-
diate products, with log prices in British Columbia being largely determined by harvest
cost and stumpage prices rather than final product price net of mill costs. Once again,
however, the caveat concerning different macroeconomic environments in Canada and
the United States applies.

By combining estimates of harvest costs with those for sawmilling, we can derive an
estimate of the total cost of producing a unit of lumber net of stumpage costs. This esti-
mate is shown in figure 5 for the three regions, and represents the sum of the estimates
presented above. This measure, however, is an aggregate of various species and

Total Costs

Pond Log Values and
British Columbia Log
Market Prices
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Figure 4—Log values in southeast Alaska and British Columbia (from USDA Forest Service, Alaska
Region timber sale appraisal data [see footnote 1]; British Columbia Council of Forest Industies (see
footnote 3).
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Figure 5—Total production costs (logging + lumber) (from USDA Forest Service, Alaska Region, timber
sale appraisal data [see footnote 1]; RISI 1996).
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products and the results cannot be directly extended to particular cases without care-
ful consideration. Southeast Alaska is the highest cost producer in most of the years.
Primarily because of its higher harvest costs, British Columbia is the high cost producer
in 1991 and is close to southeast Alaska in other years until 1993, when trends for the
two regions diverge. Throughout the period shown, costs for southeast Alaska gen-
erally are increasing, which is in contrast with stable to declining costs in the Pacific
Northwest and a rising and then declining trend in British Columbia.

End markets will ultimately determine the value of southeast Alaska products relative
to that of its competitors. The following analysis concentrates on Japan’s market for
North American softwood logs and sawn wood. The strategy here is to analyze product
prices to ascertain the relative position of southeast Alaska products in this market.
Japan traditionally has been the principal market for southeast Alaska logs and lumber
and the largest export market for Pacific Northwest and British Columbia  products if
cross border trade between Canada and the United States is excluded. As such,
Japan’s market is the most logical place to compare relative prices and products from
the three producing regions. However, with the collapse of Japan’s prices for higher
grade logs and lumber in the last few years, southeast Alaska producers have devoted
an increasing share of their production to supplying U.S. consumers in the lower 48
states.

Figure 6 displays yen-based price indexes for major North American log export species
in Japan’s market. The use of an index was chosen because the price data were not
comparable among different species (different sizes and grades were used for each).
Before 1993, western hemlock, Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco)
and Sitka spruce log prices fluctuate in a broadly similar fashion. During this period, it

End Markets

Figure 6—Japan wholesale log prices (yen price index, January 1986 = 100) (Japan Lumber Reports
1945-94).
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seems that geographic origin rather than species is the primary factor in the correla-
tion of price changes, with the two Alaska species moving much in tandem and (non-
Alaska) hemlock and Douglas-fir likewise following each other closely.

After 1993, the indexes begin to diverge, with Sitka spruce prices stabilizing at a high
level, Douglas-fir prices rising through rapid fluctuations, and prices for western hem-
lock logs (from Alaska and other sources) showing declines. This provides a partial
indication of the market position of southeast Alaska products, where Sitka spruce oc-
cupies a high-quality niche position relative to hemlock. Western hemlock is imported
by Japan in larger volumes from both the Pacific Northwest and British Columbia than
from southeast Alaska, and it is more prone to substitution from other species, espe-
cially at the lower end of its grade distribution. This conclusion is further borne out in
figure 8, which displays comparable indexes for Sitka spruce, Douglas-fir, and western
hemlock lumber. Here Sitka spruce clearly emerges as a separate product subject to
the same general fluctuations over time but displaying a much greater overall trend in
price increase. This, in turn, indicates an important component of the potential compe-
titive advantage of southeast Alaska: its ability to fill this lucrative and relatively unique
market niche. Although in direct competition with spruce production in British Columbia,
Sitka spruce production in southeast Alaska comprises most of the North American
total, and the region likely enjoys a certain degree of market power, which may counter-
balance local diseconomies in logging and sawmilling.

Southeast Alaska hemlock, on the other hand, supplies a broader commodity market
and faces greater competition from other producers and species. Given the relatively
low volumes supplied by Alaska, it will be a true price taker in this market. Consequent-
ly, future prospects for hemlock production in southeast Alaska will largely depend on
developments external to the region, including substitution by softwood species from

Figure 7—Japan wholesale lumber prices (yen price index, January 1986 = 100) (Japan Lumber Reports
1945-94).
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the Russian far east, Northern Europe, and the conifer plantations in the Southern
Hemisphere; the expanding market share of engineered or fiber-based products; and a
general trend toward the use of lower valued species in higher valued applications. In-
creasingly, the cost and quality of “value-added” inputs (capital and labor), and not the
characteristics of raw log inputs, will determine the success of wood products manufac-
turers supplying these commodity markets. Consequently, hemlock resource in south-
east Alaska may provide a necessary condition for wood products commodity manu-
facture and export, but the region will have to compete on the basis of other inputs.

Although we have given little attention in this report to log exports originating on pri-
vate lands in southeast Alaska, these exports constitute an important source of com-
petition for southeast Alaska processed wood products, especially for higher grade
spruce (Flora and others 1992). Evidence for this can be found in the close correlation
between the fluctuations in Sitka spruce log and lumber prices in Japan shown in
figures 6 and 7. The likely conclusion here is that spruce lumber is supplying much the
same end markets whether it is processed in southeast Alaska or in Japan. Given the
supposed market power of the region in Sitka spruce production, anticipated declines
in private log production and exports could result in higher prices for domestically
produced lumber. For lower valued log grades and species (primarily hemlock), the
same argument does not hold. This is not surprising given the small share of southeast
Alaska products in these markets; declines in hemlock log exports from private lands
will not be sufficiently large to significantly impact market prices for hemlock lumber.

Figure 8—Total lumber production costs (with stumpage), 1994 (from USDA Forest Service, Alaska Region
timber sale appraisal data [see footnote 1]; RISI 1996).
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Under the assumption of perfect competition in stumpage markets, stumpage prices
will be about equal to market prices net of all production and delivery costs.9 Ideally,
competition among stumpage purchasers will result in cost minimization and zero
“economic” profits (in other words, returns over and above a competitive return on in-
vested capital) in the processing and delivery sectors. Consequently, economic rents
will be maximized and concentrated in the stumpage price. To the extent that this
holds, stumpage prices will be directly linked to residual value. Given a definition of
competitiveness that relies on the cost of producing a good relative to its final market,
the residual value, and thus the stumpage price, will constitute the single most in-
dicative measure of regional competitive advantage in log production.

Depending on the proportion of local timber further processed in the region, stumpage
prices also may provide an indication of competitiveness in the wood-processing sec-
tors. This is especially true when, as is the case in each of the regions considered in
this report, a significant proportion of harvest is barred from export in raw log form.
Competition from log exporters is thus eliminated from stumpage markets for export
constrained timber, and prices will reflect only the demand (and hence profitability) of
local processors. Here, high stumpage prices will indicate local industries whose costs
are well below the final value they generate, and conversely, low stumpage prices will
indicate an industry operating at the margin of profitability. Note that if timber is not
locally scarce, then the profitability of local processors will signal increased production
either through additional investments by existing firms or the entry of new firms. Even-
tually, economic profits will be eliminated either through wage increases for relatively
scarce inputs, or final market price decreases because of the increased product supply.
This is the market mechanism mentioned previously, which relates competitive advan-
tage to revealed comparative advantage via the market equilibrium process. For the
regions and tree species considered in this report, however, timber is a scarce re-
source, and positive stumpage prices apply.

The relation between stumpage values and production costs is shown in figure 8. Har-
vest and manufacturing costs are the same as those cited previously in this report,
except in this case, harvest costs are converted to a thousand board feet lumber tally
basis. Stumpage prices are the prices received at the time of harvest (actually a “cut
price”), also expressed in terms of thousand board feet lumber tally. For southeast
Alaska, these prices are for federal timber, and in the Pacific Northwest, they are for
federal timber in California, Oregon, and Washington west of the Cascade crest. British
Columbia prices are for timber harvested on crown lands in coastal British Columbia
(as reported by RISI 1996). Total production costs are relatively similar for all regions,
but the distribution of these costs across the different categories is great. Following
the arguments presented above, the assumption here is that high production costs
in southeast Alaska and British Columbia lead to low stumpage values, and low pro-
duction costs in the Pacific Northwest lead to high stumpage prices. The data pre-
sented in figure 4 represents a simplification, which aggregates across a wide range

9 Because stumpage sales often occur a year or more
before the anticipated time of harvest, stumpage prices
will incorporate future expectations and attitudes to risk
on the part of buyers in addition to current market
conditions and firm profitability. Also, policies regarding
stumpage price adjustments in line with market price
fluctuations along with other peculiarities of specific
market arrangements also will influence bid and realized
prices at stumpage auctions.

Stumpage Prices
and Residual Values
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of species and products. Likewise, especially in the case of the Pacific Northwest and
British Columbia, the various figures reported in figure 4 do not come from the same
source and may be only loosely comparable. Nonetheless, these numbers provide a
clear depiction of the different aggregate costs in the competing regions, and the
relation among these costs, final market values, and stumpage prices.

With the highest total production cost of the three regions and a substantially lower
stumpage value, the marginal position of southeast Alaska as a high cost producer is
evident. As stumpage price cannot fall below zero (in theory at least), the profitability of
the sector will be highly susceptible to relatively small variations in end-product prices.
British Columbia has somewhat lower production costs, but its stumpage values are
only slightly higher than those in southeast Alaska. The explanation for this discrepancy
may lie in differing end products (that is, if British Columbia generally produces lower
valued lumber) or in differences in reporting procedures, firm profitability, and tax struc-
tures. The Pacific Northwest demonstrates both the lowest production costs and by far
the highest realized stumpage value of the three regions. Here, efficiency in production
allows for substantially increased returns to stumpage. To the extent that fluctuations
in end-product prices are directly transmitted to stumpage, the Pacific Northwest can
sustain large declines in end-product prices without a loss of profitability for the sector.

Historical values in cut prices for the Tongass National Forest, the Pacific Northwest,
and British Columbia are shown in figure 9. Pacific Northwest prices are the harvest
prices reported for national forests in the Pacific Northwest Region, and logs from these
harvests are restricted from raw log export. Because log exports also are restricted for
British Columbia and the Tongass National Forest, all the harvest prices reported here
will be for export-restricted logs and will thus incorporate competitiveness factors in the

Figure 9—Cut prices for southeast Alaska, Pacific Northwest, and British Columbia national forests, all
species (from USDA Forest Service and British Columbia Ministry of Forest as reported in Warren 1999)
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sawmilling as well as logging industries. As is true with the 1994 data shown in figure 4,
figure 9 displays the marginal character of southeast Alaska operations relative to the
Pacific Northwest and supports the conclusion that the Pacific Northwest generates a
much greater residual value per thousand broad feet harvested and processed. Per-
haps surprisingly, British Columbia cut prices are only slightly higher than those for
southeast Alaska, thus reflecting the comparable harvest costs prevailing in that region,
but also perhaps different timber sale procedures and the failure of British Columbia
processors to incorporate profits from their relatively efficient sawmilling operations into
their stumpage bids. Cut prices reported for southeast Alaska are confounded by retro-
active rate redeterminations and other factors peculiar to the region, thereby resulting
in negative prices in some years.

Much of the preceding discussion has been based on regional aggregates across spe-
cies and log grades. More detailed data generated in the sale appraisal process allows
for an analysis of residual values on a species-by-species basis for the Tongass Na-
tional Forest (fig. 10), but comparable analyses are presently not possible for the other
regions. These values were calculated by subtracting species-specific manufacturing
costs from selling values (as reported in the midmarket analysis in the Alaska Region
sale appraisal process) and then further subtracting average harvest costs calculated
from the independent sale appraisals (see above). These data display a strong dif-
ferentiation in value by species. Hemlock and spruce generally move in tandem and
demonstrate an overall upward trend but marked cyclic fluctuations. Hemlock is the
lowest valued species with estimated residual values dipping below zero in the mid-
1980s and early 1990s. These fluctuations roughly correspond to price movements in
the international pulp market (note that utility logs and a proportion of low-grade saw
logs are assumed to be used as pulp and are appraised accordingly). Sitka spruce
demonstrates substantially higher residual values, obtaining levels between $200 and

Figure 10—Southeast Alaska average residual value by species (sawtimber and pulpwood) (from
USDA Forest Service, Alaska Region, timber sale appraisal data [see footnote 1]).

19
95

 d
ol

la
rs

 p
er

 b
oa

rd
 f

ee
t 

lu
m

be
r 

ta
lly



24

$400 per thousand board feet throughout the 1990s and late 1980s. This estimate is for
all log grades, and residual value estimates for better spruce grades would be consid-
erably higher. Alaska yellow cedar generates extremely high residual values owing to
its high selling value and low manufacturing price (essentially a port delivery cost as
Alaska yellow cedar is exempt from log export restrictions and is exported almost ex-
clusively in raw log form). Because of the predominance of hemlock and spruce in the
volume mix, the volume weighted average closely follows the hemlock price but is
higher because of the higher price of other species.

By multiplying the per thousand board feet residual shown in figure 10 by total har-
vest volume for each species, an estimate of total residual value generated in south-
east Alaska by individual species can be calculated (fig. 11). Again, the high proportion
of hemlock volumes means that total residual values will be sensitive to relatively small
fluctuations in the price of hemlock. In half of the years, the contribution of hemlock to
residual value is negative, and only in 1988 and 1999 does it provide a substantial posi-
tive contribution to total value. Also, given the extremely large residual values associ-
ated with Alaska yellow cedar and, to a lesser extent, western redcedar, the total re-
sidual value generated by these species accounts for well over half of the Tongass
National Forest total in the last few years. This highlights the economic importance of
Alaska yellow cedar and western redcedar, species that often garner considerably less
attention owing to their relatively small volumes.

Overall positive trends for the residual values shown in figures 10 and 11 indicate in-
creasing profitability for the sector as a whole. Much of this, however, is due to the
fact that in the early 1980s, a major global slump occurred in demand for wood prod-
ucts followed by a recovery and then further upward pressure on North American soft-
wood prices because of harvest restraints in the Pacific Northwest. A sharp decline in
prices for most grades and species in southeast Alaska has occurred in the latter half
of the 1990s.

Figure 11—Southeast Alaska total estimated residual value by species (from USDA Forest Service,
Alaska Region, timber sale appraisal data [see footnote 1]).
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Taken together, the residual value estimates for individual species indicates that the re-
gion is capable of generating significant value in certain species but that the profitability
of the timber sector at large will be extremely vulnerable to market price fluctuations in
hemlock. This result is based on species averages across all log grades. If log grades
also were considered, price fluctuations for lower grades of both spruce and hemlock
likely also would prove to be a major determinant in sector profitability. As shown in the
earlier section on forest resource characteristics, most of the material harvested from
the Tongass is in mid to lower grades of spruce and, especially, hemlock. Because of
the heterogeneous nature of southeast Alaska forest stands and specific regulations
designed to limit high-grading on federal lands, the ability of the sector to adjust the mix
of grades and species to different market conditions is limited. Consequently, potential
profits from the sale of higher valued species and grades, particularly cedar, often may
be sacrificed to support the harvest and processing of lower quality material.

How do the data and arguments presented previously relate to the concepts of com-
parative and competitive advantage? The first conclusion that can be made is that
southeast Alaska is at a competitive disadvantage in the provision of labor as an input
in the production process. This argument is likely true for capital (and other nontimber
inputs) as well. If this is the case, then the region has a competitive disadvantage in
value-added processing as a whole, as labor and capital alone comprise the value-
added component of any good. From the standpoint of comparative advantage, this
means that labor and capital are scarce relative to the supply of other inputs, notably
timber. Given recent layoffs and mill closures, it is hard to argue that labor shortages
characterize the current situation in the southeast Alaska timber sector. Nonetheless,
it must be remembered that comparative advantage is a long-term equilibrium concept,
and short-term fluctuations in labor markets do not apply. In general, the high wages
paid for labor (and other inputs) in southeast Alaska reflect the premium needed to at-
tract and keep workers in the region. From an economic standpoint, this premium is
synonymous with relative labor scarcity—there are relatively more jobs to do than qual-
ified workers to do them, and producers will consequently bid up the price of labor.

In spite of this competitive (and comparative) disadvantage, southeast Alaska is able to
profitably produce certain types of wood products. This is because of the scarcity rents
generated by the better species and log grades of the region. Hence, the advantage
of the region can be seen as lying in its ability to supply these scarce raw materials
(logs) and not in providing value-added inputs in combination with them. This assertion
should, in turn, be revealed in the behavior of local firms. Economic theory (as well as
common sense) predicts that firms faced with a competitive disadvantage in processing
will provide the minimum of processing necessary before export. In doing so, they will
minimize the losses incurred in their noncompetitive processing sector and thus maxi-
mize profits. The fact that virtually all private harvests of suitable quality in the region
are exported in raw log form bears this prediction out, as does the fact that local mills
have been wholly unsuccessful at bidding private logs away from the export market.
Although data on factor use in the sawmilling sector presented previously do not
directly indicate that mills are likewise minimizing inputs, the lack of lumber finishing
and secondary manufacturing facilities in the region further suggests a comparative
disadvantage in processing.

Certain determinants of comparative and competitive advantage do not change over
time. Location is one such factor. The remoteness, climate, and difficult topography
of southeast Alaska are major factors that impact both the price and productivity of
labor and, by extension, other nontimber inputs. Moreover, although the region is
considerably closer to Japan and other export markets in northern Asia, this has not

Comparative and
Competitive
Advantage Revisited
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translated into a cost advantage in trans-Pacific shipping owing to diseconomies
associated with the smaller volume of trade, weather conditions, and the lack of
backhaul opportunities (Wisdom 1990).

Comparative advantage, however, is not a static concept, and the relative advantage
of nations and regions will be in constant flux. Alaska is no exception to this rule. Prices
for most goods and services are considerably higher in Alaska because of several fac-
tors, with the absence of economies of scale and transportation costs being chief
among them. As for wages, there is an added factor related to the need to provide
wage premiums over and above cost of living adjustments to induce workers to move
to the state in spite of a harsher climate, remoteness, and other perceived disamenities
(Greenwood and others 1991). Recent years, however, have seen a steady reduction
in many of these factors. Growing population has allowed for increasing economies of
scale in transportation, retail and services, and other sectors, and the positive ameni-
ties of life in Alaska have increasingly come to be recognized by local residents and
potential immigrants.

Although the data specific to the wood products sector presented in this report give
little indication of relative trends in factor input prices, broader measures of the Alaska
economy clearly indicate a steady reduction in prices relative to the rest of the United
States. Figure 12 shows real wage indexes in the manufacturing sector for Alaska,
Oregon, and Washington. Although the Pacific Northwest states demonstrate a similar
increasing trend, Alaska’s index shows a dramatic decline, particularly in the 1983-92
period during which the index fell by 28 percent. Current manufacturing wages in
Alaska are about equivalent to those in the Pacific Northwest, and these developments
likely will be mirrored in the wood products sector of southeast Alaska in the coming
years. Ideally, a regional producer price index would be the best way to gauge changes
in factor input prices in Alaska relative to those in other regions. Such indexes are not

Figure 12—Real manufacturing wages for Alaska and the Pacific Northwest (index, 1975 = 100) (U.S.
Bureau of the Census, Annual Survey of Manufactures [1985-94]).
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available at the state level. Consumer price indexes (CPI), however, are available for
certain urban areas, Anchorage Alaska, among them. In the last decade or so, the
Anchorage CPI has fallen slightly more than 10 percent relative to the U.S. average
index. This is equivalent to about a 10-percent decline in absolute prices for the
Anchorage area. Prices in Alaska are still considerably higher than elsewhere, but
they are falling in relative terms.

The data on falling relative prices in Alaska should be treated with some caution. Be-
cause it is a composite of wages in all manufacturing industries, the wage index may
reflect changes in industry composition (increasing shares in hi-tech manufacturing in
the Pacific Northwest and fish processing in Alaska, for example) as well as actual de-
clines in real wages within a given industry. Likewise, the Anchorage CPI may not be
indicative of changes happening in southeast Alaska, as Anchorage is relatively far
from the region and is substantially larger and therefore enjoys greater economies of
scale. Nevertheless, it is plausible that continued economic growth in southeast Alaska
will result in declines in producer prices and that the region will see a gradual but
steady increase in its relative advantage in wood products processing. Changes in
statewide wages and consumer prices may partially reflect just such a process. Like-
wise, the desire of residents to continue to live and work in the region should not be
discounted. Southeast Alaska is perhaps unique in the number (in per capita terms) of
individual entrepreneurs who paln to attempt small-scale wood products manufacturing
in the region. The willingness of these owner operators to work long hours for little pay,
however, likely does not extend to a willingness to work for lower wages in a large mill
or related facility.

The comparative and competitive advantage of southeast Alaska lies in its stocks of
high-grade spruce and cedar timber. In terms of log production, it seems that south-
east Alaska is competitive with British Columbia, the only other major source of Sitka
spruce. Other species, even hemlock, can be profitably harvested given log grades
of suitable quality. In all cases, it is the scarcity value of the resource that allows for
profitable operations. In sawmilling, the evidence shows that costs in southeast Alaska
are significantly higher than those in both the Pacific Northwest and British Columbia.
In an open market, southeast Alaska lumber producers would be unable to compete in
stumpage and log markets with more efficient mills in other regions. With the prohibition
of log exports from federal lands, however, processors are able to charge a portion of
their higher costs against the scarcity value of the timber resource, thereby resulting in
reduced stumpage prices. This allows the national forest to bear the costs of regional
diseconomies in processing. Although this is not efficient in an economic sense, the
Tongass National Forest is managed to meet various local and national objectives; as
part of the balance among objectives, returns to the Treasury are foregone in favor of
opportunities for local employment.

The above arguments have important implications for current efforts to increase value-
added manufacturing in the region. In general, efforts to cultivate manufacture of com-
modity products in direct competition with major producers in other regions will be a
challenge. This is especially true for products where value-added inputs, rather than
timber scarcity rents, comprise a relatively large proportion of the final product value.
The development of niche industries relying primarily on Sitka spruce may be more
successful (as evidenced by the music wood and other specialty producers currently
operating on Prince of Wales Island). Anticipated declines in private harvests in south-
east Alaska and Sitka spruce production in British Columbia may further bolster the
chances of success in these ventures. Alaska yellow cedar has commanded extremely

Conclusion
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high prices in Japan’s market, and southeast Alaska has a near monopoly in its
production. These prices could bear increased processing (with diseconomies once
again being charged to the stump), but processors must compete with log exports. In
the absence of strict export bans, it is doubtful that they can do so successfully in large
numbers. In any case, Alaska yellow cedar volumes are not large enough to generate
significant employment in manufacturing commodity products. Moreover, attempts to
increase processing of this species must be balanced against probable reductions in
residual values and thus stumpage prices.

Most of southeast Alaska timber inventory, however, is concentrated in lower valued
species and log grades. Successful policies directed to this portion of the resource
likely would involve efforts to promote cost minimization and economies of large scale
in processing. An alternative would be to reduce or forego processing of this material
altogether, thereby allowing the region to concentrate on those areas where it has a
demonstrated advantage. This could be obtained either by relaxing those harvest re-
strictions that prohibit partial harvests (favoring better species and grades) or by relax-
ing processing requirements for certain lower grades. Such policy changes will have to
be evaluated in relation to other forest policy goals in the region and the ecological con-
sequences of alternative harvesting methods. Should declines in wages and the price
of other inputs result in changes in the comparative advantage of the region in the long
term, then it is likely that increased value-added processing of lower grade materials
may evolve on its own accord. Ideally, such an industry would draw on both private and
public timber supply in the region.

Balassa, B. 1978. The changing pattern of comparative advantage in manufactured
goods. The Review of Economics and Statistics. 61: 315-319.

Berk, Peter. 1979. The economics of timber: a renewable resource in the long run.
Bell Journal of Economics. 10: 447-462.

Bonnefoi, B.; Buongiorno, J. 1990. Comparative advantage of countries in forest
products trade. Forest Ecology and Management. 36: 1-17.

Brinkman, G. 1987. The competitive position of Canadian agriculture. Canadian
Journal of Agricultural Economics. 35: 263-288.

Brooks, D.; Haynes, R. 1994. Timber products output and timber harvests in Alaska:
projections for 1992-2010. Gen. Tech. Rep. PNW-GTR-334. Portland, OR: U.S. De-
partment of Agriculture, Forest Service, Pacific Northwest Research Station. 32 p.

Catimel, J. 1996. Timber scarcity, comparative advantage, and economic prosperity:
an analysis from a Canadian perspective. Res. Note 42. Ottawa, ON: Canadian
Forest Service. 31 p.

Coffin, G.; Larue, B.; Banik, M.; Westgren, R. 1993. Competitiveness in the
Canadian food industry. Canadian Journal of Agricultural Economics. 41: 459-473.

Flora, D.; Woller, U.; Neergard, M. 1992. Tradeoffs and interdependence in the
Alaska cant and log markets. Res. Pap. PNW-RP-422. Portland, OR: U.S. Depart-
ment of Agriculture, Forest Service, Pacific Northwest Research Station. 11 p.

Greenwood, M.; Hunt, G.; Rickman, D.; Teyz, G. 1991. Migration, regional
equilibrium, and the estimation of compensating differentials. American Economic
Review. 81: 1382-1390.

Literature Cited



29

Hecksher, E. 1949. The effects of foreign trade on the distribution of income. Econ
Tidskrift: 497-512. Reprinted (1949) Philadelphia: Blackinstone: American Econo-
mics Association. Chapter 13

Japan Lumber Exports. 1945-94. Japan Lumber Reports. Biweekly.

Ohlin, B. 1967. Interregional and international trade. Cambridge: Harvard University
Press. 353 p.

Porter, M.E. 1990. The competitive advantage of nations. New York: New York Free
Press. 436 p.

Resource Information Systems, Inc. (RISI ). 1996. Wood products yearbook 1996.
Bedford, MA. 283 p.

Robertson, Guy C.; Lippke, Bruce R. 1996. Washington state’s wood products sec-
tor: growth trends and their sources. Working Paper 55. Seattle: CINTRAFOR,
College of Forest Resources, University of Washington. 20 plus p.

Smith, V. Kerry. 1980. The evaluation of natural resource adequacy: elusive quest or
frontier of economic analysis? Land Economics. 56(3): 257-298.

Solow, R. 1974. The economics of resources or the resources of economics. American
Economic Review. 64: 1-14.

U.S. Bureau of the Census. 1985-94. Annual Survey of Manufactures geographic
areas statistics. Annual.

Vanek, J. 1963. The natural resources content of United States foreign trade.
Cambridge: MIT Press. 142 p.

Warren, D. 1999. Production, prices, employment, and trade in Northwest forest
industries, fourth quarter 1997. Resour. Bull. PNW-RB-230. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station.
130 p.

Wisdom, H. 1990. Transportation costs for forest products from the Puget Sound area
and Alaska to Pacific Rim markets. Res. Pap. PNW-RP-425. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station. 25 p.



This page has been left blank intentionally.
Document continues on next page.



The Forest Service of the U.S. Department of Agriculture is dedicated to the principle
of multiple use management of the Nation’s forest resources for sustained yields of
wood, water, forage, wildlife, and recreation. Through forestry research, cooperation
with the States and private forest owners, and management of the National Forests and
National Grasslands, it strives—as directed by Congress—to provide increasingly
greater service to a growing Nation.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basis of race, color, national origin, gender, religion, age, disability,
political beliefs, sexual orientation, or marital or family status. (Not all prohibited bases
apply to all programs.) Persons with disabilities who require alternative  means for
communication of program information (Braille, large print, audiotape, etc.) should
contact USDA’s TARGET Center at (202) 720-2600 (voice and TDD).

To file a complaint of discrimination, write USDA, Director, Office of Civil Rights, Room
326-W, Whitten Building, 14th and Independence Avenue, SW, Washington, DC
20250-9410 or call (202) 720-5964 (voice and TDD). USDA is an equal opportunity
provider and employer.

Pacific Northwest Research Station

Web site http://www.fs.fed.us/pnw
Telephone (503) 808-2592
Publication requests (503) 808-2138
FAX (503) 808-2130
E-mail desmith@fs.fed.us
Mailing address Publications Distribution

Pacific Northwest Research Station
P.O. Box 3890
Portland, OR 97208-3890



U.S. Department of Agriculture
Pacific Northwest Research Station
333 S.W. First Avenue
P.O. Box 3890
Portland, OR 97208-3890

Official Business
Penalty for Private Use, $300



Contents lists available at ScienceDirect

Forest Ecology and Management

journal homepage: www.elsevier.com/locate/foreco

Resource selection by coastal wolves reveals the seasonal importance of
seral forest and suitable prey habitat

Gretchen H. Rofflera,⁎, David P. Gregovicha, Kristian R. Larsonb

a Alaska Department of Fish and Game, Division of Wildlife Conservation, 802 3rd Street, Douglas, AK 99824, USA
bAlaska Department of Fish and Game, Division of Wildlife Conservation, 2030 Sealevel Drive, Suite 205, Ketchikan, AK 99901, USA

A R T I C L E I N F O

Keywords:
Canis lupus
Habitat selection
Odocoileus hemionus sitkensis
Successional forest
Temperate rainforest
Thinning treatment

A B S T R A C T

Wolves (Canis lupus) in Southeast Alaska inhabit temperate rainforests characterized by patchworks of old-
growth and harvested forest stands in various stages of regeneration. Investigating wolf space-use patterns in this
landscape may yield information on their tolerance of anthropogenic disturbance in forest ecosystems.
Furthermore, identifying shifts in habitat selection throughout the year can provide insights into wolves’ ability
to exploit seasonally available resources. We examined seasonal habitat selection of wolves on Prince of Wales
Island, Alaska with respect to forest structure, succession, land cover, topography, road densities and habitat
predicted to support Sitka blacked-tailed deer (Odocoileus hemionus sitkensis) and salmon (Onchorynchus spp.),
the primary and a secondary prey species. We used GPS locations from 13 wolves during 2012–2016 to develop
resource selection functions (RSFs). Within their home ranges, wolves selected low elevation, flat terrain with
open land cover and low-volume old-growth forests across seasons. During fall and winter wolves preferred
clearcuts ≤30 years old, but avoided clearcuts> 30 years old and thinned young-growth relative to medium-
volume old growth. Habitats with predicted high deer carrying capacities were selected during late summer and
fall, and areas close to anadromous streams were important only during summer when salmon were spawning.
Areas of high road densities were avoided during denning season and summer, but strongly selected during
winter. Our study reveals the potential of coastal wolves to seasonally target prey habitat and adjust to altered
landscapes, but successional forests had a limited period of use (< 30 years), thus forestry practices could reduce
availability of wolves’ preferred habitat.

1. Introduction

Wolves in coastal Southeast Alaska and British Columbia inhabit
temperate rainforests distributed across island archipelagos (except for
Admiralty, Baranof and Chichagof islands) and a narrow region of the
mainland coast separated from the continental interior by mountains
and icefields. Coastal wolves are considered distinct from continental
populations due to morphological (Goldman, 1944; Nowak, 1983),
genetic (Weckworth et al., 2010, 2011; Cronin et al., 2014), and eco-
logical characteristics (Weckworth et al., 2005; Muñoz-Fuentes et al.,
2009). Sitka black-tailed deer (Odocoileus hemionus sitkensis) constitute
the primary prey of coastal wolves throughout most of their naturally
fragmented range, in addition to marine resources such as salmon
(Onchorynchus spp.) and marine mammals (Szepanski et al., 1999;
Darimont et al., 2004). This ecosystem has supported wolves for ap-
proximately 12,000 years when glacial ice retreated and opened colo-
nization routes from southern Pleistocene refugia (Nowak, 1995). In
contemporary times, large-scale industrial logging has transformed

forested sections of this landscape into a mosaic of productive old-
growth forest and clearcuts in various stages of succession (i.e., young-
growth). Intensive industrial-scale logging has occurred since the
1950s, and the resulting forest alteration, habitat fragmentation, and
development of a network of roads have raised concerns about the
impacts on wildlife populations (Schoen and Kirchhoff, 1988; Cook
et al., 2006; Albert and Schoen, 2013).

Temperate rainforests transition through stages of succession post-
logging and the consequences to resident wildlife are best understood
for deer (Doerr et al., 2005; Hanley et al., 2005; Farmer et al., 2006;
Farmer and Kirchhoff, 2007), and affect coastal wolves directly through
habitat changes and indirectly through their deer prey. Old-growth
forests are heterogeneous in stand age and canopy structure, allowing
sufficient light to penetrate to the forest floor and support diverse un-
derstory species including shrubs, forbs, and lichens that are important
deer forage (Alaback, 1982). Understory shrubs regenerate in young
clearcuts (age 0–25–30 years), particularly during summer and mild
winters (Alaback, 1984; Farmer and Kirchhoff, 2007; Cole et al., 2010),
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but during severe winters, early successional forests lack a canopy
capable of intercepting snow (Kirchhoff and Schoen, 1987), allowing
shrub burial (White et al., 2009) and increasing energetic costs of deer
movement (Parker et al., 1999). Older clearcuts (> 25–30 years) grow
into even-aged stands with dense canopies which block sunlight and
impede growth of deer forage (Alaback, 1982; Schoen et al., 1988,
Farmer and Kirchhoff, 2007). This is also known as the stem-exclusion
phase and may last> 100 years (Wallmo and Schoen, 1980; DellaSala
et al., 1996). These second-growth forests are unproductive for many
old-growth associated wildlife species, and the delayed effects of past
timber harvest (termed “succession debt”) predicts long-term and large-
scale declines of deer, and subsequently wolves (Person, 2001).

Wolves in Southeast Alaska have been a focal point of conservation
concerns since the 1990s, with heightened attention to the negative
consequences of timber harvest on wolf and deer habitats, and in-
creased access from roads built to support the timber industry resulting
in higher wolf harvest by humans (Person et al., 1996, 2001; Swanston
et al., 1996; Wolf Technical Committee, 2017). In 1993 and 2011 the
U.S. Fish and Wildlife Service (USFWS) was petitioned to list Southeast
Alaskan wolves under the Endangered Species Act. The most recent
petition outlined specific concerns for wolves on Prince of Wales Island
(POW), reflecting increased alarm over the effects of continued old-
growth logging, as the most intense logging activity in Southeast Alaska
occurs on POW (Albert and Schoen, 2013). After completing status
reviews, the USFWS determined that listing was not warranted in 1995,
in 1997 (after the finding was remanded), and again in 2015. Despite
the recent finding, concerns were raised in the species status assessment
about the sustainability of POW wolves due to reductions in habitat
capability of deer resulting from timber harvest management (USFWS,
2015; FR 32473, 5 Jan 2016).

The majority of the land in Southeast Alaska is within the Tongass
National Forest managed by the U.S. Forest Service (USFS). Recently,
the USFS developed habitat and access management recommendations
to the Tongass National Forest Land and Resource Management Plan
(USFS, 1997; USFS, 2008) to maintain long-term, sustainable wolf po-
pulations (Wolf Technical Committee, 2017). The key recommenda-
tions relating to habitat included enhancement of the deer populations
by increasing forage, maintaining corridors to facilitate movement, and
increasing heterogeneity within young-growth forest stands, especially
in winter habitats (Wolf Technical Committee, 2017). One management
action proposed to accomplish these objectives is treating young-
growth forest with thinning, with the intended effects of delaying the
development of stem exclusion and hindrance of understory forage
growth from shading (Hanley, 2005; Cole et al., 2010). The USFS re-
cently implemented a strategy to transition harvest from old-growth
forest to young-growth forest with the goal of establishing ecologically,
economically, and socially sustainable management practices (81 FR
88657, 8 Dec 2016). The first large-scale effort towards this transition
began on POW in 2017; old-growth logging will constitute the majority
of the harvest for the first decade of the transition, followed by an in-
creasing proportion of young growth until reaching nearly 100% by the
end of the 16 year period.

Wolves are considered habitat generalists (Mladenoff et al., 1995;
Fritts, 2003), able to survive in a broad range of ecological conditions,
limited mainly by prey availability and mortality risk (Fuller et al.,
2003). Furthermore, wolves demonstrate marked dietary plasticity
(Peterson and Ciucci, 2003), which suggests the possibility of weak
habitat selection patterns and the potential for resilience despite
changing habitat conditions. However, patterns of habitat preference
may be revealed at finer scales (within the home range; Ciucci et al.,
2003) and may shed light on thresholds of tolerance or avoidance of
habitat types. Previous research of coastal wolf habitat selection has
focused primarily on den sites (Person and Russell, 2009) and the pup
rearing period (Person, 2001). Wolves did not demonstrate distinct
patterns of habitat selection outside of the denning season (Person,
2001); however, this research relied on VHF radio collar locations at

course time intervals. Furthermore, as most attention has been paid to
wolves’ use of deer habitat, little is known about seasonal changes in
wolf habitat selection reflecting use of other prey in temperate rain-
forests.

Wolves are expected to display preferences for different habitat
types among seasons because of variation in behavior throughout the
year. For example, during denning season, wolf activity is focused
around the den site (Ruprecht et al., 2012) generally located in pro-
tected areas because of pup vulnerability (Mech and Boitani, 2003;
Sazatornil et al., 2016), whereas territorial behavior increases during
winter requiring more movement (Jędrzejewski et al., 2001; Smith
et al., 2015) and potentially different habitat selection patterns (Ehlers
et al., 2014). Foraging behavior may change throughout the year as
wolves have been demonstrated to shift habitat selection seasonally,
reflecting variability in prey availability or vulnerability (Peterson
et al., 1984; Metz, 2012; Latham et al., 2013). Investigations of varia-
tion in seasonal foraging patterns have proved important for under-
standing predator-prey dynamics (Sand et al., 2008; Knopff et al., 2010;
Metz et al., 2012) including apparent competition (Latham et al., 2011)
and prey-switching behavior (Latham et al., 2013). Indeed, research
using stable isotope ratios suggests coastal wolves switched dietary
preference to salmon, a seasonally available resource, when deer be-
came less abundant (Szepanski et al., 1999), or during periods of
availability (during late summer and fall), regardless of ungulate
abundance (Darimont et al., 2008).

Considering the concerns for coastal wolf viability, determining
how wolves select specific forest successional stages is necessary to
understand the effects of logging practices, and can inform evaluation
of measures taken to mitigate negative consequences of timber harvest
and enhance wolf habitat. Moreover, identifying differences in use of
primary and alternate prey habitat throughout the year can reveal
seasonal targeting of prey species. To address these issues, we in-
vestigated seasonal habitat selection of wolves on Prince of Wales
Island, Alaska. To understand shifts in patterns of landscape preference
throughout the year, we modeled the relative probability that certain
resources were selected in relation to the distribution of forest type,
land cover classes, topographical variables, road density, and avail-
ability of primary and alternate prey. We specifically tested for pre-
ferences in selection of productive old-growth forest classes, age of
successional forest, and forests that had been treated to enhance deer
habitat. We hypothesized that wolves would select habitats that best
support deer, including old-growth forests and young successional
clearcuts, and would avoid habitats that are unproductive for deer in-
cluding clearcuts> 30 years old, particularly during winter. Second,
we predicted that use of areas near salmon streams would increase with
seasonal (late summer) availability of this alternative prey resource.
Finally, we predicted that wolves would avoid areas of high road
densities during the denning season because pups are vulnerable and
less mobile at that time (Person and Russell, 2009; Benson et al., 2015).
Conversely, we predicted that wolves would select high-density roaded
areas during winter because of increased movement during this period,
as roads have been demonstrated to facilitate movement and prey ac-
quisition by wolves (Whittington et al., 2011; Dickie et al., 2016).
Greater knowledge of variation in seasonal resource selection is im-
portant for understanding coastal wolf ecology and will help evaluate
their potential to adjust to altered landscapes.

2. Materials and methods

2.1. Study area

The study area covered 3570 km2 of temperate rainforest on POW,
the largest island (6670 km2) in the Southeast Alaska Archipelago
(Fig. 1). The POW Island complex (9025 km2) is characterized by an
extensive coastline with long fjords, rugged mountains ≤1160m, and
multiple watersheds. A variety of habitat types are represented in this
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area (Table 1). Sitka spruce (Picea sitchensis) and western hemlock
(Tsuga heterophylla) are the dominant tree species with large forested
areas common at lower elevations (< 600m; Alaback, 1982). Old-
growth (> 300 years) forest patches are structurally complex and di-
verse in understory species. On POW, old-growth forests are intermixed
with blocks of even-aged forest stands at varying successional stages
resulting from clearcut logging. Clearcuts ≤30 years after logging are
brushy with young conifers and shrubs, and clearcuts> 30 years old
have a homogenous structure with sparse understory and low species
diversity (Wallmo and Schoen, 1980; Albert and Schoen, 2013). Other
habitats include muskegs, marine estuaries, riparian and alpine zones.
Annual precipitation ranges between 130 and 400 cm mostly in the
form of rain, with intermittent snow during the winter months. Prince
of Wales Island has had the highest rates of logging in Southeast Alaska,

where contiguous high-volume forests have been reduced by 93.8%
between 1954 and 2004 (Albert and Shoen, 2013). Approximately
4800 km of roads, the majority of which are graveled, secondary roads,
have been built throughout POW to facilitate logging, with the highest
road densities in northern POW (0.49–1.04 km/km2; Person and
Russell, 2008).

Wolves have been studied intensively on POW during 1993–1995
and 1999–2004 (Person, 2001; Person and Russell, 2008), and 2012 to
the present. Wolf density on POW and the surrounding islands during
these periods ranged from 39.5 wolves/1000 km2 in 1994 on POW and
Kosciusko Islands (6808 km2; Person et al., 1996), to 9.9–24.5 wolves/
1000 km2 during 2013–2015 in Game Management Unit 2 (GMU 2),
which includes POW and the surrounding complex of islands
(9025 km2; Roffler et al., 2016). Sitka black-tailed deer are the primary

Fig. 1. Wolf seasonal resource selection study area (2012–2016) on Prince of Wales Island, Alaska, and the boundaries of Game Management Unit 2 (GMU 2).
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prey species of POW wolves, and beaver (Castor canadensis) and sea-
sonally-available salmon are important secondary prey species (Kohira
and Rexstad, 1997; Szepanski et al., 1999). Other mammals that are
present and constitute a lesser portion of the diet include river otters
(Lontra canadensis), black bears (Ursus americanus), other mustelids,
marine mammals, and small rodents (Kohira and Rexstad, 1997;
MacDonald and Cook, 2007).

2.2. Wolf location data

We modelled habitat selection within seasonal home ranges for 13
radiocollared wolves (8 females and 5 males) in 7 packs with 1–5
wolves radiocollared in each pack home range. We captured and
radiocollared wolves during 2012–2016 using modified padded long
spring (Easy-Grip® #7, Livestock Protection Company, Alpine, TX) and
unpadded coil spring foothold traps (MB750, Minnesota Brand Inc.)
set along the road system with commercially-produced lures and canid
urine used as attractants. We immobilized restrained wolves using ei-
ther tiletamine HCl and zolazepam HCl, or a combination of ketamine
and medetomidine. We recorded sex, morphological data, and age ca-
tegory for each wolf. We ensured that capture and handling procedures
conformed to guidelines established by the ADF&G Animal Care and
Use Committee (ACUC #2012–028 and #2014–15) and the American
Society of Mammalogists (Sikes and Gannon, 2011). We fit each cap-
tured wolf with a spread-spectrum, Global Positioning System (GPS)
radio collar (Mod 4500, Telonics, Inc.) programmed to obtain a location
every 6 h during 1 January–31 August, and every 2 h 1 September–31
December to coincide with the period of population estimation. We
thinned wolf relocations during September–December to every 6 h to be
consistent with the rest of the year. Collars were programmed to au-
tomatically release after 24months, and had a VHF component for
radiotelemetry and collar recovery after release.

We defined 4 seasons based on the life history of wolves in our study

area: denning season (15 April–31 July), late summer (1 August–14
October), fall (15 October–31 December), and late winter (1
January–14 April). During the denning season wolf activity is focused
around den sites until early to mid-July when wolf movements shift to
rendezvous sites (Mech and Boitani, 2003; Person and Russell, 2009).
Late summer encompasses the period when activity centers shift from
dens to rendezvous sites from which wolves make forays within their
home range. Pups become more mobile during this time and have
changing nutritional requirements, therefore wolf resource selection
may be substantially different than during the denning season (Benson
et al., 2015). Previous investigations of radiocollared wolves on POW
demonstrated that rendezvous sites are generally< 1 km from the den,
and the wolves used the rendezvous sites as late as October (Person and
Russell, 2009). Late summer is also the period when spawning salmon
become available in streams on POW (Campell et al., 2012). Salmon are
a seasonally-important part of the diet of coastal wolves (Kohira and
Rexstad, 1997; Szepanski et al., 1999; Darimont et al., 2008), thus
wolves may localize on anadromous streams during salmon spawning
from late summer through October (Person, 2001; Person and Russell,
2009). Wolves become more mobile during the fall period and have
larger home ranges (Person, 2001). During late winter wolves are no-
madic, and breeding also occurs during this season (Mech and Boitani,
2003).

2.3. Habitat covariates

Our habitat selection models included covariates based on previous
wolf habitat selection studies on POW (Person and Russell, 2009). We
considered terrestrial habitat features representing variation in land
cover, topographic features, and the landscape (Table 1). Land cover
classifications were included as categorical covariates and were derived
from the ‘Size Density’ (Caouette and DeGayner, 2005), ‘Cover Type’,
and ‘Activity’ (i.e., thinning data), GIS layers from the USFS Tongass

Table 1
Habitat covariates used in wolf seasonal resource selection function models, % availability (for categorical covariates), and range and mean of values (for continuous covariates) within
wolf pack home ranges on Prince of Wales Island, Alaska, USA, 2012–2016.

Abbreviation Variable Description %, Range, Mean

Land cover
ALP Alpine High elevation vegetation including sparse tree cover, herbs, shrubs, and lichens, also rock and snow 1%
LVPOG Low-volume productive old-growth

forest
Forest older than 150 years, trees≥ 9″ dbha, 8–20 MBFb/acre on hydric soils, (also young growth
from natural disturbance, and unproductive for timber harvest)

38%

MVPOG Medium-volume productive old-
growth forest

Forest older than 150 years, trees≥ 9″ dbh, 8–20 MBF/acre on non-hydric soils, 20–30 MBF/acre on
hydric soils

12%

HVPOG High-volume productive old-growth
forest

Forest older than 150 years, trees≥ 9″ dbh, 20–30 MBF/acre on non-hydric (north aspect or flat) or
hydric soils, 30 to ≥50 MBF/acre

17%

CC≤ 30 Young clearcut forest≤ 30 years Young clearcut forest, 0–30 years after harvest 6%
CC > 30 Old clearcut forest > 30 years Old clearcut forest, > 30 years after harvest 4%
OPEN Open vegetated Meadows, grasslands, and muskegs 3%
OTHER Other non-forest Freshwater lakes and wetlands, brush, urban areas 13%
THIN Thinned forest Precommercially thinned stands with at least 50% of total area thinned 6%

Topographic
ELV Elevation Meters above sea level 0–1168, 239
SLP Slope Degrees 0–63, 14
ASP Aspect Four cardinal directions and flat North= 23%

East= 25%
West=27%
South= 24%
Flat= 1%

Landscape
RDENS Road density Kernel density estimate of all road types at 100-m and 1000-m scales (km road/km2) 0–4.439, 0.647
EDENS Edge density Kernel density estimate of edges at 100-m and 1000-m scales 0–10.02, 3.19
DISTFRESH Distance to freshwater Distance in meters to freshwater lakes and wetlands 0–8570, 1870

Prey
DEER Deer HSI Habitat suitability index of deer carrying capacity 1–252, 123
DISTSS Distance to salmon stream Distance in meters to anadromous streams with documented salmon runs 0–5006, 1047

a Diameter at breast height.
b Thousand board-feet.

G.H. Roffler et al. Forest Ecology and Management 409 (2018) 190–201

193



(Southeast Alaska GIS Library; http://seakgis.alaska.edu/index.html).
In these classifications we differentiated between young clearcuts
(≤30 years since cut) and old clearcuts (> 30 years) because these
successional stages are structurally distinct (Wallmo and Schoen, 1980;
Albert and Schoen, 2013). We also classified forests that contained at
least 50% precommercially thinned forest stands. The mean age of the
forest stands at the time of treatment was 24 years (range 6–52 years).
Vegetation classifications included low-, medium-, and high-volume
old-growth forests, open vegetation (meadows, grasslands, and
muskegs), other non-forest (freshwater, brush, urban areas), and alpine.
We used medium-volume old-growth forest as the reference category.

We derived the topographic covariates slope, elevation (continuous
covariates), and aspect (categorical covariate, with north and flat ter-
rain as the reference category) across the study area using the Shuttle
Radar Topography Mission (SRTM) digital elevation model (Farr et al.,
2007). We included road and edge density (calculated using a kernel
density estimate at 100-m and 1000-m scales) as continuous covariates.
Edges were defined as the boundary between land cover classifications
categorized as open (e.g. alpine, meadows, young clearcuts), and closed
(e.g., old-growth forests, old clearcuts), and density was calculated with
ArcGIS Spatial Analyst ‘Line Density’ function. We also included dis-
tance to freshwater lakes and wetlands as continuous landscape cov-
ariates.

We also included covariates related to habitat suitable to wolf prey
species because landscape-level abundance estimates of deer and
salmon are not available. A habitat suitability index (HSI) for deer
(Suring et al., 1993) was based on a spatial model to estimate habitat
capability of Sitka black-tailed deer during winter and served to provide
an index of deer carrying capacity with the highest scores attributed to
southern aspects, lower elevations, low snow level, and old growth
stands (high-volume forests received the highest scores, whereas
medium-, and low-volume forests ranked lower, but still substantially
higher than other forest categories). Winter is considered to be the most
restrictive time of the year for deer physically (Parker et al., 1996,
Parker et al., 1999), and thus conserving high quality winter habitat
would help sustain deer populations (Suring et al., 1993). Critical
winter deer habitat is also considered to be a good measure of wolf
habitat quality for wolves in Southeast Alaska (Person, 2001) where
both species occur, and deer habitat capability is directly tied to models
for wolf habitat capability (Suring et al., 1993). The deer HSI estimates
habitat quality and is not intended to predict absolute deer numbers;
instead, the HSI provides a relative index of carrying capacity. Given
the assumptions that the HSI model indicates the relative ability of
habitat to support deer, and that habitat suitability is correlated with
abundance over the long-term, and that deer constitute the primary
prey of wolves in this region, the HSI model has been used to estimate
wolf population abundance across Southeast Alaska (Person et al.,
1996, USFWS, 2015) and in population viability analyses related to
management considerations such as the ESA (Gilbert et al., 2015,
USFWS, 2015). Considering the ongoing application of this model to
management, we wanted to explicitly investigate the relationship of
seasonal wolf habitat selection to the deer HSI model. We expected HSI
would indicate relative abundance of deer during winter and fall, as old
growth forests, low elevations, and southern aspects are important to
deer during these seasons, but that HSI would be less predictive of deer
habitat during late spring and summer, when deer use higher elevations
and young clearcuts in addition to old growth forests (Schoen and
Kirchhoff, 1990; Person, 2009; Gilbert, 2015). We included deer HSI as
a continuous covariate in models along with its components, as we
wanted to investigate wolf response to the individual factors as well as
the deer HSI, which was viewed as a more integrated perspective of
wolf response to deer. Tests for multi-collinearity between HSI and its
component factors did not reveal any significant correlations. We also
included distance to anadromous streams as a continuous prey habitat
covariate. We resampled all GIS data to a 30m2 cell resolution for
spatial analysis. We used the R statistical environment and ArcMap

10.2.1 (ESRI 2013) to conduct all spatial and statistical analyses.

2.4. Habitat selection modelling

We evaluated wolf habitat selection at the third order (within the
home range), following Johnson’s (1980) hierarchy of scales of selec-
tion to compare locations used by wolves to those available within their
seasonal home ranges. We estimated wolf habitat selection for each of
the 4 seasons with resource selection functions (RSFs; Boyce and
McDonald, 1999; Boyce et al., 2002; Manly et al., 2002) using gen-
eralized linear mixed models (Bolker et al., 2009) with the logit link.
We evaluated models that included a random intercept for individual
wolves nested within each pack. These random effects were included to
accommodate the hierarchical structure of wolves (Hebblewhite and
Merrill, 2008) and to mitigate effects of uneven sample sizes of pack
home range locations and possible autocorrelation of used locations
within packs (Pinheiro and Bates, 2000; Gillies et al., 2006).

We calculated seasonal home ranges to estimate habitat availability
for each wolf pack using 95% minimum convex polygons (MCP; Mohr
and Stumpf, 1966). Although MCPs do not provide information re-
garding variance of use of space within the polygon border, they are
suitable for defining the extent of area used, and thus an appropriate
method for characterizing available habitat within the home range. We
used the rhr package (Signer and Balkenhol, 2015) in R 3.3.2 (R Core
Team, 2016) to estimate 95% MCP seasonal home ranges for each wolf
pack, and to calculate the minimum number of relocations necessary for
home range areas to reach an asymptote. Following Laver and Kelly
(2008) the asymptote was reached if the 95% confidence interval of
bootstrapped home-range sizes fell within 5% of the total home range
area (using all relocations) for at least 5 estimates. We clipped all MCP
seasonal home ranges to the shoreline of POW, thus home range and
habitat selection in this study are specific to terrestrial resources. We
excluded wolf GPS relocations outside of 95% MCP home ranges cal-
culated from locations of all collared pack members from analysis, in-
cluding extraterritorial forays (temporary movements outside of home
range that are markedly separate from their previous locations; Ballard,
1997; Burch et al., 2005), or dispersal events (permanent movement
away from natal pack home range, not remaining in one place for>
14 days; Person and Russell, 2008). We also excluded wolves that did
not exhibit fidelity to a home range (dispersers) as indicated by lack of a
well-defined core area (Appollonio et al., 2004), as home-range esti-
mation is not appropriate for such individuals. We randomly drew
available habitat for each individual wolf within their respective 95%
MCP at a ratio of 20 locations for every used location to ensure accurate
habitat representation and reliable coefficient estimation, as re-
commended by Northrup et al. (2013). In addition to excluding loca-
tions of wolves outside of the seasonal 95% MCPs, we included used
locations for only adult or yearling resident wolves within a given
season. Resident wolves had well-defined home ranges that did not
overlap those of neighboring packs and associated with other wolves in
their pack.

We first screened individual habitat covariates for collinearity using
a threshold cut-off of r=0.6 (Hosmer and Lemeshow, 2000) or with
variance inflation factors (VIF)> 10 (McCullagh and Nedler, 1989) to
exclude collinear habitat covariates. We further assessed VIF for the
global model (all covariates included) and combinations of potentially
collinear covariates (McCullagh and Nedler, 1989). We standardized
continuous covariates to enable comparison of their relative effect on
wolf seasonal habitat selection. We determined the most predictive
scale for road and edge density by conducting univariate analyses and
selecting the scale with the lowest Akaike’s Information Criterion,
corrected for sample sizes (AICc) score. We examined potential quad-
ratic linear distributions for nonlinear continuous covariates.

We then conducted model selection using AICc (Burnham and
Anderson, 2002). We first developed a global model and evaluated
biologically plausible candidate models that included subsets of the
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best-supported covariates and interactions. These same 24 candidate
models were evaluated for each season. We examined interactions hy-
pothesized to be biologically meaningful, including the interactions
between preferred habitats and road density, edge density, and distance
to anadromous salmon streams (which was included as second-order
polynomial). To evaluate the fit of the seasonal RSF models we used k-
fold cross validation and Spearman’s rank correlation (rS) across 10
subsamples (Boyce et al., 2002). Analyses were conducted using the
lme4 package with R software.

3. Results

3.1. Wolf habitat selection

GPS collars recorded on average 809 locations (SD=415) per wolf,
over a time interval of 401 days/collar. The average number of re-
locations per wolf per season was 242 (SD=59) for the pup-rearing
season, 186 (SD=57) for late summer, 265 (SD=194) for fall, and
276 (SD=129) for late winter (Table 2). All 95% MCP home range
areas reached an asymptote within the number of relocations available
for each pack, thus all were retained for defining available habitat in
the resource selection function models.

Wolf resource selection was a function of topographic and land
cover covariates, as wolves consistently selected low elevation
(mean= 143m, SD=142m), flat terrain with open vegetation or low-
volume old-growth forests across seasons. Selection for low elevations
was strongest during the denning season, and flat terrain was most
important during late summer and fall, although both habitat covari-
ates were highly significant in all top-ranked seasonal habitat selection
models (Table 3). Open vegetation and low-volume old-growth forests
were selected more than the other land cover covariates in relation to
medium-volume old-growth forest (the reference category). The open
vegetation class (including muskegs, meadows and grasslands) was one
of the most important habitat covariates in all seasonal models, espe-
cially in late summer (β=0.796, SE=0.162, P < .001), fall
(β=1.428, SE= 0.072, P < .001) and winter (β=1.334, SE=0.097,
P < .001), although still significant during the denning season
(β=0.594, SE= 0.104, P < .001). Low-volume old-growth forests

Table 2
Number of radiocollared wolves, monitoring period, number of GPS collar locations by
pack and season (denning season [15 April–31 July], late summer [1 August–14 October],
fall [15 October–31 December], and late winter [1 January–14 April]), Prince of Wales
Island, Alaska, USA, 2012–2016.

Pack Number
radiocollared wolves

Monitoring
period

Number
locations

Denning Honker 5 2012–2014 1007
Hydaburg 1 2013 196
Nossuk 1 2013 186
Ratz 1 2012 179
Sandy Beach 2 2015–2016 594
Staney 2 2012–2015 518
Trocadero 1 2016 227

Mean 1.9 415

Summer Honker 4 2012–2014 119
Hydaburg 1 2013 190
Nossuk 1 2013 119
Ratz 1 2012 217
Sandy Beach 2 2015 386
Staney 2 2013–2014 434
Trocadero – – –

Mean 1.8 244

Fall Honker 6 2012–2014 1129
Hydaburg 1 2013 126
Nossuk 1 2013 205
Ratz 1 2012 346
Sandy Beach 2 2015 563
Staney 1 2012–2013 689
Trocadero – – –

Mean 2 510

Winter Honker 4 2012–2014 988
Hydaburg – – –
Nossuk 1 2012 407
Ratz 1 2012 337
Sandy Beach 2 2014–2015 234
Staney 1 2012–2014 369
Trocadero 1 2016 317

Mean 1.7 442

Table 3
Standardized selection coefficients (β), standard errors (SE), and significance level for seasonal resource selection functions for wolves on Prince of Wales Island, Alaska, USA, 2012–2016.
Covariate values in bold are significant at α=0.05. Elevation (ELV), slope (SLP), aspect (ASP), road density at the 1000-m scale (RDENS), edge density at the 1000-m scale (EDENS),
distance to freshwater (DISTFRESH), deer habitat suitability index (DEER), distance to anadromous stream (DISTSS2), low-volume productive old-growth forest (LVPOG), young clearcut
forest≤ 30 years (CC≤ 30), old clearcut forest > 30 years (CC > 30), open vegetation (OPEN), other land classification (OTHER), thinned forest (THIN).

Den Late summer Fall Winter

Covariate β SE p β SE p β SE p β SE p

ELV −0.787 0.036 <0.001 −0.378 0.040 <0.001 −0.400 0.028 <0.001 −0.407 0.036 <0.001
SLP −0.423 0.035 <0.001 −1.025 0.049 <0.001 −0.800 0.035 <0.001 −0.441 0.039 <0.001
ASP − South 0.146 0.042 <0.001 5.254 0.150 <0.001
ASP − East −1.284 0.060 <0.001
ASP − West −0.902 0.059 <0.001
RDENS −0.269 0.025 <0.001 −0.397 0.036 <0.001 −0.055 0.022 0.014 0.197 0.030 <0.001
EDENS −0.060 0.025 0.007 0.018 0.030 0.549 −0.095 0.022 <0.001
DISTFRESH 0.201 0.026 <0.001
DEER 0.189 0.033 <0.001 0.111 0.023 <0.001
DISTSS2 0.115 0.034 0.001
LVPOG 0.411 0.047 <0.001 0.692 0.064 <0.001 0.490 0.047 <0.001 0.470 0.066 <0.001
CC≤ 30 0.357 0.074 <0.001 0.286 0.094 0.002
CC > 30 −0.101 0.092 0.273 −0.421 0.125 0.001
OPEN 0.594 0.104 <0.001 0.796 0.132 <0.001 1.428 0.072 <0.001 1.334 0.097 <0.001
OTHER 0.676 0.098 <0.001 0.282 0.136 0.038
THIN −0.489 0.113 <0.001
EDENS:OPEN 0.230 0.078 <0.001
RDENS:OPEN −0.284 0.120 0.018 −0.605 0.143 <0.001
DISTSS:OPEN −0.579 0.139 <0.001
RDENS:DEER −0.063 0.019 0.001
RDENS:OTHER −0.389 0.143 0.007
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were most strongly selected during fall and winter relative to medium-
volume old-growth, and high-volume old-growth did not contribute to
the top models for any season (Table 3).

During the denning season and late summer, wolf habitat selection
was negatively correlated with high road density at the 1000-m scale
(Table 3). In areas with high road densities wolves avoided open land
cover during late summer even though this habitat type was one of the
most important predictors of wolf habitat selection across all seasons.
Wolves used areas with a mean road density of 0.772 km/km2 during
denning season, 0.686 km/km2 during late summer, and 0.406 km/km2

in open habitats during late summer (road density in the study area
ranged from 0 to 4.439 km/km2 at the 1000-m scale). Wolves weakly
avoided areas of high road densities during fall (β=−0.055,
SE= 0.022, P= .014), but this relationship switched during winter
when wolves strongly selected highly roaded areas (Table 3). Areas of
high edge densities at the 1000-m scale were also avoided by wolves
during the denning season and fall, but selected during late summer in
areas where they coincided with open vegetation classes (Table 3).
Road density and edge density at the 100-m scales were not significant
in the top-ranking seasonal habitat selection models (Table S1,
Supplementary materials).

During fall and winter wolves selected clearcuts ≤30 years old, and
strongly avoided clearcuts> 30 years old more than medium-volume
old-growth forest, particularly during winter (β=−0.421, SE= 0.125,
P < .001). Wolves also strongly avoided forest stands during winter
that had received thinning treatments. This forest management cate-
gory was not a significant habitat covariate in any of the other seasonal
RSF models. Wolves selected areas of predicted high deer carrying ca-
pacity (high HSI values in south-facing, low elevation, high-volume old
growth forest) only during late summer and fall. In areas of high road
densities during fall, the relationship reversed and wolves instead
avoided high suitability deer habitat in these areas (Table 3). Distance
to anadromous salmon streams entered only the late summer resource
selection function models. Wolves used areas at a mean distance of
917m to anadromous streams during late summer, and selection of
areas close to streams increased in areas of open vegetation classes
(β=−0.579, SE= 0.139, P < .001). The other non-forest land cover
category (including freshwater lakes, wetlands, brush, and urban areas;
Table 1) was selected by wolves during late summer (β=0.676,
SE= 0.098, P < .001) and winter (β=0.282, SE=0.136, P= .038).
Examination of used locations in this category revealed that during late
summer, wolves selected areas adjacent to lakes and anadromous
streams. During winter, the majority of used locations in this land cover
category were in close proximity to the shore line (< 1.5 km), or on the
edges of freshwater lakes.

Aspect was a significant habitat covariate only for the fall and
winter resource selection functions, when wolves selected south facing
terrain (in relation to north aspects and flat terrain, the reference ca-
tegory). Indeed, southern topography during winter was the most
strongly selected covariate based on standardized coefficients of any
habitat type for any season (Table 3). Wolves avoided eastern and
western aspects during winter. The top models for each season per-
formed well in the Spearman rank correlation from the k-fold cross-
validation (rS= 0.951–0.966).

4. Discussion

Within their seasonal home ranges, wolf habitat was defined by
topography (low elevation, flat terrain) and mostly unmodified land
cover (open vegetation and low-volume old-growth forests) across all
seasons. Our results supported the hypothesis that wolves select forest
categories indicative of high quality deer habitat (low-volume old-
growth forests and young successional clearcuts) in relation to the re-
ference category, but not those presumed to be the highest quality deer
habitats (high-volume old-growth). Wolves avoided low-quality deer
habitat (old clearcuts) especially during winter. Wolf selection of areas

near salmon streams was significant only during late summer, providing
evidence supporting our second hypothesis. Finally, our results confirm
that wolves avoided areas of high road densities during the denning
season but selected high-density roaded areas during winter.

Seasonal resource selection by wolves indicated a strong preference
for certain high-quality deer habitat and demonstrated that wolves shift
habitat use seasonally especially with regard to road density. We found
the strength of selection by wolves increased with suitability of deer
habitat within their late summer and fall home ranges (Table 3). During
the denning season, despite an affinity for low-volume old-growth
forest and low elevations, selection for high quality deer habitat
(measured by the deer HSI, Suring et al., 1993) was less apparent than
for other seasons. There are two non-mutually exclusive potential ex-
planations for this pattern. First, as the deer HSI was intended to predict
carrying capacity of deer considering physiological limitations imposed
during winter, results could indicate this index is a poor predictor of
seasonal deer habitat use during early summer. While deer select old
growth forests, low elevations, and southern aspects year-round, during
late spring and summer deer also make use of higher elevations and
young clearcuts (Schoen and Kirchhoff, 1990; Person, 2009; Gilbert,
2015). Deer movements are relatively less restricted during this time
than other seasons, and use of higher elevations by some deer begins as
early as May (Schoen and Kirchhoff, 1985), a strategy with demon-
strated fitness advantages including larger body size and higher re-
productive rates (Klein, 1965). Another fitness-conferring strategy for
deer is to use young clearcuts to maximize forage intake during
summer, which enables energetically demanding lactation (Parker
et al., 2009), and ability to increase body reserves as a buffer against
nutritional stress experienced during winter (Parker et al., 1999). Deer
on POW favor clearcuts 10–25 years old (Yeo and Peek, 1992; Person
et al., 2009; Gilbert, 2015) during summer, as this age class of clearcut
provides the highest abundance of summer forage, relative to other
habitats (Alaback, 1982; Farmer et al., 2006). Wolves did not select
young clearcuts during the denning period, indicating little overlap
with preferred deer habitat during this season.

Second, patterns of wolf habitat selection during the denning season
could indicate that reproductive activities (i.e., den site selection, pup
rearing) took precedent over deer hunting. Wolves have restricted
movements and foraging patterns during the denning season (Mech and
Boitani, 2003). Earlier studies (Person, 2001) provide evidence that
wolf home ranges in this area are significantly constrained during the
denning season compared to fall (mean MCP pup-rearing [15 April–15
August]= 104.7 km2; mean annual MCP=259.7 km2), and results
from the current study also indicate smaller home ranges during den-
ning season than fall and winter. While the highly synchronized
birthing period of deer occurs the third week of May (Gilbert, 2015),
providing an influx of vulnerable prey, the majority of neonate fawn
mortality on POW was from black bear predation, not wolves (Gilbert,
2015). In order to remain in close proximity to their den sites, wolves
may be targeting alternative prey that are more accessible, including
beaver (Person and Russell, 2009). Indeed, most den sites were adjacent
to freshwater and had evidence of recent beaver activity nearby (Person
and Russell, 2009; ADF&G, unpublished data). By mid-July, wolves
move to rendezvous sites (Person and Russell, 2009), and as pups be-
come more mobile and require less attendance, wolves may increase
hunting activities of deer, reflected in wolf selection of high suitability
deer habitats during summer and fall.

Wolf predation is the primary cause of deer mortality during winter
aside from malnutrition and human harvest (Farmer et al., 2006;
Person, 2009), indicating wolves may select habitats during this season
to increase their encounters with deer. Our results demonstrated strong
preference by wolves for the components of certain critical winter deer
habitat (southern aspects, low elevation, old-growth forest), which
were better predictors of wolf habitat selection than the integrated deer
HSI. In Southeast Alaska, critical winter deer habitat is composed of
old-growth forest on southern aspects below 250m (Wallmo and
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Schoen, 1980; Kirchhoff and Schoen, 1987; Suring et al., 1993), and the
deer HSI model incorporates these attributes with variation in snowfall
to predict the deer carrying capacity (Suring et al., 1993). Because deer
habitat selection is modified by deep snow, the HSI become less pre-
dictive during severe winters. High-volume old-growth forests with
snow-intercepting canopies are more important for deer in areas of
higher snowfall (Schoen and Kirchoff, 1985), or during severe winters
(Doerr et al., 2005; Gilbert et al., 2017), compared to areas with milder
winter climates (Yeo and Peek, 1992). Conversely, deer make greater
use of young clearcuts during winters with less snow fall (Yeo and Peek,
1992; Gilbert, 2017), although this strategy comes with consequences
for survival as selection of young clearcuts during low-snow periods by
deer was positively associated with risk of death by wolf predation
(Farmer et al., 2006).

During our study, Prince of Wales Island experienced relatively mild
winters with little snowfall (NOAA online weather data), and wolves
selected young clearcuts during fall and winter (although less than for
low-volume old-growth). Previous wolf research demonstrated varia-
tion in selection for closed-canopy (snow-intercepting) old-growth
during winter, and attributed spatial patterns of selection by different
wolf packs to variation in snow accumulation across POW (Person,
2001). During his study, wolves in the northcentral regions of POW
(overlapping the contemporary home ranges of the Honker and Ratz
packs; Fig. 2) experienced deep snow during the winters of 1993–1995
(> 60 cm) and selected closed-canopy old growth forest relative to its
availability (Person, 2001). In comparison, Koskiusko Island and the
west side of POW received less snow (<20 cm), and the resident wolf
packs either weakly selected open-canopy old-growth (abundant un-
derstory vegetation but poor snow-interception qualities), or had no
distinct patterns of selection (Person, 2001). Wolf packs avoided
(n=3) clearcuts and seral forest or demonstrated no pattern of selec-
tion (n=4) for these habitats. In comparison, our results reveal strong
selection for clearcuts and low-volume old-growth during winter
(Table 3).

The most parsimonious wolf winter model was largely driven by
strong selection for southern aspects (relative to northern aspects and
flat terrain), which had the highest standardized coefficient of selection
for any covariate in any seasonal model (Table 3). These results suggest
wolves shift selection seasonally to target the most important deer
habitat. Previous research showed southern aspects near shore line
were better predictors for deer habitat use than forest type due to in-
creased exposure of warm southeast winter storms that reduce the snow
pack (Doerr et al., 2005). Further, southern aspect is an important
modifying factor determining selection of open-canopy forests by deer
in winter (Person et al., 2009), illustrating interactions between var-
iation in snow depth and forest stand age (i.e., old-growth, young
clearcut, old clearcut).

The most wide-spread anthropogenic effect on northern temperate
forest ecosystems is silviculture, resulting in habitat fragmentation and
long-term modifications of forest structure. The ability of wolves to
persist in altered ecosystems depends in part on their ability to adapt
their behavior to accommodate potential changes in prey distribution.
In this research, we found wolf habitat selection patterns favored nat-
ural forest and land cover, mixed use of roads, and limited use or
avoidance of human-caused seral forests. In relation to the landcover
reference category wolves consistently selected low-volume old-growth
forest, the forest class containing the lowest density of large diameter
trees of all classes, but the highest forage biomass (Alaback, 1982). Our
work corroborates previous research indicating that wolves selected
this forest type significantly more than expected based on its avail-
ability (Person and Ingle, 1995; Person et al., 2001). Although wolves
selected young clearcuts during fall and winter, this young-growth
forest category did not factor into the denning and summer RSF models,
demonstrating limited seasonal use. More importantly, wolves avoided
old clearcuts during fall and winter, indicating that young-growth forest
has a limited time frame of potential use by wolves, similar and likely

related to predictions for use by deer (≤30 years post clearcut). Young-
growth treated with precommercial thinning is intended to enhance
deer habitat by delaying stem exclusion and prolonging forage pro-
duction (DellaSala et al., 1996; Hanley, 2005; Cole et al., 2010).
However, wolves avoided thinned forest during winter, and did not
display patterns of selection for thinned forest stands during other
seasons (Table 3) confirming previously described patterns of avoid-
ance of second growth in the stem exclusion phase, in particular pre-
commercially thinned stands (Person, 2001). Thus far, the benefits of
thinning treatments on maintaining understory vegetation have proven
to be short-term (5–10 years), diminishing the potential for sustaining
wildlife through the long-lasting stem exclusion phase (Hanley, 2005;
Farmer et al., 2006; Cole, 2010). In this study we demonstrate that
thinning treatments do not thus far appear to enhance habitat for
wolves. Thinning treatments recommended by the interagency Wolf
Technical Committee (2017) for Prince of Wales Island include thinning
prior to 25 years post-harvest in medium to high productive stands,
prioritizing landscapes with low proportions of high quality winter deer
habitat, and conditions that would favor understory regeneration.
These treatments warrant continued evaluation for the benefits pro-
vided to both deer and wolves. Approximately 1500 km2 of forest (re-
presenting over one third of the old-growth available prior to industrial
logging) is predicted to enter the stem exclusion phase over the next
two decades on POW and the surrounding islands (Smith et al., 2016)
raising concern for the long-term abundance of predator and prey po-
pulations in logged temperate forests.

Use of alternate prey may indicate wolves’ ability to tolerate land-
scape-level changes such as succession debt that could diminish the
abundance of their primary prey. Wolves in Southeast Alaska have
access to spawning salmon during late summer through early autumn
(Kohira and Rexstad, 1997; Szepanski et al., 1999; Person, 2001),
providing a seasonal source of prey that is spatially and temporally
predictable, and requires relatively little handling time (Willson and
Halupka, 1995). Salmon are present in approximately 2000 streams
throughout Southeast Alaska (Sugai and Burrell, 1984), and northern
POW contains the highest quantity of anadromous freshwater habitat in
this region (Schoen and Dovichin, 2007). The primary salmon runs on
POW are pink (O. gorbuscha) and chum (O. keta), occurring in late
summer. Other salmon species present are sockeye (O. nerka) and coho
(O. kisutch), which are less abundant, but the fall coho run extends the
period of availability. Our results indicated that wolves select areas
near anadromous salmon streams only during late summer (Au-
gust–mid-October), coinciding with the salmon spawning period. Pre-
vious research also demonstrated selection by wolves of habitats near
the mouths of anadromous streams during August–September (Person,
2001). Selection of areas near salmon streams increased in open habi-
tats, which in our study area included meadows and grasslands,
common in estuarine areas. Changes in wolf habitat selection to access
spawning salmon indicate seasonal prey switching, and corroborates
previously identified shifts in the proportions of primary and alternate
prey consumed during summer. Kohira and Rexstad (1997) determined
fish were the second most important prey species after deer during
September–November and occurred in 21% of POW wolf scats. How-
ever, fish were not found in scats during the remainder of the year, and
thus annual occurrence of fish in wolf scats was 5%, in comparison to
other alternate prey species such as beaver (31%), black bear (8%),
river otter (8%), and small mustelids (9%) that were consumed
throughout the year. Despite the relatively narrow window of avail-
ability, Szepanski et al. (1999) determined that salmon made up 19.1%
of the lifetime diet of POW wolves. Thus, although the season is limited
temporally, the dietary contribution of salmon is large. Our results
suggest the ability of wolves to shift seasonal foraging patterns spa-
tially, and prioritize selection of specific resources corresponding with
periods of prey availability.

Flexibility by wolves in spatial responses to anthropogenic features
was demonstrated by seasonal patterns of selection and avoidance of
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Fig. 2. Relative probability of use predicted by seasonal resource selection functions and wolf pack home ranges estimated using minimum convex polygons (MCPs) during (a) denning
season, (b) late summer, (c) fall, and (d) winter on Prince of Wales Island, Alaska, USA, 2012–2016.
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roads. Wolves have been shown to avoid roads when they coincide with
areas of high human density (Dellinger et al., 2013), select roads to
increase movement efficiency for territorial behavior and prey acqui-
sition (Whittington et al., 2011; Zimmerman et al., 2014; Dickie et al.,
2016), display flexibility in their responses to roads with higher use
during night (Hebblewhite and Merrill, 2008; Zimmerman et al., 2014;
Benson et al., 2015), or demonstrate differential responses to paved and
unpaved roads (Ciucci et al., 2003). Seasonal differences in use of roads
have also been documented with higher selection during fall and winter
when wolves are nomadic (Houle et al., 2010; Lesmerises et al., 2013),
and avoidance during the denning and rendezvous period (Person and
Russell, 2009; Benson et al., 2015). Our results are similar to patterns
detected in other areas of human disturbance as wolves on POW
avoided areas of high road density during denning season and late
summer but selection increased with increasing road density during
winter. Wolves on POW have demonstrated aversion to human contact
during denning season (Person and Russell, 2009) and responded to
nearby disturbance from logging (low-level helicopter flights) by re-
locating a den site 0.36 km (G.H. Roffler, unpublished data). Active den
sites on POW during 2012–2016 were on average 0.91 km from the
nearest road (range= 0.17–3.83 km, SD=1.07 km). In contrast,
during the fall and winter, wolves were commonly documented on or
near secondary roads with trail cameras and at hair snare stations es-
tablished for estimating fall population densities with noninvasive
capture-recapture methods (Roffler et al., 2016).

Road density was an important interaction term in seasonal habitat
selection models. Whereas wolves selected habitats consistent with
high-quality deer habitat during fall, and weakly selected areas of high
road densities, when these two habitats coincided they were instead
avoided (Table 3). A possible explanation for this modification of be-
havior is heavy deer hunter traffic on the POW road system during fall,
with use peaking in late October but continuing through the end of
December. During the 2012–2015 deer hunting seasons, an annual
average of 1569 (SD=8.22) hunters used road vehicles, off-road ve-
hicles, or ATVs to travel along the road system (ADF&G, unpublished
data). As hunters were likely also targeting high-quality deer habitat,
wolves were possibly avoiding human contact at this time due to dis-
turbance from noise, or avoiding risk of mortality by humans. Although
wolf mortality from ground shooting (19.4% of wolves harvested
during 2012–2015) on POW is less common than trapping or snaring,
wolves may be shot opportunistically while hunters are targeting deer
or other game species, as half the wolves shot during our study occurred
during the deer hunting season. Road avoidance also increased during
late summer in open vegetation habitats including muskegs and es-
tuarine meadows which are used by POW wolves as rendezvous sites as
late as October (Person and Russell, 2009). Selection of this habitat type
was significant during the rendezvous period, as it provides important
habitat for wolf pack interactions, and our results suggest wolves prefer
these sites in areas of low road density.

5. Conclusion

Wolves appear to have the ability to use a variety of habitat types,
although use of human-caused early succession forests had a short time
frame, seral forests> 30 years were avoided, and forestry management
to enhance habitat value in older seral forests did not extend the period
of favorable conditions. Thus, the amount of habitat available to wolves
could decline with an increasing proportion of the forest transitioning
to the stem exclusion phase, with potential population-level con-
sequences for wolves. Wolves displayed a variable response to road
density confirming a high degree of adaptability to certain human-
modified features. Wolves also shifted patterns of habitat selection to-
wards alternate prey habitat (salmon) when seasonally available con-
firming flexibility in predation patterns (Peterson and Ciucci, 2003).
However, to better forecast wolf resilience to the predicted decline of
deer abundance resulting from succession debt, it is necessary to gain

further knowledge about wolves’ use of alternate prey such as beaver,
mustelids, black bears, and marine mammals throughout the year. The
results of this work provide insights for understanding the potential
consequences of landscape-level management practices on coastal
wolves.
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Estimating Abundance of a Cryptic Social
Carnivore Using Spatially Explicit
Capture–Recapture
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ABSTRACT Estimating population abundance of wolves (Canis lupus) in densely forested landscapes is
challenging because reduced visibility lowers the success of methods such as aerial surveys and enumeration of
group size using radiotelemetry. However, regular population estimates of wolves are necessary for
population monitoring and sustainable management. We used noninvasive hair snaring and spatially explicit
capture–recapture (SECR) to estimate wolf abundance on Prince of Wales Island (POW), Alaska, USA,
during 2012–2015. We monitored 36–82 hair-snare stations weekly for 9–11 weeks during autumn. The
noninvasive study area covered 1,683 km2 during 2012–2013 and was expanded to 3,281 km2 during 2014–
2015. We identified 57 individual wolves during the study period using DNA from hair follicles genotyped at
10 microsatellite loci. We used population density estimates using SECR (2013: 24.5 wolves/1,000 km2 [95%
CI¼ 14.4–41.9 wolves/1,000 km2], 2014: 9.9 wolves/1,000 km2 [95% CI¼ 5.5–17.7/1,000 km2], 2015: 11.9
wolves/1,000 km2 [95% CI¼ 7.7–18.5 wolves/1,000 km2]) to predict the autumn population for the POW
management unit (2013: 221.1 wolves [95% CI¼ 130–378]; 2014: 89.1 wolves [95% CI¼ 49.8–159.4];
2015: 107.5 wolves [95% CI¼ 69–167]). We detected and redetected more wolves and increased the
precision of the density estimate after increasing the hair sampling intensity and sampling area in 2014–2015.
Our results demonstrate that estimating wolf abundance using noninvasive sampling and SECR was feasible
and reliably applied producing a statistically robust population estimate for monitoring wolf populations in
densely forested areas. These methods have promise for application to widely ranging carnivores at
population-level scales and may be especially useful when regular density estimates are necessary for
management and conservation. � 2019 The Wildlife Society.

KEY WORDS Canis lupus, monitoring, noninvasive genetic sampling, population estimation, spatially explicit
capture–recapture, wolf.

Estimating population abundance of carnivores in densely
forested landscapes is challenging because of their cryptic
nature, including nocturnal behavior, avoidance of humans,
large home-range areas, and low densities. Wolves (Canis
lupus) are renowned as one of the most difficult species to
survey, particularly in areas with dense forest cover and lack
of snow (Boitani 2003). One of the most common means to
estimate wolf density is aerial telemetry of marked
individuals, wherein wolves are radiocollared from every

pack in the survey area, minimum counts of pack sizes are
obtained visually through aerial observations, and the total
number of wolves is divided by the sum of the pack territory
areas (i.e., territory mapping; Peterson et al. 1984, Fuller
1989, Hayes 1995). The aerial radiotelemetry approach has
been widely used since the 1970s and remains commonly
applied in areas with open terrain (Ballard et al. 1997, Hayes
et al. 2003, Adams et al. 2008, Lake et al. 2015, Boertje et al.
2017). This method is effective if a sufficient number of
wolves are radiocollared and monitored in all adjacent packs
in a region (Burch et al. 2005); yet, meeting these
requirements is generally expensive, time-consuming, and
difficult to apply over a large area (Boitani 2003, Schmidt
et al. 2017). This method is also less successful in areas with
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thick forest canopies that hinder visibility, when wolf
populations are large, or when pack turnover is high due to
mortality. Aerial snow-tracking is another widely used
method to survey wolves (Gasaway et al. 1983, 1992; Hayes
et al. 2003; Gardner and Pamperin 2014; Kojola et al. 2014).
Snow-tracking is most effective in open or semiforested
terrain, although this method has been used in forested
landscapes at high expense (Patterson et al. 2004). Snow-
tracking also requires consistent snow cover during the
survey period. In many regions occupied by wolves, snow
cover is variable or absent, particularly in temperate areas
(Blanco and Cort�es 2012, Liberg et al. 2012). However,
regular population estimates of wolves are necessary, even
more so in areas where there is elevated concern for
population management or conservation.

In southeastern Alaska, USA, wolves inhabit temperate
rainforests distributed across the mainland coast and most
large islands south of Frederick Sound (Fig. 1). Concerns
about the conservation status of wolves in southeastern
Alaska have intensified the relevance of obtaining current
population estimates. Attention has largely focused on
Prince of Wales Island (POW; Fig. 1), containing

approximately one-third of the southeastern Alaskan wolf
population (Person et al. 1996). The U.S. Fish and Wildlife
Service (USFWS) conducted 12-month Endangered Species
Act reviews of the Alexander Archipelago wolf (C. l. ligoni)
on 3 occasions in the past 2 decades (USFWS 1995, 1997,
2016). Although listing was determined not warranted at the
time of the decisions, these reviews raised questions about
the long-term viability of POW wolves because of declining
habitat quality and human harvest.

The U.S. Forest Service (USFS) manages the Tongass
National Forest, which encompasses the majority of the land
in southeastern Alaska. The wolf is a management indicator
species in the Tongass National Forest Land and Resource
Management Plan (USFS 1997, 2008). Recently, the USFS
developed forest-management recommendations for main-
tenance of sustainable wolf populations (Wolf Technical
Committee 2017). In 2014, the Alaska Department of Fish
and Game (ADF&G) responded to concerns over the POW
wolf population by reducing wolf harvest in Game
Management Unit 2 (GMU 2; encompassing the POW
Island complex; Fig. 1) to 20% of the autumn population
estimate from the previous 30% limit.

Figure 1. Study area for wolf population estimates using noninvasive hair snaring to collect DNA for spatially explicit capture–recapture, Prince of Wales
Island, Alaska, USA, 2012–2015. GMU2 is Game Management Unit 2.
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Until this study, the most recent autumn wolf-population
estimate was bN ¼ 269 (SE¼ 80) for a portion of GMU 2
(POW and Kosciusko Islands¼ 6,808 km2; Person et al.
1996). The estimate was produced using radiocollared wolves
to locate packs and aerially count the pack members (Person
et al. 1996). Population estimation was not repeated in
following years because of the expense and high intensity of
effort required to maintain and monitor a sample of
radiocollared wolves on POW. However, regular population
estimates at shorter intervals are desirable for monitoring
populations and evaluating management strategies to ensure
they are sustainable. To address this information gap, we
sought to rigorously test an alternate population estimation
technique that could be applied in this environment. Genetic
capture–recapture using DNA from hair has been used to
estimate population abundance of cryptic species living in
dense forests (Kendall et al. 2008, Russell et al. 2012, Morton
et al. 2016), including wolves (Stenglein et al. 2010; Ausband
et al. 2011, 2014; Stansbury et al. 2014). The development of
spatially explicit capture–recapture techniques (SECR;
Efford 2004) has provided a means to estimate animal
density by incorporating spatial detection histories of
individual animals from locations of animal captures and
movements. The spatial detection histories are used to fit a
spatial model representing the distribution of the animal
home ranges (the state model), and a spatial model of the
detection process (the observation model). The probability of
detecting an animal is then related to the distance between its
activity center and the detector. Successful application of
SECR requires multiple recaptures of the same individuals in
different locations; therefore, it was necessary to assess our
ability to detect and redetect individual wolves from
noninvasive samples. Wolves, like many large carnivores
can exist at relatively low densities, and their cryptic nature
can contribute to sparse data sets (Russell et al. 2012). For
robust parameter estimation (resistant to violations of model
assumptions) using spatial-capture–recapture a sample size
of �20 recaptures is recommended (Efford 2004, Efford
et al. 2009). Even at these low captures rates, estimates of the
range parameter s have negligible bias (0.75%), though
precision is substantially greater as capture rate increases
(Borchers and Efford 2008).

Wolves are social carnivores and their behavior patterns
may contribute to several unique situations that are necessary
to consider in a study design. Wolves function as a pack and
share the same home range, so their individual movements
may not be independent. The SECR method assumes that
the distributions of animal activity centers and animal
movement are independent; therefore, social carnivore
behavior such as group aggregation and territoriality violate
this assumption. Although mean parameter estimates are not
likely to be affected, violating this assumption results in
overdispersion; thus, variance estimates would be biased low
with 95% confidence intervals that are narrower than they
would be otherwise (Efford 2004). Scenarios of noninde-
pendence and spatial aggregation of individual wolves were
assessed in simulation analyses by L�opez-Bao et al. (2018)
and results indicated only a slight underestimation in

population abundance of spatially aggregated individuals in
comparison to independently distributed individuals. There-
fore, aggregation of social carnivores in packs and movement
patterns centered on pack territories should have only a
minor effect on density estimates. However, further research
on this topic would be beneficial for informing approaches to
estimating density of group-living animals. Beginning in
2012, we initiated a project to address the need for timely and
accurate wolf population information. We also conducted an
evaluation of the extent of sampling area, sampling
frequency, and density of sampling stations required to
obtain robust population estimates along with the corre-
sponding effort. We used DNA samples collected from hair
to estimate autumn density using a SECR approach (Efford
2004, Borchers and Efford 2008, Kery et al. 2011, Royle et al.
2011). Additionally, we explored effects of increasing the
extent and intensity of sampling on density estimates.

STUDY AREA

Prince of Wales was the largest island (6,670 km2) in the
southern portion of the southeastern Alaska Archipelago
(Fig. 1). This land mass contained rugged mountains
�1,160 m, multiple watersheds, and large tracts of temperate
rain forests dominated by Sitka spruce (Picea sitchensis) and
western hemlock (Tsuga heterophylla) at elevations below
600 m (Alaback 1982). Old-growth forest was distributed in
a matrix interspersed with even-aged forest stands at
different successional stages resulting from clearcut logging.
Annual precipitation, mostly as rain, ranged from 130 to
400 cm, with intermittent snow during the winter months.
Northern POW has the greatest rates of logging in
southeastern Alaska (Albert and Schoen 2013). Approxi-
mately 4,800 km of roads were built throughout POW to
facilitate logging, with the greatest road densities in northern
POW (0.49–1.04 km/km2; Person and Russell 2008, Person
and Logan 2012). Prior to this study, high levels of wolf
harvest (1.7–14.3 wolves/1,000 km2, 2000–2009; Person and
Logan 2012) occurred on northern POW. During 2012–
2013, the wolf-capture and hair-collection study area covered
1,683 km2 in the north-central portion of POW, represent-
ing approximately 20% of Game Management Unit 2 (GMU
2; Fig. 1). During 2014–2015, we increased the extent of our
noninvasive DNA sampling area to 3,281 km2, representing
approximately 36% of GMU 2 (Fig. 1).

METHODS

Sample Collection
During autumn 2012–2015, we established an array of
sampling nodes consisting of 5 hair boards (i.e., hair-snaring
devices) set at 50-m spacing intervals across the study area
(Fig. 1). Node spacing was roughly 3.9� 1.1 km during
2012–2013, and 3.5� 1.0 km during 2014–2015. Hair board
nodes were deployed mid-October–late-December (2012,
n¼ 37; 2013, n¼ 36; 2014, n¼ 72; 2015, n¼ 82). In a
design modified from Ausband et al. (2011), we constructed
hair boards from plywood and affixed barbed-wire and tie-
wire to create snagging surfaces (Roffler et al. 2016). We
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applied approximately 5 mL of commercially produced lure
to the hair boards on every sampling occasion to evoke a
scratch-and-rub response (Fig. 2). We stabilized boards with
16 penny nails driven through the corners of the board and
into the ground and attached the boards to a flagged tree or
branch with wire. Sampling intervals were 10 days in 2012
and 7 days in 2013–2015. We reduced the length of time
between node checks beginning in 2013 to minimize
potential genotyping error from DNA degradation (e.g.,
from moisture), and increase our chances of redetecting
individual wolves. Hair was collected using sterilized
tweezers, stored in labeled coin envelopes, and dried at
room temperature. To prevent cross-contamination we used
a soldering torch to sterilize hair board barbs after collecting
hair samples.

Genotyping
We conducted DNA extractions, genetic identification of
species, wolf genotyping, and sex identification at the
National Genomics Center for Wildlife and Fish Conserva-
tion, Missoula, Montana, USA. For DNA extractions, we
used 10–20 hairs, except in situations when we had evidence
of >1 wolf depositing hair on the same board (multiple
wolves detected in photos, multiple sets of tracks, or from
very large clumps of hair collected on a board). In these cases,
we implemented a single-hair DNA extraction protocol to
detect multiple individuals from these samples and eliminate
the chance for mixed-DNA samples, which would increase
genotyping error. This protocol consisted of selecting 4 hairs
with follicles from different locations in the hair clump and
performing a separate DNA extraction on each hair. We
extracted DNA from samples using standard protocols for
tissues (DNeasy Blood & Tissue kit; Qiagen, Valencia, CA,
USA) with the following modifications: overnight incuba-
tion in buffer ATL and Proteinase K on a rocker or in a
rotating oven at 568C, a 708C incubation for 10 min after
adding buffer AL, and a final elution using 100mL buffer
AE warmed to 708C.

We first identified samples to the genus level by Sanger
sequencing a portion of the 16S rRNA gene from the
mitochondrial genome (mtDNA) to screen nontarget species.
We amplified the 16S rDNA using conserved, universal
primers 16sL 50-TTAAACGGCCGCGGTATCC-30 and
16sR 50-GAATTACGCTGTTATCCCT-30modified from
Hoelzel and Green (1992). The mtDNA analysis does not
distinguish between wolves and dogs (C. l. familiaris), but we
were able to screen dogs from the final data set after
microsatellite genotyping as described in the following 3
paragraphs.

We used muscle tissue samples from wolves taken during
annual hunting and trapping seasons and blood samples from
10 wolves captured during radiocollaring to design the
microsatellite panel and distinguish wolves and dogs in the
noninvasive sampling. These samples were not used in any of
the population estimates. Ten loci were variable in our wolf
population and amplified consistently in noninvasively
collected DNA samples: cph5 (Fredholm and Wintero
1995); fh2096, fh2137, fh2054, fh2140, fh2161, Pez17,
fh2001 (Duchamp et al. 2012); fh2079 (Francisco et al.
1996); c20.253 (Ostrander et al. 1993). We calculated the
probability of identity (P(ID)) and probability of identity for
siblings (P(ID)sibs) using GenAlEx 6.5 (Peakall and Smouse
2006).

We first amplified all canid hair DNA samples at 2 loci that
amplify most consistently in noninvasive samples (cph5 and
fh2096) and included 2 positive controls in each PCR.
Samples that amplified consistently at one or both loci were
then amplified at the remaining 8 loci (the others were
discarded from further analysis). We accepted data for each
sample at each locus only if the sample amplified consistently
between duplicates. If amplification was inconsistent
between duplicates (e.g., 3 alleles detected in one or both
duplicates, allelic drop out, or false alleles), no genotype was
called for that locus. We amplified samples with missing
genotypes at <4 loci in duplicate at those loci. Consistent
amplification was required in �2 amplifications before a

Figure 2. Wolf rubbing on hair-snare board, Prince of Wales Island, Alaska, USA, 2012–2015.
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consensus genotype was called. We added negative controls
to all steps in 2015, and contamination was not detected. We
quantified genotyping error as the proportion of PCR
reactions at all loci with allelic dropout or the amplification of
false alleles. We quantified genotyping success rate as the
percentage of samples that successfully amplified and passed
quality control steps for 1) identifying individual wolves out
of all the hair samples; and 2) identifying individual wolves
from all the hair samples identified as canids. We used
MicroChecker 2.2.3 with 1,000 randomizations to identify
genotyping errors including null alleles, stutter, and allelic
dropout (Van Oosterhout et al. 2004). We used DROPOUT
2.3 to identify matches of unique genotypes within and
among sampling seasons (McKelvey and Schwartz 2005).
We identified sex of individual wolves using the canid SRY
marker (Wictum et al. 2013).

We used 2 methods using reference data from local wolves
and dogs to differentiate wolves from dogs with microsatel-
lite data. First, we conducted a principal coordinate analysis
(PCoA) to visualize clustering (GenAlEx 6.5). Second, we
used a Bayesian clustering procedure implemented in
STRUCTURE v2.3.3 to assess the average proportion of
membership of the sampled canids to either the wolf or dog
clusters (Pritchard et al. 2000). We assumed 2 populations
(K¼ 2) with a general admixture model and correlated allele
frequencies and performed the analysis 10 times indepen-
dently after a burn-in of 100,000 and 1,000,000 Markov
Chain Monte Carlo repetitions.

Population Density Estimates
We used SECR models in the Program R software package
SECR (v 2.9.4; Efford 2015) to estimate the density and
population size of wolves in our study area (Efford 2004,
Borchers and Efford 2008). We compiled spatial detection
histories for wolves genetically identified from hair deposited
on hair boards on multiple sampling occasions. We defined
sampling occasions as the period between node checks and
allowed the length to vary for each node individually based
on actual node exposure time. A few nodes could not be
checked during a sampling occasion because of severe snow
conditions; thus, we considered the node inactive during that
occasion, but we then increased the length of the subsequent
occasion to account for the actual exposure time. We
specified a clustered trap design, so unique detections at all 5

hair boards within a node could be used individually for
parameter estimation. We fit models specifying count type
detectors because multiple wolves could be detected at the
same hair board during the same occasion, and the same wolf
could be detected at multiple locations during the same
occasion. We fit hybrid mixture models with a Gaussian
detection probability function and incorporated covariates
including sex and a variety of coefficients representing the
effects of various behavioral responses and site-specific
changes in effectiveness on detection probability and
movement parameters (Pledger 2000; Table S1, available
online in Supporting Information). We evaluated a suite of
competing models based on information theoretic methods
(Akaike’s Information Criterion corrected for small sample
size [AICc]; Burnham and Anderson 1998).

We defined a discrete habitat mask based on a 500-m grid
for the study area by delineating a buffer around the trap
array (based on the maximum extent of animal movement
during the study period) and then clipped it to the POW
shoreline (Fig. 1). The buffer was 10 km in 2012 and 2013,
and 20 km in 2014 and 2015, resulting in 1,683 km2 and
3,281 km2 study areas, respectively. We used wolf density
estimates from the study area to predict the GMU 2
(9,025 km2) wolf abundance. We assessed significant differ-
ences (a¼ 0.05) in SECR model parameter estimates
between years by generating bootstrapped 95% confidence
intervals of the difference between estimates on the original
log scale using 5,000 replications.

RESULTS

Sample Collection
We collected 64 hair samples from hair boards in 2012, 93 in
2013, 147 in 2014, and 232 in 2015 (Table 1). The number of
wolves redetected increased throughout the study period
(2012: n¼ 6, 2013: n¼ 8, 2014: n¼ 10, 2015: n¼ 15). To
assess the contribution of increased sampling area and
intensity on success of detecting individual wolves, we
compared 2014 and 2015 sampling results using all the nodes
(2014: n¼ 72, 2015: n¼ 82) to results using data from only
the nodes previously used in 2013 (n¼ 34; 3 nodes could not
be reestablished during 2014–2015 due to road closures or
construction). Trapping success (no. of wolf detections via
DNA/100 trap-nights) was not greater with increased

Table 1. Number of hair samples collected, the percentage of samples successfully identified to the genus level using mtDNA, the percentage of 1) all the hair
samples; and 2) the Canid spp. hair samples successfully identified to the individual level using 10 microsatellite loci, the number of hair samples that successfully
identified individuals, the number of individual wolves identified from hair samples, and the male (M) and female (F) wolves sampled by year on Prince of Wales
Island, Alaska, USA, 2012–2015. “NA” is not applicable.

Year
No. of hair

samples
Genus ID

success
Individual ID

success
Individual ID success

(canids only)
No. of hair samples ID

success
No. of wolves

detected M F

2012 64 81% 39% 67% 30 11 9 2
2013a 80 91% 56% 83% 45 18 8 10
2013b 52 NA 23% NAc 12 7d 4 3
2014 147 71% 45% 65% 65 21 14 7
2015 232 79% 46% 78% 106 24 12 12

a Regular hair DNA extractions.
b Single-hair DNA extractions.
c No genus ID.
d Four individuals also represented in regular extractions.

Roffler et al. � Estimating Wolf Abundance in Dense Forests 35



sampling effort, but we did detect more wolves in the
expanded study area in comparison to the reduced study area
(Table 2).

Genotyping
Genus identification was performed on mtDNA sequences
from all collected hair samples, with the exception of the 13
hair samples collected in 2013 on which we performed the
single-hair extraction protocol (see third paragraph in this
section). Genus identification success ranged from 71 to 91%
(Table 1; Table S2, available online in Supporting
Information).

Using microsatellites from the harvested wolves, the
putative wolves identified from hair samples, the 59 known
dogs, and the 18 suspected dogs including 2 recaptures (5 in
2012, 6 in 2013, 4 in 2014, and 5 in 2015), we demonstrated
that the dogs clustered together and apart from the known
wolf samples, as well as apart from the wolves identified from
hair samples (Fig. S3, available online in Supporting
Information). Samples from the putative dogs contained
alleles at 3–6 loci that were consistent with known dogs and
that we did not observe in our known wolf samples. The
STRUCTURE clustering was consistent with PCoA results
with dogs and wolves clearly separated (data not shown).
Average population assignments were large for each group
(q¼ 0.99 for both dogs and wolves). These analyses suggest
the 18 individuals were dogs and not wolves; thus, they were
excluded from subsequent analyses.

The 10 variable microsatellite loci produced a cumulative
P(ID)¼ 5.35� 10�7, and (P(ID)sibs)¼ 1.9� 10�3, providing
acceptable power to identify individuals and siblings from the
noninvasive samples. We used the microsatellite panel to
genotype hair samples identified as canids. Genotyping error
occurred in 3.3% of the first duplicate reactions at all loci, and
2.9% in a rerun of a second duplicate. The genotyping success
rate (the percentage of samples that successfully amplified
and passed quality control steps) of identifying individual
wolves out of the regular extractions for all hair samples
ranged from 39 to 56%. The genotyping success rate of
identifying individual wolves from only the canid hair
samples ranged from 65 to 83% (Table 1). The single-hair
extraction samples had a considerably lower genotyping
success rate for identifying individuals at 23%, although 7

individuals were identified (4 were represented in the
standard hair extraction samples, and 3 were previously
undetected wolves; Table 1).

During the time period of the hair board sampling, 57
wolves were identified from noninvasively collected hair
samples. Nine wolves were detected across sampling years
from hair samples; 4 of 24 wolves detected in 2015 had been
previously detected in 2013 and 2014. The 8 redetected
wolves in 2013 consisted of 4 individuals detected twice, and
4 individuals detected 3 times. The 10 redetected wolves in
2014 included 5 individuals detected twice, 3 individuals
detected 3 times, and 2 individuals detected 6 times. Of the
13 redetected wolves in 2015, 6 individuals were detected
twice, 4 individuals were detected 3 times, and 2 individuals
were detected 4 times, and 1 individual 6 times. The distance
between sequential redetections at hair board nodes in 2013
ranged from 0 (recaptured at same node where originally
detected) to 27.7 km (mean distance¼ 2.9� 5.9 km);
whereas, in 2014, distances moved were larger (range¼ 0–
29.6 km; mean distance¼ 17.9� 1.6 km). In 2015, the
maximum distance moved between a consecutive redetection
was large, though the average distance was smaller than in
2014 (range¼ 0–41.7 km, mean 8.4� 10.4 km).

We did not detect allelic dropout or stuttering in the
microsatellite loci, but 2 of the 10 loci (fh2137 and fh2001)
demonstrated a significant probability of homozygote excess
(in one of 11 and one of 10 alleles, respectively) signifying the
possibility of null alleles. Inbreeding can also contribute to
development of homozygote excess; therefore, we used Null
Allele Estimator 1.3 to account for the bias of inbreeding in
null allele estimates (Van Oosterhout et al. 2006). Using
estimates of inbreeding (FIS¼ 0.051; described below), we
determined the frequency of null alleles was 0.012 across all
10 loci and thus we retained them for further analyses.

Population Density Estimates
Sampling during 2012 resulted in an insufficient number of
redetections of individual wolves from hair samples for a
reliable population density estimate (only 5 wolves were
redetected after initial detection). The density estimate from
the autumn 2013 top-ranked SECR model was 24.5� 6.8
wolves/1,000 km2 (95% CI¼ 14.4–41.9 wolves/1,000 km2;
CV¼ 0.278; Table 3). This model included a sex-specific
coefficient on both the baseline detection probability
parameter (g0) and the range parameter (s), which is related
to, and proportional to, the size of the home range. The top-
ranked model for 2013 also incorporated a site-effectiveness
coefficient (k) on g0. This term indicated that the probability
of detecting an animal at a given location increased by
4.7� 1.5 times after the first detection (i.e., the site became
more effective). Using the density estimate from the top-
ranked model, the estimated autumn 2013 population size of
the study area (1,683 km2) was 41.3� 11.7 wolves (95%
CI¼ 24.0–71.2), and the predicted population size for
GMU 2 was 221.1� 61.4 wolves (95% CI¼ 130.0–378.1).

The density estimate for autumn 2014, based on the top-
ranked model, was 9.9� 3.0 wolves/1,000 km2 (95% CI
¼ 5.5–17.7 wolves/1,000 km2; CV¼ 0.304; Table 3). This

Table 2. Sampling effort for spatially explicit capture–recapture estimates of
wolf density using noninvasively collected wolf hair, Prince of Wales Island,
Alaska, USA, 2012–2015.

Year
Total
days

No. of
hair-snare

nodes
Wolves

detecteda
Wolves/100
trap-nights

2012 69 38 16 1.32
2013 68 37 33 1.88
2014 66 72 37 0.84
2014b (2013 nodes) 66 34 21 1.00
2015 76 82 56 1.09
2015b (2013 nodes) 76 34 23 0.86

a The total number of wolf detections (includes redetections).
b These nodes were a subset sample for comparison with the same nodes

sampled in 2013.
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estimate was significantly lower than the previous year. In
contrast to 2013, where the top model accounted for 100% of
the AICc weight, there were several competing models for
2014. The top-ranked model for 2014, which had an AICc

weight of 0.378, also contained a site-effectiveness term on
the baseline detection probability and indicated an increase
in bg o of 4.9� 1.6 times after the first detection at a given
location. Using the density estimate from only the top-
ranked model, the predicted number of wolves in the 2014
extended study area (3,281 km2) was 32.4� 10.1 (95%
CI¼ 17.9–58.7) and 89.1� 27.1 (95% CI¼ 49.8–159.4) for
GMU 2.

The density estimate from the autumn 2015 top-ranked
SECR model was 11.9� 2.7 wolves/1,000 km2 (95% CI
¼ 7.7–18.5 wolves/1,000 km2; CV¼ 0.228; Table 3). The
top 5 population estimate models for 2015 wolf density in the
study area resulted in similar estimates and all contained
either a site-effectiveness (k) or site-specific behavioral
change (bk) coefficient on g0. Using the density estimate from
the top-ranked model to predict the number of wolves in the
extended study area (3,281 km2) resulted in an estimate of
42.5� 6.3 wolves (95% CI¼ 33.7–59.6), and a population
estimate in GMU 2 of 107.5� 24.5 wolves (95% CI¼ 69–
167). This estimate is significantly greater than the autumn
2014 estimate.

To examine effects of expanding the study area and
sampling intensity in 2014, we fit models with the same
parameter specifications using a reduced data set containing
information only from nodes that had also been deployed in
2013. Similar to 2013, a 10-km buffer was used based on an
analysis of the animal movements among the reduced set of
nodes. The top-ranked model using the reduced data set was
similar to the top-ranked full-data model, except that the
site-effectiveness term was a transient response (K) where the
change in site effectiveness depends on the preceding
occasion, rather than a change that persisted throughout
the remainder of the study period. The density estimate
using this model was greater (10.7� 4.1 wolves/1,000 km2,
95% CI¼ 5.2–21.9 wolves/1,000 km2) than the top-ranked
full-data model (9.9� 3.0 wolves/1,000 km2), but not
significantly so (Table 3). The predicted population in the
study area based on this density estimate was comparable to
that defined in 2013 (i.e., with a 10-km buffer) of 18.1� 6.8
wolves (95% CI¼ 8.8–36.9). Using this density estimate to
predict the 2014 population size for GMU 2 resulted in an
estimate of 96.5� 35.2 wolves (95% CI¼ 48.3–193.0;

Table 3). Increasing the size of the study area and the
density of nodes resulted in a density estimate with a
substantially lower coefficient of variation for the estimated
density parameter (0.304 vs. 0.383).

A similar analysis was performed for the 2015 data;
however, a 20-km buffer was used because of some extremely
large movements made by a small subset of animals. The
formulation of the top-ranked model for the reduced data set
(using information only from the nodes deployed in 2013)
was the same as the top-ranked model using the full data set.
The density estimate produced using this top-ranked model
with the reduced data set was greater (17.0� 10.5 wolves/
1,000 km2, 95% CI¼ 5.0–57.6 wolves/1,000 km2) than the
full-data model (11.7� 2.7 wolves/1,000 km2; Table 3).
Using the reduced-data-set density estimate, the GMU 2
population size was predicted to be 153.7� 95.6 wolves (95%
CI¼ 50.1–471.4); however, precision was low (CV¼ 0.621;
Table 3). Therefore, expanding the study area and the
density of nodes in 2015 (compared with 2013) resulted in a
much more precise population estimate.

DISCUSSION

Our objective was to assess the use of a noninvasive sampling
and SECR approach to estimate abundance of wolves over a
multiyear period in a dense rainforest environment. We
conducted this research to evaluate whether this method
would be more reliable (produce stable and consistent
measurements), efficient (high output to effort and cost
ratio) and precise (low variation between measurements)
than the radiocollaring and observation method used in the
early 1990s (Person et al. 1996), which we used concurrently
with the noninvasive method during 2012–2015 to estimate
the POW wolf population. Autumn population sizes were
estimated using 1) empirical estimates using an adjusted
minimum count; and 2) a territory mapping model that
accounted for size of packs and territories (Person et al. 1996,
Roffler et al. 2016). The minimum count method does not
have an associated measure of precision. The precision of the
territory mapping model estimate (CV¼ 0.432–0.895) was
lower than the SECR population density estimate (CV
¼ 0.228–0.365), reducing its utility in detecting changes in
the population among years. A further limitation of the
territory mapping method was that it was not robust to
violations of model assumptions (all available space is
occupied by wolf packs, the proportion of wolves in the study
area not associated with a pack is consistent; discussed in

Table 3. Comparison of density estimates of autumn wolf population, based on the most parsimonious spatially explicit capture–recapture hybrid mixture
model using data from the full sampling node array, and the truncated array (using sampling nodes established in 2013), 2013–2015, Prince of Wales Island,
Alaska, USA. Predicted wolf population estimates for Game Management Unit (GMU) 2 (9,025 km2) are shown. SE, standard error; CI, confidence interval.

Density (per 1,000 km2) GMU 2 expected bN

Year No. of nodes Area (km2) Density�SE 95% CI CVD
bN �SE

2013 37 1,683.8 km2 24.5� 6.8 14.4–41.9 0.278 221.1� 61.4
2014 (all nodes) 72 3,280.9 km2 9.9� 3.0 5.5–17.7 0.304 89.1� 27.1
2014 (2013 nodes) 34 1,689.4 km2 10.7� 4.1 5.2–21.9 0.383 96.5� 35.2
2015 (all nodes) 82 3,281.1 km2 11.9� 2.7 7.7–18.5 0.228 107.5� 24.4
2015 (2013 nodes) 34 2,463.6 km2 17.0� 10.5 5.0–57.6 0.621 153.7� 95.6
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Roffler et al. 2016). Counting wolves during aerial telemetry
proved to be unreliable because only one-third of the
completed flights produced any visual observations of wolves
(Roffler et al. 2016). Although data from radiocollared
wolves did not prove to be suitable for annual population
estimates on Prince of Wales Island, we were able to obtain
beneficial information including Global Positioning System
location data for assessing seasonal home range sizes, habitat
selection, and variation in space use surrounding dens sites
(Roffler et al. 2018, Roffler and Gregovich 2018).

Our criteria for evaluation of the noninvasive population
estimation method were based on the potential application to
long-term monitoring of wolves in densely forested areas.
There were several unique challenges encountered while
implementing this method in our study area; thus, successful
application in other study systems will require careful
consideration of these issues. This research represents one of
the first attempts to estimate wolf population density using
SECR, so further work is required on POW and in other
areas for comparison and further method refinement (L�opez-
Bao et al. 2018).

Noninvasive methods may be less effective in wet environ-
ments; thus, we needed to assess the feasibility of recapturing
wolves using DNA from noninvasive samples considering the
copious annual precipitation in our study area. Excessive
rainfall had been attributed to reduced DNA amplification
success using canid scat samples and can result in partial or
total removal of the sample from the environment due to the
dissolving effect of rain (Morin et al. 2016). Preliminary
efforts to initiate this study in 2009–2011 involved attempts to
locate wolf scats and amplify DNA for individual genotypes.
This effort was not successful because of the low number of
fresh wolf scats encountered on road surveys and limited
individual genotyping success of degraded samples (D.
Person, unpublished data). Rainfall also reduces genotyping
success in noninvasive hair samples. For example, Stansbury
et al. (2014) demonstrated individual identification success
rates using DNA from wolf hair was relatively lower in the
wetter section of their study area (71 cm annual precipitation)
in comparison to the area that received less precipitation. We
took precautions to improve our ability to amplify wolf DNA
from hair; we reduced the number of days between hair-snare
station checks from 10 days (in 2012) to 7 days and were
cautious to air dry samples immediately after collection.
Dumond et al. (2015) also found a negative relationship
between genotyping success rate using noninvasively sampled
bear hair and the number of rainy days between sampling
sessions. Therefore, we recommend limiting the interval
between sampling sessions to �7 days in very wet environ-
ments, similar to noninvasive DNA sampling-interval
recommendations for deer pellets in temperature rainforests
(Brinkman et al. 2010).

After initial difficulties in 2012 obtaining enough
redetections for a reliable density estimate, we augmented
sampling effort by increasing the number of sample
occasions, the number of sampling stations, and the total
sampling area. These efforts contributed to obtaining
sufficient individual redetections during 2013–2015 to

estimate population density. Success of this method was
dependent upon obtaining enough spatial redetections;
therefore, trap spacing was a key consideration and
considered one of the most important design elements in
a spatial capture–recapture study (Royle et al. 2014). The
ideal study design will balance objectives of obtaining a large
number of individuals sampled and a large number of spatial
recaptures (Wilton et al. 2014). Resources to conduct
fieldwork are finite, so sampling over a larger area translates
to lower trap density, which is a scenario that results in more
unique individuals captured but fewer spatial recaptures
(which causes imprecise and biased density estimates). The
reverse scenario (smaller area sampled with greater trap
density) results in fewer unique individuals captured, but
more spatial recaptures (which causes imprecise density
estimates). Results of simulation studies to assess effects of
study design on population estimate bias and precision
indicate that the optimal trap spacing is 1.5–2.5�s
(Sollmann et al. 2012, Royle et al. 2014).

The social behavior of wolves contributed to deposition of
13 mixed samples (i.e., hair from >1 wolf) at some of the hair
boards in 2013. Mixed samples may have 3 alleles amplify at a
locus, and thus have low individual identification genotyping
success. Therefore, this is a situation that should be
considered, particularly when obtaining a sufficient number
of recaptures is challenging because of the scenarios
described above. Single-hair catch devices have been
implemented in noninvasive monitoring of other species
and are useful in eliminating mixing of individual hair
samples (Beier et al. 2005, Stricker et al. 2012). However,
pilot efforts to develop single-catch hair snares for wolves in
southeastern Alaska had limited success in field trials (L.
Beier, Alaska Department of Fish and Game, unpublished
data). In the absence of a reliable single-catch device, we
instead resolved the issue of mixed samples by implementing
genotyping screening, wherein hair samples that were
suspected to consist of >1 individual were analyzed
separately using the single-hair DNA extraction protocol.
This procedure resulted in an increased genotyping success
rate from 66% in 2012 to 83% in 2013. Photos from trail
cameras located at hair board stations did not detect multiple
wolves when the samples were deposited in 2014–2015.

Temporal and spatial scales are necessary to consider when
using noninvasive spatial capture–recapture methods to
estimate large carnivore abundance. One temporal consid-
eration is the seasonal behavior of the study species. We
designed the sampling period to coincide with the season of
increased mobility of wolves, as pups become large enough to
travel in the autumn and less constrained to den and
rendezvous sites. When den or rendezvous site locations are
known, it is possible to obtain shed hair and scat for
individual genetic identification for multiple wolves in a pack
including pups (Stenglein et al. 2010, Stansbury et al. 2014).
Sampling pups from snared hair obtained from snagging
devices is likely more feasible when pups are larger and more
mobile. We also considered seasonal attributes of the study
system when establishing the sampling design. We expected,
as the season progressed into late autumn and early winter,
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that fewer bears would be present in the landscape; thus, we
could minimize nontarget hair samples or mixed species
samples, which do not produce an individual genotype.
Despite accounting for seasonal presences of bears, we still
obtained 15–25% of bear hair in the samples, although it is
probable that summer sampling would result in a larger
proportion of bear hair.

The total sampling duration and the number of sampling
occasions of a study period is an important design
consideration in spatial capture–recapture studies. We
designed the time frame of our sampling period to address
a need for annual population estimates at the management-
unit level, which provide the basis for establishing wolf
harvest quotas (based on 20% of the estimated GMU 2 wolf
population). We found that within our study system, we
collected enough data for a population estimate during a 9–
10-week period. However, it is necessary to account for the
time required for DNA extraction and individual genotypes
to become available for SECR analyses. This process may be
time-consuming; so “real-time” population estimates are less
possible with noninvasive sampling in comparison to visual
surveys of radiocollared animals. Despite this drawback, we
were able to provide information for harvest management for
the subsequent year (the Federal subsistence wolf hunting
season begins in GMU 2 on 1 Sep, and trapping season
begins on 15 Nov) by using the population estimates and
accounting for known removals (wolves harvested after the
sampling was complete).

The ideal total sampling duration of a study period is a
trade-off between collecting enough spatial recaptures
during the sampling occasions, with an attempt to do so
in an abbreviated time period to avoid violations of the
assumption of demographic closure. Our study occurred
during the beginning of the annual hunting and trapping
seasons, so mortalities occurred within our study area during
the sample collection period. Known removals of marked
animals can be incorporated into the model to eliminate this
source of bias, but removals of unmarked animals or
unrecorded removals would result in a positive bias in the
density and population size estimates. No animals were
reported as being taken by hunters or trappers from the study
area during the 2014 or 2015 sampling periods; however, 2
known animals were removed during the 2013 study period.
Satisfying assumptions of complete demographic closure are
difficult in highly mobile species and dynamic populations;
therefore, potential approaches to resolve this issue include
reducing the sampling period, or planning the sampling
period outside of the harvest season, which in GMU 2
extends until 31 March.

Spatial capture–recapture models are able to accommodate
a variety of sampling designs at different spatial scales. The
extent of the study area is flexible and depends on the study
question, biological characteristics of study species (e.g.,
home range size and movement patterns), and practical
considerations such as available resources and access to trap
locations. Unlike nonspatial capture–recapture methods, it is
not necessary for the trap array to extend over an area many
times larger than the average home range of the focal species

(Sollmann et al. 2012). Therefore, spatial capture–recapture
is suitable for estimating abundance of wide-ranging
carnivores. In practice, the state-space (the region that
defines possible values of activity centers) should contain all
individuals that may be captured, and the area surrounding
the trap array for estimating abundance from density is
buffered by 3�s. The study-area extent may vary in size
from an area as small as an individual home range to large
spatial scales at the landscape level, as long as the main
objective of the study design is to sample as many unique
individuals in different locations as possible, which will result
in more precise parameter estimates (Efford 2004, Sollmann
et al. 2012, Royle et al. 2014). Considering the mobility and
territoriality of many carnivore species, it is necessary to
establish a study area that encompasses the home ranges of
many individuals or packs (in the case of social carnivores).
Like many management agencies, the ADF&G and the
USFS manage wolves at the management-unit level for
harvest seasons and bag limits, so it is desirable to estimate
abundance at this spatial scale. Other spatial capture–
recapture studies have been conducted at broader scales, such
as at a regional or provincial level (Morehouse and Boyce
2016, Humm et al. 2017, L�opez-Bao et al. 2018). One
option that may enable increasing study area size without
increasing the number of traps is cluster sampling, which may
help overcome practical limitations such as availability of
finite resources, and access to sampling sites (discussed in
Royle et al. 2014, Sun et al. 2014).

MANAGEMENT IMPLICATIONS

In GMU 2 wolf populations are managed largely through
hunting and trapping regulations (seasons and harvest quotas)
based on regulations established by the Alaska Board of Game
(for residents and nonresidents) and by the Federal Subsistence
Board (for qualified subsistence users on Federal lands). These
regulations have been based on a proportion of the total
estimated population since 1997 and have ranged from 20 to
30%. Currently, the harvest guideline level is 20% of the
autumn population estimate, but it is expected that the Board
of Game could raise the harvest limit if the GMU 2 wolf
population demonstrably increases. Until this study, there have
not been regularly completed wolf population estimates; thus,
in the absence of population trend data, harvest decisions have
been based on the 1994 population estimate and local
knowledge of residents and biologists. In GMU 2, wolf
harvest is managed more conservatively than in other parts of
Alaska because of conservation concerns of the wolves on
Prince of Wales Island. Therefore, regular monitoring of
abundance is necessary to ensure the wolf population remains
available for sustainable use, as is the mandate of ADF&G.
Our results offer an effective method to gain population
abundance estimates of widely ranging carnivores at the
management-unit level and on an annual basis for regular
monitoring and to inform management strategies.
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Liberg, O., Å. Aronson, H. Sand, P. Wabakken, E. Maartmann, L.
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1

Wolf space use during denning season on Prince 
of Wales Island, Alaska

Gretchen H. Roffler and David P. Gregovich

G. H. Roffler (http://orcid.org/0000-0002-8534-3664) (gretchen.roffler@alaska.gov) and D. P. Gregovich, Alaska Dept of Fish and Game, 
Division of Wildlife Conservation, 802 3rd Street, Douglas, AK 99824, USA.

Wolf Canis lupus reproductive success may be enhanced by access to favorable habitat with limited disturbance during 
denning season. Therefore, protection of den sites can be an important management strategy for maintaining viable wolf 
populations. On Prince of Wales Island in southeast Alaska, USA, management agencies recommend protection of dens 
and surrounding home ranges. However, these agencies are concerned current protection buffer sizes might be inadequate 
to promote pup-rearing success. To inform management decisions regarding buffers surrounding wolf dens, we used 
wolf GPS collar data during 2012–2016 to quantify core and home range area sizes during denning season. We used an 
autocorrelated kernel density estimator (AKDE) to calculate the extent of home ranges and fit individual wolf movement 
models. Breeding wolves used smaller core (AKDE 50% isopleth = 6 km2, SD = 4 km2) and home range areas (AKDE 
95% isopleth = 57 km2, SD = 17 km2) during denning season (15 April–15 June) than non-breeding wolves at active 
dens (core = 69 km2, SD = 45 km2; home range = 252 km2, SD = 161 km2). Home ranges for breeding wolves and wolves 
belonging to a reproductive pack were smaller than non-breeding wolves throughout the pup-rearing period (15 April–31 
July). The mean minimum and maximum distance from the core area edge to the active den site (1186–6326 m) varied 
widely but was smaller for breeding wolves (734–2308 m), and all distances exceeded the existing recommended den buffer 
distance (366 m). These results underscore the importance of evaluating individual variation in space use when considering 
management actions intended to protect cooperative breeders or other social carnivores. Wolf managers should recognize 
the current protection buffer around dens constitutes only a portion of the core area used by breeding wolves, and habitat 
alterations near den sites may force breeding wolves to use sub-optimal habitat they would normally avoid.

Keywords: Canis lupus, wolf, dens, home range, pup rearing 

Wolves Canis lupus exhibit large variation in home range 
sizes, which is influenced by many factors including 
wolf density, prey abundance, habitat quality, reproduc-
tive status and season (Fuller  et  al. 2003, Hinton and 
Chamberlain 2010, Mattisson  et  al. 2013, Kittle  et  al. 
2015). During denning season, wolf home ranges are con-
strained because wolf activity is focused around the den 
site (Jędrzejewski et al. 2001, Ruprecht et al. 2012). Pups 
are most vulnerable during the first 6 weeks of life due to 
reduced mobility (Mech and Boitani 2003, Mills  et  al. 
2008), thus wolves generally locate den sites in areas pro-
tected from exposure to disturbance (e.g. human settle-
ments, Sazatornil  et  al. 2016, Llaneza  et  al. 2018) or 
less visible due to landscape features or vegetation cover 
(Trapp  et  al. 2008; but see Matteson 1992 and Unger 

1999). Den sites have ecological importance because sur-
vival of wolf pups is most variable during early denning 
season through late summer, and this component of repro-
ductive success has a large effect on the demographic tra-
jectory of the population (Harrington and Mech 1982, 
Ballard et al. 1987, Fuller et al. 2003, Benson et al. 2015). 
Because wolf pup rearing occurs at these sites, reproductive 
success may be enhanced by access to favorable habi-
tat with limited disturbance during denning season 
(Sazatornil et al. 2016) as relocating pups may increase risk 
of mortality (Ausband et al. 2016). However, other studies 
indicate that in some circumstances wolves can be tolerant 
of human disturbance during denning season (Chapman 
1977, Thiel et al. 1998), and even relocation of pups as a 
result of disturbance has not caused a negative impact to 
reproductive success (Frame et al. 2007). Variability in the 
degree of tolerance wolves display to disturbance under-
scores the need for more refined information on space use 
requirements during the denning season, which could help 
inform management efforts to minimize anthropogenic 
disturbance where and when it is necessary.
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Wolves in southeast Alaska have been a focus of conserva-
tion efforts since the mid-1990s, triggered by concerns over 
the negative ecological consequences of old-growth logging 
on wildlife habitats, increased human-caused wolf mortality 
facilitated by access via logging roads (Person  et  al. 1996, 
Person and Russell 2008, Person and Brinkman 2013), 
and later by decreases in wolf density on Prince of Wales 
Island (POW) over the past two decades (Person  et  al. 
1996, Roffler et al. 2016). Conservation concerns have been 
focused on Prince of Wales Island (POW; Fig. 1), as it is 
estimated to harbor approximately one third of the south-
eastern Alaskan wolf population (Person  et  al. 1996), and 
also has the highest rates of logging in southeast Alaska with 
an extensive road system (Albert and Schoen 2013, Person 
and Brinkman 2013). On three occasions the US Fish and 
Wildlife Service has conducted 12-month Endangered 
Species Act reviews (USFWS 1995, 1997, 2016) of the 
Alexander Archipelago wolf Canis lupus ligoni. Although list-
ing was determined to be not warranted for all decisions, the 
need for improved management of wolf harvest and habitats 

was outlined as a critical component to maintaining viable 
populations of wolves.

The US Forest Service (USFS) manages the majority 
of southeast Alaska lands and along with the US Fish 
and Wildlife Service and Alaska Dept of Fish and Game 
(ADF&G), through the Wolf Technical Committee 
has recently developed recommendations to maintain 
sustainable populations of POW wolves (Wolf Technical 
Committee 2017), a management indicator species in the 
Tongass National Forest Land and Resource Management 
Plan (USFS 1997, 2008, 2016). Management recommenda-
tions include enhancement of the habitat of POW wolves’ 
primary prey, Sitka black-tailed deer Odocoileus hemionus 
sitkensis through forage enhancement and protecting old-
growth forest and restricting human-caused mortality of 
wolves through management of road access and harvest 
regulations. A primary recommendation was to protect 
wolf dens to avoid disruption of reproductive activities. The 
Wolf Technical Committee was specifically concerned the 
guidelines in the current Forest Plan to provide a forested 

Figure 1. Wolf space use study area, Prince of Wales Island, Alaska, USA, 2012–2016. Composite home range area (combined home ranges 
of 13 wolves) during the denning period (15 April–15 June) is shown in dark grey, roads shown in black.
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buffer around den sites where road construction is discour-
aged (currently 1200 feet [366 m]) may not be adequate to 
ensure successful breeding at a den site. In addition, the com-
mittee also recommended protecting all documented wolf 
dens indefinitely, which was a change from only protecting 
dens that were active (Wolf Technical Committee 2017).

On POW, wolves select den sites in low elevation, flat 
terrain, in old-growth forests adjacent to open habitats 
(e.g. meadows and muskegs) and freshwater streams or 
lakes, and avoid high density road areas (Person and Russell 
2009, Roffler et al. 2018). The recently revised management 
recommendations endorsed permanent protection of den 
sites and adequate surrounding habitat (where foraging 
and other activities occur) to allow for pup-rearing success 
(Wolf Technical Committee 2017), but the Wolf Technical 
Committee delayed defining specific den buffer distances 
and the proportion of old-growth habitat (considered to be 
important for deer and wolf denning habitat; Wallmo and 
Schoen 1980, Person 2001, Person and Russell 2009) to 
be maintained within foraging areas pending development 
of and evaluation of new information. We conducted this 
research to provide more detailed information to the Wolf 
Technical Committee regarding den site habitat use of 
wolves which could be used to better inform protection of 
den sites.

In this study we assessed wolf den site habitat use and 
seasonal home range sizes. Our first objective was to quantify 
the size of core areas around each den site. We conducted 
these analyses specifically to provide information requested 
by the Wolf Technical Committee including the maximum 
and minimum distances from the core area boundary to 
the den. Our second objective was to quantify the size of 
home range areas around the den site, and then within each 
home range to assess habitat characteristics, specifically the 
proportion of old-growth forest in relation to other land 
cover categories, and distance of den sites to roads. The third 
objective of this study was to quantify seasonal (pup-rearing, 
late summer, fall, late winter) home range sizes of individ-
ual wolves and wolf packs, and to examine the relationship 
between individual home range size and wolf characteristics 
(individual identity, wolf pack membership, sex, breeding 
status, association with an active den) and temporal char-
acteristics (season and year). We used wolf GPS collar data 
collected at shorter intervals than VHF radio collars used in 
previous wolf research on POW, and thus we were able to 
assess movement patterns and calculate home ranges during 
the abbreviated denning season, which were not previously 
possible. The research will provide information to guide 
long-term management of wolf den sites in forested environ-
ments and ecological insight regarding variation in seasonal 
space use and behavior.

Material and methods

Study area

Our study area was located on POW, the largest island 
(6670 km2) in the southeast Alaska Archipelago (Fig. 1). 
Temperate rainforests dominated by Sitka spruce Picea 
sitchensis and western hemlock Tsuga heterophylla are the 

major land cover and were interspersed with even-aged 
forest stands at varying successional stages resulting from 
clearcut logging. Muskegs, marine estuaries, riparian 
and alpine zones are non-forest habitat types on POW. 
Our study area was focused in north-central POW, an 
area with extensive industrial-scale logging and approxi-
mately 4800  km of logging roads (densities in northern 
POW 0–4.44 km km–2; Roffler et al. 2018). Wolf density 
on POW and the surrounding islands ranged from 39.5 
wolves/1000 km2 in 1994 to 9.9–25.5 wolves/1000 km2 
during 2013–2016 (Roffler et al. 2016).

Captures and monitoring

We captured and radiocollared wolves during 2012–2016 
using methods described previously in Roffler et al. (2018). 
Briefly, we used modified padded long spring and unpad-
ded coil spring foothold traps with commercially-produced 
lures and canid urine used as attractants. Restrained wolves 
were chemically immobilized (using either tiletamine HCl 
and zolazepam HCl, or a combination of ketamine and 
medetomidine) and fitted with a spread-spectrum, GPS 
radio collar (Mod 4500, Telonics, Inc.). All capture and 
handling procedures were approved by the State of Alaska 
Animal Care and Use Committee. The GPS collars obtained 
a location every 6 h during January–August, and every 2 h 
September–December, which were thinned to every 6 h for 
consistency. Collars automatically released after 24 months.

We used GPS location data to detect active den sites. 
Putative active dens were first identified by examinations 
of collared wolf locations that were geographically focused 
in a restricted area during the period of time previously 
identified as the parturition period (between the last week 
of April and the second week of May; Person and Russell 
2009). We also visited den sites 3–6 weeks after suspected 
parturition to verify pup production by visual observation. 
We approached sites on foot in groups of 1–3 people and 
recorded observations of wolves when they were seen or 
heard. We searched the area around the den entrances for 
signs of fresh wolf scat, hair, scrapings or other sign. We 
observed the den for wolf pups but limited our time in the 
area to < 1  h to avoid excessive disturbance of breeding 
wolves. Despite these efforts, 3 wolf packs relocated their 
pups to a nearby den (<0.5 km) during the study period. 
In 2 of these cases, additional visits were made by agency 
employees to the den after our field visits to observe pups, 
and in one case low-level helicopter flights for logging 
activities began immediately before the relocation event 
(Roffler  et  al. unpubl.). Person and Russell (2009) also 
reported a low number of relocations in response to human 
visits to den sites. In addition, we annually visited 26 dens 
previously recorded by Person and Russell (2009) during 
1995–2004, using the same timing and techniques to make 
observations of wolves at historic dens.

We established remotely triggered motion-detecting 
cameras at den sites (Reconyx HC600, Reconyx, Inc. 
Holmen, WI, or Moultrie M990i, Moultrie Products, 
Alabaster, AL) and reviewed images to verify the presence 
of pups. Cameras were established 15–30 m from the den. 
Timing of den occupancy was determined by reviewing 
the GPS location data. Wolves were considered associated 
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with a den site during the period of time they had locations 
consistently (≥2 locations within a 5-day moving window) 
within 200 m of the verified den location. Breeding females 
were identified visually during handling or in photos from 
cameras at den sites by evidence of lactation (Mech  et  al. 
1993), or behavior at the den site (e.g. nursing pups, Mech 
and Boitani 2003). One breeding male was identified as the 
only male member of the pack and by den site behavior. 
Non-breeding wolves were adult (≥2 years old) members 
of the pack that did not display evidence of pup-rearing or 
dominant behavior identified visually from camera photos 
or observations.

Home range estimation

To determine the area of use around wolf dens, we first 
examined space use focusing on the early denning period 
(15 April–15 June), including the parturition period until 
pups are 6 weeks old. We calculated home ranges for indi-
vidual wolves and used the 50% contours to define the 
core area, and 95% contours to define the broader home 
range around each den site (Benson and Patterson 2015, 
Hinton et al. 2016).

We then quantified seasonal home range sizes throughout 
the year of individual wolves and wolf packs using 95% 
contours. We established four home range seasons based on 
wolf life history and previous research conducted in the study 
area (Person and Russell 2009, Roffler et al. 2018). The pup-
rearing season (15 April–31 July) encompassed both the den-
ning season and the period of time that wolf packs begin to 
move to rendezvous sites. During late summer (1 August–14 
October) pups become more mobile and the pack activity 
center shifts to rendezvous sites and salmon spawning areas 
(Person 2001). Fall (15 October–31 December) is a period of 
higher mobility as pups and adults make larger movements 
throughout their home ranges. Late winter (1 January–14 
April) includes the breeding season and is also a period of 
increased territorial behavior (Mech and Boitani 2003). We 
used data only from resident radiocollared wolves in our 
analyses, and therefore excluded locations of wolves dur-
ing extraterritorial forays (temporary movements outside 
of a home range that are markedly separate from their 
previous locations; Ballard et al. 1997, Burch et al. 2005), or 
dispersal (a permanent movement away from the natal pack 
home range, or did not remain in one home range area for 
> 14 days; Person and Russell 2008).

We used an autocorrelated kernel density estimator 
(AKDE; Fleming and Calabrese 2017) to calculate 
home ranges, conducted using the ctmm 0.3.2 package 
(Calabrese  et  al. 2016, Fleming and Calabrese 2017) with 
R ver. 3.3.2 software (< www.r-project.org >). The AKDE 
method uses a semi-variance approach to account for the 
inherently autocorrelated nature of relocation data, as 
locations close together in time are also close together in 
space. AKDE fits a movement model to the location data 
to estimate the autocorrelation structure, which is then used 
to derive the optimal bandwidth. Standard methods that 
do not account for autocorrelation generally underestimate 
home range size (Fleming et al. 2015).

Following the steps to create AKDEs outlined in 
Calabrese et al. (2016) we first visually fit a semi-variogram 

function to the variogram of each individual wolf ’s 
movement data. We then fit isotropic (general move-
ment patterns) and anisotropic (directional) versions of 
movement model types appropriate for our location data 
(independently identically distributed [IID], Ornstein–
Uhlenbeck [OU], and Ornstein–Uhlenbeck foraging 
[OUF]) and selected the top-ranked model via Akaike’s 
information criterion corrected for small sample sizes 
(AICc) via the ctmm function ctmm.select. The IID model 
assumes uncorrelated locations and velocities (equivalent 
to kernel density estimation), whereas the OU and OUF 
models describe a tendency of directed movement towards a 
central location (e.g. the center of a home range). OU and 
OUF models both describe a restricted space use process 
(e.g. residency in a home range) but are distinguished in 
that velocities are uncorrelated with OU, whereas velocity is 
correlated with OUF (Calabrese et al. 2016). Both the OU 
and OUF models estimate home range size and the position 
autocorrelation time, typically interpreted as home range 
crossing time. We averaged the probability density func-
tions from the utilization distributions of each of the indi-
vidual radiocollared wolves in a pack to obtain the home 
range for each pack (C. Fleming pers. comm.).

We also calculated seasonal home ranges for each wolf 
pack using 95% minimum convex polygons (MCP; Mohr 
and Stumpf 1966) with the rhr package (Signer and 
Balkenhol 2015) in R. We included MCP seasonal home 
range calculations only for comparisons with previous wolf 
home range estimates in our study area and elsewhere. All 
analyses were conducted using AKDE-calculated home 
ranges. All seasonal home ranges and core use areas were 
clipped to the shoreline of POW.

Data analyses

Core and denning home range area
We tested for differences in size of core and denning home 
range areas between 1) breeding wolves, 2) non-breeding 
wolves associated with an active den, and 3) wolves not associ-
ated with an active den using analysis of variance (ANOVA) 
with Tukey’s post hoc tests (α = 0.05). We lacked a sufficient 
sample size to test for differences between male and female 
breeding wolves. To measure core use of denning areas, we 
measured the shortest and longest distances from the active 
den site to the edge of the core area polygon for individual 
wolves associated with the active den site (Fig. 2). We measured 
straight line distance from all active den sites observed during 
our study period to the nearest open road. We used ArcMap 
10.2.1 (ESRI, Redlands, CA) to conduct all spatial analyses.

To assess the quantity of old-growth habitat within den-
ning season home ranges we calculated the proportion of 
old-growth forest in relation to other forest and land cover 
categories. Land cover spatial data development is described 
in Roffler et al. (2018). Old-growth forest was >150 years 
old. Medium- and high-volume old-growth forest were 
combined and evaluated as a separate category from low-
volume old-growth forest because they have a higher value to 
deer as winter habitat (Suring et al. 1993). Young clearcuts 
were classified as ≤ 30 years since cut, and were characterized 
by the occurrence of understory shrubs, whereas old clearcuts 
were classified as > 30 years since cut, with dense canopies 
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and low occurrence of understory shrubs (Farmer and 
Kirchhoff 2007). The thinned forest category was comprised 
of young forest stands (mean age at the time of treatment 
was 24 years) that had been precommercially treated with 
thinning over >50% of their area to lower tree density and 
enhance timber production. Other land cover classifications 
included in the forage area analyses were open vegetation 
(meadows, grasslands and muskegs), other non-forest (fresh-
water, brush, urban areas), and alpine (high elevation, sparse 
vegetation, rocks and snow). We resampled all GIS data to a 
30 m2 cell resolution.

We quantified the proportion of each land cover type 
within each individual wolf ’s denning season home range 
area using the Tabulate Area tool in ArcMap. We tested 
for differences in proportions of home range area land 
cover among 1) breeding wolves, 2) non-breeding wolves 
associated with an active den, and 3) wolves not associated 
with an active den using ANOVA with Tukey’s post hoc tests 
(α = 0.05).

Seasonal home ranges
We tested for differences in wolf pack home range size 
across seasons using an ANOVA with Tukey’s post hoc tests 
(α = 0.05). In addition to examining home ranges at the 
wolf-pack scale, we also investigated differences in individual 
seasonal wolf home ranges and movement models. We first 
calculated the position autocorrelation time, interpreted as 
the time required to cross the home range (Péron et al. 2017) 
for each wolf using ctmm (Calabrese  et  al. 2016, Fleming 
and Calabrese 2017). We then used generalized linear 
models (GLMs) with gamma distribution errors and a log 
link function to examine the relationship between individ-
ual wolf home range size and wolf characteristics (individual 
identity, wolf pack membership, sex, breeding status, 
association with an active den) and temporal characteristics 
(season and year). We separately examined the relationship 
between home range size during the pup-rearing season and 
wolf characteristics. We used Bayesian information criterion 

(BIC) to select the top-ranked model and ranked them 
according to their weights (BICW). Additionally, we evalu-
ated the relationship between the best-fitting movement 
model for each individual wolf and wolf characteristics using 
multinomial logistic regression. Analyses were conducted 
using the lme4 (Bates and Sarkar 2006) and nnet (Venables 
and Ripley 2002) packages with R software.

Results

Captures and monitoring

During 2012–2016 we monitored 13 radiocollared wolves 
(eight females and five males) in seven packs with 1–5 wolves 
radiocollared in each pack. On average GPS collars recorded 
809 locations (SD = 415) per wolf, over a time interval of 
401 days collar–1. We detected 11 active den sites on POW 
during the study period, six of which had radiocollared 
wolves associated with them. Using the GPS data, visual 
observations on the ground and photos of wolves from the 
motion-detecting cameras, we identified the breeding and 
non-breeding collared wolves at the active den sites. Of the 
11 den sites we found, 6 (55%) had been previously used 
during 1995–2003 (Person and Russell 2009). Five dens had 
no previously recorded use by wolves. Two den sites were 
used for two consecutive years during our study period.

Home range estimation

Core and denning home range area
During our study period, the mean den entry date was 
2 May (range 20 April–21 May) and the mean den exit date 
was 1 July (range 20 June–21 July). Breeding wolves had 
earlier start dates of den occupancy (range = 20 April– 28 
April) than non-breeding wolves associated with an active 
den site (range = 9 May–21 May; Supplementary material 
Appendix 1 Table A1). On average wolves occupied den sites 
for 59 days (SD = 22.3, range = 35–82, n = 5).

Denning season core use areas ranged from 3 to 405 km2 
(mean = 107 km2, SD = 121 km2) for all wolves, and there 
was a statistically significant difference in mean core area 
sizes among categories of wolves (F2,10 = 4.91, p = 0.033). 
The post hoc Tukey test revealed that the mean core area 
size of breeding wolves (6 km2, SD = 4 km2) and wolves 
not associated with an active den (206 km2, SD = 142 km2) 
differed significantly (p = 0.038; Table 1). The minimum 
width of the six active den sites to the core use area edge 
ranged from 53 m to 1654 m, whereas the maximum width 
ranged from 1815 m to 14 687 m. The core use area width 
was narrower for breeding wolves at active den sites (mean 
minimum distance = 734 m, SD = 577; mean maximum 
distance = 2308 m, SD = 500) reflecting their smaller core 
use areas (Table 1). Active den sites on POW during our 
study period (n = 11) were on average 0.91  km from the 
nearest road (range = 0.17–3.83 km, SD = 1.07 km).

Home range areas during denning season varied in size 
from 44 to 1411 km2 (mean = 376 km2, SD = 418 km2) 
for all wolves. Similar to the core use area patterns, breed-
ing wolves had a smaller mean home range area (57 km2, 
SD = 10 km2) in comparison to non-breeding wolves at 

Figure  2. Schematic of core use area (AKDE 50% isopleth) and 
home range area (AKDE 95% isopleth) estimated with autocorre-
lated kernel density estimators (AKDE) during denning season (15 
April–15 June), Prince of Wales Island, Alaska, USA. The core use 
areas around dens (gray dot) were quantified by measuring the 
shortest and longest distances (black lines) from the den site to the 
edge of the 50%isopleth.
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an active den site (252 km2, SD = 161 km2) and wolves 
not associated with an active den site (691 km2, SD = 527 
km2) although the difference was not statistically significant 
(F2,10= 3.61, p = 0.066; Table 2). The low-volume and high/
medium-volume old-growth forest categories made up the 
largest proportion of land cover within wolf home range 
areas for all wolves (34 and 28%, respectively, Table 2). The 
proportion of both old-growth forest categories did not 
differ significantly among the home range areas of breed-
ing and non-breeding wolves, and wolves associated and not 
associated with active den sites. The proportion of other land 
cover types did not differ among wolf groups either, with 
the exception of old clearcuts which occurred proportionally 
more in breeding than in non-breeding wolf home range 
areas during denning season (F2,10 = 10.93, p = 0.003).

Seasonal home ranges
Seasonal home range size varied among packs, with AKDE-
calculated home ranges varying from 115 to 922 km2 
among seasons (Table 3). Wolf pack home range sizes were 
not significantly different between seasons (F3,21 = 0.25, 
p = 0.895). Home range size also varied among individu-
als (mean = 349 km2, SD = 260 km2, range = 41 km2–1411 
km2). The semi-variance function that best fit the wolf 
location data (top-ranked model via AICc for 32 of 49 
individual wolf seasonal home range models) was the aniso-
tropic form of the Ornstein–Uhlenbeck foraging movement 

model, with anisotropic Ornstein–Uhlenbeck (n = 13) and 
isotropic Ornstein–Uhlenbeck foraging models (n = 4) 
comprising the remainder of top-ranked models. The 
average time for a wolf to cross the linear extent of its home 
range (autocorrelation time) was 2.89 days (SD = 2.37), and 
was less during fall (1.95 days, SD = 0.99) in comparison 
to the pup-rearing season (3.40 days, SD = 2.61), late 
summer (3.09 days, SD = 2.71), or late winter (3.32 days, 
SD = 2.91; Table 4).

Wolf pack membership was the most important variable 
explaining individual wolf home range sizes across all seasons 
(ΔBIC = 2.1 from next top-ranked model, BICW = 0.736; 
Supplementary material Appendix 2 Table A2), whereas 
pack membership, breeding status, and association with 
an active den site were the most important variables 
explaining individual wolf home range size during the 
pup-rearing season (ΔBIC = 2.54 from next top-ranked 
model, BICW = 0.78; Supplementary material Appendix 
3 Table A3). At the individual wolf level, pup-rearing sea-
son home ranges were smaller for wolves associated with 
an active den site (β = –0.939, SE = 0.236, p = 0.016), and 
for breeding wolves (β = –0.798, SE = 0.236, p = 0.028; 
Supplementary material Appendix4 Table A4). Examina-
tion of individual home ranges of wolves during the pup-
rearing season revealed breeding wolves had smaller home 
range sizes (mean = 165 km2) than non-breeding wolves 
(mean = 459 km2; t11 = –2.19, df = 10.9, p = 0.051).

Table 1. Wolf core denning area (km2) estimated with 50% autocorrelated kernel density estimators (AKDE) during denning season (15 
April–15 June), the minimum and maximum core use area width (m) at active den sites, and number of wolves included in each category (n), 
Prince of Wales Island, Alaska, USA, 2012–2016.

Core denning area (km2) Core area width (m)

n Mean SD Minimum SD Maximum SD

All wolves 13 107 121
Breeding 3 6 4 734 577 2,308 500
Active den non-breedinga 5 69 45 1,638 1,577 10,344 6,317
Not associated with an active denb 5 206 142

aCore area width is based on non-breeding wolves at active den sites (n = 3).
bCore area based on home range size of wolves in a pack with no reproduction during denning season.

Table 2. Mean and standard deviation ( x [SD]) of wolf home range areas (km2) estimated across each category with 95% autocorrelated 
kernel density estimators (AKDE) during denning season (15 April–15 June), the number of wolves included in each category (n), and the 
mean and standard deviation ( x [SD]) of the proportion of each land cover category in the home range areas, Prince of Wales Island, Alaska, 
USA, 2012–2016.

All wolves Breeding
Active den  

non-breeding
Not associated with  

an active den

n 13 3 5 5
Home range area (km2) 376 (418) 57 (17) 252 (161) 691 (527)
High/medium-volume old-growth forest 0.28 (0.068) 0.32 (0.010) 0.29 (0.084) 0.25 (0.066)
Low-volume old-growth forest 0.34 (0.069) 0.26 (0.046) 0.35 (0.068) 0.36 (0.054)
Young CCa 0.09 (0.049) 0.13 (0.012) 0.04 (0.023) 0.11 (0.015)
Old CCb 0.10 (0.076) 0.19 (0.012) 0.07 (0.068) 0.12 (0.069)
Thinnedc 0.09 (0.045) 0.07 (0.030) 0.11 (0.046) 0.08 (0.051)
Opend 0.02 (0.013) 0.01 (0.023) 0.02 (0.011) 0.01 (0.009)
Other non-foreste 0.08 (0.088) 0.01 (0.006) 0.11 (0.123) 0.09 (0.053)
Alpinef 0.01 (0.014) 0.00 (0.000) 0.02 (0.021) 0.00 (0.005)

a≤30 years since clearcut.
b>30 years since clearcut.
c≥ 50% of forest stands were precommercially treated.
dmeadows, grasslands and muskegs.
efreshwater, brush, urban areas.
fhigh elevation, sparse vegetation, rocks and snow.
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The best-fitting movement model contained sex and 
breeding status as explanatory variables (ΔBIC = 6.62 from 
next top-ranked model, BICW = 0.963). In comparison to 
the most common movement model (the anisotropic form of 
the OUF, for 32 of 49 individual wolf home range models), 
females were more likely to conform to the OU anisotropic 
model than males (β = 2.140, SE = 1.128, p = 0.057) and 

breeders were more likely to conform to the OU anisotro-
pic model (β = 2.303, SE = 1.189, p = 0.052). Indeed, of the 
13 individual wolf home range models conforming to this 
movement model, 12 were female home range models, and 
included all of the wolves that were documented as breeding. 
The isotropic OUF model represented all females of non-
breeding status, whereas the anisotropic OUF consisted of 
both non-breeding males and females.

Discussion

Evaluation of core use area during denning season

The objectives of the revised den management recommen-
dations included permanent protection of den sites, main-
taining sufficient habitat and activity buffers around dens 
to buffer wolves from development and human activity, and 
retaining sufficient old-growth forest in foraging areas for 
pup-rearing. The area surrounding wolf dens required for 
protection has been proposed in other systems and varies 
depending on the magnitude and timing of the potential 
disturbance, the quality of the surrounding habitat matrix, 
and the legal status of the wolf population. For example, 
buffers of 1.6–10  km have been recommended to reduce 
disturbance surrounding den sites in British Columbia, the 
Canadian and US Rocky Mountains, and interior Alaska 
(Chapman 1977, Matteson 1992, Fritts et al. 1994, Paquet 
and Darimont 2002) and were determined from observations 
of wolf behavior and habitat characteristics of den sites. The 
current buffer recommendations in the Tongass National 
Forest Land and Resource Management Plan (366 m; USFS 
1997, 2008, 2016) are considerably smaller and believed 
to be sufficient for wolves during denning season to pre-
vent relocations of pups to another den site in response to 
noise from ground-based timber harvest activities and other 
disturbance in forested habitats due to noise attenuation 
(Wolf Technical Committee 2017). For louder activities 
such as helicopter overflights and road construction, a buf-
fer of 805 m (0.5 mile) was recommended. The rationale 
used to establish the 366 m buffer distance was unspecified 
(D. Person pers. comm.) highlighting the importance of 
transparently defining justification for management criteria, 
and the specific information required to meet these criteria.

Our research quantified core use areas to inform 
management efforts to protect dens from disturbance by 
using empirical data to describe wolf space use and move-
ment patterns. Although we did not specifically evaluate 
wolf tolerance of human disturbance, we believe that these 
data reflect habitat and space requirements around active 
den sites during the denning period when pups are most vul-
nerable. Based on our results, the current recommend buf-
fer does not encompass denning use areas. Despite breeding 
wolves having smaller core use areas (and corresponding den 
buffer widths), the mean distance of the edge of their core 
home range from the active den still exceeded the current 
recommended forest buffer distance (366 m) around the den 
site by nearly 2 (734 m) to more than 6 times (2308 m). 
When considering the non-breeding pack members associ-
ated with an active den site, the mean core home range edge 
further exceeded the buffer distance recommended for both 

Table 3. Monitoring period by pack and season (pup-rearing:  
15 April–31 July, late summer: 1 August–14 October, fall: 15 
October–31 December, and late winter: 1 January–14 April), and 
wolf pack home range size (km2) estimated with minimum convex 
polygons (MCP) and autocorrelated kernel density estimators 
(AKDE), Prince of Wales Island, Alaska, USA, 2012–2016.

Pack Monitoring period

Home range size (km2)

MCP AKDE

Pup-rearing
 Honker 2012–2014 516 922
 Hydaburg 2013 168 211
 Nossuk 2013 375 585
 Ratz 2012 100 251
 Sandy Beach 2015–2016 265 241
 Staney 2012–2015 110 145
 Trocadero 2016 116 217
Mean (SD) 236 (159) 394 (283)
Late summer
 Honker 2012–2014 363 356
 Hydaburg 2013 180 220
 Nossuk 2013 375 533
 Ratz 2012 392 840
 Sandy Beach 2015 195 292
 Staney 2013–2014 131 157
 Trocadero – – –
Mean (SD) 273 (116) 400 (252)
Fall
 Honker 2012–2014 687 558
 Hydaburg 2013 183 161
 Nossuk 2013 465 545
 Ratz 2012 450 249
 Sandy Beach 2015 324 115
 Staney 2012–2013 257 268
 Trocadero – – –
Mean (SD) 394 (180) 316 (191)
Late winter
 Honker 2012–2014 730 772
 Hydaburg – – –
 Nossuk 2012 447 533
 Ratz 2012 312 219
 Sandy Beach 2014–2015 122 133
 Staney 2012–2014 128 120
 Trocadero 2016 565 917
Mean (SD) 384 (243) 449 (344)

Table 4. Mean and standard deviation (SD) of seasonal (pup-rearing: 
15 April–31 July, late summer: 1 August–14 October, fall: 15 
October–31 December, and late winter: 1 January–14 April) 
individual wolf home ranges (km2) estimated with 95% autocorre-
lated kernel density estimators (AKDE), mean and SD of home range 
crossing times (days), and number of individual seasonal wolf home 
ranges (n), Prince of Wales Island, Alaska, USA, 2012–2016.

n Home range SD
Home range 
crossing time SD

Pup-rearing season 13 391 352 3.4 2.61
Late summer 12 337 207 3.09 2.71
Fall 14 270 169 1.95 0.99
Late winter 10 419 292 3.32 2.92
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ground-based disturbance (by a minimum of 1272 m) and 
louder noises (by a minimum of 833 m).

Protection of breeding wolves during the early denning 
season is an essential step to ensure reproductive success 
and population viability; however, because wolves are coop-
erative breeders it is also important to consider the require-
ments of the non-breeding members of the wolf pack. These 
wolves play an important role in both attending and provi-
sioning the pups especially before weaning due to reduced 
mobility of the breeding female (Ballard  et  al. 1991, Pot-
vin et al. 2004, Ruprecht et al. 2012). Conversely, because 
they are not as closely tied to the den site, these wolves may 
be better able to cope with disturbance. Inspection of indi-
vidual wolf home ranges in our study revealed much varia-
tion in home range size, with breeding status emerging as the 
major influencing factor. As has been documented in other 
wolf populations, reproductive status influences space use 
as breeding wolves travel shorter distances, are less active, 
and have higher den attendance rates than non-breeding 
wolves (Theuerkauf et al. 2003, Potvin et al. 2004) translat-
ing to smaller home ranges for the breeding pair than non-
breeding pack members (Hinton and Chamberlain 2010). 
These results underscore the importance of evaluating space 
use in terms of individual characteristics, as individual varia-
tion can be obscured when evaluating home range size at the 
pack level.

Home range area and habitat during denning season

The extent of home range areas was also variable during den-
ning season and mainly influenced by breeding status, with 
smaller home range areas for breeding than non-breeding 
wolves. As breeding status influenced individual variation 
in core and home range sizes during denning season, move-
ment patterns also varied according to this factor. Breeding 
females conformed to the OU anisotropic movement model 
indicating that they displayed discontinuous velocity and 
tortuous movements relative to other wolves, particularly 
during the pup-rearing season and late summer. Breeding 
females have high attendance rates at dens especially post-
parturition (Ballard et al. 1991, Potvin et al. 2004, Rupre-
cht et al. 2012), and maintaining close proximity to den sites 
could provide an explanation for convoluted movement pat-
terns resulting in irregular speed. In contrast, the majority 
of the non-breeding wolves (which have variable attendance 
rates at den sites) in our study, displayed foraging move-
ment patterns (OUF) indicating continuous velocity and 
directional movement. Space used shifted during fall as all 
wolves (regardless of breeding status) took less time to cross 
their fall home ranges than during other times of the year, 
coinciding with the period when pups become more mobile 
and movements patterns radiating from a den or rendezvous 
site are no longer necessary.

The quantity of each land cover category in the home 
range areas during denning season was mostly proportional 
to the land cover quantities within the greater study area 
(north-central POW, Fig. 1), with old-growth forest making 
up the majority of the home range areas, and other non-
forest, clearcuts, treated forest, and open vegetation occur-
ring in declining quantities (Table 1, Roffler  et  al. 2018). 
Therefore, the habitat quality within home range areas 

during denning season reflected the existing habitat at the 
landscape scale. There was little variation in the proportions 
of land cover categories based on breeding-status or associa-
tion with an active den site indicating that breeding status 
was more influential to the overall quantity of area used by 
an individual rather than the quality of the habitat. One 
notable exception was a higher proportion of old clearcut 
forest in the home range areas of breeding wolves during 
denning season. Previous habitat selection research dem-
onstrates that wolves avoid old and young clearcuts during 
denning season despite proximity and inclusion within the 
home range (Person and Russell 2009, Roffler et al. 2018). 
During this study den sites were generally located in old-
growth forest, corroborating previous results (Person and 
Russell 2009), but examination of the surrounding landscape 
revealed the occurrence of old clearcut forests sometimes in 
close proximity to den sites (0.1–1 km). This pattern of den 
site selection reflected hierarchical habitat selection dem-
onstrated in some wolf populations wherein wolves select a 
territory and within it the most favorable habitat for den 
sites to reduce risk (Trapp et al. 2008, Sazatornil et al. 2016).

Differences in the proportion of old clearcut forest in 
denning home ranges may be explained by variation in 
movement patterns. Breeding wolves, due to their restricted 
mobility may be unable to use more old growth forested 
habitat because it would necessitate greater travel dis-
tances from the den site. In contrast non-breeding wolves 
had home ranges areas approximately 8 times larger than 
breeding wolves and therefore a greater ability to incorpo-
rate more old-growth forest into their home ranges despite 
the proximity of unfavorable habitat (i.e. clearcuts). Of 
note is that clearcuts were avoided within denning season 
home ranges during 1995–2004 (Person and Russell 2009) 
and during 2012–2016 (Roffler  et  al. 2018), all the while 
becoming a more common land cover category.

During our study period over half of the den sites (n = 6) 
had been used previously during 1995–2003. The consistent 
reuse of these historic den sites by wolves could be due to 
variety of factors including learned behavior, or a limitation 
in availability of favorable denning habitat. However, the 
ability of wolves to establish new den sites (n = 5) was also 
documented during this study indicating some degree of 
flexibility in den site selection, sufficient availability of den 
habitat, or both. Due to demonstrated use of historic den 
sites with recorded denning activity up to 17 years previ-
ously, and reuse of den sites during this and earlier research 
(Person and Russell 2009), the Interagency Wolf Habitat 
Management Program recommended changes to the Forest 
Plan to indefinitely protect known den sites (instead of only 
for active dens) are supported.

Seasonal home range and movement patterns

Overall, there was a great deal of variability in wolf seasonal 
home range size and space use throughout the year, with 
differences explained more by wolf pack membership than 
by seasons. Home range sizes are negatively related to habi-
tat quality (Kittle  et  al. 2015), prey density (Fuller 1989, 
Mattisson et al. 2013, Lake et al. 2015), and wolf density 
(Peterson et al. 1984, Ballard et al. 1987), and can also be 
influenced by pack composition (Tallents et al. 2012), ter-
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rain features, and harvest (Rich et al. 2012). One pack in our 
study (the Honker pack) had larger pup-rearing home ranges 
than those of other packs (Table 3). There was evidence of 
multiple breeding females in the Honker pack during late 
May–mid July 2014, as radiocollared wolves, unmarked 
adults and pups were observed at two den sites 8 km apart. 
Occurrence of multiple breeding females in wolf packs is not 
common (6–8% of all packs; Mech 2000, 15.8% of all packs 
Ausband 2018), but could have contributed to the larger 
pup-rearing home range size of this pack (Table 3). Turnover 
of the breeding female is associated with the occurrence of 
multiple breeding females in a pack (Ausband et al. 2017). 
Additionally, the Ratz pack budded from the Honker wolves 
in 2012 and occupied an adjacent territory for 10 months but 
made occasional forays after the pup-rearing season into the 
Honker home range. This pattern is consistent with budding 
events documented elsewhere with overlap of the new and 
the originating pack home ranges, although overlap is lowest 
during the early denning season (Jędrzejewski et al. 2004). 
The budding event also contributed to the partly larger late 
summer and fall home range sizes of the Honker and Ratz 
packs relative to other packs in the study area (Table 3).

Seasonal pack home range sizes did not vary as much 
throughout the year as previously reported (Person 2001). 
Similar home range sizes between the pup-rearing period 
and late winter have been more commonly documented 
(Potvin et al. 1988, Fuller 1989) and are attributed in part 
to lower pack cohesion (Metz et al. 2011) and rotational for-
aging patterns (Demma and Mech 2009) during summer. 
Seasonal pack home range sizes were also larger than those 
previously reported (Person 2001), which were calculated 
using both MCPs and kernel density estimators (KDEs). 
This could be due to either methodological or ecological 
factors. Our study used GPS radiocollars, whereas Person 
(2001) used VHF radiocollar data collected at longer time 
intervals (every 5–14 days) to determine home range size. 
Rarefication of our location data to assess the effects of less 
frequent position fixes on home range size resulted in MCP 
home ranges that were ~30% smaller and KDE home ranges 
that were 10–25% larger than our position fix rate (ADF&G 
unpubl.). However, we also used a method to account for 
spatial autocorrelation; therefore, due to the underestima-
tion of home range size from standard methods (such as 
KDEs; Fleming et al. 2015), we would expect the AKDEs 
to be larger. Because home range sizes have an inverse rela-
tionship with habitat quality, prey biomass, and wolf density 
(Ballard et al. 1987, Fuller et al. 2003, Kittle et al. 2015), the 
larger home range sizes we reported could also be due to eco-
logical factors, including a decrease in wolf density on POW 
over the past two decades (Person et al. 1996, Roffler et al. 
2016), or ecological changes affecting prey density such 
as reductions of high-quality winter deer habitat (i.e. low 
elevation old-growth forests).

Management implications

The intent of the Wolf Technical Committee is to provide 
recommendations to maintain the integrity, attractiveness, 
and productivity of den sites with forested buffers which will 
be perpetually protected. The median value of the minimum 
and maximum distance between the core home range edge 

and a den site was 3756 m for all wolves associated with 
an active den. Therefore, land managers working to pro-
tect den sites should consider expanding the much smaller 
guideline den site buffers in place now to this larger size. The 
shape of the protected polygon surrounding the den should 
be selected to maximize high quality denning habitat (flat, 
low elevation terrain, in old-growth forests, near freshwater 
and distant from high density road areas, Person and Russell 
2009, Roffler et al. 2018). Therefore, the buffer width may 
vary to accommodate high-priority habitat but should not 
be less than 734 m (the minimum buffer width for breeding 
wolves). To maintain foraging habitat for wolves during 
denning season, it is recommended the proportion of old-
growth forest should not be reduced below the current values 
(61% of the core home range area for wolves associated with 
an active den). The timing of the restrictions to activities that 
could cause disturbance is a key consideration; restrictions 
could be loosened as pups become more mobile (> 6 weeks 
old) and able to respond to disturbances (Frame et al. 2007). 
The recommended period for seasonal management activity 
restrictions around active dens is 15 March–15 July based 
on earlier work by Person and Russell (2009; Wolf Technical 
Committee 2017); however, wolves were documented dur-
ing this study at dens as late as 21 July, and the mean den 
occupancy was nearly two months, thus extending the restric-
tion period to late July would be a conservative management 
action. Because wolves display a flexible response to road 
density throughout the year by avoiding areas with high road 
densities during denning season, but selecting these areas 
during winter (Roffler et al. 2018), timing is also a consid-
eration in road closures as a management action. Consider-
ing the pattern of repeated historical den site and habitat 
use, measures to maintain old-growth habitats surrounding 
documented den sites will help maintain the potential for 
successful wolf reproduction.
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Riparian Windthrow −−−− Northern Vancouver Island

Terry Rollerson3
Kerry McGourlick4

Abstract

Windthrow in riparian reserves and riparian management zones along streams on
Northern Vancouver Island is chronic.  It can range in degree, from isolated
individual trees or small groups of trees to occasional areas where all the trees are
windthrown.  This study documents the amount and distribution of windthrow and
evaluates relationships among various environmental and management factors,
and windthrow.  The factors most strongly associated with windthrow in riparian
forests are: the type of treatment applied to the boundary, the character of the
leave strip (one-sided versus two-sided strips), strip width, rooting depth,
exposure of the boundary to wind, tree height and tree species.  To a lesser
degree, soil drainage, landform morphology, and the position of the boundary on
the slope relative to certain morphologic features of landforms are also important.

Introduction

The implementation of the BC Forest Practices Code (FPC) has resulted in a
significant increase in the number and type of riparian reserves and forested
riparian management zones being established along streams on Northern
Vancouver Island.  This increase in the frequency of forested riparian buffers is
leading to increasing concern over the amount of windthrow that occurs, and the
possible effects of this windthrow on stream channels and other ecological values
within these riparian areas.  These concerns are coupled with a desire to predict
where windthrow is most likely to occur and to develop methods to control
riparian windthrow or mitigate its effects.

This study was set up to document the amount and distribution of riparian
windthrow, and to evaluate relationships among various environmental and
management factors and the frequency of windthrow.  The focus of the study is
on riparian management areas set up within the Northern Vancouver Island
operations of Western Forest Products Ltd.  At the time field sampling for this
study was conducted, riparian reserves and management zones established to FPC
standards had experienced one or two winter storm seasons.  Streamside
management zones established under the guidance of the BC Coastal
                                                

3 Senior Geoscientist, Golder Associates Ltd.  RR#2 Site 55 C58 1462 Broadview Road Gabriola, B.C. V0R
1X0.  Telephone: (250) 247-9802. E-mail: trollerson@golder.com

4 Regional Forester, Western Forest Products Ltd.  Mainland/Islands Region.  118-1334 Island Highway,
Campbell River, B.C. V9W 8C9.  Telephone (250) 286-4123.  E-mail: kmcgourlick@westernforest.com
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Fish/Forestry Guidelines (CFFG) that are comparable to the riparian management
areas as defined by the FPC were also sampled.  Most of these streamside
management zones had experienced several winter storm seasons.

Objectives
The study objectives included:

• Evaluation of the extent of riparian windthrow in logged areas on Northern
Vancouver Island that were harvested to FPC and/or CFFG standards.

• Evaluation of factors associated with riparian windthrow.

• A qualitative evaluation of the short-term effects of riparian windthrow on
streams.

• Development of a rapid, relatively low-cost, field methodology suitable for
the assessment and monitoring of post-harvest windthrow conditions.

Study Area
The study includes the Port McNeill, Holberg and Jeune Landing operating areas
of Western Forest Products Ltd.

The Port McNeill and Holberg operating areas are located within the Nahwitti
Lowland subdivision of the Hecate Depression on Northern Vancouver Island.
The Nahwitti Lowland encompasses the northern end of Vancouver Island north
of a line drawn between Englewood and Quatsino Sound.  It is an area of low
rounded hills and ridges within the Hecate Depression.  Elevations rarely exceed
600 meters above sea level (a.s.l.) except for a few isolated summits (Holland,
1976).

The Jeune Landing operating area lies within the northern portion of the
Vancouver Island Mountains, a major northwest to southeast-trending
physiographic unit that forms the core of Vancouver Island (Holland 1964).
Elevations range from sea level to 2200 meters.  This portion of the Vancouver
Island Mountains can be subdivided into two sub-units consisting of the North
Vancouver Island Ranges and the Vancouver Island Fiordland (Hoadley 1953;
Yorath and Nasmith 1995).  The North Vancouver Island Ranges tend to be more
rugged and have greater relief than Fiordland.

Most of the study area lies within the Submontane Very Wet Maritime variant
(CWHvm1) of the Coastal Western Hemlock (CWH) biogeoclimatic zone and the
Southern Very Wet Hypermaritime variant (CWHvh1) of the CWH
biogeoclimatic zone.  Western hemlock, balsam and cedar dominate the forest
cover within the area.  There are large areas of second growth plantations within
the study area.

Climate
Northern Vancouver Island is characterized by cool, wet winters and moist, warm
summers.  Snow is usually confined to higher elevations but is often present for
short periods at lower and mid elevations and the area is subject to occasional
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rain-on-snow events.  High intensity/long duration storms, often accompanied by
strong winds, occur during the fall and winter months.  The highest monthly
precipitation averages occur between October and January.  Snow generally
occurs between November and March.

Methods

The initial phase of the project included a helicopter reconnaissance of a number
of riparian reserve and riparian management zones in Western Forest Product’s
operating areas on Northern Vancouver Island.  We then reviewed past logging
plan maps to identify candidate harvest units and riparian areas that were logged
to FPC or CFFG standards and had experienced one to several winter storm
seasons.  This compilation involved WFP’s Port McNeill, Holberg and Jeune
Landing Operations.  The Port McNeill and Holberg operating areas are located
within the Nahwitti Lowland while the Jeune Landing operation is confined to the
northern portion of the Vancouver Island Mountains.

Between 60 and 65 logged blocks contained forested riparian areas that appeared
to meet the selection criteria, of these, 58 blocks proved suitable for study and
were sampled during the course of the project.  The field phase of the study
involved ground traverses of all forested riparian areas within each block selected
for sampling.

All riparian reserve zones and forested riparian management zones5 in FPC
blocks and streamside management zones in CFFG blocks on S1 to S6 streams
were sampled if they had experienced at least one winter season.  Each riparian
strip was stratified into distinct geomorphic and/or geometric ‘entities’.  This
stratification resulted in the creation of unequal length plots or ‘sample segments’.
The sample stratification or separation was based on the following field criteria:

• The type of forested riparian area.  Riparian areas were classified as 1-sided
leave areas or 2-sided leave areas (i.e., external stand edges versus strips of
timber bounded by clearcut areas on either side).

• Significant changes in the orientation (aspect) of the riparian boundary.
• Change in classification of the stream contained within the riparian area.
• Visible and significant changes in slope, terrain and/or soils along the

boundary.
• Changes in forest type along the boundary.
• Type of riparian treatment: untreated, feathered, thinned.
• The sample segments (plots) had to be a minimum of 50 meters long.  Shorter

segments were discarded.
• Two-sided riparian strips were sampled on both sides, each side of the strip

was treated as a separate sample.

                                                
5 The term ‘forested riparian management zone’ is used to distinguish between “forested” riparian management
zones where trees are retained and riparian management zones where all or almost all trees are cut.  Riparian
areas where small conifer regeneration (i.e. generally less than 2-3 meters tall) was retained were not sampled.
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• Changes in the amount or character of windthrow did not affect sample
selection.

We used stratified, unequal length sample segments (plots) to improve sampling
efficiency and to ensure that any visible environmental differences that could
potentially exert a significant effect on windthrow response were sampled.  For
example, random or systematically located plots that fell across significant
changes in soil type or boundary orientation could well confound any subsequent
analysis if these factors strongly affect windthrow susceptibility.  Because the two
important target variables (percent windthrow and distance of penetration of
windthrow) should not be affected by sample segment length we did not feel that
differences in the length of the plots would significantly affect the outcome of the
study.  Additionally, some terrain types are inherently quite variable over
relatively short distances so sampling the full length of such ‘strata’ should
generate a more representative estimate of the amount windthrow occurring
within these more heterogeneous terrain types.  For the objective of estimating
cumulative windthrow along riparian boundaries, unequal length sampling
segments work very well.  All segments along all riparian strips traversed were
sampled, except for a few short (<50 meter) segments that were discarded.  We
selected a minimum sample segment distance of 50 meters because we were
interested in making a qualitative assessment of the spatial patterns of windthrow
present in the area and felt that shorter sampling segments would likely obscure
any spatial pattern that might exist.

Much of the data collected in the field was restricted to visual classification of
such items as soil type, slope morphology, surficial materials, boundary geometry,
and stream class.  In order to streamline data collection we did not collect data on
the actual number of trees windthrown or standing.  Instead, we made visual
estimates of the amount of windthrow present based on nominal classes of: 0, 1,
2, 5 and then increasing increments of 5 or 10%.  Similarly, we visually estimated
the ‘average’ primary and secondary orientations of windthrown trees in a sample
strip rather than the orientation of each individual tree.  We developed a
qualitative wind exposure index, or ranking matrix (Figure 1), to represent the
vulnerability of boundaries that are subject to winds from more than one
direction.  Forest types and heights were estimated visually and then compared to
forest cover information included on the logging plan map for the block.  We also
recorded any stand edge treatments that had occurred along each sample segment.
In total 447 riparian segments were sampled representing about 76 kilometers of
falling boundary.

We carried out simple graphical analysis of the data to identify obvious trends and
patterns in the data that might be associated with changes in riparian windthrow.
Two non-parametric tests, the Mann-Whitney, and the Kruskal Wallis, were used
to test for significant differences in amount of windthrow between or among
variable categories. We also carried out a limited amount of segmentation analysis
using CHAID (Chi-squared automatic interaction detector – SPSS, 1998) to
develop a prototype windthrow hazard classification (decision tree) for Northern
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Vancouver Island.  The use of segmentation analysis to develop windthrow
hazard models was pioneered by Kennedy (1974), for studies of windthrow in
Northern Ireland.

Results and Discussion

Riparian windthrow within the study area averaged about 21% of the standing
timber along stream edges.  There are a large number of plots with only a minor
amount of windthrow and conversely only a limited number of areas with
substantial amounts of windthrow (Figure 2).  The average distance of penetration
of windthrow into the standing timber was about 12 meters.

Two-sided riparian strips are in general much more vulnerable to windthrow than
one-sided riparian strips (Tables 1 and 2).  Two-sided strips experience about
twice the amount of windthrow as one-sided strips.  The distance windthrow
penetrates in to the residual stand is also higher for two-sided riparian strips.

The type of edge or strip treatment has a significant effect on the amount of
windthrow.  Strips with feathered edges tend to experience the least amount of
windthrow (7%), followed by untreated strips (18%).  The lower amounts of
windthrow along feathered edges is most likely due to the successful
identification and removal of the more vulnerable trees along these edges.  There
may be a secondary compensating effect in that removal of these trees means that
they cannot knock other trees over in the process of blowing over themselves (i.e.,
the ‘domino effect’ is constrained).  Uniformly thinned strips and strips where
only the smaller merchantable trees have been retained experience substantially
higher percentages of windthrow among the retained trees (Table 1 and Figure 3).
The distance windthrow penetrates into riparian areas does not appear to vary
significantly between feathered and untreated edges but appears significantly
greater in thinned areas where only smaller trees have been retained.

Except for rooting depth, where there is a tendency for more windthrow to occur
as rooting depth increases, comparisons of between various environmental
variables and the amount of windthrow in thinned, two-sided leave strips show no
significant differences.  These treatments are not discussed further.  Rather we
focus on the apparent relationships between various environmental variables and
windthrow along untreated or feathered riparian strips.

There are a large number of variables that are associated with windthrow along
untreated and feathered riparian edges.  A number of these factors co-vary so
although most will be discussed below, not all need to be taken into account when
evaluating the potential for windthrow along a riparian boundary.

The width of riparian strips appears to play a significant role, with wider strips
having less windthrow (Figures 4 and 5).  The effect appears to be more
pronounced for two-sided compared to one-sided strips.  For one-sided strips, the
effect of increasing width appears to diminish once the strip is 25 to 30 meters
wide.  However, for two sided strips, windthrow frequencies appear to continue to
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decrease up to a width of about 40 meters (these distances represent the strip
width on one side of the stream only).

The location of a boundary relative to morphologic features on a hillslope can
have an effect on the amount of windthrow experienced (Table 2).  Falling
boundaries located along the edge of steep stream escarpments and gully sides
appear to experience substantively more windthrow than boundaries at other slope
locations.  Boundaries that are set back 10 to 20 meters from the edges of these
features appear to experience much less windthrow (these setback boundary
locations are classified as ‘hillslope-escarpment’ and ‘hillslope-gully’ in Table 2).
Downhill boundaries on slopes of 10 to 60% and boundaries on level or very
gentle slopes may experience slightly lower rates of windthrow than lateral
boundaries.  Lateral boundaries, which run up or down hillslopes, typically lie
perpendicular or diagonal to the long-axis of a valley and so may be more
vulnerable to up and/or down-valley winds.

The presence of shallow soils and shallow rooting as well as asymmetrical root,
stem and crown development in the trees growing along gully and escarpment
slopes may be the reason they are more vulnerable to windthrow.  Typically, the
crowns of the trees along gully sides and stream escarpments are more extensive
(heavier) on the downhill (stream) side of the tree and some trees on these steep
slopes lean out into the gully or over the stream.  Shallow rooting and the
asymmetrical form of these trees may make them more vulnerable to wind than
trees located some distance back from the gully or escarpment edge.  It is possible
to feather the edges of setback boundaries but it is very difficult to feather a stand
edge on a gully sidewall or steep stream escarpment unless trees are felled to
waste.  Consequently, some of the lower windthrow rates seen along setback
boundaries compared to gully and escarpment edges may be due to the presence
of feathering treatments.

The exposure or orientation of a boundary segment to storm winds is a significant
factor.  Boundary exposure (i.e., lee through windward) is defined as the relative
orientation of the boundary to the apparent direction of winds in a block
determined from the orientation of windthrown trees along the boundaries within
the block.  We define primary and secondary boundary wind exposure based on
the apparent dominance (primary and secondary) of windthrow orientations
around a block.  Table 2 lists the windthrow amounts for the primary boundary
exposure (boundary exposure 1).  As boundary exposure ranges from lee through
parallel to windward we assume that greater wind forces are applied to the trees
along the boundary.  As shown in Table 2 and Figure 6 there is an increasing
amount of windthrow as well as increasing depth of windthrow penetration from
lee through windward boundary exposure classes.

A similar, but perhaps more sensitive measure of apparent wind force is what we
call the ‘wind exposure index’ (see Figure 1, for the derivation of this index).
This index attempts to rank the cumulative effect of the primary and secondary
winds for each specific segment (sample) along a riparian boundary.  Reference to
Table 2 and Figure 7 shows a strong relationship between the amount of
windthrow and the wind exposure index.  This index should be useful at the field
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level for identifying boundaries that are potentially vulnerable to windthrow,
either through the use of likely wind orientation determined from natural
windthrow within a proposed block and/or by the documentation of post-harvest
windthrow orientations in nearby areas.

A weak but still important relationship occurs between the valley axis orientation
and windthrow.  Riparian boundaries located in NE-SW and NW-SE trending
valleys are more prone to windthrow than boundaries located in E-W and N-S
trending valleys (Table 2).  This finding suggests that some valley orientations
favour the confinement of regional storm winds whereas other valley orientations
may tend to disperse or disrupt these winds.  This relationship may prove be more
important in areas of high relief where valleys are well defined, than in areas of
low relief where the valleys are not well defined.

There are several relationships that associate windthrow with the character of the
riparian forests themselves (Table 2 and Figures 9).  The strongest relationship is
with the height class of the stands forming the riparian strips.  There is a general
increase in windthrow up to height class 4 and then a slight decrease or plateau in
windthrow frequency with increases in height class.  Because of small sample
sizes, the apparent relationship between windthrow and taller height classes
should be interpreted with caution.

A companion relationship is seen with age class as derived from forest cover
maps.  Windthrow is greatest for age class 4 and then decreases slightly to age
class 8 (age classes 5 and 6 were combined because of the small number of cases
in these categories).  Age class 4 corresponds to a moderate number of ±90 year
old, relatively tall, dense, uniform hemlock stands that regenerated after a severe
windthrow event(s) in the early part of the century (these stands are known locally
as the ‘1908 blowndown’, but may include stands of earlier and later origin).

There is also an apparent relationship with the dominant tree species present in
the various riparian strips.  Stands dominated by hemlock appear to be more
vulnerable to windthrow than either cedar or balsam fir.  The sample for balsam
dominated stands is quite small so the values for balsam should be interpreted
with caution.  Similarly, the ‘1908’ stands are dominantly hemlock so this factor
may bias the ‘species’ results somewhat.  The hemlock trees in the ‘1908’ stands
tend to have a high height to diameter ratio that will tend to predispose them to
windthrow.

No significant relationship was present for stand density class although there does
appears to be a slight increase in windthrow as stand density increases.  Again,
there is likely some correspondence between this factor and the relatively young
‘1908’ stands as they are typically quite dense.

There is no significant difference present between windthrow rates and surficial
material types (Table 2).  There are weak indications that morainal landforms may
be slightly more prone to windthrow.  Many of the areas dominated by morainal
deposits are well to imperfectly-drained, with relatively deep rooting and
moderately tall trees.
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There is a moderately significant relationship between windthrow and soil
drainage class areas (Table 2).  Well to imperfectly drained sites (e.g., complexes
of podzols and gleyed podsols) have the highest windthrow values followed
closely by more uniform, well drained sites.  Imperfectly to poorly and poorly
drained sites (e.g., humic gleysols and/or humisols) have lower amounts of
windthrow.

There is a strong trend of increasing windthrow with increasing rooting depth
(Table 2, Figure 8).  This result is contrary to most reported relationship between
rooting depth and windthrow.  On Northern Vancouver Island, we think that this
result may be related to a correspondence between rooting depth and tree height.
As rooting depth increases, tree height tends to increase, but there is also a general
increase in the amount windthrow.  It may be that the overturning forces
generated by very strong winds at the base of taller trees growing on sites where
there is relatively deep rooting simply overwhelm the resisting forces of the soil-
root system.

Analysis of the data set for untreated and feathered riparian strips using CHAID
points to a number of environmental and management-related factors associated
with windthrow (Figure 10) and that can be used to generate windthrow hazard
ratings.  The general trend in the analysis is that rooting depth is the most useful
variable for predicting the expected windthrow along a specific riparian boundary,
with windthrow increasing as rooting depth increases.  The next most useful
variables depending on the particular branch of the CHAID tree that is being
partitioned include the edge treatment (feathered or untreated) and the width class
of the riparian strip.  Once these variables have been stepped off, the model
chooses wind exposure index to further partition the data and then finally height
class.  Similar decision trees can be generated to estimate the distance windthrow
is likely to penetrate into a stand edge.  The current analysis indicates that the
multi-variate decision tree approach first pioneered by Kennedy in 1974 has
significant promise as a practical tool for estimating windthrow hazard along
setting boundaries.

Summary

The factors most strongly associated with windthrow in riparian forests are: the
type of treatment applied to the boundary, the character of the leave strip (one-
sided versus two-sided strips), riparian strip width, rooting depth, exposure of the
boundary to wind, tree height and tree species.  To a lesser degree, soil drainage,
landform morphology, and the position of the boundary on the slope relative to
certain morphologic features of landforms are also important.

Windthrow tends to in increase with increases in rooting depth, wind exposure
and tree height.  Narrow leave strips and 2-sided riparian strips are more prone to
windthrow, especially when thinned.  Stands dominated by cedar tend to be more
windfirm than stands dominated by hemlock.  Feathered edges tend to experience
less windthrow than untreated edges.  Slope morphology, and the position of the
boundary relative to certain morphologic features of hillslopes can be important.
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Table 1.  Management factors affecting windthrow (mean values) - all cases
 Factor  N  % windthrow  Sig. levels  Penetration (m)  Sig. levels

 Leave type:    0.000   0.000
 One-sided  229  14   11  
 Two-sided  218  28   14  
 Treatment    0.000   0.000
 Feathered edge  58  7   10  
 None  283  18   12  
 Uniform thinning  18  34   11  
 Thinned small trees retained  88  35   14  
 Note: all thinned strips are two-sided riparian areas but not all two-sided strips are thinned.

 

Table 2. Factors affecting windthrow – untreated and feathered edges
 Factor  N  % windthrow  Sig. levels  Penetration (m)  Sig. levels

 Leave type    0.032   0.008
 One-sided  229  14   11  
 Two-sided  112  21   14  
      
 Boundary geometry    0.099   0.138
 Escarpment edge  9  23   15  
 Gully edge  29  29   14  
 Hillslope-escarpment  25  17   13  
 Hillslope-gully  57  13   13  
 Downhill  44  13   12  
 Flat to gentle  64  10   8  
 Lateral  113  19   13  
      
 Boundary exposure 1    0.000   0.000
 Lee  18  5   9  
 Lee diagonal  48  9   9  
 Parallel  73  12   11  
 Windward diagonal  121  21   13  
 Windward  81  20   14  
      
 Wind exposure index    0.000   0.000
 1  1  1   40  
 2  3  0.3   5  
 3  22  8   9  
 4  18  6   8  
 5  47  9   8  
 6  61  13   10  
 7  66  18   13  
 8  69  21   13  
 9  54  27   17  
      
 Valley axis    0.041   0.063
 E-W  36  10   12  
 N-S  182  14   11  
 NE-SW  44  24   14  
 NW-SE  79  21   13  



149

 Table 2  Factors affecting windthrow – untreated and feathered edges cont’d
 Factor  N  % windthrow  Sig. levels  Penetration (m)  Sig. levels

 Dominant tree species    0.044   0.153
 B  19  11   10  
 C  125  10   11  
 H  197  21   13  
      
 Age class    0.043   0.286
 4  19  23   19  
 5.5  10  18   10  
 8  292  16   12  
      
 Height class    0.015   0.117
 2  10  6   9  
 3  32  10   8  
 4  117  20   15  
 5  118  15   11  
 6  41  15   12  
 7  3  1   12  
      
 Stand density class    0.165   0.441
 1  26  22   15  
 2  286  16   11  
 3  9  9   10  
      
 Surficial material groups    0.189   0.166
 Fluvial  12  7   7  
 Fluvial and morainal  27  14   14  
 Morainal  275  18   12  
 Morainal and organic  9  5   6  
 Organic  16  10   9  
 Rock and morainal  2  15   10  
      
 Soil drainage class    0.022   0.071
 1 (well drained)  256  16   12  
 2 (well to imperfectly)  52  24   13  
 3 (imperfectly to poorly)  16  4   7  
 4 (poorly)  17  9   8  
      
 Rooting depth category    0.000   0.103
 0.3 m  22  11   12  
 0.4 m  72  9   10  
 0.5 m  105  12   13  
 0.6 m  70  24   14  
 0.7 m  25  24   15  
 0.8 m  15  38   17  
 0.9 m  2  75   15  
 1.0+ m  5  70   14  
 Note:  all values are mean values
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 Figure 1  Wind Exposure Index
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 Note: Wind Exposure Index = (Boundary exposure 1 rank ) + (Boundary exposure 2 rank )
 
 Wind Exposure Index rank:
 3= very low
 4 = low
 5-7 = moderate
 8 = high
 9 = very high
 
The wind exposure index (WEI) is a simple, qualitative scoring scheme,
developed for the riparian windthrow study, that ranks the expectation that a
specific falling boundary segment will be affected by strong winds from more
than one direction. The primary and secondary (or co-dominant) windthrow
orientations for a block are compared in turn to each specific boundary segment
orientation (aspect) to determine the primary and secondary exposure categories
for that boundary segment (i.e., lee, windward or an intermediate exposure
category). The assumption is made that the post-logging windthrow orientations
in a sample block or boundaries in the immediate vicinity indicate the dominant
wind directions that may affect a specific boundary segment.  A simple ranking
matrix is then created that lists boundary exposure categories along the x and y
axes, defined as lee through windward and ranks them consecutively (i.e., lee = 1,
parallel = 3, windward = 5). The individual rank values are added vertically and
horizontally to determine the WEI for specific boundary segments or riparian
sample strips.  When there is only one windthrow (wind) orientation the WEI can
be less than 3.
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Abstract
Background: The role of hybridization in generating diversity in animals is an active area of
discovery and debate. We assess hybridization across a contact zone of northern (Myodes rutilus)
and southern (M. gapperi) red-backed voles using variation in skeletal features and both
mitochondrial and nuclear loci. This transect extends approximately 550 km along the North Pacific
Coast of North America and encompasses 26 populations (n = 485). We establish the history,
geographic extent and directionality of hybridization, determine whether hybridization is ongoing,
and assess the evolutionary stability of novel genomic combinations.

Results: Identification of M. rutilus and M. gapperi based on the degree of closure of the post-palatal
bridge was concordant with the distribution of diagnostic nuclear MYH6 alleles; however, an 80 km
zone of introgressed populations was identified. The introgressant form is characterized by having
mitochondrial haplotypes closely related to the northern M. rutilus on a nuclear background and
morphological characteristics of southern M. gapperi.

Conclusion: Introgression appears to have been historic as pure populations of M. rutilus are now
isolated to the north from introgressants or pure M. gapperi by the LeConte Glacier. As we do not
find pure M. rutilus or M. gapperi individuals throughout the distribution of the introgressant form,
it appears that the introgressants are a self-sustaining entity not requiring continued hybridization
between pure parental forms to generate this novel combination of characters.

Background
The evolutionary significance of hybridization has been
widely recognized in some taxa such as plants, but our
understanding of how this process contributes to animal
diversity, especially in vertebrates is relatively limited [1-
3]. Ecological and demographic settings known to con-
tribute to hybridization between otherwise well-defined
species include newly established contact (such that
behavioral, pre-zygotic filters to breeding may not exist)

and low density of one or both parental species such that
conspecific mating opportunities are limited [4]. Such
biogeographic and demographic conditions are known to
characterize many areas of interspecific, post-glacial con-
tact where the leading edges of the expanding ranges of
post-glacial colonizers meet [5-8]. Such regions provide a
unique opportunity to examine the origin and mainte-
nance of hybrid forms within an increasingly well-under-
stood biogeographic and temporal framework.
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Hybrid zones between species are thought to be main-
tained by two primary classes of models that predict 1)
differential fitness between pure parental and hybrid indi-
viduals and 2) differential degrees of spatial overlap
between pure parental species. The 'tension zone' model
[4] posits a dynamic balance between selection against
hybrids and dispersal of hybrids into the zone while the
'bounded superiority' model [9] holds that hybrids are
superior to pure parental types in a limited set of environ-
ments. As such, the tension zone model necessitates con-
tinued generation of hybrid offspring from pure parentals
so such systems would be characterized by sympatry of
pure parental and hybrid forms on a spatial scale that
encompasses the dispersal distances of the focal species.
Alternatively, if hybrids have a selective advantage, even in
a limited set of environmental conditions, we would pre-
dict little to no spatial overlap between pure parental and
hybrid individuals. If the distribution of hybrid-appropri-
ate habitat is at a scale that greatly exceeds the dispersal
distance of pure parentals, maintaining occupancy of
these areas would require that the introgressed form
become independently sustaining. It is through this latter
scenario that introgressive hybridization could establish
stable, evolutionarily independent populations.

A particularly common hybrid form is a pattern of mito-
chondrial introgression leading to novel cytonuclear com-
binations. Because mitochondrial DNA is maternally
inherited, this pattern can exist in animals where females
are the homogametic sex (i.e. mammals). Due to repro-
ductive inferiority of the heterogametic sex (Haldane's
rule), the perpetuation of such novel cytonuclear combi-
nations is prevented in animals with heterogametic
females [10]. A plausible model for a pattern of mito-
chondrial introgression would be one wherein interspe-
cific hybrids initially backcross with the most available
pure parental species and then become a self-perpetuating
entity, perhaps even displacing pure parentals. Under
such a model, introgressant hybrids would be character-
ized by a mitochondrial genome of one parental taxon on
a genomic background composed predominantly of that
of a second taxon. Phylogenetic relationships and overall
levels of diversity of mitochondrial types in the new intro-
gressant hybrid form relative to the parental taxa could
provide a great deal of insight into the origin of the intro-
gressant form as well as subsequent factors contributing to
the maintenance of these novel combinations.

Where the distributions of the northern red-backed vole
(Myodes rutilus) and southern red-backed vole (Myodes
gapperi) meet, we have an opportunity to examine inter-
specific interactions at the leading edge of two expanding
ranges. As the ice sheets retreated, M. rutilus expanded its
distribution south from Beringia, while M. gapperi colo-
nized northward into Canada approximately 13,500 years
before present (Ka) [11,12]. Hybridization between the

two species has been hypothesized based on discordance
between morphological and mitochondrial traits in a lim-
ited number of field-collected specimens [13], conver-
gence in allozyme variation in areas of contact [14] as well
as successful interspecific crosses in the laboratory [15].
Despite their capacity to interbreed, M. rutilus and M. gap-
peri are not sister lineages and are separated by approxi-
mately 9% sequence divergence in the mitochondrial
cytochrome b gene [16]. Our goals were to 1) establish the
geographic extent and directionality of any introgression
between these taxa in southeast Alaska, 2) assess whether
hybridization between M. rutilus and M. gapperi is ongo-
ing and/or historic, and 3) assess the evolutionary stabil-
ity of any novel genomic combinations.

Results
Post-palatal bridge morphology
There was a distinct break in character state of the post-
palatal bridge near the Stikine River (Table 1). Individuals
from Jap Creek (locality 7, Figure 1) and north had
incomplete post-palatal bridges, which is the same charac-
ter state observed in the M. rutilus from the reference sam-
ple (interior Alaska), and from throughout its range
(Runck in prep). Individuals from Mallard Slough (local-
ity 8, Figure 1) and south had complete bridges, character-
istic of the M. gapperi reference sample (Minnesota) and
from specimens of M. gapperi throughout its range (Figure
1; Runck in prep). There were, however, two individuals
(localities 3 & 4), north of Mallard Slough that possessed
complete post-palatal bridges, and two individuals (local-
ities 14 & 23) south of Mallard Slough that had incom-
plete post-palatal bridges. In interior Alaska, 5 of 46 M.
rutilus individuals had complete post-palatal bridges sug-
gesting a low incidence of natural variation within this
character in the northern red-backed vole.

Nuclear gene MYH6 genetic variation
Phylogenetic analyses of sequences of MYH6 revealed two
clades with an average uncorrected pairwise divergence of
1.94% (Figure 2). Maximum likelihood, neighbor-join-
ing, and Bayesian analyses produced similar topologies.
Individuals from Jap Creek (locality 7) and northward
had alleles that formed a clade with M. rutilus from west-
ern Alaska and Russia (Figure 2). Individuals from Mal-
lard Slough (locality 8) and southward had alleles that
formed a clade with M. gapperi from Minnesota and Brit-
ish Columbia. Uncorrected sequence divergence between
the outgroup taxa and the M. gapperi and M. rutilus clades
were 2.98% and 1.80%, respectively. None of the
sequenced individuals was heterozygous at the diagnostic
nucleotide positions.

Further sampling of the species-specific SNP using RFLP
analyses resulted in the digestion pattern diagnostic of M.
rutilus in all individuals from Jap Creek (7) northward,
while all individuals from Mallard Slough (8) southward
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had MYH6 alleles diagnostic of M. gapperi. We found no
individuals heterozygous for species-specific alleles.

Mitochondrial genetic variation and character 
concordance
We found 46 unique mitochondrial cytochrome b haplo-
types in our entire sample. Patterns of variation across hap-
lotypes were characteristic of functional mitochondrial
genes, with average base frequencies of A (29.3) G (13.5) C
(29.6) T (27.6), a 3.64 transition/transversion ratio, and a
gamma distribution of 0.75 of changes across classes of
codon sites. In addition, the distribution of the variable
amino acid residues was consistent with the model of vari-
able and conserved regions in cytochrome b [17].

Phylogenetic reconstruction using maximum likelihood,
Bayesian, and neighbor-joining methods produced simi-

lar topologies consisting of two highly supported clades,
A and B (bootstrap support of 100; Figure 3). Average
pairwise sequence divergence between southeast Alaska
individuals in clades A and B is 7.2% (uncorrected p dis-
tance). Clade A haplotypes extended from Siberia,
through western Alaska, and along the southeast Alaskan
coast north of Hut Point (15; Figure 3). Clade B haplo-
types were found in Minnesota and British Columbia as
well as the southeast Alaskan coast from Hut Point (15)
southward to Gwent Cove (19) on the mainland, Tyee
(11) to Bond Bay (22), on the Cleveland Peninsula, and
Wrangell (23), Etolin (24), and Revillagigedo (25, 26)
islands. Through additional RFLP screening of cyto-
chrome b, we determined that all individuals north of the
Stikine River (localities 1–8) and individuals up to 80 km
south of the Stikine River (localities 9 – 15) had Clade A
mitochondrial haplotypes. Clade B haplotypes were

Table 1: Sampling localities and number of individuals examined for morphological and molecular data

Locality N Cytochrome b MYH6 Post-palatal bridge
rutilus gapperi rutilus gapperi incomplete complete

Southeast Alaska M. rutilus
1 Excursion Inlet 6 6 - 6 - - -
2 Mud Bay 20 20 - 20 - 7 -
3 Echo Cove 20 20 - 20 - 19 1
4 Limestone Inlet 8 8 - 8 - 3 1
5 Cape Fanshaw 18 18 - 18 - 4 -
6 Patterson River 13 13 - 13 - 9 -
7 Jap Creek 10 10 - 10 - 1 -
Southeast Alaska introgressants
8 Mallard Slough 28 28 - - 28 - 21
9 Stikine River 20 20 - - 20 - 18
10 Berg Bay 5 5 - - 5 - 3
11 Tyee 29 5 24 - 29 - 11
12 Reflection Lake 17 8 9 - 17 - 17
13 Unuk River 31 31 - - 31 - 25
14 Chickamin River 15 10 - - 10 1 14
15 Hut Point 16 4 12 - 16 - 15
Southeast Alaska M. gapperi
16 Ledge Point 7 - 7 - 7 - 7
17 N Rudyerd Bay 17 - 17 - 17 - 11
18 Point Louise 19 - 19 - 19 - 14
19 Gwent Cove 20 - 20 - 20 - 17
20 Duck Point 26 - 26 - 26 - 3
21 Union Bay 25 - 24 - 24 - 12
22 Bond Bay 24 - 24 - 24 - 24
23 Wrangell Island 36 - 36 - 36 1 32
24 Etolin Island 34 - 20 - 20 - 24
25 Revillagigedo Is. 12 - 12 - 12 - 9
26 Revillagigedo Is. 9 - 9 - 9 - 6
Interior Alaska M. rutilus
Denali Nat. Park 46 1 - 1 - 41 5
Minnesota M. gapperi
Brown County 18 - 1 - 1 - 18

Individuals examined for morphological and molecular data. Locality numbers correspond to Figure 1. Numbers of individuals examined for 
cytochrome b and MYH6 include direct sequencing and RFLP analyses. Contact of M. gapperi and introgressants is found at localities 11, 12, and 15.
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Distribution map of Myodes rutilus, M. gapperi, and introgressants in southeast AlaskaFigure 1
Distribution map of Myodes rutilus, M. gapperi, and introgressants in southeast Alaska. Open circles refer to indi-
viduals with post-palatal bridge morphology, cytochrome b haplotypes, and MYH6 alleles of M. rutilus. Black shaded circles refer 
to individuals with post-palatal bridge morphology, cytochrome b haplotypes, and MYH6 alleles of M. gapperi. Grey shaded cir-
cles refer to individuals with post-palatal bridge morphology and MYH6 alleles of M. gapperi and cytochrome b haplotypes of M. 
rutilus. Numbers correspond to population numbers in Table 1. The grey dashed line indicates change in post-palatal bridge 
morphology. Stippled areas indicate present-day glaciers. Inset of highlighted area is GIS glacial coverage that shows the 
LeConte Glacier extending to the coast, resulting in a physical barrier between populations 7 and 8.
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Maximum likelihood tree constructed with 257 bp of the MYH6 locusFigure 2
Maximum likelihood tree constructed with 257 bp of the MYH6 locus. Phylogeny was constructed using maximum 
likelihood and the HKY model of nucleotide substitution. Numbers above the branches are bootstrap support values > 65. 
Taxa labels are the locality number. The vertical bars show the morphological species identifications.
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Maximum likelihood tree constructed with 600 bp of the cytochrome b geneFigure 3
Maximum likelihood tree constructed with 600 bp of the cytochrome b gene. Phylogeny was constructed using the 
TrN + invariable sites + gamma model of nucleotide evolution. Number above the branches are bootstrap support values > 65. 
The taxa labels in bold are the locality number and the numbers in parentheses are the number of individuals. The vertical bars 
indicate the morphological species identifications.
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found on the mainland south of Hut Point (localities 15
– 19), on the Cleveland Peninsula (localities 11, 12, 20 –
22) and on Wrangell (locality 23), Etolin (locality 24),
and Revillagigedo islands (localities 25, 26). Contact
between the two divergent haplotype clades were found at
localities 11, 12, and 15.

Individuals with Clade A haplotypes that were also char-
acterized by the post-palatal bridge morphology of M.
rutilus and MYH6 alleles concordant with this morphol-
ogy were only found north of Jap Creek (7). Hereafter, we
refer to these individuals as M. rutilus. Individuals with
Clade B haplotypes and the post-palatal bridge morphol-
ogy of M. gapperi and MYH6 alleles concordant with this
morphology were found on Etolin (23), Wrangell (24),
Revillagigedo (25, 26) islands, the Cleveland Peninsula
(20 – 22), and south of Hut Point (15), (hereafter M. gap-
peri). All individuals from Mallard Slough (8) south to
Berg Bay (10) and Unuk and Chickamin rivers (13 & 14)
had the post palatal bridge morphology and MYH6
sequence characteristic of M. gapperi but a set of cyto-
chrome b haplotypes more closely related to pure M.
rutilus (hereafter introgressants; Figure 1). Introgressants
were found in sympatry with M. gapperi only at localities
11, 12, and 15 (Figure 1; Table 1). Though haplotypes
found within the introgressant individuals as a group
were most closely related to M. rutilus, none was identical
to haplotypes found in populations of M. rutilus. A
synapomorphic mutation (position 513) was shared by
all but one individual (Reflection Lake; locality 12) of the
45 sequenced introgressants.

To further resolve haplotype relationships within the two
major clades, we constructed statistical parsimony net-
works using cytochrome b sequence variation without vio-
lating the parsimony criterion, as haplotypes within each
clade were ≤ 10 mutational steps away from each other.
The Clade A network had two major subclades, one con-
sisting of haplotypes only found in the introgressant form
(Figure 4; indicated in grey) and the other consisting of all
pure M. rutilus individuals and one introgressant (Figure
4). The maximum distance between pure M. rutilus indi-
viduals was five mutations (0.008%) and between intro-
gressant individuals six mutations (0.01%). Two ancestral
haplotypes were inferred in the Clade B network (internal
nodes) and a maximum distance of 5 mutations
(0.008%) was found among these M. gapperi haplotypes
(Figure 5).

Haplotype diversity was highest in M. gapperi (0.906 +/-
0.01) and in the introgressants (0.874 +/- 0.04) and low-
est in M. rutilus (0.633 +/- 0.07; Table 2). Likewise, nucle-
otide diversity was highest in M. gapperi and the
introgressants (0.003 +/- 0.002) and lowest in M. rutilus
(0.001 +/- 0.001). Even though the introgressant haplo-

types are nested within M. rutilus, haplotype and nucle-
otide diversities in M. rutilus and the introgressants are
significantly different t√90 = 18.22 p = < 0.001 and t√90 =
31.96 p = < 0.001, respectively.

Demographic history and molecular evolution
Values obtained through Fu's test of selective neutrality
were largely negative and significantly different from zero
(Table 2), which is expected for populations undergoing
recent growth. However, negative values can also be a
result of selection. The mismatch distributions were uni-
modal for M. rutilus, M. gapperi, and the introgressants,
which is expected for populations undergoing sudden
expansion or under certain selective regimes (Figure 6).

Estimates of the timing of any expansion events (τ ) were
very similar in M. gapperi and the introgressants, but more
recent in M. rutilus (Table 2). The unimodal peak of the
mismatch distributions (τ ) were used to calculate time
since expansion (t = τ /2u), which we estimate to be 9.46
Ka (95% CI range 7.91 – 12.0 Ka) for M. gapperi and 8.57
Ka (95% CI range 5.86 – 11.95 Ka) for the introgressants.
Estimate of time since expansion is most recent in M.
rutilus at 4.31 Ka (95% CI range 2.12 – 6.74 Ka).

Relative rate tests were conducted using pairwise lineage
comparisons and M. rufocanus as an outgroup. Because of
saturation, rates of synonymous substitutions per synony-
mous site (Ks) could not be calculated, so rates of synony-

Cytochrome b gene genealogy of Clade A haplotypesFigure 4
Cytochrome b gene genealogy of Clade A haplo-
types. Statistical parsimony network was constructed using 
all unique Clade A haplotypes with the inferred ancestral 
haplotype indicated by the square. The size of the squares 
and ovals correspond to the haplotype frequencies. Haplo-
types represented by white ovals (n = 11) were found in indi-
viduals identified as M. rutilus and haplotypes represented by 
grey ovals (n = 18) were found in individuals identified as 
introgressants. A hash mark indicates intermediate muta-
tional steps. The parsimony criterion was met, as the number 
of mutational steps between any pair of haplotypes was ≤ 7.
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mous transversions per fourfold degenerate site were
estimated (B4), as the rate of evolution in transversions is
slower. Pairwise lineage comparisons of B4 showed no sig-
nificant difference among the rates of evolution (p > 0.27).
Rates of non-synonymous substitutions per nonsynony-
mous site (Ka) were also similar among the lineages (p >
0.30; results not shown). The molecular clock hypothesis
was not violated, as likelihood scores of trees constructed
with and without molecular clock constraints were not sig-
nificantly different (χ2 = 44.8 d.f. = 176, P > 0.05).

Discussion
After the retreat of Pleistocene glaciers, distributions of
many high latitude organisms shifted resulting in new
species assemblages and opportunities for genetic and

ecological interactions [5-8,18]. Historical genetic signa-
tures of heterospecific mitochondrial genes may be pre-
served in hybrid zone populations that are no longer
undergoing genetic exchange. Examination of these pop-
ulations using population and coalescent methods should
provide insight into the timing and dynamics of geo-
graphical shifts in species' ranges in response to climate
change [8,19].

Concordance of diagnostic characters
Identification of M. rutilus and M. gapperi in this transect
based on the degree of closure of the post-palatal bridge
was concordant 98.7% of the time with the distribution of
the species-specific MYH6 alleles, with the exception of
four individuals. The discordance observed in these indi-
viduals was a result of the character state of the post-pala-
tal bridge being opposite of what was found in all other
members of their respective population. We therefore rea-
son that because there is a distinct change in the develop-
mental state of the post-palatal bridge at the Stikine River
area and this character distinguishes M. rutilus from M.
gapperi. This abrupt change in frequency of the ossifica-
tion of post-palatal bridge and distribution of the MYH6
diagnostic alleles coincides with Hall's [20] depiction of
parapatry of M. rutilus and M. gapperi at the Stikine River
area.

The distribution of highly differentiated mitochondrial
cytochrome b haplotypes was not concordant with the
morphological and nuclear characters. Our analysis
revealed three groups: M. rutilus is characterized by an
incomplete post-palatal bridge and a set of closely related
MYH6 alleles and cytochrome b haplotypes; M. gapperi is
characterized by a complete post-palatal bridge and a set
of closely related MYH6 alleles and cytochrome b haplo-
types that are highly differentiated from those of M. rutilus
(1.9% and 7.2%, respectively); and an introgressant form
that has the post palatal bridge and MYH6 alleles of M.
gapperi but a set of cytochrome b haplotypes that is
unique, yet clearly more closely related to M. rutilus hap-
lotypes. Thus, across an 80 km expanse separating pure M.
rutilus and M. gapperi populations, these introgressant red-
backed voles are characterized by a combination of fea-
tures of both M. rutilus and M. gapperi.

Cytochrome b gene genealogy of Clade B haplotypesFigure 5
Cytochrome b gene genealogy of Clade B haplotypes. 
Statistical parsimony network was constructed using all 
unique Clade B haplotypes. These haplotypes were found in 
individuals identified as M. gapperi. Inferred ancestral haplo-
types are represented by squares. The size of the square and 
ovals correspond to the haplotype frequencies. A hash mark 
indicates intermediate mutational steps. The parsimony crite-
rion was met, as the number of mutational steps between 
any pair of haplotypes was ≤ 5.

Table 2: Cytochrome b summary statistics for M. rutilus, M. gapperi and introgressants

Group N H S h ± SD π ± SD Fu's Fs τ

M. rutilus 47 11 11 0.633 ± 0.07 0.001 ± 0.001 -7.8* 0.97 (0.48 – 1.51)
M. gapperi 80 18 16 0.906 ± 0.01 0.003 ± 0.002 -8.9* 2.13 (1.78 – 2.70
Introgressants 45 17 17 0.874 ± 0.04 0.003 ± 0.002 -11.3* 1.93 (1.32 – 2.69)

Diversity measures from the analysis of cytochrome b sequences. Number of individuals examined (N), number of haplotypes (H), number of 
segregating sites (S), gene diversity (h), nucleotide diversity (π), Fu's Fs, for M. rutilus, M. gapperi, and introgressants. Estimates of time since 
expansion in mutational units (τ ) are calculated from the mismatch distribution with their 95% confidence intervals.
* Significant p < 0.01.
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Colonization and hybridization dynamics
Estimates of expansion times into southeast Alaska
obtained from the mismatch distribution (t = τ /2u) indi-
cate that these species arrived post-glacially. Working
under the assumption that rates of evolution are consist-
ent among these three groups, estimates of time since
expansion are similar in M. gapperi and the introgressants,
dating to 9.46 Ka and 8.57 Ka, respectively. As introgres-
sants largely reflect the genetic signature of the hybridiz-
ing M. rutilus, expansion of both species into southeast
Alaska date back to the early Holocene [21,22]. These esti-
mates of expansion into southeast Alaska are notably ear-
lier than the expansion time of those pure populations of

M. rutilus that now exist north of the LeConte Glacier
(4.31 Ka).

Given our refined view of the distribution of M. rutilus and
M. gapperi and potential barriers, there appears to be no
contemporary contact between these species in this
transect. Consistent with that view, is the lack of MYH6
heterozygotes with alleles diagnostic of pure M. rutilus
and M. gapperi that might suggest ongoing hybridization
with M. rutilus [23]. Likewise, inspection of the post-pala-
tal bridge, presumably controlled by multiple nuclear
loci, revealed no intermediate morphs.

In addition to not finding evidence for contemporary
gene exchange between these two species, we did not find
the parental species in sympatry. Furthermore, there was
not extensive overlap of the introgressants with the pure
parentals. M. gapperi and the introgressants occur in sym-
patry only at the southern edges of the zone of introgres-
sants (localities 11, 12, 15), and the current tidewater
position of the LeConte Glacier prevents contemporary
contact of pure M. rutilus with voles in areas farther south
that are now occupied by introgressants or, even farther
south, by pure M. gapperi. As such, it would appear that
the introgressants are self-sustaining populations and not
hybrids that are continuously generated from pure paren-
tal crosses. An active contact zone does exist, however, at
the southern, leading edge of the introgressant distribu-
tion and the northern edge of pure M. gapperi (at localities
11, 12, 15). The direction and degree of genetic exchange
at the latter contact zone is the subject of an ongoing study
(Runck et al., in prep). Future ecological studies should
explore whether abiotic or biotic shifts are associated with
the transition between these groups and/or whether direct
competitive interactions limit their coexistence.

Origin of mitochondrial signature in introgressants
The introgressant form is characterized by a monophyletic
group of mitochondrial haplotypes nested within haplo-
types otherwise characteristic of M. rutilus. Nonetheless,
the introgressed group possesses a distinct mitochondrial
genetic signature from M. rutilus populations across this
region. Notably, not only do the introgressants not share
any haplotypes with M. rutilus, they also have significantly
greater mitochondrial variability than the donor species.

Three plausible scenarios could lead to this distinct
genetic signature of novel, but closely related, haplotypes
and overall higher mtDNA diversity that characterize the
introgressants. First, increased mitochondrial diversity in
the introgressants may simply reflect differences in popu-
lation history when compared to M. rutilus in southeast
Alaska. The higher estimates of mitochondrial diversity in
the introgressants are similar to those for other popula-
tions of M. rutilus outside of southeast Alaska. For 54 M.

Mismatch distributionFigure 6
Mismatch distribution. Mismatch distribution for M. 
rutilus, M. gapperi and introgressants. The solid and dashed 
lines indicate observed and expected distributions, respec-
tively.
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rutilus found across a much greater geographic sampling
area in northwestern Canada and interior Alaska, esti-
mates are comparable to the level of diversity seen in the
introgressants, with nucleotide diversity of 0.003, 19 seg-
regating sites, and τ  = 1.63 (unpublished data). Therefore,
it is possible that contemporary populations of M. rutilus
in southeast Alaska previously had higher levels of diver-
sity, but lost diversity (e.g., through bottleneck events)
after hybridizing with M. gapperi. This hypothesis does not
explain the lack of shared haplotypes between the intro-
gressants and M. rutilus, however, so southeast Alaskan M.
rutilus subsequently must have lost all the haplotypes now
found exclusively in the introgressants.

A possible alternative is that southeast Alaska may have
served as a glacial refugium during the Last Glacial Maxi-
mum for red-backed voles. Under this scenario, a more
diverse population of M. rutilus originally hybridized with
M. gapperi thus creating the introgressants, which captured
and sustained M. rutilus haplotype diversity. As glaciers
retreated, genetic diversity was lost from coastal popula-
tions of pure M. rutilus as they expanded northward
(reflected in low mitochondrial variation in contempo-
rary populations of M. rutilus). Although southeast Alaska
has been proposed as a coastal refugium for vertebrates
during Pleistocene glacial advances [24,25], we do not
believe this is the case for northern red-backed voles
again, because no introgressant haplotypes are shared
with contemporary populations of M. rutilus.

A hypothesis that seems most consistent with the available
data implicates multiple waves of colonization of M. rutilus
into this coastal region. Multiple colonization events of M.
rutilus into the region could also lead to this pattern of dis-
tinct haplotypes in the introgressants. Under this scenario,
gene exchange between the species occurred first with an
early colonizing population of M. rutilus, and the genetic
signature of the introgressants now reflects this ancestral
exchange along with the subsequent accumulation of new
haplotypes through time. Later, a second colonization
event would have given rise to extant M. rutilus in the
region. If these extant-pure M. rutilus are indeed the result
from a second, more recent colonization event, as the esti-
mate of expansion suggests (~4.3 Ka), these voles would
have been isolated from introgressant populations south of
Jap Creek (locality 7) due to the advancement of the
LeConte Glacier to tidewater around 5,000 ybp. Therefore,
genetic exchange between the introgressants and contem-
porary M. rutilus would have been prevented and would
account for the lack of shared cytochrome b haplotypes and
lack of MYH6 heterozygotes. One would have to posit that
the earlier colonizing wave of M. rutilus was extirpated from
the region or was not sampled in this study.

Regional extinctions and multiple colonizations have
been documented in southeast Alaska during times of cli-

mate oscillations [26] as the North Pacific Coast under-
went repeated climatic fluctuations during the Pleistocene
and Holocene. Recent advances correspond to the
Younger Dryas around 10.6-9.9 Ka [27], with three addi-
tional advances around 5–6 Ka, 3.5-2.5 Ka, and 200-100
YBP [28-30]. During these cooling events, alpine glaciers
advanced into lower elevations, reducing species ranges.
Due to the extensive glacial coverage of the northern part
of southeast Alaska, M. rutilus may have been susceptible
to extirpation or displacement during periods of cooling
and advancing glaciers.

Marginal support for the multiple waves of colonization of
M. rutilus hypothesis is reflected in the relationship of the
introgressant mtDNA relative to pure M. rutilus in the min-
imum spanning network and likelihood tree. In both anal-
yses, introgressants form a subgroup, and are not
intermixed with the remaining M. rutilus mitotypes suggest-
ing that these two mitotypes were not part of a panmictic
population. The genetic footprint of an earlier hybridiza-
tion event supports the hypothesis of multiple coloniza-
tions of the northern red-backed vole along the coast.

Evolution of an introgressant contact zone
Although genetic exchange may have been extensive, our
data suggest that a very closely related set of haplotypes
(or a single haplotype that subsequently mutated) was
captured and maintained in the introgressants. The uni-
modal distribution of pairwise comparisons and position
of the introgressant haplotypes in the network and phyl-
ogeny support the hypothesis of a single hybridization
event instead of multiple temporally discrete events. Ini-
tial genetic exchange may also have been bidirectional,
but we only have evidence thus far of the mitochondrion
of M. rutilus being maintained on the morphological and
presumably nuclear background of M. gapperi. Nonethe-
less, a more complete view of the nuclear composition of
the introgressant form relative to the pure parental forms
will provide insight to the extent of backcrossing that
occurred in this system.

Once established, the novel mito-nuclear combination of
the introgressants either diffused neutrally or was selected
for and expanded their distribution while displacing the
pure parentals. While we cannot determine which sce-
nario is responsible for the 80 km zone of introgressants,
it is notable that all individuals in this region are intro-
gressants. Moreover, several of our findings are consistent
with predictions of the bounded superiority hypothesis
[9]. The introgressants and pure parentals do not overlap
extensively and the introgressants are self-sustaining and
are not the result of continual hybridization. Also, consist-
ent with the bounded superiority hypothesis is that the
introgressants occupy a limited area of southeast Alaska,
and have not established populations west of localities 11
and 12 on the Cleveland Peninsula.
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The degree of genetic admixture that may have occurred
while the introgressant voles were fairly uncommon rela-
tive to pure parentals awaits our more complete sampling
of the nuclear genome of this group. Similar long-term
persistence and spatial expansion of introgressant or
hybrid forms has been documented in snails (genus
Cerion), resulting from an ancient hybridization event
between a now extinct fossil species and an extant species
[31]. Hybrids are hypothesized to have persisted due to
the novel genetic combinations that enhanced survival
during the time that one of the parental species was elim-
inated [31].

With the advance of the LeConte Glacier to tidewater
approximately 5,000 years ago, any potential for gene
flow between northern M. rutilus and the introgressants
ceased. However at the southern edge, we do find locali-
ties (11, 12, and 15) where introgressants overlap spa-
tially with pure M. gapperi suggesting the potential for
ongoing gene flow. Ongoing analyses of microsatellite
genetic variation should identify not only the degree of
overall distinction between the introgressed form and
pure M. gapperi but also the amount of gene flow that
characterizes their current contact zone. Likewise, ecolog-
ical studies may help identify the degree to which these
groups compete either directly or indirectly with one
another and whether the spatial distribution of each is
currently stable or actively shifting.

A North Pacific Coast suture zone
The North Pacific Coast has been documented as post-gla-
cial contact zone for several mammalian lineages from the

high latitude refugium called Beringia and from multiple
refugia that existed south of the continental ice sheets
[13]. Within species, independent colonizations into this
recently deglaciated region have occurred by at least two
divergent lineages of several species such as dusky shrew
(Sorex monticolus) [32], long-tailed vole (Microtus longi-
caudus) [33], black bear (Ursus americanus) [34], and mar-
ten (Martes americana) [35,36]. Ermine (Mustela erminea)
are represented by three divergent lineages in southeast
Alaska; one is hypothesized to be endemic to the region,
perhaps surviving in the North Pacific Coast during the
Pleistocene [24].

Introgression along the coast has been documented from
divergent lineages of marten [35], black bears [37], and
now red-backed voles. Contact zones are likely for diver-
gent clades of dusky shrews and long-tailed voles, there-
fore the narrow strip of mainland along the southeast
Alaska coast may be a suture zone, whereby several for-
merly isolated species have entered the region by discrete
colonization routes, and have subsequently come into
contact in the same geographic area [38-40]. The North
Pacific Coast, and in particular, southeast Alaska, possess
characteristics [38] commonly tied to suture zones, such
as being located between Pleistocene glacial refugia, and
nearby low mountain passes acting as corridors for disper-
sal [13,41] during warm periods.

A renewed interest has emerged in testing the validity of
Remington's thirteen North American suture zones
through phylogeographic studies [39,40,42]. The North
Pacific Coast was not originally identified as a suture zone
by Remington [38], but phylogeographic studies repeat-
edly demonstrate the existence of multiple lineages within
species (e.g., shrews, voles) in this region. Populations
representing divergent lineages are now in contact there
following postglacial expansion [43]. Most of these stud-
ies, however, have limited ability to detect hybridization
because only mitochondrial genes were assessed. Future
phylogeographic studies of these species should employ
multiple independent characters to more rigorously assess
the influence of geologic and climatic events on structur-
ing diversity along the North Pacific Coast.

Conclusion
Interspecific hybridization between M. rutilus and M. gap-
peri resulted in the formation of an introgressant group
that spans 80 km. The novel mito-nuclear combination of
these introgressants likely expanded either by displacing
or by colonizing areas left unoccupied by pure parentals
in response to the changing climate of the Holocene.
Hybridization between the two species is historical, as a
region occupied exclusively by the introgressants now sep-
arates these two species. Additionally, physical separation
(as a result of glacial advances) of M. rutilus and introgres-

Variation in ossification of the post-palatalbridgeFigure 7
Variation in ossification of the post-palatalbridge. Pic-
tures of ventral views of craniums with arrows pointing to 
the medial shelf. A. Complete post-palatal bridge, with the 
dashed line highlighting the medial shelf connected to lateral 
parts of the palate; diagnostic of M. gapperi. B. Incomplete 
post-palatal bridge, with the dashed line highlighting the 
medial shelf, which is not connected to lateral parts of the 
palate; diagnostic of M. rutilus.

A. B.
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sant populations occurred ca. 5,000 Ka thus establishing
reproductive isolation of this pure parental species and
the introgressants. These introgressive populations appear
to be stable as they are not a result of continuous interspe-
cific matings between the pure parental species.

Methods
Sampling
The temperate rain forest of coastal southeast Alaska is
naturally fragmented by extensive icefields, fjords, and six
major rivers, and is isolated from continental North
America by the St. Elias and Coast Mountains. Sampling
was conducted at 26 localities [44] spanning approxi-
mately 550 km along the North Pacific Coast centered on
the Stikine River where M. rutilus and M. gapperi are tradi-
tionally depicted as being in contact [20] (Figure 1). Spec-
imens were deposited at the University of Alaska Museum
of the North. A total of 485 individuals (see Additional
file 1) were analyzed, with 5 to 36 individuals from each
locality. Additional individuals of M. rutilus and M. gap-
peri from localities outside southeast Alaska were included
for comparative purposes.

Morphological data collection
Closure of the post-palatal bridge is the key diagnostic
character used to distinguish M. rutilus from M. gapperi
(Figure 7) [11,20,45,46]. All individuals from the transect
were examined, but in some instances the character state
could not be determined due to skull damage, resulting in
a total 328 individuals analyzed. Character states were
compared with M. rutilus skulls from interior Alaska (n =
46) and M. gapperi skulls from Minnesota (n = 18). Previ-
ous analyses of these specimens and others show that
degree of post-palatal closure is not correlated with sex,
age, or latitude, (Runck in prep). Specimens were exam-
ined under 25× magnification to score the post palatal
bridge either as A) complete, with medial shelf connected
to lateral parts of the palate, or B) incomplete, with
medial shelf disconnected (Figure 7).

Molecular methods
Genomic DNA was extracted from frozen liver of 95 M.
rutilus and 390 M. gapperi following a modified salt extrac-
tion method [24,47].

Nuclear locus, MYH6
Twenty-seven nuclear genes were screened from the col-
lection of comparative anchor tagged sequences to obtain
a diagnostic nuclear perspective on species identification
and to test for interspecific gene flow in the contact zone
[48]. Five loci yielded PCR products in the 300–1000 bp
range. We used the primer set MYH2F and MYH2R to gen-
erate a 257 bp fragment of MYH6 (myosin heavy polypep-
tide 6). Although this primer set was originally designed
to amplify MYH2 (myosin heavy polypeptide 2) [48], a

nucleotide BLAST search against the entire nucleotide col-
lection in GenBank indicated that the amplified fragments
are MYH6.

The identification of species-specific alleles was con-
ducted using broadly distributed individuals of M. rutilus
from Russia, Finland, and western Alaska and individuals
of M. gapperi from Washington, Minnesota, and North
Carolina. Outgroup taxa M. rufocanus and M. glareolus
were also sequenced [16]. From these samples we found
three conserved single nucleotide polymorphisms (SNPs)
that distinguish the alleles of M. rutilus and M. gapperi. We
consider this locus to be diagnostic for the two species
because these diagnostic nucleotide differences were
found throughout the species' ranges.

The MYH6 locus was amplified for all individuals (n =
485). Restriction length polymorphism (RFLP) analysis of
the MYH6 locus was used to delimit the distribution of
species-specific alleles among individuals. A restriction
site is present at one of the SNPs, and the restriction
enzyme Hpa II was used to digest MYH6 amplicons. Hpa
II cuts the restriction site CCGG, which is present in M.
gapperi at positions 182 – 185, but not in M. rutilus.
Restriction enzyme digestion was completed using 5 µl of
the PCR product, 7.5 units Hpa II, and 5 µl Buffer1 (New
England Biolabs). PCR products were incubated at 37°C
for 5 hours with negative and positive controls. Digested
products were run on 2% agarose stained with ethidium
bromide.

Directing sequencing of MYH6 was conducted on at least
2 individuals from each sampling locality (n = 64; Addi-
tional file 1; GenBank FJ638345–FJ638410). Qiagen
Qiaquick purification kits were used to purify PCR prod-
ucts. Purified PCR products were cycle sequenced using
Taq DyeDeoxy Terminator Cycle Sequencing Kit and Big
Dye Terminator Cycle Sequencing Ready Reaction Mix 3.0
(Applied Biosystems Incorporated). Sequencing products
were filtered using Sephadex G-50 in Centrisep spin col-
umns (Princeton Separations). Automated sequencing of
both heavy and light strands was conducted on Applied
Biosystems Incorporated 373 and 3100 DNA sequencers.
Sequences were aligned and compared manually using
Sequence Navigator, Version 1.01 (Applied Biosystems
Incorporated) and Sequencher (GeneCodes). Hetero-
zygous sites were given standard DNA degenerate codes
[23].

Mitochondrial locus, cytochrome b
PCR was used to amplify the first 632 base pairs of the
cytochrome b gene with the primers MVZ 05 [49] and
CLETH 06 [50] following established protocols [50].
Cytochrome b fragments were used in subsequent restric-
tion enzyme digestions and direct sequencing.
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Direct sequencing of the cytochrome b gene fragment was
conducted on at least five individuals from each sampling
locality (Additional file 1), resulting in a total of 47
sequences of M. rutilus and 125 of M. gapperi (GenBank
FJ616001–FJ616166). Additional sequences were gener-
ated from one M. rutilus from Russia and one from west-
ern Alaska, and from one M. gapperi from British
Columbia. Cytochrome b PCR products were purified
using polyethylene glycol (PEG) precipitation [51]. Puri-
fied PCR products were cycle sequenced using Taq DyeDe-
oxy Terminator Cycle Sequencing Kit and Big Dye
Terminator Cycle Sequencing Ready Reaction Mix 3.0
(Applied Biosystems Incorporated). Sequencing products
were filtered using Sephadex G-50 in Centrisep spin col-
umns (Princeton Separations). Automated sequencing of
both heavy and light strands was conducted on Applied
Biosystems Incorporated 373 and 3100 DNA sequencers.
Sequences were aligned and compared manually using
Sequence Navigator, Version 1.01 (Applied Biosystems
Incorporated) and Sequencher (GeneCodes).

RFLP analysis was conducted on all individuals (n = 485) to
determine the distribution of M. rutilus and M. gapperi cyto-
chrome b gene haplotypes within the 26 populations. The
ALU I restriction site AGCT is present in M. rutilus at position
513 but not in M. gapperi [16,50]. Cytochrome b fragments
were digested using 3.5 units of ALU I, 1.0 ul Buffer2 (New
England BioLabs), and 5.0 ul PCR product. Positive and neg-
ative controls were included to confirm enzyme activity in
each trial. PCR products were digested for 5 hours at 37°C
and then visualized on a 2.0% agarose gel stained with ethid-
ium bromide. Digestion of the cytochrome b fragment
resulted in two bands for M. rutilus and one band for M. gap-
peri. Distributions of the two haplotypes were mapped.

Phylogenetic analysis
We analyzed 257 bp of the MYH6 locus using maximum
likelihood and neighbor-joining algorithms in
PAUP*b10 [52] and Bayesian statistics in Mr. Bayes v3.4
[53]. Individuals of M. rutilus from western Alaska and
Russia and individuals of M. gapperi from Minnesota and
British Columbia were also included in the analyses. M.
rufocanus and M. glareolus sequences were included as out-
groups. The model HKY [54] was determined as the sim-
plest model that best fit these data through Modeltest [55]
and was used in the analyses. Neighbor-joining analyses
used 1000 bootstrap replicates to assess nodal support.
The Bayesian analysis started with a random tree and was
run for 1.0 × 107 generations sampling every 1,000 gener-
ations. A consensus of three runs was computed after sta-
tionarity was reached.

The first 600 base pairs of cytochrome b from 172 south-
east coastal individuals were used in phylogenetic analy-
ses. M. rutilus from Russia and western Alaska and M.

gapperi from British Columbia were included in addition
to a published sequence from Minnesota [Gen-
Bank:AY952173] [50]. M. rufocanus [GenBank:AY309416]
[16] and M. glareolus [GenBank:AF119272] [56] were
included as outgroups. The Tamura-Nei [57] model of
nucleotide evolution with invariable sites (0.4036) and
gamma distribution (0.7468) was identified using Model-
test as the model that best fit these data, and was used in
subsequent analyses. Phylogeographic relationships were
reconstructed using maximum likelihood and neighbor-
joining algorithms in PAUP*b10 [52]. Nodal strength was
assessed using 1000 bootstrap replicates. Bayesian statis-
tics were also used to reconstruct phylogeographic rela-
tionships in Mr. Bayes v3.4 [53]. Bayesian reconstruction
started from a random tree and was run with four heated
chains for 1.0 × 107generations, sampling every 1,000
generations. Three runs were conducted and nodal sup-
port (posterior probability) was computed from the three
runs after stationarity was reached.

Two cytochrome b statistical parsimony networks were
constructed for the two clades of haplotypes [58]. Haplo-
types were connected based on the absolute number of
mutational differences and coalescent theory was used to
identify ancestral (internal) and derived (tip) relation-
ships [59] in the program TCS v1.21 [60]. Ten mutational
steps between any two haplotypes is the maximum differ-
ence allowable in order to reconstruct the relationships
while meeting the parsimony criterion with 95% proba-
bility [58].

The M. rutilus haplotype network was constructed using
11 haplotypes representing 47 M. rutilus individuals and
also included 17 M. rutilus-like haplotypes found in 45
individuals identified morphologically as M. gapperi
(introgressants). The M. gapperi haplotype network was
constructed using 18 haplotypes representing 80 M. gap-
peri individuals.

Demographic history and molecular evolution
Variation of cytochrome b sequences was used to test for
signals of population expansion, to estimate the time
since expansion, and to estimate mutation rates. Haplo-
type diversity (h) and nucleotide diversity (π) were esti-
mated [61] separately for M. rutilus, M. gapperi, and
introgressants in the program Arlequin ver. 3.11 [62]. Dif-
ferences in levels of diversity were tested using a t-test. The
frequency distribution of pairwise differences (mismatch
distribution) [63] and Fu's FS statistic [64,65] were calcu-
lated to test for population expansion in Arlequin ver.
3.11. Under the Sudden Expansion Model, pairwise differ-
ences will have a unimodal distribution [66]. Values of
Fu's FS will be negative and indicative of expansion when
there is an excess of singleton mutations or a when a gene
is under selection [65].
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The peak of the unimodal distribution (τ ) [66,67] in the
mismatch distribution was used to calculate time since
expansion in Arlequin. Applying the equation τ  = 2 µt
where µ is the mutation rate and t is time in generations
[66], allows an estimate of time since expansion. Confi-
dence intervals of τ  were calculated using parametric
bootstrapping [68]. Using the mutation rate of 7.5% per
million years [69], and values of τ  obtained from mis-
match analyses, we estimated time since expansion for M.
gapperi, M. rutilus and introgressants.

To test for constancy in rates of cytochrome b evolution
among lineages, we conducted a relative rates test in rrTree
v1.1 [70], which calculates synonymous and non-synony-
mous rates of evolution [71,72]. We also constrained the
ML phylogeny to a molecular clock in PAUP*4.0b10 [52]
and performed a log likelihood ratio test of log likelihood
scores of constrained and unconstrained trees and com-
pared these values to a χ2 distribution.
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forest policy

Implementing the 2012 Forest Planning Rule:  
Best Available Scientific Information in Forest 
Planning Assessments
C.M. Ryan, L.K. Cerveny, T.L. Robinson, and D.J. Blahna

National forests and grasslands in the United States are governed by land and resource management plans that should be updated every 15 years to reflect changing social, 
economic, and environmental conditions and to address new priorities. A new forest planning rule finalized in 2012 introduces new planning approaches and requirements, 
and several forests have completed the forest assessment phase of their planning process. Using document analysis and interview data, we analyzed four completed forest 
assessments to gain insights into early forest planning efforts under the 2012 rule. We found that forest assessments address the required topics, although the organization 
and depth of treatment varies across cases; government sources and academic publishers are relied on most often as sources of scientific information; and approaches to best 
available scientific information rely on peer-reviewed information, agency technical reports and syntheses, and personal expertise and judgement.

Keywords: early adopter, expertise, US Forest Service

Management of the 154 national forests and 20 grasslands 
in the United States is governed by land and resource 
management plans (also called forest plans), as required 

by the National Forest Management Act of 1976 (NFMA; 16 
U.S.C. 1604). The forest plan functions as a guiding document 
that outlines goals, objectives, and strategies for management of 
the unit. Periodically, the rule related to forest planning is revised 
to reflect societal changes, new approaches and technologies, 
and scientific discoveries. For many years the US Forest Service 
(USFS), which manages the system of national forests and grass-
lands, has operated under a planning rule finalized in 1982 (47 
FR 43026)  despite several efforts (2000, 2005, and 2008)  to 
revise and improve the rule (Schultz et al. 2013). A new planning 
rule issued in April 2012 (77 FR 21161)  introduces several sig-
nificant changes, including a renewed emphasis on collaboration, 
improved transparency, and a strengthened role for public involve-
ment throughout the planning process. Of interest for our study 
is the requirement to use the best available scientific information 

(BASI) to inform the assessment, plan revision decisions, and 
monitoring program.

To date, little research has addressed implementation of the 
2012 planning rule. Schultz et al. (2013) examined approaches to 
wildlife conservation planning under the new rule, raising concerns 
regarding potential extirpation of species. Another study analyzed 
public participation processes in 12 national forests (University of 
Montana 2015), and Schembra (2013) explored the role of stand-
ards and guidelines and how they are used in planning activities. 
Forest planning under the 2012 rule consists of three phases (assess-
ment, plan development, and monitoring). The assessment phase 
is important, as it assembles relevant scientific information that 
planners will rely on to make decisions on forest management in 
the plan development phase. Our study contributes to this growing 
body of knowledge by examining the assessment phase of the forest 
planning process.

Eight “early adopter” national forests, along with several other 
forests, are currently developing their forest plans using the 2012 
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rule. These forests were designated as early adopters because they 
provide important benefits, had strong existing collaborative net-
works in place, and needed to revise their forest plans (USDA 
Forest Service 2012a). The eight early adopter forests are: Cibola 
(NM), Chugach (AK), El Yunque (PR), Nez Perce and Clearwater 
(ID), and three forests that are coordinating planning on a regional 
basis: Inyo, Sequoia, and Sierra (CA).

Although implementation is still in early stages, several of the 
early adopter forests have completed their forest assessments and 
draft forest plans, which presents an opportunity to study imple-
mentation of the planning process under the new rule. One forest 
(the Francis Marion in SC) has completed the full plan revision 
process as of this writing. We examined four forests that have com-
pleted their assessments, including three forests identified by the 
agency as early adopters and one forest that is keeping pace with 
this group. The study explored three questions: 1) What does the 
2012 planning rule require regarding the structure, content, and 
process for forest assessments? 2) How have forests implemented 
the directives related to forest assessments under the 2012 planning 
rule? 3) How are forests approaching the requirement for the use of 
best available scientific information in their assessments?

Forest Planning under the 2012 Rule
The 2012 planning rule suggests an adaptive approach to for-

est planning, instructing managers to 1)  assess forest conditions; 
2)  revise or amend plans if the assessment indicates a need for 
change; and 3)  monitor plan implementation (36 CFR 219.5). 
The process is cyclical, with monitoring data feeding back into the 
assessment of conditions in the management unit (USDA Forest 
Service 2012b). During the assessment phase, planners are expected 
to “rapidly evaluate existing information about relevant ecological, 
economic, and social conditions, trends, and sustainability, and 
their relationship to the land management plan within the con-
text of the broader landscape” (36 CFR 219.5(a)(1)). The second 
phase of the planning process is plan development, amendment, or 
revision, where planners use the results of the assessment to estab-
lish a need for change and generate planning alternatives (36 CFR 
219.5(a)(2)), and the public has the greatest opportunity for input. 
The plan development phase includes environmental impact assess-
ment, public input, and plan publication (36 CFR 219.5(a)(2)). 
The third phase (monitoring) is an opportunity to track and meas-
ure management effectiveness over time (36 CFR 219.5(a)(3)). 
The planning process under the 2012 rule is similar to the process 
specified under the 1982 rule, but differs in terms of the specific 
elements required for the assessment (2012 rule) and the analysis 
of the management situation (the assessment’s counterpart in the 
1982 rule).

We focused our study on the assessment phase of the planning 
process. The assessment phase is important because it requires 
the forest to assemble and synthesize the most recent, relevant, 
and highest-quality science on social, ecological, and economic 
conditions to inform the plan development. Not only does this 
provide planners an opportunity to evaluate changes in biophys-
ical and socio-economic conditions based on the latest monitor-
ing data, it also represents a chance to reflect on new concepts, 
models, and methods that result in new scientific information 
about the local forest environment. Under the 2012 plan-
ning rule, the assessment phase identifies existing conditions, 

trends, risks, uncertainties, and information gaps that are rel-
evant to land and resource management issues in the unit (36 
CFR 219.5–219.6). In the assessment phase, the planning unit 
is not required to generate new studies or information, but is 
expected to obtain pre-existing information that is publicly 
available or voluntarily provided (36 CFR 219.6). Information 
can come from government and nongovernment sources, and 
the rule instructs the Forest Supervisor to provide opportunities 
for stakeholders to provide information for the assessment (36 
CFR 219.6). The primary product of the assessment phase is an 
assessment document that evaluates existing information for 15 
specific topic areas (Figure 1). Although the general topic areas 
are mandated by the 2012 rule, the Forest Supervisor has discre-
tion to determine the scope, scale, and timing of the assessment, 
assuming the other requirements in the planning rule are fol-
lowed (36 CFR 219.6).

Role of Science in Natural Resource Management
Historically, natural resource management in the United States 

was guided by the idea of scientific management and Progressive-
era approaches (Taylor 1896). In particular, Samuel Hays’s “gospel 
of efficiency” relied on a rational and scientific method of mak-
ing decisions through a single, central authority. The thought 
was to avoid conflict via a scientific approach to social and eco-
nomic issues (Hays 1959, p.  267). The US Forest Service exem-
plifies the approach of technical rationality and empirical science 
as the basis for sound resource management practices (Wellman 
1987; Kaufman 1960). Foresters and natural resource managers 

Although implementation of the US Forest Service’s 2012 planning rule is still 
in the early stages, several national forests have completed the assessment 
phase and moved on to the next phase of forest planning. Our analysis of 
forest assessments from several “early adopter” forests illustrates that forest 
planners are making serious efforts to address required topics and rely on the 
best available scientific information. Assessment reports were disproportion-
ately heavy in science related to terrestrial and aquatic ecosystems, and more 
limited in treatment of infrastructure, land ownership and access patterns, cul-
tural heritage, and areas of tribal importance. Ensuring that assessment teams 
include broad and diverse disciplinary experts will help address this challenge, 
recognizing that some forests may not have access to necessary disciplinary 
specialists. It is also possible that some of the topics (e.g., ecosystem services, 
tribal and cultural resources, land status and use patterns) simply do not have 
as much relevant and available information as other topics. Assessment teams 
may want to consider additional ways to interact with scientists and others 
to create functioning communities of practice related to science exchange for 
forest planning. In the same way, agency scientists may consider forging new 
and enduring relationships with planners and managers that could generate 
new science that is of immediate relevance. We found similarities across all 
forests in the most common approaches to identifying BASI in addition to other 
approaches such as data sharing meetings, a wiki review site, and requests for 
a science synthesis. Information from non-peer-reviewed sources was more 
difficult for planners to assess and evaluate. Sharing best practices, along with 
revised guidance for planning rule implementation, may help national forest 
planners improve the utility, efficiency, and quality of forest assessments.

Management and Policy Implications
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are expected to incorporate state-of-the-art scientific knowledge to 
manage public lands (Lachapelle et  al. 2003). However, the role 
of science in natural resource decision-making has become much 
more complex (Mills and Clark 2001). Recent literature acknowl-
edges that no important policy issue or decision is purely technical, 
that established practices are problematic, and that politics are una-
voidable (Brunner et al. 2005). In spite of this, numerous policies 
reflect the scientific management paradigm in their calls for best 
available science.

In the United States, many policies and statutes contain ref-
erences to best available science, including the Marine Mammal 
Protection Act of 1972, the Endangered Species Act of 1973, and 
the Safe Drinking Water Act of 1974. Despite references to the 
concept of best available science, these policies do not include spe-
cific definitions of its properties, standards, or practical application 
in the decision-making process (Doremus 2004; Smallwood et al. 
1999), leading to different definitions of what it means. Ryder 
et al. (2010) identify attributes of best available science from pub-
lished literature that span topics such as endangered species legis-
lation, protection of conservation areas, forest management, water 
resource management, and ocean fisheries. The paper highlights the 
diversity of attributes assigned to best available science, and demon-
strates that no single attribute is common to all studies, suggesting 
that best available science is context specific (Ryder et  al. 2010). 
Moreover, as Lowell and Kelly (2016) observe, the ability to use 
best available science may be inhibited by institutional constraints 
within particular agencies limited by time or organizational cap-
acity. Other literature has attempted to assign descriptors to the 
concept. For example, “best” often connotes scientific informa-
tion with the greatest degree of excellence and authenticity based 
on sound logic (Moghissi et  al. 2010), or that there is no better 
scientific information, and suggests the use of the most relevant 
and contemporary data and methods (National Research Council 
2004). “Available” connotes scientific information that is accessible 
and attainable (Moghissi et al. 2010), or that decisions can be con-
sistent with the scientific information that is available even though 
data gaps exist (National Research Council 2004). “Science or 
Scientific information” is defined as knowledge that emerges from 
a process of observation, identification, description, and testing of 
explanatory hypotheses about fundamental principles that govern 
cause-and-effect (National Research Council 2004). The National 

Research Council report includes guidelines for effectively using 
best available science, including concepts of relevance, inclusive-
ness, objectivity, transparency and openness, timeliness, and peer 
review. Finally, Charnley et al. (2017) analyzed a science synthesis 
for three national forests and suggest criteria for evaluating “best 
available social science,” which may be different from the criteria 
used to evaluate best available biophysical science.

A key aspect of the 2012 planning rule is that it requires the 
planning process to draw on the best available scientific informa-
tion (36 CFR 219.3). The preamble to the planning rule notes that 
there is a range of information that can be considered BASI, stating:

In some circumstances, the BASI would be that which is 
developed using the scientific method, which includes clearly 
stated questions, well-designed investigations and logically 
analyzed results, documented clearly and subjected to peer 
review. However, in other circumstances the BASI for the 
matter under consideration may be information from anal-
yses of data obtained from a local area, or studies to address 
a specific question in one area. In other circumstances, the 
BASI also could be the result of expert opinion, panel con-
sensus, or observations, as long as the responsible official has 
a reasonable basis for relying on that scientific information as 
the best available. (77 FR 21192 [April 9, 2012])

Planning Directives are agency guidance documents that direct 
implementation of rules such as the 2012 planning rule, and direc-
tives for assessments are in Chapter 10 of the Land Management 
Planning Handbook (USDA Forest Service 2015a). The definition 
of BASI is contained in the “zero code” chapter of the handbook 
and specifies three primary criteria for determining BASI: accur-
acy, reliability, and relevance (FSH 1909.12.07.12), in addition to 
referencing the Data Quality Act (PL 106–554) for guidance on 
evaluating available information (Figure 2). Available is defined as 
information that currently exists in a form useful for the planning 
process without further data collection, modification, or validation 
(FSH 1909.07.01).

The directives also provide guidance regarding sources of scien-
tific information. The sources mentioned in the guidance include 
peer-reviewed articles, scientific assessments, other scientific infor-
mation (expert opinion, panel consensus, inventories, or obser-
vational data), data prepared and managed by the Forest Service 

Figure 1. Topics for forest plan assessments (36 CFR 219.6)
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Figure 2. Criteria for determining best available scientific information (BASI). Source: Forest Service Handbook 1909.12.07.12

or other federal agencies, information prepared by universities, 
national research networks, and other reputable scientific organ-
izations, and data or information from public and governmental 
participation (FSH 1909.12.07.13).

At the US Forest Service, two regional science synthesis efforts 
were initiated to assist forest planners in identifying BASI for their 
assessments. The first synthesis included the Sierra Nevada, south-
ern Cascades, and Modoc plateau areas of California, and informed 
plan revisions on three national forests (Long et  al. 2014). The 
second synthesis is currently underway as part of the Northwest 
Forest Plan area planning process, which covers 17 national for-
ests and five Bureau of Land Management units across parts of the 
Cascade and coastal ranges of Washington, Oregon, and northern 
California. Once drafted, the synthesis report underwent inde-
pendent third-party peer review, in addition to public review, and 
is currently under revision (Spies et  al. 2017). Science synthesis 
efforts represent a noteworthy approach to developing BASI for use 
in forest assessments, creating a role for public engagement, and for 
employing a bioregional approach to assembling the latest science 
for use by multiple forests.

Methods
We used an exploratory case study approach to examine four 

national forest planning units that were revising their forest plans 
under the 2012 rule. Information on the USFS website helped us 
determine the planning status of each national forest as of spring 
2015. The primary selection criterion was completion of the assess-
ment process by spring 2015. We also strove to select national 

forests from different regions. Based on these criteria, we selected 
the Chugach National Forest (Alaska), Cibola National Forest (New 
Mexico), Inyo National Forest (California), and the Nantahala and 
Pisgah National Forests (North Carolina). Table 1 displays charac-
teristics of each national forest planning unit in our sample.

Our research approach relied on content analysis of documents 
and interview data. We began by conducting a chapter-by-chapter 
analysis of each forest’s assessment report to identify and character-
ize the information presented. We recorded page counts for each of 
the 15 assessment topics specified in the 2012 rule. In some cases, 
the chapters directly aligned with the required topics (Figure 1). In 
other cases, we had to make a more subjective characterization of 
the chapter contents. We also noted and analyzed any references to 
the use of best available science.

Second, as part of the document review, we analyzed data sources 
used in the assessment. For each assessment report, we identified all 
of the items cited in the reference section. We then coded each 
cited item according to the type of publishing entity and the type 
of document. Every cited item was placed in one category for each 
coding exercise. For each cited item, we determined the appropriate 
categories by examining the information in the citation entry and 
(when necessary) directly reviewing the item or gathering infor-
mation on the publishing entity. We grouped publishing entities 
into five types: government; non-government; scientific, scholarly, 
or peer-reviewed; universities; and unknown or other (Table  2). 
This categorization approximates the rigor of scientific review, but 
there is overlap in categories. Most scholarly journals require a 
double-blind peer-review process, where reviewers and authors are 
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unknown to each other. University and government agency scien-
tific documents often require peer review, but the level of rigor of 
the review may be variable. It was not possible to discern the level or 
type of peer review or scientific rigor for each category.

For the type of document, we sorted the references into 12 catego-
ries: academic book; non-academic book; conference proceeding; cor-
respondence; database; scientific journal; news; technical report; statute 
or regulation; thesis or dissertation; website; and unknown (Table 3).

Our final data collection activity was qualitative interviewing with 
members of the planning teams at three of the forests in our study. 

We conducted nine semi-structured interviews (nine people in total; 
three interviews each from three forests). Unfortunately, we were not 
able to recruit interview participants from the Cibola planning effort. 
Potential interview participants were identified through the list of 
preparers included in each assessment document. Interviewees were 
subject matter experts who had contributed material to the assess-
ment reports, along with planning staff officers or coordinators. 
Interview questions explored the overall structure of the assessment 
process, the role of the planning directives, the overall organization of 
the forests’ plan revision efforts, and approaches to identification and 
use of best available science. Interviews were audio-recorded, tran-
scribed, and analyzed using content analysis with a coding frame-
work developed by the study team. Content analysis is a method that 
uses codes, or labels that assign meaning to descriptive or inferential 
data collected during a study (Miles et al. 2014). The codes are used 
to retrieve and organize similar data and aid the researcher in relating 
data to research questions, theoretical concepts, and themes (Araujo 
1995; Miles et al. 2014).

Results
We present results of our analysis in three sections: 1) required 

topics; 2) sources and types of information; and 3) identifying and 
using BASI.

Required topics in the forest assessment
The number and percent of pages devoted to each required topic is 

presented in Table 4. We did not include introductory front matter in 
the page counts. A 0* entry means that the assessment report did not 

Table 1. Characteristics of national forests in the study.

Management 
unit(s)

Geography Total acreage* 
(millions of 
acres)

Notes on use and resources Designated 
early adopter?

Most recent 
previous plan  
revision

Notes on current  
plan revision

Chugach National 
Forest
Alaska
Region
(R10)

Southcentral Alaska: 
major geographic areas 
are Cooper River, Prince 
William Sound, and east-
ern Kenai Peninsula

6.26 Subsistence, timber, recreation, 
mining. Human use concen-
trated in Kenai area. Very limited 
road coverage and use in other 
areas. Habitat for all 5 Pacific 
salmon species

Yes 2002 Managed by a planning team 
housed within unit

Cibola
National Forest
Southwest Region 
(R3)

West-Central New 
Mexico: Eight noncon-
tiguous parcels organized 
around distinct moun-
tainous areas known as 
“sky islands”

2.11 Recreation, timber, cultural her-
itage, range. Surrounding region 
experiencing population growth 
and demographic changes. 
Pinyon- 
juniper & ponderosa pine are 
predominate vegetation types

Yes 1985 Managed by a planning team 
housed within unit. Does not 
include 4 associated national 
grasslands

Inyo
National Forest
Pacific Southwest 
Region
(R5)

Eastern California & 
West Nevada: Two 
noncontiguous parcels 
at intersection of Sierra 
Nevada, Great Basin, and 
Mojave Desert areas

2.07 Water supply, hydroelectricity, 
recreation, timber, range. Nearly 
47% of total area is wilderness. 
Focus on wildland fire manage-
ment. Substantial variation in 
vegetation type, habitat, and 
elevation

Yes 1988 One of three early adopters 
in R5. Coordination through 
a regional planning team, 
with separate planning teams 
for each unit. Each unit 
releases its own assessment 
& forest plan. Joint EIS for 
3 units

Nantahala & Pisgah
National Forests
Southern
Region
(R8)

Western North Carolina: 
Blue Ridge region of 
Appalachian Mountains

2.48 Timber, recreation, cultural/
historical heritage, water devel-
opment. Located in Blue 
Ridge National Heritage Area. 
Hardwood forest with high spe-
cies diversity

No 1987 Both units will use same 
revised plan. Managed by 
planning team housed at NF 
in NC headquarters

*Total acreage includes NFS-owned land and acreage under other ownership within each unit. Source: USDA Forest Service 2015b.

Table 2. Categories for coding type of publishing entity.

Publishing entity Description of coding criteria

Government Federal, tribal, state, or local governments in the 
United States; foreign governments; international 
intergovernmental groups such as the United Nations 
and affiliates. Includes peer-reviewed and non-peer-
reviewed materials

Non-government Materials not published by a government agency, uni-
versity, or peer-reviewed entity. Includes businesses, 
consulting firms, and advocacy groups

Scientific scholarly or  
peer reviewed

Associations, societies, journal publishers, university 
presses, or other entities that produce peer-reviewed 
scientific or scholarly material

Universities Materials from universities that may or may not be 
subject to rigorous academic peer review. Includes 
university or college departments, programs, labora-
tories, and centers, and theses and dissertations from 
universities

Unknown or other News organizations or other undefined groups; dispos-
ition of publisher could not be determined
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have any pages that were specifically devoted to the topic, but refer-
ences to the topic were instead interspersed throughout the report and 
it was too difficult to separate them from other topic page counts.

Two of the national forests (Inyo and Nantahala-Pisgah) pub-
lished assessment reports that consisted of 15 chapters that directly 
reflected each of the required topics. Meanwhile, the Chugach 

and Cibola took a different approach; some of the chapter topics 
aligned with the topic requirements in the 2012 rule, but other 
required topics were broken up and distributed among multiple 
chapters. For example, the Chugach had one chapter for areas of 
tribal importance and one chapter for land status and ownership, 
but divided the terrestrial and aquatic ecosystems and watersheds 

Table 4. Page counts and percentages of total pages for 15 required assessment topics.

Number of pages (pct. of total pages in report) Pct.

Topic # Assessment topics (per 36 CFR 219.6) Chugach Cibola Inyo N&P Avg.

1 Terrestrial ecosystems, aquatic ecosystems, and watersheds 66 (22.9%) 51.5 (11.2%) 38.5 (21.0%) 29 (15.7%) 17.7
2 Air, soil and water resources and quality 17 (5.9%) 88 (19.2%) 9 (4.9%) 19 (10.3%) 10.1
3 System drivers (processes, disturbance regimes, and stressors) 40 (13.9%) 21 (4.6%) 15 (8.2%) 7 (3.8%)  7.6
4 Baseline carbon stocks 7 (2.4%) 6 (1.3%) 4 (2.2%) 7 (3.8%)  2.4
5 Threatened, endangered, candidate species; potential species of conservation concern 12 (4.2%) 36 (7.9%) 24 (13.1%) 4 (2.2%)  6.8
6 Social, cultural, and economic conditions 21 (7.3%) 71 (15.5%) 14 (7.7%) 8 (4.3%)  8.7
7 Benefits obtained by people (ecosystem services) 49 (17.0%) 0* (0.0%) 2.5 (1.4%) 4 (2.2%)  5.1
8 Multiple uses and their contributions to economies 0* (0.0%) 26 (5.7%) 15 (8.2%) 17 (9.2%)  5.8
9 Recreation settings, opportunities, and access, and scenic character 29 (10.0%) 39 (8.5%) 15.5 (8.5%) 21 (11.4%)  9.6
10 Renewable and nonrenewable energy and mineral resources 17 (5.9%) 18 (3.9%) 3.5 (1.9%) 8 (4.3%)  4.0
11 Infrastructure 2 (0.7%) 12 (2.6%) 9.5 (5.2%) 10 (5.4%)  3.5
12 Areas of tribal importance 2 (0.7%) 13 (2.8%) 4.5 (2.5%) 3 (1.6%)  1.9
13 Cultural and historical resources and uses 3.5 (1.2%) 40 (8.7%) 7 (3.8%) 23 (12.4%)  6.6
14 Land status and ownership, use, and access patterns 8 (2.8%) 17 (3.7%) 7 (3.8%) 9 (4.9%)  3.8
15 Designated areas, potential/need for new designations 15 (5.2%) 20 (4.4%) 14 (7.7%) 16 (8.7%)  6.5

TOTAL 288.5 458.5 183 185 100

Figure 3. Average percentage of pages devoted to each topic in each forest assessment for all forests combined

Table 3. Categories for coding type of document.

Document type Description of coding criteria

Academic book An item printed, bound, distributed as a book, or released as an e-book by a peer-reviewed/scholarly entity
Non-academic book An item printed, bound, distributed as a book, or released as an e-book by an entity whose primary orientation is not peer 

reviewed/scholarly
Conference proceeding Papers, abstracts, and talks presented at a conference and published in a conference proceeding collection
Correspondence Letters or emails written by individuals of any affiliation
Database Raw data or data analysis tools/software; online databases
Scientific journal A peer-reviewed article in a scholarly journal
News Articles in newspapers (print or online) and news magazines
Technical report Technical and research reports, white papers, policy papers, fact sheets, briefings
Statute, regulation, and planning documents Federal, state, or local laws and rules; EISs; management plans; strategic plans
Thesis or dissertation Advanced degree projects and papers
Website One or more webpages on a non-database website, including encyclopedias with narrative entries
Unknown The type of document could not be discerned

Downloaded from https://academic.oup.com/forestscience/article-abstract/64/2/159/4916903
by Alasdair Simpson user
on 04 June 2018



Forest Science • April 2018 165

Table 5. Percent allocation of predominant topics among four forest assessments.

Rank Chugach topics Pct. Cibola topics Pct. Inyo topics Pct. N&P topics Pct.

1 Terrestrial and aquatic ecosystems 23% Air, soil, and water 19% Terrestrial and aquatic ecosystems 21% Terrestrial and aquatic 
ecosystems

16%

2 Benefits obtained by people (eco-
system services)

17% Social, cultural, and economic 
conditions

16% Threatened and endangered 
species

13% Cultural and historic 
resources

12%

3 System drivers, disturbance 
regimes, and stressors

14% Terrestrial and aquatic 
ecosystems

11% Recreation settings and 
opportunities

9% Recreation settings and 
opportunities

11%

4 Recreation settings and 
opportunities

10% Cultural and historic resources 9% System drivers, disturbance 
regimes, and stressors

8% Air, soil and water 10%

5 Social, cultural, and economic 
conditions

7% Recreation settings and 
opportunities

9% Multiple uses 8% Multiple uses 9%

Total 71% 63% 59% 59%

Table 6. Citations based on information source for forest assessments.

Count (Percent)

Publishing entity Chugach Cibola Inyo Nantahala & Pisgah TOTAL (Mean)

Government 239 (53.6%) 159 (49.8%) 131 (49.8%) 109 (54.0%) 638 (51.8%)
Scientific scholarly or peer reviewed 155 (34.8%) 82 (25.7%) 82 (31.2%) 63 (31.2%) 382 (30.7%)
Non-government 21 (4.7%) 39 (12.2%) 24 (9.1%) 18 (8.9%) 102 (8.7%)
Universities 30 (6.7%) 39 (12.2%) 19 (7.2%) 11 (5.5%) 99 (7.9%)
Unknown or other 1 (0.2%) 0 (0%) 7 (2.7%) 1 (0.5%) 9 (0.9%)
TOTAL 446 319 263 202 1230

into five chapters, one each for watersheds, fish, wetlands, vegeta-
tion, and wildlife, and these chapters were integrated with mate-
rial discussing soils and carbon stocks. Two forests did not have 
any pages specifically devoted to one required topic each (bene-
fits obtained by people for the Cibola, and multiple uses for the 
Chugach), but these subjects were still referenced in the context of 
the other topics.

For all four assessments combined, the required topic with the 
largest average percentage of pages was terrestrial and aquatic eco-
systems and watersheds (17.7%), followed by air, soil, and water 
resources (10.1%) and recreation opportunities (9.6%) (Figure 3).

Terrestrial and aquatic ecosystems and watersheds comprised 
the largest section of the assessment for three of the four for-
ests. Air, soil, and water was especially prominent for the Cibola 
National Forest, and all of the forest assessments covered rec-
reation evenly. In contrast, the three required topics with the 
smallest page counts, on average, were areas of tribal impor-
tance (1.9%), carbon stocks (2.4%), and infrastructure (3.4%). 
Benefits obtained by people (ecosystem services) had the most 
variable coverage, with one of the shortest sections for three of 
the four forest assessments, but the second longest topic for the 
Chugach National Forest. In all four assessment documents, ben-
efits obtained by people were mentioned throughout the docu-
ment in sentences or paragraphs at too fine a scale for this analysis 
to count.

We found some variation among the forest assessments in 
terms of the extent to which a forest focused on a particular topic 
(Table 5).

For the Chugach National Forest, the top five topics com-
prised more than 70% of the assessment, with the bulk empha-
sizing terrestrial and aquatic ecosystems, which reflects the 
importance of salmon habitat. The Chugach was the only forest 
to emphasize ecosystem services as a predominant framework to 

capture benefits obtained by people. However, other forests may 
have captured this topic under the category of multiple uses. 
Disturbance regimes (fire and invasive species) were also impor-
tant for the Chugach. The Cibola National Forest was unique 
in their emphasis on air, soil, and water as well as social, cul-
tural, and economic conditions and cultural and historic sites. 
Because water access is very important in the southwest, the pre-
dominance of this topic is not surprising. For the Inyo National 
Forest, the topic of threatened and endangered species was prom-
inent, while topics related to recreation and disturbance regimes 
(fire, invasive species, and other ecosystem stressors) were also 
important. Meanwhile, cultural and historical resources were 
prominent in the Nantahala and Pisgah National Forests, along 
with recreation.

Although the 2012 rule provides a list of 15 distinct required 
topics, these topics overlap and are not discussed in complete 
isolation from one another. As we found in our analysis, it is 
difficult to discuss multiple uses without also discussing benefits 
obtained by people; air, soil, and water resources; recreation; 
and terrestrial and aquatic ecosystems and watersheds. In our 
analysis, we often found that an assessment chapter devoted to 
a required topic also contained information that closely resem-
bled material discussed elsewhere. In particular, we found the 
chapters on multiple uses and benefits obtained by people to be 
largely redundant, given the other topics that were also included 
in the report.

Sources and types of information in the forest assessment
To understand the sources and types of information used in 

the assessments, we conducted a systematic examination and tally 
of citations by publication source and type. Overall, government 
sources were the most commonly cited information source (51.8%), 
followed by scientific scholarly publications (30.7%) (Table 6).
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A large portion of the government sources included US Forest 
Service publications (average of 28%), which were more commonly 
cited than other federal government sources (average of 12%) or 
state and local governments (average of 11%). Some variation exists 
among the forests in our sample, but the trends were consistent 
in terms of reliance on government sources and scholarly peer-re-
viewed publishers for the majority of citations (82.5% combined 
average for both categories). The Chugach relied to a greater degree 
on scholarly publications than other forests. The Cibola had the 
highest proportion from non-governmental organizations and trade 
groups (12.2%). The Inyo and the Nantahala and Pisgah mirrored 
the group average.

Next, we explored citations by the type of document referenced. 
We found that technical reports were the most common type of 
document cited in the assessments, with an average of 38.5% 
(Table 7).

The technical report classification is broad and includes techni-
cal and scientific reports, policy briefings, white papers, and other 
types of information (sometimes referred to as gray literature). All 
four forests were consistent in the ratio of technical reports cited. 
The second most common document type was the scientific journal 
article, with an average of 23%, although the Cibola assessment 

featured far fewer than the other forests. All of the forests cited 
a wide variety of regulations, statutes, and planning documents, 
(e.g., water quality regulations, county comprehensive plans, envir-
onmental impact statements, state resource management plans, and 
forest plans). The Cibola assessment featured the greatest variety 
of document types, relying on websites and academic books more 
than the other forests. The Nantahala and Pisgah assessment relied 
more heavily on conference proceedings. The least commonly cited 
document types, on average, were news articles (0.4%), theses or 
dissertations (0.9%), and correspondence (1.5%). Although there 
is a separate category for websites, documents in many of the other 
categories were readily available online.

Identifying and using best available scientific information in the 
forest assessment

In interviews, respondents were asked how they identified and 
obtained BASI for their assessment. Table 8 displays the different 
approaches used by three of the four forests.

Literature reviews and searches, Forest Service reports and data-
sets, and personal scientific expertise were mentioned by all nine 
respondents as primary ways that they identified and obtained 
BASI. Literature reviews focused on identifying peer-reviewed 
journals, conference proceedings, or agency reports. Existing data-
sets and nearby Forest Service research stations and universities 
were also relied upon. The Sierra Nevada science synthesis effort, 
which informed the Inyo National Forest assessment, took nearly 
18 months to complete (Long et al. 2014). The Inyo also posted 
draft documents on a wiki site for public review and editing. All 
nine interviewees stated that their assessment team used the Draft 
Planning Directives, but also mentioned that the directives were 
not clear, save for the focus on organizing around the 15 topics. No 
respondent mentioned specific guidance beyond the draft directives 
on how to identify BASI. The final directives do specifically address 
the definition of BASI, as discussed above (Figure 2). Gray litera-
ture and traditional knowledge presented challenges, as it at times 
conflicted with peer-reviewed information. Two respondents men-
tioned that they wanted to incorporate this type of information, 
but were unsure how to do so.

Assessments must document what information was determined 
to be BASI, explain the basis for that determination, and explain 
how the information was applied to the issues considered (36 CFR 

Table 8. Approaches to identifying and using BASI from interview 
data.

BASI approach Chugach Nantahala/ 
Pisgah

Inyo

Literature review (e.g. Google Scholar for  
scholarly literature)

x x x

Forest Service reports, monitoring data x x x
Personal expertise/training/judgement x x x
Existing dataset/database x x
Nearby Forest Service research station x x
Nearby university x
Host data sharing meeting (partners and 
stakeholders)

x

Meet with scientists x
Post draft documents on wiki site for public  
review/editing

x

Other public review opportunity x
Gray (“non-peer-reviewed”) literature,  
traditional knowledge

x

Table 7. Citations based on document type for forest assessments.

Count (Percent)

Document type Chugach Cibola Inyo Nantahala & Pisgah TOTAL

Technical report 174 (39.0%) 121 (37.9%) 108 (41.1%) 73 (36.1%) 476 (38.5%)
Scientific journal article 129 (28.9%) 47 (14.7%) 63 (24.0%) 48 (23.8%) 287 (22.8%)
Academic book 28 (6.3%) 36 (11.3%) 20 (7.6%) 15 (7.4%) 99 (8.2%)
Statute, regulation, or planning document 43 (9.6%) 26 (8.2%) 23 (8.8%) 12 (5.9%) 104 (8.1%)
Website 33 (7.4%) 42 (13.2%) 3 (1.1%) 13 (6.4%) 91 (7.0%)
Database 17 (3.8%) 25 (7.8%) 17 (6.5%) 18 (8.9%) 77 (6.8%)
Conference proceeding 10 (2.2%) 3 (0.9%) 6 (2.3%) 18 (8.9%) 37 (3.6%)
Non-academic book 4 (0.9%) 9 (2.8%) 10 (3.8%) 0 (0.0%) 23 (1.9%)
Correspondence 0 (0.0%) 7 (2.2%) 5 (1.9%) 4 (2.0%) 16 (1.5%)
Thesis or dissertation 8 (1.8%) 2 (0.6%) 2 (0.8%) 1 (0.5%) 13 (0.9%)
News 0 (0.0%) 1 (0.3%) 3 (1.1%) 0 (0.0%) 4 (0.4%)
Unknown 0 (0.0%) 0 (0.0%) 3 (1.1%) 0 (0.0%) 3 (0.3%)
TOTAL 446 (100.0%) 319 (100.0%) 263 (100.0%) 202 (100.0%) 1230 (100.0%)
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219.3). Our analysis of the assessment documents reveals that all 
documents discuss the use of high-quality and valid scientific infor-
mation, citing criteria such as clearly defined and well- developed 
methodology; standardized methodology; logical conclusions; 
and reasonable inferences (Chugach National Forest 2014; Inyo 
National Forest 2014; Nantahala and Pisgah National Forests 
2014; Cibola National Forest and National Grasslands 2015). The 
assessments for all forests mention their reliance on information 
relevant to their specific forests and issues. Only the Nantahala-
Pisgah assessment presented a hierarchy of information sources, 
with peer-reviewed journal articles the highest, followed by gov-
ernment documents and reports, monitoring datasets, theses and 
dissertations from universities, and expert opinion where facts were 
not known through the other sources.

Discussion
The 2012 forest planning rule requires that each national forest 

or grassland conduct a scientific assessment to guide plan develop-
ment. We found that assessment reports were disproportionately 
heavy in science related to terrestrial and aquatic ecosystems, and 
more limited in treatment of infrastructure, land ownership and 
access patterns, cultural heritage, and areas of tribal importance. 
Recreation was the only topic to receive consistent attention across 
all four forests, although the topic was overshadowed by terrestrial 
and aquatic ecosystems. We may only speculate about why terres-
trial and aquatic ecosystem information was the most prevalent in 
all four forests, but it is consistent with agency administrative hiring 
practices since the 1980s that have emphasized recruitment of ecolo-
gists, biologists, and other biophysical scientists, compared to social 
scientists, for example (Thomas and Mohai 1995). The abundance 
of agency specialists in these topic areas may reinforce the relative 
importance of terrestrial and aquatic ecosystems compared to other 
topic areas, such as recreation, social science, or cultural resource 
management. This has been confirmed by a national assessment of 
interdisciplinary planning team composition (Cerveny et al. 2011). 
Ensuring that assessment teams include broad and diverse disciplin-
ary experts will help address this challenge, recognizing that some 
forests may not have access to necessary disciplinary specialists. It is 
also possible that some of the topics (e.g., ecosystem services, tribal 
and cultural resources, land status and use patterns) simply do not 
have as much relevant and available information as other topics.

The benefits obtained by people (ecosystem services) topic 
received little or no explicit coverage in all but one assessment. The 
limited coverage of ecosystem services may make sense because it 
was not even considered an area of research until the late 1990s, 
so there would be less existing information on certain important 
ecosystem service topics (e.g., pollination, stormwater attenuation, 
medicinal resources, and spiritual and historical significance) com-
pared to recreation, threatened and endangered species, and other 
traditional assessment topics (Blahna et al. 2017). Previously, “forest 
benefits to people” were considered elements of “multiple use” and 
planners might have addressed these benefits under the “multiple 
use” topic. Ecosystem services (ES) are often categorized into four 
classes: provisioning, regulating, cultural, and supporting. Timber, 
recreation, wildlife, and other traditional forest planning topics all 
fall into one of these four classes. Another reason for lack of cover-
age of ecosystem services may be that planners could not differenti-
ate the normal assessment topics from the ecosystem service classes. 

Efforts to help planning team members understand ecosystem ser-
vices approaches and how they can be used to inform the planning 
process may be warranted, and the rule’s current requirement for 
only using existing data in assessments may need to be revisited 
(Blahna et  al. 2017). For example, implementation teams work-
ing on ecosystem services may consider the benefits of providing 
specific tools, frameworks, and guidelines for integrating ecosystem 
services models into the forest planning process. In addition, crit-
ical issues and topics (e.g., newly listed threatened or endangered 
species, or changing recreation behaviors) that forest plans need to 
address may change from one planning cycle to the next.

The specific required topics may not be universally appropri-
ate for every planning unit. Planners felt obligated to address all 
15 topics, but the lack of coverage for some topics suggests that 
the topic was not deemed relevant or meaningful for their plan, 
there was no available data on the topic, or it was unclear how the 
topics could be covered. Variability in application of the directives, 
and acknowledgment of local context and conditions, is consistent 
with the overall Forest Service approach toward decentralized deci-
sion-making (Kaufman 1960; Tipple and Wellman 1991; Koontz 
2007) and localized interpretation by planning teams, similar to 
“street-level” bureaucrats who create de facto policy through every-
day practice (Sabatier et al. 1995; Lipsky 2010; Trusty and Cerveny 
2012). Kaufman (1960) observes the traditional Forest Service 
practice of maintaining control of heterogeneous and geographi-
cally dispersed management units by issuing centralized directives 
that provide parameters (or “side boards”) within which line officers 
have some leeway to make decisions. This tendency toward uni-
formity and “pre-formed” decisions may result in some inefficien-
cies and omissions. The implied obligation to cover all 15 topics 
may have resulted in some assessments that distract from the most 
important management issues for the unit. This will be especially 
important during the next stage of planning—revision or amend-
ment—where the assessment data will be used to analyze different 
management scenarios. Approaches for identifying and analyzing 
the most relevant assessment data that address the key environmen-
tal problems or social conflicts that confront each planning unit 
will be needed (Blahna et al. 2017). This is especially important for 
topics like human benefits (ecosystem services) and multiple uses, 
which cut across all of the other topical areas and are not as easily 
categorized in assessments. Recent efforts to engage the public in 
science synthesis efforts in support of forest planning suggest that 
there may be an important role for the public to help prioritize 
forest assessment topics.

The most common sources of information were government 
sources, followed by scholarly academic sources. Many of the agency 
sources were peer-reviewed scientific studies, which appear to be 
especially useful because of the topical specificity or geographic focus 
(relevance). Although not all technical reports are peer reviewed, 
they may be more accessible and usable compared to scholarly jour-
nal articles, which may require planning team members to interpret 
the findings and make inferences for relevance to local conditions. 
This finding is consistent with previous research examining the infor-
mation needs and sources of Forest Service fire managers (Ryan and 
Cerveny 2011) and recreation managers (Ryan and Cerveny 2010). 
Fire managers relied heavily on agency information sources. Although 
managers in the study noted the availability of high-quality, relevant 
information, they faced significant barriers in terms of time, funding, 
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and personnel to access and use that information. Similarly, recreation 
managers also relied on agency information sources, but indicated 
strong preferences for enhanced interactions with agency scientists, 
including collaborative research, conferences, and a desire for agency 
researchers to reach out more directly to managers to ensure their 
research was relevant and useful. With regard to forest assessments, 
engagement with scientists is particularly important for topics where 
little research is available. Assessment teams may want to consider 
additional ways to interact with scientists and others to create func-
tioning communities of practice related to science exchange for forest 
planning. In the same way, agency scientists may consider forging 
new and enduring relationships with planners and managers that 
could generate new science that is of immediate relevance.

The 2012 planning rule and its directives provide criteria for 
BASI, and we found similarities across all forests in the most 
common approaches to identifying BASI, in addition to other 
approaches, such as data sharing meetings, a wiki review site, and 
requests for a science synthesis. Information from non-peer-re-
viewed sources was more difficult for planners to assess and evalu-
ate, and it is not clear how this information was incorporated into 
each assessment. Teams may not have the capacity to separately 
evaluate and assess the many different types and sources of informa-
tion, and so they rely on hierarchical ranking approaches (peer-re-
viewed sources being highest rank) to streamline the evaluation. 
Planning teams clearly value peer-reviewed and agency-generated 
information, and it may be that they are simply identifying infor-
mation that is “available” and using the “best” of that based on their 
judgments. This may result in situations where the science expertise 
on each team could influence BASI decisions. As discussed above, 
consideration of the makeup and membership of the assessment 
team is important here, as well as increased transparency regarding 
the process for determining science relevance and quality.

Conclusion
Implementation of the US Forest Service 2012 planning rule is 

still in its early stages. Our study illustrates that forest planners use a 
variety of approaches to address required topics, and do rely on BASI 
as they develop their forest assessments. While each national forest 
assessment included the 15 required topics, we found considerable 
variation in coverage, which suggests that planners may emphasize 
topics most relevant to their forest, or that variation exists in terms of 
what science or planning team expertise is available or deemed desir-
able. The predominance of science related to terrestrial and aquatic 
ecosystems in the assessments compared to other topics warrants fur-
ther inquiry in order to learn whether this asymmetry is based on 
policy, availability of information, existing expertise, or other factors. 
Efforts to include the public in the process of prioritizing topics for 
the assessments could also be evaluated. The reliance on government 
sources for scientific information suggests that agency-supported sci-
ence is either more accessible or more relevant to the planning team. 
It also suggests that there may be benefits to bolstering “communities 
of practice” for key topical areas covered by forest assessments that 
bring together university and agency scientists with managers.

The appearance of science in an assessment report is important, 
but the actual use of science in planning may be more important. 
Although our findings are not generalizable to all national forests, 
they do provide an understanding of plan assessment activities for 

those in the early phases of forest planning, whose efforts are likely 
to inform and influence other national forests. Our goal was to pro-
vide an early glimpse of plan revision efforts in order to highlight 
important lessons learned and create a foundation for future research. 
For example, do planners find that the required topics provide use-
ful guidance for developing their assessments? How can planners 
become more confident in knowing what BASI is, and how to iden-
tify and use it? Is additional guidance needed for incorporation of 
traditional knowledge and other information? Of particular interest 
is whether the “science synthesis” information is useful to forest plan-
ners in addressing their forest assessment needs, given the significant 
agency resources devoted to developing science syntheses. Finally, 
how is information from the assessment used in forest plan revision 
(development and selection of management options) and monitoring 
efforts? While draft environmental impact assessment (EIS) reports 
are available in various stages, as of this writing only one final Record 
of Decision (ROD) has been issued for a forest plan undergoing revi-
sion under the 2012 rule. Thus, it remains to be seen how scientific 
information will be incorporated in development of alternatives, 
impact statements, and final management decisions.

Literature Cited
Araujo, L. 1995. Designing and refining hierarchical coding frames. P. 

96–104 in Computer-aided qualitative data analysis: Theory, methods, 
and practice, Kelle, U (ed.). Sage Publications, London.

Blahna, D.J., S.T. Asah, and R.L. Deal. 2017. An ecosystem services 
framework. P. 62–75 in People, forests, and change: Lessons from the 
Pacific Northwest, Olson, D.H., and B. Van Horne (eds.). Island Press, 
Washington, DC.

Brunner, R.D., T.A.  Steelman, L.  Coe-Juell, C.M.  Cromley, 
C.M.  Edwards, and D.W.  Tucker. 2005. Adaptive governance: 
Integrating science, policy, and decision making. Columbia University 
Press, New York. 368 p.

Cerveny, L.K., D.J.  Blahna, M.J.  Stern, M.J.  Mortimer, and 
J.W. Freeman. 2011. Forest Service interdisciplinary teams: Size, com-
position, and leader characteristics. J. Forest. 109(4):201–207.

Charnley, S., C.  Carothers, T.  Satterfield, A.  Levine, M.R.  Poe, 
K. Norman, J. Donatuto, S.J.Breslow, M.B. Mascia, P.S. Levin, 
and X. Basurto. 2017. Evaluating the best available social science for 
natural resource management decision-making. Environ. Sci. Policy 
73:80–88.

Chugach National Forest. 2014. Assessment of ecological and socio-eco-
nomic conditions and trends: Chugach National Forest, Alaska. USDA 
Forest Service Publication No. R10-MB-787. Available online at https://
www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3822686.pdf. 
344 p.

Cibola National Forest and National Grasslands. 2015. Assessment 
report of ecological/social/economic conditions, trends, and risks to sustain-
ability: Cibola National Forest mountain ranger districts. USDA Forest 
Service. Southwestern Region. Available online at https://www.fs.usda.
gov/detail/cibola/landmanagement/planning/?cid=stelprd3857289. 
505 p.

Doremus, H. 2004. The purposes, effects, and future of the Endangered 
Species Act’s best available science mandate. Environmental Law 
(Northwestern School of Law) 34:397–450.

Hays, S.P. 1959. Conservation and the gospel of efficiency: The progressive conser-
vation movement, 1890–1920. Harvard University Press, Cambridge, MA.

Inyo National Forest. 2014. Inyo National Forest assessment. USDA 
Forest Service. Available online at https://www.fs.usda.gov/Internet/
FSE_DOCUMENTS/stelprdb5444577.pdf. 230 p.

Downloaded from https://academic.oup.com/forestscience/article-abstract/64/2/159/4916903
by Alasdair Simpson user
on 04 June 2018

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3822686.pdf
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3822686.pdf
https://www.fs.usda.gov/detail/cibola/landmanagement/planning/?cid=stelprd3857289
https://www.fs.usda.gov/detail/cibola/landmanagement/planning/?cid=stelprd3857289
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5444577.pdf
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5444577.pdf


Forest Science • April 2018 169

Kaufman, H. 1960. The forest ranger: A study in administrative behavior. 
Johns Hopkins Press, Baltimore, MD. 259 p.

Koontz, T.M. 2007. Federal and state public forest administration in the 
new millennium: Revisiting Herbert Kaufman’s the forest ranger. Public 
Adm. Rev. 67(1):152–164.

Lachapelle, P.R., S.F. McCool, and M.E. Patterson. 2003. Barriers to 
effective natural resource planning in a “messy” world. Soc. Nat. Resour. 
16(6):473–490.

Lipsky, M. 2010. Street-level bureaucracy: Dilemmas of the individual in 
public services. Russell Sage Foundation, New York. 267 p.

Long, J.W., L.N. Quinn-Davidson, and C.N. Skinner. 2014. Science syn-
thesis to support socioecological resilience in the Sierra Nevada and Southern 
Cascade range. USDA For. Serv. Gen. Tech. Rep. PSW-GTR-247. 723 p.

Lowell, N., and R.P. Kelly. 2016. Evaluating agency use of “best available sci-
ence” under the United States Endangered Species Act. Biol. Cons. 196:53–59.

Miles, M.B., A.M. Huberman, and J. Saldana. 2014. Qualitative data 
analysis, 3rd ed. Sage Publications, Thousand Oaks, CA. 408 p. 

Mills, T.J., and R.N. Clark. 2001. Roles of research scientists in natural 
resource decision-making. Forest Ecol. Manag. 153(1):189–198.

Moghissi, A.A., M. Swetman, B.R. Love, and S.R. Straja. 2010. Best 
available science: Fundamental metrics for evaluating scientific claims. 
Potomac Institute Press, Arlington, VA. 108 p.

Nantahala and Pisgah National Forests. 2014. Nantahala and 
Pisgah National Forests assessment. USDA Forest Service Southern 
Region. Available online at https://www.fs.usda.gov/Internet/FSE_
DOCUMENTS/stelprd3793034.pdf. 235 p.

National Research Council. 2004. Division on Earth and Life Studies; 
Ocean Studies Board. Improving the use of the best scientific information 
available standard in fisheries management. National Academies of Science 
Press. Available online at http://www.nap.edu/catalog/11045.html; 118 p.

Ryan, C.M., and L. K.  Cerveny. 2010. Science exchange in an era of 
diminished agency capacity: Recreation management in the US Forest 
Service. Am. Rev. Public Adm. 40(5):593–616.

Ryan, C.M., and L.K.  Cerveny. 2011. Wildland fire science for man-
agement: Federal fire manager information needs, sources, and uses. 
Western Journal of Applied Forestry 26(3):126–132.

Ryder, D.S., M.  Tomlinson, B.  Gawne, and G.E.  Likens. 2010. 
Defining and using “best available science”: A policy conundrum for 
the management of aquatic ecosystems. Mar. Freshw. Res. 61:821–828.

Sabatier, P.A., J. Loomis, and C. McCarthy. 1995. Hierarchical controls, pro-
fessional norms, local constituencies, and budget maximization: An analysis 
of US Forest Service planning decisions. Am. J. Political Sci. 39(1):204–242.

Schembra, E.E. 2013. Evaluating and role of standards and guidelines in 
national forest planning. M.S. thesis, University of Montana, Missoula, 
MT. 102 p.

Schultz, C.A., T.D.  Sisk, B.R.  Noon, and M.A.  Nie. 2013. Wildlife 
conservation planning under the United States Forest Serviceʼs 2012 
planning rule. J. Wildl. Manag. 77(3):428–444.

Smallwood, K.S., J. Beyea, and M. L. Morrison. 1999. Using the best 
scientific data for endangered species conservation. Environ. Manage. 
24(4):421–435.

Spies, T., P.  Stine, R.  Gravenmier, J.  Long, and M.  Reilly. 2017. 
Synthesis of science to inform land management within the Northwest for-
est plan area. Peer Review Draft. USDA Forest Service. Available online 
at https://www.fs.fed.us/pnw/research/science-synthesis/chapters/
NWFP%20synthesis%20draft%20Combined%20for%20peer%20
review%20101916.pdf. 1294 p.

Taylor, F.W. 1896. A piece rate system. Econ. Stud. 1(2):89.
Thomas, J.C., and P.  Mohai. 1995. Racial, gender, and professional 

diversification in the Forest Service from 1983 to 1992. Policy Stud. J. 
23(2):296–309.

Tipple, T.J., and J.D. Wellman. 1991. Herbert Kaufman’s forest ranger 
thirty years later: From simplicity and homogeneity to complexity and 
diversity. Public Adm. Rev. 51(5):421–428.

Trusty, T., and L.K. Cerveny. 2012. The role of discretion in recreation 
decision-making by resource professionals in the USDA Forest Service. 
J. Environ. Manage. 107:114–123.

University of Montana, Center for Natural Resources & 
Environmental Policy. 2015. Public participation: Lessons learned 
implementing the 2012 US Forest Service planning rule. Center for Natural 
Resources and Environmental Policy University of Montana. Available 
online at https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stel-
prd3840868.pdf. 19 p.

USDA Forest Service. 2012a. Alaska, California, Idaho, New Mexico, and 
Puerto Rico national forests selected as first to implement a new planning 
rule. USDA Forest Service. Available online at https://www.fs.fed.us/
news/releases/alaska-california-idaho-new-mexico-and-puerto-rico-na-
tional-forests-selected-first.

USDA Forest Service. 2012b. Final programmatic environmental impact 
statement: National Forest System land management planning. USDA 
Forest Service. Available online at https://www.fs.usda.gov/Internet/
FSE_DOCUMENTS/stelprdb5349141.pdf. 373 p.

USDA Forest Service. 2015a. FSH 1909.12. Land Management Planning 
Handbook, Chapter 10–Assessments. Available online at https://www.
fs.usda.gov/detail/planningrule/home/?cid=stelprd3828310. 

USDA Forest Service. 2015b. Land Areas Report–As of September 
30, 2015. Available online at https://www.fs.fed.us/land/staff/lar/
LAR2015/lar2015index.html.

Wellman, J.D. 1987. Foresters’ core values and cognitive styles: Issues for wild-
land recreation management and policy. Policy Stud. Rev. 7(2):395–403.

Downloaded from https://academic.oup.com/forestscience/article-abstract/64/2/159/4916903
by Alasdair Simpson user
on 04 June 2018

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3793034.pdf
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3793034.pdf
http://www.nap.edu/catalog/11045.html
https://www.fs.fed.us/pnw/research/science-synthesis/chapters/NWFP%20synthesis%20draft%20Combined%20for%20peer%20review%20101916.pdf
https://www.fs.fed.us/pnw/research/science-synthesis/chapters/NWFP%20synthesis%20draft%20Combined%20for%20peer%20review%20101916.pdf
https://www.fs.fed.us/pnw/research/science-synthesis/chapters/NWFP%20synthesis%20draft%20Combined%20for%20peer%20review%20101916.pdf
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3840868.pdf
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3840868.pdf
https://www.fs.fed.us/news/releases/alaska-california-idaho-new-mexico-and-puerto-rico-national-forests-selected-first
https://www.fs.fed.us/news/releases/alaska-california-idaho-new-mexico-and-puerto-rico-national-forests-selected-first
https://www.fs.fed.us/news/releases/alaska-california-idaho-new-mexico-and-puerto-rico-national-forests-selected-first
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5349141.pdf
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5349141.pdf
https://www.fs.usda.gov/detail/planningrule/home/?cid=stelprd3828310
https://www.fs.usda.gov/detail/planningrule/home/?cid=stelprd3828310
https://www.fs.fed.us/land/staff/lar/LAR2015/lar2015index.html
https://www.fs.fed.us/land/staff/lar/LAR2015/lar2015index.html


Reproduced with permission of copyright owner. Further reproduction
prohibited without permission.



Ecology and Evolution. 2019;9:1777–1797.	 		 	 | 	1777www.ecolevol.org

1  | INTRODUC TION

Varying isolation, area, and topography make islands of long‐stand‐
ing interest to studies in evolution, ecology, and conservation 
biology (Berry, 1986; Fattorini, 2009). Limited connectivity be‐
tween islands lowers genetic exchange, leading to divergent pop‐
ulations and increased endemism (Adler, 1992; Dobzhansky, 1963; 
Whittaker, 1998). Because many insular biomes remain understud‐
ied, endemism is often poorly documented, yet island biotas likely 
contribute to global biodiversity more than currently appreciated 
(Bickford et al., 2007). Tropical oceanic islands have provided key 
insights into our understanding of diversity, especially in rela‐
tion to how island area and isolation may shape species richness, 

community assembly, and patterns of diversification (e.g., Gifford 
& Larson, 2008; Gillespie, Claridge, & Goodacre, 2008; Hamilton, 
1963). But even in tropical island systems, understanding of island 
composition and genetic relationships is more complex than origi‐
nally assumed (Filardi & Moyle, 2005). Recently, the various impacts 
of dynamic geologic events of the Quaternary (2.6 Ma – present), 
such as changes in sea level, are receiving closer scrutiny in lower 
latitude archipelagos (e.g., Esselstyn, Timm, & Brown, 2009; Heaney, 
Walsh, & Peterson, 2005) and along coastal ecosystems (Dolby, 
Ellingson, Findley, & Jacobs, 2018). Relatively few comparative stud‐
ies (e.g., Pedreschi, Kelly‐Quinn, Caffrey, O'Grady, & Mariani, 2014; 
Sota & Nagata, 2008), however, have explicitly investigated the role 
of climatic history in evolutionary diversification in high‐latitude 
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coastal archipelagos, where dynamic glacial advances potentially re‐
structured entire communities repeatedly.

During the Last Glacial Maximum (LGM; between 26.5 and 
19 kya), ice covered much of North America (Figure 1; Dyke & 
Prest, 1987; Mandryk, Josenhans, Fedje, & Mathewes, 2001), re‐
stricting species distributions to ice‐free regions in the north (e.g., 
Beringia), south (continental), or along the coasts (Marr, Allen, & 
Hebda, 2008). As the Laurentide and Cordilleran ice sheets receded, 
periglacial populations recolonized previously ice‐covered regions 
(Eddingsaas, Jacobsen, Lessa, & Cook, 2004; Lessa, Cook, & Patton, 
2003) throughout North America. Colonization and extinction dy‐
namics of the land bridge islands along the northwest coast of North 
America are thought to more closely resemble those of oceanic is‐
lands (Conroy, Demboski, & Cook, 1999; Whittaker & Fernández‐
Palacios, 2007) because glacial cover from the Cordilleran Ice Sheet 
hypothetically created a clean slate down to tidewater (Klein, 1965). 
Areas previously glaciated were presumably colonized from mul‐
tiple ice‐free (Beringian, southern continental) regions during the 

late Pleistocene‐early Holocene (14 to 10 kya), with independent 
recolonization from disparate sources hypothesized to have shaped 
the contemporary genetic structure of coastal biota. Due to eu‐
static and isostatic fluxes at the LGM, the Alexander Archipelago 
(AA) of Alaska and Haida Gwaii of British Columbia experienced 
sea levels up to 165 m lower (Baichtal, Carlson, & Crockford, 2008; 
Hetherington et al., 2003; Shugar et al, 2014); however, there re‐
mains substantial uncertainty regarding the extent of glaciation 
in this region (Buma et al., 2013; Carrara, Ager, & Baichtal, 2007; 
Carrara, Ager, Baichtal, & VanSistine, 2003; Elias, 2013; Fladmark, 
1979). The earliest initiation of deglaciation in the region is now 
estimated at about 17,000 ybp (Lesnek, Briner, Lindqvist, Baichtal, 
& Heaton, 2018). Although many of the islands were buried under 
1,000 m of ice, coastal refugia may have persisted along the exposed 
western continental shelf (e.g., Baichtal & Carlson, 2010; Fladmark, 
1979). This Coastal Refugia Hypothesis remains poorly documented, 
however, and hinges on whether species persisted and diverged in 
isolation through the LGM, thereby becoming significant source 

F I G U R E  1   Sampling scheme, range maps, and North American LGM glacial cover. Sampling localities are shown by major cytb lineage. 
The thick black lines are the current range for each species, with the addition of P. maniculatus (white line) on the Peromyscus map. The light 
blue in the bottom right image is LGM glacial ice cover. COP: Colorado Plateau; LGM: Last Glacial Maximum; NPC: North Pacific Coast. Color 
schemes for species and lineages are held constant across figures
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populations for recolonization of deglaciated island and continen‐
tal areas in northwestern North America (Byun, Koop, & Reimchen, 
1999, 1997; Demboski, Stone, & Cook, 1999).

As glaciers receded and sea levels rose, the islands of the AA 
became increasingly fragmented, although the sequence of frag‐
mentation is complex due to isostatic rebound (Carrara et al., 2007). 
Subsequent in situ diversification across the AA hypothetically pro‐
duced endemic populations due to either long‐term occupation of 
the region (paleoendemics that originated from coastal refugia) or 
recent colonization from sources outside the region (neoendemic; 
Cook, Dawson, & MacDonald, 2006; Cook & MacDonald, 2013). 
Long‐term field studies (Cook et al., 2017; MacDonald & Cook, 2007) 
have now produced the density of sampling across the archipelago 
necessary to begin to explore this complexity for mammals.

The AA is one of the planet's most extensive archipelagos with 
>1,100 named islands including 7 of the 15 largest United States is‐
lands. Together with Haida Gwaii to the south, these archipelagos 
support a significant portion of the remaining coastal temperate 
rainforest worldwide (DellaSala et al., 2011; Ecotrust & Conservation 
International, 1992). Most of the islands within this archipelago are 
managed by the Tongass National Forest (6.9 million ha; United 
States Geological Survey, 2010) and have been heavily modified by 
industrial timber harvests and associated fragmentation (e.g., roads) 
over the past 60 years (Albert & Schoen, 2013; List, 2000; Schoen 
& Dovichin, 2007). The rugged and ice‐laden Coast and Wrangell–
St. Elias mountain ranges that border the adjacent mainland to the 
east and north have acted as barriers to dispersal that filtered the 
movement of species into and out of the region (Cook & MacDonald, 
2013).

Previous regional phylogeographic studies identified divergent 
and endemic populations of various taxa, including a number of 
vascular and non‐vascular plants (Brodo & Sloan, 2004; Hannon, 
D'Amore, Witter, & Lamb, 2010; Soltis, Gitzendanner, Strenge, & 
Soltis, 1997), terrestrial invertebrates (Clarke, Levin, Kavanaugh, & 
Reimchen, 2001), fishes (Kondzela et al., 1994; O'Reilly, Reimchen, 
Beech, & Strobeck, 1993; Smith, Nelson, Wood, & Koop, 2001), birds 
(Barry & Tallmon, 2010; Bull, McCracken, Gaston, Birt, & Friesen, 
2010; de Volo, Reynolds, Sonsthagen, Talbot, & Antolin, 2013), and a 
series of mammals such as northern flying squirrels (Glaucomys sabri‐
nus, Bidlack & Cook, 2002), red‐backed voles (genus Myodes, Runck, 
Matocq, & Cook, 2009), red squirrels (Tamiasciurus hudsonicus, Hope 
et al., 2016), ermine (Mustela erminea, Dawson, Hope, Talbot, & Cook, 
2014; Fleming & Cook, 2002), black bear (Ursus americanus, Peacock, 
Peacock, & Titus, 2007), and mountain goats (Oreamnos americanus, 
Shafer, White, Cote, & Coltman, 2011). To date, few studies in the 
AA have focused on co‐distributed, multi‐species assemblages.

Small mammals are optimal for exploration of comparative phy‐
logeographic signatures because they are relatively abundant, wide‐
spread, and have limited vagility. We examine the role of historical 
climate variability in structuring contemporary genetic variation 
of two rodents, Microtus longicaudus and Peromyscus keeni, and a 
shrew, Sorex monticola; all are widely co‐distributed throughout the 
AA and adjacent mainland. Previous analyses of mitochondrial DNA 

variation of a reduced set of localities in the region uncovered signif‐
icant inter‐population variation in these mammals (Conroy & Cook, 
2000; Demboski & Cook, 2001; Lucid & Cook, 2004). Although 
these species are frequently sympatric, M. longicaudus (an herbivore) 
tends to prefer more open herbaceous habitats, P. keeni (an omni‐
vore) typically occurs in forest and scrub habitats, and S. monticola 
(an insectivore) usually occupies forested and non‐forested habitats 
with dense ground cover (Van Horne, 1981, 1982; Smith & Belk, 
1996; Smolen & Keller, 1987; Zheng, Arbogast, & Kenagy, 2003). The 
dietary isotopic niches of these species largely do not overlap as well 
(O'Brien, Cook, & Newsome, 2017). If all three species expanded 
from shared refugia, genetic signatures tracking their expansion his‐
tories may be congruent due to the common influence of climatic 
events (i.e., top‐down environmental control), regardless of specific 
ecological differences or niche requirements.

In this study, we test three related questions. First, we assess the 
effects of geological history and climatic conditions on phylogeo‐
graphic signatures of M. longicaudus, P. keeni, and S. monticola, with a 
focus on testing the Coastal Refugium Hypothesis (Fladmark, 1979). 
We use species distribution models (SDMs; Figure 2) and historical 
bathymetric reconstructions (Figure 3) across species to identify 
areas of endemism and their spatiotemporal relationship to potential 
refugia, including coastal refugia.

Next, we test whether phylogeographic signatures are concor‐
dant across the three species. An expectation of shared history 
should result in signatures reflecting similar responses to climatic 
events and geographic barriers and corridors. Conversely, if taxa 
have idiosyncratic histories, we expect to observe highly distinctive 
phylogeographic structure.

Lastly, we integrate the niche models, bathymetry, and demo‐
graphic analyses to test for concordant signatures of demographic 
and spatial expansion to assess whether the three species responded 
similarly to the warming trends of the early Holocene. Signatures of 
historic expansion may be expected in island populations as a result 
of post‐glacial colonization following increased island connectivity 
that occurred when sea levels were lower during glacial periods.

2  | MATERIAL S AND METHODS

2.1 | Sample collection and sequencing

Specimens (n = 137 M. longicaudus, 146 P. keeni, and 149 S. monti‐
cola; Supporting Information Appendix S1) were collected through 
fieldwork between 1991 and 2012 and archived at the University 
of New Mexico's Museum of Southwestern Biology (MSB) and the 
University of Alaska Museum of the North. Tissues were also ob‐
tained on loan from the University of Washington Burke Museum 
and Gwaii Haanas National Park Reserve and Haida Heritage Site 
(13 P. keeni, and 3 S. monticola). Sampling covered 44 localities 
across Southeast Alaska and Haida Gwaii. All recognized subspe‐
cies (Hall, 1981) found in or near Southeast Alaska for each species 
were represented. Closely related outgroup species (n = 3 Microtus, 
40 Peromyscus, and 9 Sorex) were also sequenced. Additionally, we 
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F I G U R E  2   Species distribution models (climate suitability at each time period) for Microtus longicaudus, Peromyscus keeni and Sorex 
monticola from the Last Inter‐Glacial (LIG), Last Glacial Maximum (LGM; solid blue = glacial ice coverage), Mid‐Holocene (Mid‐Hol.), Current, 
and Future (approximately the year 2080), including the change in habitat suitability between current and future models
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used GenBank sequences representing 41 M. longicaudus, and 18 
P. maniculatus (Supporting Information Appendix S1).

We extracted total genomic DNA to a final concentration of 
50 ng/µl using either Omega Bio‐Tek (Norcross, GA) E.Z.N.A. or stan‐
dard salt extraction (Fleming & Cook, 2002). Polymerase chain reac‐
tions (PCR) amplified mitochondrial (mtDNA) cytochrome b (cyt b) and 
three nuclear loci per genus, chosen based on variability observed in 
previous work and preliminary assessment within this study (Microtus: 
Protein C‐est‐2 (ETS2), β‐fibrinogen (FGB), and Recombination 
Activating Protein 1 (Rag1); Peromyscus: β‐fibrinogen (FGB), interpho‐
toreceptor retinoid‐binding protein (IRBP), and zona pellucida 3 (ZP3); 
Sorex: Alcohol Dehydrogenase 2 (ADH2), Apolipoprotein B (ApoB), 
and β‐fibrinogen (FGB); Supporting Information Appendix S2).

Nuclear heterozygotes were inferred with phase v2.1 (Stephens 
& Scheet, 2005; Stephens, Smith, & Donnelly, 2001) using five 
runs with 1,000 iterations (different seeds) and a burn‐in of 
1,000. Iterations with the best goodness‐of‐fit were chosen. 
Posterior	 probabilities	 (PP)	 for	 nucleotides	 ≥0.85	 were	 chosen;	
otherwise ambiguous sites were coded as N. All analyses used 
phased sequence data. Sequences were edited in Sequencher v4.2 
(GeneCodes Corporation), aligned in mega v5.2 (Tamura et al., 
2011) using the muscle algorithm and confirmed by eye.

2.2 | Testing phylogenetic models under the Coastal 
Refugia Hypothesis

To determine whether climatic conditions in the AA remained 
within species climatic thresholds, we generated SDMs for each 
species under current, mid‐Holocene (~6 ka), LGM (~21 kya) 

(http://pmip2.lsce.ipsl.fr/; Braconnot et al., 2007), last inter‐glacial 
(LIG; ~120–140 kya), and future conditions (twice the current lev‐
els of CO2, ~2080, Christensen et al., 2007). Bioclimatic variables 
were obtained from Worldclim (www.worldclim.org, Hijmans, 
Cameron, Parra, Jones, & Jarvis, 2005) at a resolution of 2.5 arc‐
minutes and clipped to incorporate only Southeast Alaska and the 
surrounding mainland. Test layers were clipped to the extent of 
sampling, while projection layers were for western North America. 
enmTools (Warren, Glor, & Turelli, 2008, 2010) was used to deter‐
mine highly correlated variables (Pearson correlation coefficient 
≥0.75),	which	we	then	reduced	based	on	those	most	biologically	
relevant to small mammals (i.e., temperature related), to avoid 
over‐parameterized models. Final runs were performed using 
bioclimatic variables 1 (annual mean temperature), 6 (minimum 
temperature of coldest month), 7 (temperature annual range), 
and 11 (mean temperature of coldest quarter), and run using a 
test percentage of 25%. We obtained species localities from mu‐
seum databases (e.g., ARCTOS [http://arctos.data‐base.uaf.edu] 
and MaNIS [http://manisnet.org/], Stein & Wieczorek, 2004) in 
October 2013. Sites with large spatial errors were removed and 
localities within <12 km of each other were eliminated (Hope et 
al., 2011) to reduce potential spatial autocorrelation (Reddy & 
Davalos, 2003), resulting in 127 M. longicaudus, 150 P. keeni, and 
145 S. monticola sample localities. SDMs for each species were 
constructed at each time period using maxenT v3.3.3k (Elith et 
al., 2006; Phillips, Anderson, & Schapire, 2006; Phillips & Dudik, 
2008). Final runs were performed using cross‐validation across 10 
replicates, with a regularization parameter of 5 (Hope et al., 2011; 
Warren & Seifert, 2011) and 1,000 iterations. All other values 

F I G U R E  3   Islands and nearby coastal mainland locations in Alaska, including paleoshorelines (kya = thousands of years ago) and 
hypothesized island groups (also see Table 2). Red arrows indicate potential colonization across the Alexander Archipelago as a result of 
change in sea level and glacial cover

http://pmip2.lsce.ipsl.fr/
http://www.worldclim.org
http://arctos.data-base.uaf.edu
http://manisnet.org/
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were set as default. Models of LGM were averaged for final results 
using raster calculator in arcgis 10.1 (ESRI, Redl ands, CA, USA). 
Climate suitability was limited by the low median threshold values 

over all replicates (Pearson, Raxworthy, Nakamura, & Peterson, 
2007). Models were tested for performance using the randomiza‐
tion feature in enmTools.

TA B L E  2   Divergence date estimates for the island lineages of Microtus longicaudus, Peromyscus keeni, and Sorex monticola based on both 
cyt b and phased multilocus analysis

Species Lineage

cytb Multilocus

95% HPD lower Mean 95% HPD upper 95% HPD lower Mean 95% HPD upper

M. longicaudus Island 156,100 215,700 285,900

Northern/Island 296,500 402,000 516,400 108,900 143,500 179,300

Peromyscus P. keeni 207,500 316,500 438,400 114,900 144,200 177,800

Peromyscus sp. nov. 69,103 194,600 339,700 45,300 105,800 167,000

S. monticola 475,900 756,400 1,037,400 72,100 122,400 180,000

Island 72,200 114,400 166,300 45,000 65,300 90,500

Southern 49,900 130,200 219,800

F I G U R E  4  Multilocus	Bayesian	Species	Tree.	Posterior	probabilities	of	≥0.95	are	represented	with	open	circles	on	branches	of	the	
consensus tree. A priori groupings were designated based on cyt b	Bayesian	supported	(≥0.95	posterior	probability)	clades.	Blue	=	
Island/Peromyscus keeni, bright green = Northern/Peromyscus sp. nov. (Yukon), dark green = North Pacific Coast, light yellow‐green = 
Colorado Plateau/P. maniculatus Southwest, golden = Central/P. maniculatus West, orange = Southern/P. maniculatus East, black = outgroups. 
Horizontal gray bars represent divergence date estimates and vertical bars indicate approximate time for the LIG and LGM. LGM: Last Glacial 
Maximum; LIG: Last Inter‐Glacial
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We estimated potential island refugia, connectivity within and 
among hypothesized island groups, and potential colonization path‐
ways at different points since the LGM. To re‐create paleoshorelines 

for three temporal periods: 20 kya (with LGM glacial cover), 14, and 
10 kya (Ehlers & Gibbard, 2004), we used information available from 
Carrara et al., 2003 and Baichtal (pers. com.) in combination with 

F I G U R E  5   Cyt b Bayesian skyline plots 
(cytb data only) for the major cytb lineage 
populations: (a) Microtus longicaudus 
Island, (b) Peromyscus keeni, and (c) Sorex 
monticola Island. The x‐axis right‐to‐left 
from past (TMRCA) to present and is 
scaled in millions of years and the y‐axis 
is the log effective population size scaled 
by generation time. Vertical gray bars 
indicate the LIG (when applicable, right) 
and LGM (left) for reference. LGM: Last 
Glacial Maximum; LIG: Last Inter‐Glacial
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arcgis 10.1 to al ter Southeast Alaska to sea level s suggested by es‐
timates of historic sea levels and current bathymetric information 
(Baichtal & Carlson, 2010; Baichtal pers. Com.). These paleoshore‐
line reconstructions were then the basis for projected recolonization 
pathways for these terrestrial mammals.

For this study, AA populations were hypothetically designated 
as refugial or nonrefugial based on both paleoshoreline recon‐
structions (Figure 3; Table 1) and climate suitability as determined 
by the SDMs (Figure 2). Refugia were subaerially exposed, which 
reflects areas not covered by glacial ice, and not under water 
(i.e., regions of newly exposed continental shelf). If species per‐
sisted in refugia, paleoendemic island populations should show 
higher divergence than expected for island populations that are 
the result of recent (Holocene) colonization. Net mtDNA genetic 
divergences between hypothesized refugial (i.e., persistent) and 
nonrefugial (i.e., recently colonized) island populations were calcu‐
lated in mega and standard demographic statistics were calculated 
for both mtDNA and nuDNA in dnasp for al l  phased l oci to test for 
varying histories (Table 1).

2.3 | Phylogenetic and demographic analyses

Lineage history was inferred through the use of a multilocus coa‐
lescent approach (Carstens & Knowles, 2007; Edwards, Liu, & 
Pearl, 2007; Maddison, 1997) with *BeasT (Heled & Drummond, 
2010) which uses a Bayesian Markov chain Monte Carlo (MCMC) 
algorithm implemented in BeasT. All phased mtDNA and nuDNA loci 
were tested for molecular clock suitability and assigned as inde‐
pendent and unlinked and set with substitution models calculated in 
modelTesT (Supporting Information Appendices S3 and S4). A priori 
groupings were designated based on geographic populations (e.g., 
islands) with initial evaluation of cyt b data (Supporting Information 
Appendices S4 and S5). A lognormal relaxed clock was designated 
for Cyt b with the same rates as the BeasT analysis (Supplementary 
text), while all rates for phased nuclear loci were estimated and as‐
signed strict clocks. Each run consisted of random start trees with a 
Species Tree: Yule process prior and piecewise linear and constant 
root population size model with MCMC chain lengths of two billion 
iterations, sampling every two million. Tracer, aWTy, logcomBiner, 
and TreeannoTaTor were used as in the BeasT analysis (Supporting 
Information). phylogeoViz (Tsai, 2011) was used to visualize phased 
nuclear haplotype frequencies across the landscape.

Net genetic distances among major clades of cyt b were calcu‐
lated in mega. To test for recent demographic change, we computed 
mtDNA and nuDNA summary statistics (segregating sites [S], num‐
ber of haplotypes [h], haplotype diversity [Hd], and nucleotide di‐
versity [π]), and selection and expansion statistics Tajima's (1989) D, 
Fu's (1997) Fs, and R2 (Ramos‐Onsins & Rozas, 2002) with 10 thou‐
sand coalescent simulations for each phased locus in dnasp 5.10.1 
(Librado & Rozas, 2009). Selection was also assessed through an HKA 
Test (Hudson, Kreitman, & Aguade, 1987).

To identify signals of population fluctuation, we estimated his‐
torical demography for the Island clades (clade includes both island 

populations and nearby mainland, and are distinct from Northern 
or Southern continental mitochondrial phylogroups) within cyt b, 
we generated Bayesian Skyline Plots implemented in BeasT. Three 
runs per analysis used a MCMC chain of two billion steps, sam‐
pled every two million, with strict molecular clocks and models 
of evolution (Supporting Information Appendix S4) calculated via 
modelTesT. Tracer and aWTy were used to assess convergence.

3  | RESULTS

3.1 | Identification of potential refugial locations

Predictive performance for SDMs had mean AUC values of 
0.801 ± 0.067 for M. longicaudus, 0.777 ± 0.080 for P. keeni, 
and 0.754 ± 0.082 for S. monticola across replicate runs, and all 
performed significantly better than random. No model clamping 
was detected. Suitable climate conditions for all three species in 
Southeast Alaska were present across all four temporal periods 
(Figure 2), including in areas west of the glacial ice during the 
LGM. Greatest suitability was for P. keeni for all historic periods. 
Future distributions suggest a decrease in habitat suitability for 
the outer southern islands and increased suitability for mainland 
regions for all three species (Figure 2). Paleoshoreline reconstruc‐
tions (Figure 3) at 10 kya suggest four major island groups (outer 
northern, inner northern, inner southern, and outer southern and 
middle islands) with potential northern and southern coastal refu‐
gia at the LGM. By 8 kya, contemporary island topography was 
present. Post‐glacial inter‐island colonization pathways from ref‐
ugial locations were inferred from island connectivity (Figure 3).

3.2 | Phylogenetic and demographic analyses

All loci across all species had varying levels of polymorphism and 
genetic diversity (Table 1 and Supporting Information Appendix 
S4), with mtDNA cyt b being the most variable locus. Among Island 
clades of all three species, M. longicaudus had the highest mtDNA 
haplotype diversity (98.4%), followed by P. keeni (97.8%), and S. mon‐
ticola (76.4%). Nuclear haplotype diversity for M. longicaudus ranged 
from 12.4% to 18.2%, P. keeni 6.5%–39.1%, and S. monticola 4.1%–
33.8%. Selection was not detected through HKA tests.

The multilocus species trees (Figure 4) for M. longicaudus reveal 
a single supported clade containing both Island and Northern cyt b 
clades. The species tree for Peromyscus lacked support for the Island 
clade (P. keeni). Species tree for S. monticola supports the Island 
clade and the Southern clade, and also indicates that S. monticola is 
monophyletic.

Nuclear haplotypes within the AA are broadly distributed across 
the archipelago and exhibit little geographic structure for all loci and 
all species, with the exception of ETS2 in voles. Microtus longicau‐
dus populations on Forrester and Chichagof Island each have unique 
haplotypes for ETS2 (Supporting Information Appendices S6 and 
S7). Multilocus divergence dates (Table 2) for the Island‐Northern 
clade of M. longicaudus and Island clades of P. keeni are near the LIG, 
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while the Island clade for S. monticola diverged earlier, between the 
LGM and LIG.

Within the AA, distinctive but minimally divergent, mito‐
chondrial lineages are consistently recorded across the three 
species for Forrester, Noyes and Revillagigedo islands each, 
likely reflecting their contemporary isolation. Distinct island‐
specific lineages were also identified for Coronation, Dall, Kuiu, 
Lulu, Prince of Wales, and Zarembo for both M. longicaudus 
and P. keeni, and San Fernando for both P. keeni and S. monti‐
cola (Table 1; Supporting Information Appendices S5 and S8). 
Distinctive island lineages were recovered for Kupreanof, 
Suemez and Wrangell for M. longicaudus; while Admiralty, 
Baranof, Chichagof, Gravina, Heceta, and Warren were distinc‐
tive for P. keeni; and only Etolin was distinctive for S. monticola 
alone. Within P. keeni, the presence of a lineage representing 
the northern islands of Admiralty, Baranof and Chichagof is con‐
sistent with a biogeographic subregion first proposed by Swarth 
(1936; but see MacDonald & Cook, 1996).

Overall, measures of genetic diversity for the Island clades 
were low for all three species (Supporting Information Appendix 
S4), indicative of either population demographic expansions or se‐
lective sweeps. However, the inconsistent diversity indices among 
refugial versus nonrefugial islands could be a result of fixation 
(lower diversity) due to smaller island population size (Bidlack & 
Cook, 2002) compounded by a complex history of colonization 
and likely bottlenecked populations across the islands (Cook & 
MacDonald, 2013). Although significant expansion statistics can 
indicate selection, negative HKA tests suggest otherwise although 
we cannot rule out selection on closely linked regions. Additionally, 
significantly negative D and FS for all cyt b may be a result of re‐
cently expanded populations. The cyt b skyline plots (Figure 5) for 
M. longicaudus suggests increase in effective population size (Ne) 
from a small ancestral population. In contrast to sudden growth 
in M. longicaudus, P. keeni and S. monticola show a steady increase 
in Ne. Additionally, growth occurs post‐LGM within S. monticola 
and concurrent with the LGM for both M. longicaudus and P. keeni. 
Relative to mainland clades, high genetic diversity values for the 
Island clades of M. longicaudus, P. keeni, and S. monticola likely are 
the cumulative result of independent genetic drift within each 
island, with each of these fragmented island populations having 
relatively small Ne.

3.3 | Testing phylogenetic models under the Coastal 
Refugia Hypothesis

Differences in genetic divergence within and between areas identi‐
fied as potential refugia by SDMs and those covered in ice were not 
detected (Supporting Information Appendix S9). Fu's FS and Tajima's 
D and diversity indices (Supporting Information Appendix S4) varied 
in significance. The Bayesian skyline plots (Supporting Information 
Appendix S10) for all populations of M. longicaudus, P. keeni, and 
S. monticola are unable to distinguish between refugial and colonized 
areas.

4  | DISCUSSION

Phylogeographic studies help us understand how past environmen‐
tal history has influenced genetic structure, but historical context 
(Grant & Grant, 2003) also provides a crucial foundation for fore‐
casting how anthropogenic impacts, such as habitat conversion 
(e.g., old‐growth logging) or climate‐warming, will structure insular 
populations (Christensen et al., 2007; Fahrig, 2003; Olson, 1989). 
We found that genetic structure in three sympatric small mammals 
of the Alexander Archipelago was influenced by a complex history 
of deep isolation and subsequent colonization. Genetic footprints, 
combined with assessment of paleoecology, helps identify both past 
refugial locations and the contemporary geographic barriers that 
now structure populations. In the case of the AA, genetic structure 
in three co‐distributed species was influenced by ice cover and lower 
sea levels—factors that left paleoendemic signatures reflecting their 
longer‐term in situ divergence. Those isolates subsequently served 
as source populations for recolonization throughout the archipelago. 
A dominant feature in the data is an overall signal of island endemism 
and mainland demographic expansion, with idiosyncratic spatial (is‐
land) and temporal patterns among the three study species. Signals 
of overall demographic expansion among all three species across the 
entire AA and along the adjoining mainland are consistent with the 
Coastal Refugia Hypothesis, although details of histories differed 
across species.

4.1 | Shared geologic and climatic history

Historic SDMs are consistent with the paleoendemic signatures and 
identify that suitable environmental conditions existed in Southeast 
Alaska for these species during both the LIG and LGM (Figure 2). 
Multilocus estimates of divergence for M. longicaudus, P. keeni and 
S. monticola suggest pre‐LGM initiation of regional divergence 
(Table 2). Coalescent simulations for both northwestern deer mice 
and dusky shrews are consistent with their long‐term persistence 
in the region, with both P. keeni and the Island clade of S. monticola 
distinctive. Additionally, minimal intraclade variability and inter‐is‐
land diversification characterized the Island clade of S. monticola 
(Figure 4 and Supporting Information Appendix S5). Coalescent 
simulations suggest a more recent divergence of M. longicaudus, po‐
tentially reflecting geographic proximity and relatively recent seg‐
regation (20 kyr) between contemporary populations representing 
the Island and Northern cyt b clades, rather than post‐glacial expan‐
sion of mainland populations into the AA (Sawyer & Cook, 2016). 
Inconsistent estimates within each species partially stem from our 
inability to calibrate trees with fossils, and thus account for rate 
decay (Ho, Phillips, Cooper, & Drummond, 2005). Other signals 
(i.e., diversity indices, Fu's Fs; Tajima's D; Supporting Information 
Appendix S4) within M. longicaudus suggest a deeper history in 
Southeast Alaska, including their possible persistence and diver‐
gence in coastal refugia.

Demographic expansion was identified in the Island clades of 
all three species (Bayesian skyline plots and expansion statistics), 
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consistent with deglaciation of these areas (Figure 5; Supporting 
Information Appendix S4). All three Island clades have lower esti‐
mates of mitochondrial and nuclear diversity, compared to their con‐
tinental counterparts, perhaps reflecting the influence of historically 
small population sizes. When tested as a single population, rather 
than individual islands, coalescent simulations (i.e. expansion sta‐
tistics; Supporting Information Appendix S4) identified the source 
populations as originating from the islands of Southeast Alaska, 
rather than mainland. The deeper history of Island clades and rela‐
tively higher numbers of endemics within this coastal region for each 
species (Cook & MacDonald, 2001) is most consistent with their ex‐
tended persistence in the region followed by contemporary isolation 
across the fragmented archipelago, a finding that corresponds to the 
history of ermine in the region (Colella et al., 2018).

Overall, there are signals of shared history across M. longicaudus, 
P. keeni, and S. monticola, but the idiosyncratic influence of mutation 
rates, selection and drift, combined with independent population‐
level responses to historical climate and variable pathways are po‐
tentially reflected in incongruent aspects of the phylogeographic 
patterns. Nuclear loci for all three species lack consistent signatures 
of geographic structure across the region (Figure 4 and Supporting 
Information Appendix S6 and Appendix S7), potentially due to a 
combination of incomplete lineage sorting and differential rates of 
male‐biased dispersal (Foster, 1965; Helmus, Mahler, & Losos, 2014; 
McCabe & Cowan, 1945). The possibility of human‐mediated trans‐
portation seems unlikely given island‐specific resolution of mtDNA. 
The mtDNA data are not consistent with our original prediction that 
these widespread species should have relatively high levels of gene 
flow across the region. Instead, the data suggest that repeated ge‐
netic exchange or admixture during periods of lowered sea levels 
throughout the late Pleistocene and early Holocene have been fol‐
lowed by segregation and divergence in these species.

4.2 | Coastal Refugia Hypothesis

Although we are just beginning to explore the complex AA, prelimi‐
nary studies suggest a significant role for northern coastal refugia in 
diversifying and structuring contemporary communities (e.g., de Volo 
et al., 2013; Hannon et al., 2010; Shafer et al., 2011). Reconstruction 
of paleoshorelines is complex due to non‐linear changes as a result 
in lithospheric rebound (Josenhans, Fedje, Pienitz, & Southon, 1997) 
and submerged signatures of glacial extent, but our reconstructions 
of historical island connectivity, and potential colonization pathways 
suggest the potential for multiple LGM glacial refugia in Southeast 
Alaska (Figures 2 and 3): (a) mainland near Glacier Bay, (b) outer 
Baranof and Chichagof islands, (c) Forrester refugial complex, which 
would possibly result in post‐glacial colonization through Prince of 
Wales, Zarembo and Mitkof islands, (d) Coronation refugial complex, 
colonization through Kuiu and Kupreanof islands, or (e) Annette‐
Duke refugium, south of Gravina Island. Deep ocean trenches likely 
would have forced recolonization of Admiralty, Wrangell, and Etolin 
islands from populations on the mainland, rather than from direct 
island connections.

Species distribution models (Figure 2) for each species suggest 
suitable climate supported offshore habitat on the exposed shelf 
and select western islands (Table 1) since at least the LIG. Relatively 
high levels of infraspecific differentiation and timing of interclade 
divergence, coupled with their absence from Baranof Island (and 
Chichagof for S. monticola) indicate that M. longicaudus and S. mon‐
ticola likely persisted in coastal refugia along the southern extent 
of the AA. In contrast, P. keeni, likely persisted in a combination of 
northern and southern refugia within the AA, as suggested by the 
distinct cyt b lineage for the northern islands and differentiation 
across the southern islands. Unique haplotypes for P. keeni individu‐
als from the islands of Haida Gwaii also present the option of coastal 
refugia near Haida Gwaii (Hetherington et al., 2003).

Cowan (1935) suggested both P. keeni and S. monticola survived 
the Wisconsinan glaciation in coastal refugia in the AA. Although 
Klein (1965) and others (Heaton & Grady, 2003, 2007) conclude all 
small mammals likely failed to survive the LGM, there are pre‐LGM 
fossils of long‐tailed voles from Prince of Wales Island (Heaton & 
Grady, 2003, 2007). Lack of fossils on Prince of Wales during the 
LGM does not eliminate the possibility, however, that these species 
persisted further west in coastal refugia on the continental shelf 
when oceans were >120 m lower during the LGM.

Presence of paleoendemic lineages has implications for the ap‐
plication of island biogeographic theory to the AA (e.g., Conroy et al., 
1999), early human colonization of the New World (Achilli, Olivieri, 
Semino, & Torroni, 2018), and for understanding the evolution of 
continental biota (Riddle, 2016). Island isolation in particular may re‐
quire special consideration as measurements of isolation generally as‐
sume the source population is on the mainland. If source populations 
for some species were actually from coastal refugia, then diversity 
measurements would be complicated due to multiple colonization 
sources and routes (Figure 3), a conclusion consistent with Lucid 
and Cook (2004) who showed that island area had more influence 
on contemporary island genetic diversity, than isolation (as measured 
by distance from the mainland). For example, the source for Prince of 
Wales populations would traditionally be measured from the main‐
land immediately to the east, but source populations might instead 
be from refugia to the west (e.g., Forrester or Coronation complexes).

Diversification of fauna in coastal refugia and then subsequently 
on the Alexander Archipelago also raises the possibility that conti‐
nental diversity in northwestern North America has been influenced 
through recolonization of the mainland from islands (e.g., Filardi & 
Moyle, 2005). Each of the small mammals in this cohort appears to 
have a distinctive clade present in the AA which does not extend 
far beyond SE AK. The range of the Island clade of M. longicaudus 
is limited to the AA and nearby mainland, a distribution consistent 
with their paleoendemism in the region (Figure 1). The distribu‐
tions in both P. keeni and the Island clade of S. monticola (south to 
Washington) extend beyond SE Alaska, but divergence dates, net 
genetic distance, genetic diversity, and expansion statistics, as well 
as models of refugial migration for P. keeni (Sawyer, Flamme, Jung, 
MacDonald, & Cook, 2017), suggest these species persisted along 
the coast during the LGM. The finding of an island paleoendemic 
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clade for all three species is consistent with the phylogeographic 
pattern uncovered for ermine (Mustela erminea) in the region (Colella 
et al., 2018), but differs somewhat from two other carnivores, Pacific 
Coast marten (Martes caurina) and black bear (Ursus americanus), 
where the distribution of the island lineages now extend far beyond 
the boundaries SE AK (Dawson et al., 2014; Fleming & Cook, 2002; 
Peacock et al., 2007; Small, Stone, & Cook, 2003).

5  | CONCLUSION

Historical climate and coastal refugia shaped genetic structure of 
species of the high‐latitude Alexander Archipelago. Multiple lines of 
evidence suggest all three small mammals have paleoendemic line‐
ages in the region, a finding consistent with other recent work on en‐
demics in the region such as the Prince of Wales/Haida Gwaii ermine 
(Colella et al., 2018). Although this broad spatial pattern is concord‐
ant, questions remain regarding whether the timing of divergence co‐
incides across these taxa. Cyclic climatic changes may produce similar 
spatial patterns that have different temporal signatures. Signals of 
demographic expansion across the region for these distinctive clades 
are also evident and roughly concordant. More detailed documenta‐
tion of Late Quaternary changes in sea level and glacial cover along 
the North Pacific Coast, in addition to expanded genome‐scale sam‐
pling of these and other endemic organisms, however, are needed to 
refine the number, location, and influence of glacial refugia.

Assessments of genetic structure across an array of species in com‐
plex landscapes, such as this coastal archipelago which experienced dy‐
namic sea level fluctuations (e.g., Dolby et al., 2018), provide an initial 
framework for scientifically defensible management decisions (Gutrich 
et al., 2005; Pritchard, Jones, & Cowley, 2007). Future SDMs for these 
species forecast serious impacts, especially on the outer islands of the 
AA (Figure 2). Those outer islands now support a disproportionate num‐
ber of subspecies (Cook & MacDonald, 2001) and endemic lineages of 
mammals (Cook et al., 2006) and other taxa (Sikes & Stockbridge, 2013). 
Those islands also have experienced extensive anthropogenic habitat 
conversion (e.g., clear‐cut logging of old‐growth forests) over the past 
six decades with only minimal monitoring of impacts on biodiversity 
(Cook et al., 2006; Orians & Schoen, 2013). More generally, similarities 
across species are identifiable through the use of integrated analyses 
(i.e., phylogenetic reconstructions, SDMs); approaches that could be 
extended to other taxa in the AA or other high‐latitude fragmented sys‐
tems, such as Haida Gwaii of British Columbia (Reimchen & Byun, 2006), 
the Japanese Archipelago (Millien‐Parra & Jaeger, 1999), or British Isles 
(Vincent, 1990) to help conserve regionally distinctive biota experienc‐
ing dynamic environmental change (Avise, 2008; Hendry et al., 2010).
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Abstract

Quaternary climate fluctuations restructured biodiversity across North Ameri-

can high latitudes through repeated episodes of range contraction, population

isolation and divergence, and subsequent expansion. Identifying how species

responded to changing environmental conditions not only allows us to explore

the mode and tempo of evolution in northern taxa, but also provides a basis

for forecasting future biotic response across the highly variable topography of

western North America. Using a multilocus approach under a Bayesian coales-

cent framework, we investigated the phylogeography of a wide-ranging mam-

mal, the long-tailed vole, Microtus longicaudus. We focused on populations

along the North Pacific Coast to refine our understanding of diversification by

exploring the potentially compounding roles of multiple glacial refugia and

more recent fragmentation of an extensive coastal archipelago. Through a com-

bination of genetic data and species distribution models (SDMs), we found that

historical climate variability influenced contemporary genetic structure, with

multiple isolated locations of persistence (refugia) producing multiple divergent

lineages (Beringian or northern, southeast Alaska or coastal, and southern or

continental) during glacial advances. These vole lineages all occur along the

North Pacific Coast where the confluence of numerous independent lineages in

other species has produced overlapping zones of secondary contact, collectively

a suture zone. Finally, we detected high levels of neoendemism due to complex

island geography that developed in the last 10,000 years with the rising sea

levels of the Holocene.

Introduction

Pleistocene glacial–interglacial cycles repeatedly affected

divergence and speciation processes at high latitudes in

both the Northern (Koch et al. 2006; Lee-Yaw et al. 2007;

Godbout et al. 2008) and Southern Hemispheres (Lessa

et al. 2010). In North America, the Laurentide and Cor-

dilleran ice sheets extended far south during glacial phases

(Dyke and Prest 1987; Roberts 1991; Carrara et al. 2007),

resulting in major distributional changes in temperate

and arctic species (Lyons 2003). As glaciers receded,

deglaciated areas were recolonized by populations from

refugia (Pielou 1991) and contemporary DNA footprints

allow us to decipher the complex history of species move-

ments following deglaciation (Hayes and Harrison 1992;

Hewitt 2004; Marr et al. 2012). Populations that colo-

nized de-glaciated regions have signatures of rapid popu-

lation expansion (Hundertmark et al. 2002; Lessa et al.

2003; Walker et al. 2009), while refugial populations often

reflect long-term stability (Rand 1954; Shafer et al. 2010;
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Stewart et al. 2010). Reconstructing recolonization pat-

terns, however, can be problematic (Godbout et al. 2008),

especially in topographically complex regions or when

sampling is limited, because of the potential for cryptic

(unsampled) refugia (Shafer et al. 2010), distinctive

modes of expansion (e.g., phalanx and pioneer-type

expansion, Hewitt 1996, 2000), and even selective sweeps

when inference is based on a single gene (Excoffier et al.

2009). Furthermore, genetic variation in some recolonized

populations may be higher than expected due to admix-

ture between multiple lineages following expansion from

independent refugia (Petit et al. 2003; Marr et al. 2008).

Admixture may be particularly complex in high-latitude

archipelagos when colonizing populations arise from mul-

tiple island source populations (Crawford et al. 2001).

Across the broad expanse of northern North America,

a few regions have emerged as sites of high lineage diver-

sity because they are at the confluence of multiple recolo-

nizing lineages (Cook and MacDonald 2013). We focus

on one of these regions, the panhandle of southeast

Alaska along the North Pacific Coast, where high levels of

lineage diversity is being documented for a growing num-

ber of species, (e.g., Dawson et al. 2014). These divergent

lineages are postulated to have persisted in different ice-

free regions [Beringian, southern continental, or coastal

(Pielou 1991; Loehr et al. 2006; Carrara et al. 2007)] with

subsequent expansion into proximity (Conroy and Cook

2000; Demboski and Cook 2001). Southeast Alaska, a

region with an extensive island archipelago and high

levels of endemism (Cook and MacDonald 2001), has

been colonized by multiple newly arrived species (Cook

and MacDonald 2013). This region also experienced sub-

stantial habitat modification in the past 80 years due to

commercial logging and other extractive industries (List

2000; Schoen and Dovichin 2007; Albert and Schoen

2013).

We explore how complex topography and dynamic

geologic history conspired to shape contemporary lineage

diversity in Microtus longicaudus (long-tailed vole), a spe-

cies that spans more than 35 degrees latitude across west-

ern North America in montane and mesic herbaceous

habitats (Smolen and Keller 1987; Lomolino et al. 1989).

Previous work based on a single mitochondrial gene iden-

tified a series of geographically discrete lineages and a sin-

gle area of secondary contact in southeast Alaska (Conroy

and Cook 2000). Divergence among coastal (island) and

continental clades was attributed to late Quaternary

glacial–interglacial cycling by Conroy and Cook (2000)

who suggested the island clade experienced recent expan-

sion from a southeast Alaska refugium with subsequent

low gene flow among islands. The northern clade reflected

pre-last glacial maximum (LGM) isolation, while the

central and southern clades were the result of deeper

(mid-Pleistocene) divergence.

By employing a multilocus approach and exploring his-

torical climatic conditions predicted by species distribu-

tion models (SDM), we test previous phylogenetic

hypotheses of lineage diversification across the broad

range of M. longicaudus (e.g., Conroy and Cook 2000;

Spaeth et al. 2009). We then revisit estimates of timing of

divergence, refugial locations, and post-glacial coloniza-

tion pathways through expanded geographic sampling. By

focusing more intensively on the northwestern extent of

the species’ range, we first delimit the distribution and

source of all lineages in the region. Second, through finer

scale sampling, we begin to refine our understanding of

the distributional edges of lineages to reveal areas of

potential contact between distinct lineages and then test

the hypothesis that these sites reflect postglacial (last

10,000 years) contact. Finally, through a combination of

genetic data and species distribution models (SDMs), we

examine the interplay between historical climate variabil-

ity and contemporary fragmentation across an island

archipelago to set the stage for detailed analyses of diver-

sification and community assembly in this dynamic

region.

Materials and Methods

Sampling and laboratory procedures

Museum specimens were obtained via fieldwork con-

ducted annually since 1991. Frozen heart or liver tissues

are archived at the Museum of Southwestern Biology

(n = 52) and the University of Alaska Museum of the

North (n = 91). Sampling now represents 46 localities

spanning the geographic range of M. longicaudus. We

focused most intensively on northwestern sampling to

explore population structure across the Alexander Archi-

pelago (AA) of southeast Alaska and identify the extent of

contact between island and northern clades in southeast

Alaska, with a higher sampling density near Haines

(n = 28; Appendix S1; Fig. 1). Samples represented 11 of

the 15 currently recognized subspecies of M. longicaudus

(Fig. 1; Hall 1981). Additional cytochrome b gene (cyt b)

sequences were obtained from GenBank for 67 individuals

of M. longicaudus, one for each outgroup (M. pennsylvan-

icus and M. montanus), as well as a single Rag1 sequence

for M. pennsylvanicus (Appendix S1).

Genomic DNA was extracted using Omega Bio-Tek

(Norcross, GA) E.Z.N.A. kits or salt extraction (Fleming

and Cook 2002), with final concentrations adjusted to

50 ng lL�1. We amplified mitochondrial (mtDNA) cyt b

(767–1143 bp, n = 118) and nuclear (nuDNA) gene
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sequences, including Protein C-est-2 (ETS2, 731 bp,

n = 71), b-fibrinogen (FGB, 600 bp, n = 101), and

recombination-activating protein 1 (Rag1, 1059 bp,

n = 83; Table S1). Polymerase chain reaction, sequencing,

visualization, editing, and phasing procedures for alleles

were detailed in Sawyer (2014). All sequences were depos-

ited in GenBank (Appendix S1).

Phylogenetic analyses and estimation of
divergence times

We used a multilocus approach to reconstruct species

relationships (Maddison 1997; Carstens and Knowles

2007; Edwards et al. 2007). The species tree was estimated

in *BEAST (Heled and Drummond 2010), which uses a

Bayesian Markov chain Monte Carlo (MCMC) coalescent

approach to coestimate multiple gene trees embedded

within the corresponding species tree topology. A priori

groups were based on geographic populations, with indi-

viduals within northern populations assigned based on

cyt b-supported clades (Appendix S1 – “locality”). Inde-

pendent, unlinked loci (mtDNA and each nuDNA locus)

were partitioned by gene and set to appropriate substitu-

tion models (Table S2) calculated in MODELTEST. An a

priori uncorrelated lognormal relaxed clock was set for cyt

b with a mutation rate of 4% Myr�1 based on previous

estimates ranging from 3 to 5% Myr�1 (Conroy and

Cook 1999; Brunhoff et al. 2003; Hope et al. 2013).

Utilizing a Bayesian uncorrelated relaxed clock assists in

reducing errors associated with recent divergence and the

lack of reliable calibration points (Drummond et al. 2006;

Ho and Duchene 2014). The tree priors were set to a Spe-

cies Tree Yule Process with a piecewise linear and con-

stant root population size model and random start tree.

MCMC chain was run for 2 billion iterations, sampling

every 2 million. Time to most recent common ancestor

(TMRCA) was determined with a 95% posterior probabil-

ity distribution in TRACER v1.5 (Rambaut & Drummond

2007). For each tree, convergence statistics were assessed

with effective sample size (ESS) values ≥200 in TRACER

and convergence onto the same tree was analyzed with

the online software AWTY (Nylander et al. 2008). Three

independent runs were checked for convergence in trace

graphs then combined using LOGCOMBINER v1.7.5, with a

10% burn-in. Tree files were annotated in TREEANNOTATOR

v1.7.5, and topologies were visualized in FIGTREE v1.4.0

(Rambaut 2009). Because we lacked reliable fossils for this

species, we were unable to incorporate fossil calibration

into either cyt b (Data S1) or species tree analyses.

Migration estimates

We used BAYESASS v3.0.3 (Wilson and Rannala 2003) to

determine recent levels of gene flow among populations

representing the major cyt b clades (designated with a

95% support for Bayesian and 70 for ML; Fig. S1) across

Figure 1. Current range of M. longicaudus.

Light gray is the current range, black outlined

regions. Dots are sampling locations colored by

major cyt b clades (Fig. S1). (A) Entire range,

(B) Haines and southeast Alaska.
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the islands of southeast Alaska, as well as among northern

populations with secondary contact or in close geographic

proximity. BAYESASS uses a nonequilibrium, multilocus

Bayesian approach to estimate migration rates under a

MCMC algorithm. We used phased multilocus data

(mtDNA and nuDNA) and ran 200 million iterations

with a 20 thousand burn-in and sampling every 2 thou-

sand. Mixing parameters of allele frequencies, inbreeding

coefficient, and migration rates were adjusted following

program guidelines.

Demographic analyses

To explore the signatures of stability and postglacial

expansion for each well-supported major cyt b clade, we

reconstructed extended Bayesian skyline plots (EBSP;

mtDNA and nuDNA) and cyt b Bayesian skyline plots

(Heled and Drummond 2008) implemented in BEAST.

Colorado Plateau (COP) and North Pacific Coast (NPC)

were omitted due to low sample sizes. Strict molecular

clocks for all phased loci and appropriate models of evo-

lution (Table S2) assigned for each of three independent

runs per data set included a MCMC chain of 2 billion

steps, sampled every 2 million steps. TRACER was used to

assess convergence. Significant population size change

occurred in EBSPs if zero was excluded from the 95%

confidence interval (CI) of the estimate of the number of

size-change steps (Lim and Sheldon 2011). To test for

recent demographic fluctuation in cyt b major clades for

each locus, we calculated a series of population genetic

summary statistics [segregating sites (S), haplotype diver-

sity (Hd), and nucleotide diversity (p)] for both mtDNA

and nuDNA in DNASP 5.10.1 (Librado and Rozas 2009).

Historical demographic change or selection potential were

assessed through Tajima’s D (1989), Fu’s Fs (1997), and

Ramos-Onsin and Rosas’ R2 (Ramos-Onsins and Rozas

2002) with 10 thousand coalescent simulations. Selection

potential was assessed through the HKA test (Hudson

et al. 1987).

Species distribution models

We generated SDMs for M. longicaudus to identify

regions of climate suitability across western North Amer-

ica, which were then tested with molecular data. Because

we used relatively few southern samples, we did not gen-

erate clade-specific models. Models included bioclimatic

variables obtained from WORLDCLIM (www.worldclim.org,

Hijmans et al. 2005) at a resolution of 2.5 arc-minutes

for current, as well as mid-Holocene (~6 ka) and last gla-

cial maximum (LGM; ~21 ka, http://pmip2.lsce.ipsl.fr/,

Braconnot et al. 2007), and the last interglacial (LIG;

~120–140 ka). To avoid over-parameterization of the

model, we used ENMTOOLS (Warren et al. 2008, 2010) to

eliminate highly correlated variables (Pearson correlation

≥0.75). Test layers were clipped to the extent of sampling,

while projection layers were for western North America.

Correlated bioclimatic variables were removed and only

those judged to be the most important to M. longicaudus

were retained for the final runs. Locality data were

obtained from museum databases (e.g., ARCTOS http://

arctos.data-base.uaf.edu and MaNIS http://manisnet.org/;

Stein and Wieczorek 2004). Sites with large (>50 km)

spatial errors were removed. Although genetic sampling

was denser in the northern latitudes, that was not the case

for SDMs (Fig. S2). To moderate spatial autocorrelation

(Reddy and Davalos 2003), we reduced sample points to

50 km apart by removing intervening samples (Hope

et al. 2011) for 149 final localities.

Species distribution models were constructed for each

time period using MAXENT v3.3.3k (Elith et al. 2006; Phil-

lips et al. 2006; Phillips and Dudik 2008). Basic assump-

tions were as follows: no topographic change has

occurred, niche conservatism (Wiens and Graham 2005),

environmental data adequately predict species occurrence

(Kozak et al. 2008; McCormack et al. 2010), and sam-

pling records effectively captured the entire niche breadth

of the species (Pearson et al. 2007). Final runs used bio-

climatic variables 1 (annual mean temperature), 6 (min

temperature of coldest month), 7 (temperature annual

range), 9 (mean temperature of driest quarter), and 11

(mean temperature of coldest quarter) and were per-

formed using cross-validation across 10 runs, with a ran-

dom test percentage of 25%, regularization parameter of

5 (e.g., Hope et al. 2011; Warren and Seifert 2011), and

1000 iterations; all other values were default. Models were

tested for performance using the randomization feature in

ENMTOOLS. Mean and median models were not signifi-

cantly different from each other, so mean models based

on MIROC and CCM models of LGM were averaged in

ARCGIS 10.1 (ESRI, Redlands, CA) using the raster calcu-

lator. Minimum threshold values for climate suitability

were the low median threshold values over all replicates

(Pearson et al. 2007). These models were assessed with

respect to potential refugial locations as identified by

Sawyer (2014).

Results

Phylogenetic analysis

The multilocus species tree identified just a single well-sup-

ported clade (island and northern together; Fig. 2), while

other clades identified based on mtDNA alone (Conroy

and Cook, 2000; this study) were only moderately sup-

ported. Nuclear haplotypes (Fig. S3) generally were either
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lineage specific or shared across many individuals. Shared

alleles were not dependent on geographic proximity, sug-

gesting the lower resolution found in the species tree com-

pared to the more geographically structured mtDNA tree

may result from incomplete lineage sorting, rather than

admixture (Toews and Brelsford 2012).

We found stronger geographic structure within the fas-

ter evolving cyt b across the range of M. longicaudus

(Fig. 1 and Fig. S1), but all phylogenies were consistent

with four geographic groups: (1) southern, comprised of

two lineages (S1: Colorado and Wyoming; S2: New Mex-

ico, Colorado, and Arizona); (2) central (California,

Idaho, Montana, and Wyoming); (3) COP (Arizona into

Idaho); and 4) northwest, consisting of NPC (British

Columbia, Oregon, and Washington), northern (eastcen-

tral Alaska, through Yukon and British Columbia), and

island (southcentral Alaska, southern Yukon, and south-

east Alaska). Two mainland southeast Alaska locations,

Haines and Juneau, have representatives of both northern

and island clades.

Both northern and island clades showed substantial

internal structure, with many geographically restricted lin-

eages identified (Fig. 2and Fig. S1).

Genetic diversity, demographic analyses
and current levels of gene flow

Nuclear loci had varying levels of allelic diversity

(Table S2), with ETS2 the most geographically structured.

No selection was detected in HKA tests for all loci.

Ramos-Onsin and Rozas R2 values were significant for all

loci. We inferred demographic history based on degree of

genetic variation, significance of expansion statistics

(Table S2), and both cyt b skyline plots and EBSPs

(Fig. 3). Populations that experienced recent expansion

generally have low Hd, while high Hd and p are indicative

of long-term stability, and low Hd and high p suggest

population bottlenecks. Levels of variation across all loci

(mtDNA and nuDNA), although generated indepen-

dently, were assessed for consistency across loci. The

genetic signature of the island clade is consistent with a

founder event that then experienced rapid growth, with

high cyt b Hd a result of genetic drift in the small, frag-

mented populations of the archipelago. The northern

clade signature is also consistent with reduced ancestral

population size followed by rapid expansion, while the

central clade was historically stable. The southern clade

represents a glacially stable population that may have

experienced a bottleneck (this signature only in the cyt b

data). Small sample sizes for the NPC and COP clades

preclude inference.

The mean of three runs for the Bayesian estimates of

migration indicated low levels of gene flow between major

cyt b clades within northern regions of secondary contact

(Table 1), with the island clade the most genetically iso-

lated. Gene flow (proportion of migrants derived from

Figure 2. Phased multilocus Bayesian Species Tree. Posterior

probabilities of ≥0.95 are represented with open circles on branches.

Horizontal gray bars represent divergence date estimates and vertical

bars indicate approximate time for the LIG and LGM. NPC = North

Pacific Coast; COP = Colorado Plateau; S1 & S2 = southern clades.
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other populations) among geographically proximate rep-

resentatives of distinct clades was highest from popula-

tions in the northern clade (Haines and Juneau) into the

Haines population of the island clade (0.009–0.012;
Fig. S4; Table S5). The island clade contained populations

with a very small proportion of mainland migrants

(<0.0187 between any island/adjacent mainland pair;

Table S6).

Divergence times and alternate models of
glacial refugia and postglacial recolonization

The multilocus estimation places the north/island clade

TMRCA before the LIG (142 ka; Table S7; Cyt b esti-

mates – Data S1).

Strong predictive ability of SDMs is indicated with

AUC values >0.80 (Warren et al. 2008). SDMs in this

study had predictive performances with a mean AUC

value of 0.834 (standard deviation 0.04) for the training

and test data and performed significantly better than ran-

dom. The LIG SDM suggests M. longicaudus was

restricted to coastal or extreme southern locations at this

time, with a subsequent increase in climate suitability for

the LGM in interior western North America, allowing

northward and eastward movement. By the mid-Holo-

cene, climate conditions were suitable to cover most of

the current range of M. longicaudus. Because SDMs are

conservative (i.e., limited by a minimum threshold value)

and relatively few northern continental localities were

included, the full northern range currently occupied was

not predicted in the models (Fig. 4).

Discussion

Deciphering the dynamic history of a region sets the

stage for interpreting how contemporary environmental

change (e.g., deforestation, climate change) may impact

species and ultimately ecosystems. In the case of coastal

Alaska, our understanding of diversity, island biogeogra-

phy, and community assembly across the vast Alexander

Archipelago was predicated on the hypothesis that the

region was entirely glaciated until about 12,000 years

ago, and this suggested a narrow timeframe for coloniza-

tion and diversification of the contemporary biota (Klein

1964). Subsequent phylogeographic (Cook et al. 2006;

Shafer et al. 2010), geological (Carrara et al. 2007; Ager

et al. 2010), and paleontological (Heaton and Grady 2003,

2007) investigations have revealed complex histories

including deeper, in situ persistence and divergence for

many species along the coast that were later followed by

waves of colonization westward through the coast range

from other ice-age refugia (Cook and MacDonald 2013).

Through the use of multilocus phylogenetics and

SDMs, we explored how historical climatic events struc-

tured genetic variation in a common rodent across north-

western North America and then focused more intently

on subsequent diversification across the islands of south-

east Alaska. Sources for postglacial colonization of these

northern latitudes typically were located in either south-

ern ice-free regions (northward; e.g., Stone et al. 2002) or

Beringia (southward; e.g., Eddingsaas et al. 2004). Because

populations of taxa in the higher latitude deglaciated

regions are hypothesized to be relatively homogenous due

to recent northward expansion while southern source

populations should retain signatures of long-term persis-

tence and deeper divergence (Hewitt 2000; Lessa et al.

2003; Malaney and Cook 2013), we expected to find simi-

lar genetic signatures for M. longicaudus. Instead, we

uncovered substantial structure in coastal Alaska, with

admixture in some mainland populations that reflected

complex histories of origin. Contemporary coastal main-

land populations are derived from historically persistent

(coastal refugial) populations in Southeast Alaska

(Carrara et al. 2007) or derived from recent westward col-

onizers that arrived from one or more refugial sources

outside of the region. Contemporary island populations

in contrast are derived only from populations that per-

sisted in or near the region (i.e., coastal refugium) and

each of these insular populations subsequently has begun

to diverge independently (neoendemics). We emphasize

persistence “in or near the region” because the precise

location of a LGM coastal refugium or series of refugia,

when sea levels were up to 165 m lower, has not been

identified. Intraspecific variability in this species at the far

northwestern edge of its range mirrors to some extent the

history of several other species studied to date, indicating

that contemporary species in the region may be admixed

as a result of contact between distinctive persistent and

colonizing lineages. Similarly, contemporary communities

in the region are a composite of both persistent and

recently colonized species that arrived from multiple geo-

graphic sources (Cook et al. 2001, 2006). This dynamic

Figure 3. Cyt b Bayesian skyline plots (i) and EBSPs (ii) for the major cyt b clade populations: (A) island, (B) northern, (C) central, and (D)

southern, excluding NPC and COP. EBSP central line indicates mean change in effective population size through time, with upper and lower lines

showing the 95% posterior density. Significant population size change in EBSPs are indicated with asterisks. The x-axis right-to-left from past

(TMRCA) to present and is scaled in millions of years and the y-axis is the log effective population size scaled by generation time. Vertical gray

bars indicate the LIG (when applicable, right) and LGM (left) for reference.
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perspective on assembly where species and communities

may have multiple origins has broad implications ranging

from new perspectives on the island biogeography of the

archipelago, to revising conservation plans for this highly

fragmented and heavily altered landscape and to establish-

ing the history and critical roles of parasites in wildlife

and zoonotic pathogens in humans in the region.

Biogeographic drivers of isolation, glacial
refugia, and postglacial recolonization

This more detailed view of the phylogeography of

M. longicaudus refines our understanding of divergence

within southeast Alaska and largely corroborates earlier

continental-scale work that revealed patterns of differenti-

ation based on more restricted geographic and genetic

sampling (Conroy and Cook 2000; Spaeth et al. 2009),

but there are notable discrepancies. Spaeth et al. (2009)

focused on the Greater Yellowstone Ecosystem, identifying

postglacial subfossils representing both the northern and

Table 1. Major cytb clade in regions of northern secondary contact.

Bayesian migration estimates determined in BAYESASS. Nonmigrants

within each population are indicated in bold along the diagonal.

Values are the proportion of migrant genes donated from source pop-

ulations (columns) into sink populations (rows).

From. . .

Migration rates into. . .

Island Northern NPC

Island 0.988 0.007 0.005

Northern 0.019 0.970 0.011

NPC 0.050 0.156 0.795

Figure 4. SDM output. (A) LIG (~125 ka), (B)

LGM (~20 ka), (C) mid-Holocene (~6 ka), and

(D) current time periods. The thick black line in

(D) is the current range for M. longicaudus.

The solid blue coloring in (B) is glacial ice

cover. SDM climate suitability at each time

period is limited by minimum median threshold

values over all replicates. Because the SDMs

are conservative, not all current localities are

predicted in the models.
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central clades within Yellowstone (Fig. 5). Our expanded

assessment detected substantial spatial and temporal pat-

terns of genetic differentiation across the entire range of

M. longicaudus, not previously identified by either Conroy

and Cook (2000) or Spaeth et al. (2009).

The multilocus estimate for TMRCA of M. longicaudus

is before the LIG (about 290 ka, Fig. 2), but is shallower

than single-locus estimates from previous studies

(340 � 70 ka, Conroy and Cook 2000). Difficulty in

establishing these estimates may reflect our inability to

adequately calibrate trees with fossils and thus account

for rate decay (Ho et al. 2005). Contrasting with the pre-

LIG mtDNA estimates of divergence (Fig. S3), the shal-

lower fossil dates are extending only to the Wisconsinan

glaciation in Idaho, Wyoming, Colorado, and New Mex-

ico (Schultz and Howard 1935; Anderson 1968; Harris

1970; Hager 1972; Walkerd 1982; White et al. 1984) and

postglacial locations in Alberta and British Columbia

(Harington 2011b). The absence of older fossils, especially

at the northern extent of their range where we suspect

refugial persistence (Guthrie 1968; Youngman 1975), may

reflect poor preservation, lack of exploration of the

region, or simply the difficulty of distinguishing vole fos-

sil teeth (Harington 2011a). If the earlier DNA-derived

estimate for initiation of separation (290 ka) is correct,

then divergence among major lineages of M. longicaudus

was likely reinforced through late-Pleistocene cycles of

glacial isolation, as indicated by the SDMs (Fig. 4).

Southern clades apparently experienced longer-term sta-

bility and isolation, while the strongly supported, yet shal-

low structure among most northern clades is due to

recent (Holocene) range expansion.

Our findings are consistent with the hypothesis that

long-tailed voles persisted in a southeast Alaska coastal

refugium (island clade) during the LGM, followed by

expansion onto the islands and mainland and then recent

isolation on multiple islands as sea levels rose (Fig. 5).

Heaton and Grady (2007) found abundant M. longicaudus

fossils from On Your Knees Cave (49-PET-408) on Prince

of Wales Island (Fig. 5) that radiocarbon date to the mid-

dle Wisconsin Interstadial (38–25 ka), but fossil evidence

disappeared by the LGM due to glacial advance onto this

island. Microtus longicaudus reappeared in On Your Knees

and El Capitan and Bumper caves on Prince of Wales

Island by the early Holocene (Heaton and Grady 2003),

which suggests rapid recolonization shortly after the

LGM. The number of coastal refugial sites occupied by

M. longicaudus should be further explored because SDMs

and multilocus genetic signatures suggest the possibility

that M. longicaudus persisted in up to three refugia within

the AA. Fossil support for refugial locations in the AA

may prove problematic, however, as much of the coast

exposed during the LGM is now under up to 165 m of

water (Carlson 2007; Shugar et al. 2014).

Lack of connectivity between insular populations pro-

duced extensive interisland structure, with populations on

13 of the 19 islands displaying island-specific haplotypes

and significant mtDNA divergence (see also Sawyer

2014). Gene flow among island populations in the AA

was inhibited due to sea-level rise during the early Holo-

cene (c. 14–8 ka bathymetric reconstruction, Baichtal and

Carlson 2010). Also, within the AA, M. longicaudus is the

only vole that occurs on most of the islands (Baranof

island is a curious exception). On the mainland of south-

east Alaska, this vole is syntopic with two congeners,

M. oeconomus (root vole) and M. pennsylvanicus (mea-

dow vole); however, the phylogeographic histories of

those two species remain poorly understood in the region.

Both species are thought to be Holocene colonizers of

Figure 5. Proposed postglacial colonization routes (arrows) for

M. longicaudus based on genetic signatures and SDMs. Plus

(+) = fossil (SE Alaska)/subfossil (Yellowstone) locations and arrow

colors correspond to current cyt b lineages: dark green = North

Pacific Coast, green = northern, and blue = island. Northern and

island clade refugial locations and postglacial colonization with

location of geographic proximity indicated with the thick black line

and secondary contact with converging arrows. Blue line indicates

extent of glacial ice, and solid black coastal regions are exposed

continental shelf at the LGM.
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southeast that originated outside of the coastal region

(Cook and MacDonald 2013). With regard to other

potentially closely associated species, the phylogeography

of the ermine (Mustela erminea), a vole specialist predator

(Verts and Carraway 1998), has been explored. Three dis-

tinctive lineages of ermine, one endemic (island) and two

originating outside the region (Beringian and southern)

also have been identified in southeast Alaska (ermine;

Fleming and Cook 2002; MacDonald and Cook 2007;

Dawson et al. 2014), although there is limited spatial cor-

respondence between the long-tailed vole and ermine lin-

eages at finer spatial scales within southeast Alaska. The

island lineage of M. longicaudus, for example, co-occurs

with all three major clades (continental, Beringian, and

island) of ermine. Hence, although the broader regional

patterns of lineage divergence due to persistence in multi-

ple glacial refugia are shared among this predator and its

prey, idiosyncratic differences due to distinct colonization

abilities, lineage persistence, or random events are evident

on individual islands and on the mainland in southeast

Alaska. These limited examples point to the need for

more detailed comparative assessments with other taxa,

such as plants and associated arthropods, across this com-

plex landscape.

The island and northern clades of M. longicaudus have

at least two points of secondary contact on the mainland

(Haines and Juneau) and the multiple sites of geographic

proximity southward along the mainland coast of south-

east Alaska indicate the possibility of additional locations

of contact between distinctive lineages (Fig. 4). Island

individuals likely followed glacial retreat through multiple

colonization pathways (Fig. 5) to recolonize the adjacent

mainland while sea levels were low, while northern indi-

viduals apparently colonized the mainland rapidly

through river corridors extending through the coast range

after ice sheets receded. Detailed assessment of mainland

sites based on increased sampling density is needed to

interpret the expansion from the east, a process noted for

other mammals (Cook and MacDonald 2013). This

region of contact along the coast may reflect a generalized

suture zone, where processes of introgression are similar

to those detected in coastal populations of red-backed

voles of the genus Myodes (Runck et al. 2009) and mon-

tane shrews, Sorex monticolus (Demboski and Cook 2001;

Sawyer 2014). Contrary to previous suggestions that the

northern clade of long-tailed voles expanded along a sin-

gle interior route from south of the ice (Conroy and

Cook 2000), we hypothesize that the northern clade per-

sisted in Beringia and recently expanded southward into

previously glaciated regions of southern Alaska, Yukon,

and northern British Columbia (Fig. 5) as noted in

moose, wolverine, ermine, and other species (MacDonald

and Cook 2007). Two points that are potentially inconsis-

tent with this conclusion are (1) lack of verifiable pre-

Holocene fossils of long-tailed voles in Beringia, and (2)

SDMs do not predict suitable environments north of the

ice for long-tailed vole persistence during the LGM. We

also recognize the possibility that with increased sampling

across Yukon and British Columbia, either a more south-

ern distribution of the northern clade may be detected,

increasing the possibility of a southern (vs. Beringian)

origin for this clade, or climatic niche suitability with a

more northern range may be detected, supporting the

Beringian origin for this clade. High levels of intralineage

genetic diversity, net genetic distance among other clades,

and the restriction of the range of this clade to high lati-

tudes, however, are consistent with persistence in a north-

ern refugium. Additionally, the species tree indicates a

close association of the island and northern clades, sug-

gesting a northern origin. Numerous paleontological as

well as phylogeographic studies that identified genetic sig-

natures point toward the persistence of many species in

an eastern Beringia refugium during glacial periods, but

clearly, there is a need for expanded analyses to further

refine our understanding of these northern communities

during the LGM (Fleming and Cook 2002; Stamford and

Taylor 2004; Sawyer 2014).

Species distribution models are consistent with persis-

tence of M. longicaudus along the coast of Oregon and

Washington (NPC clade) during glacial advances. The

central and southern clades were effectively isolated and

relatively demographically stable since the mid- to late-

Pleistocene. Lastly, the COP clade, previously identified

from a limited region in northern Arizona, was found to

occur northward into Utah and potentially contacts both

the S2 subclade and central clade.

Contemporary genetic structure and current
levels of gene flow

Deciphering signatures of incomplete lineage sorting ver-

sus secondary admixture is critical for interpreting how

historical climate shaped contemporary distributions and

genetic structure. Shallow divergence between northern

and island populations near Haines may reflect recent

(Holocene) secondary contact or incomplete lineage sort-

ing. Future studies should incorporate more intensive

sampling of individuals, especially in suspected contact

zones, and expanded genomic coverage to explore poten-

tial admixture (Qu et al. 2012).

The distribution of major clades in M. longicaudus is

generally inconsistent with subspecific designations

(Fig. 1; Hall 1981). For example, Forrester and Corona-

tion are identified as independent lineages, but these
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islands were previously placed in a single subspecies,

M. l. coronarius (MacDonald and Cook 2009). All major

clades span multiple subspecies of M. longicaudus, while

several subspecies also include multiple clades. A reassess-

ment of subspecies, originally based on morphological

variation, is warranted.

Segregation of the northern/island clade from the NPC,

COP, central, and southern clades is reflected in both the

species tree (Fig. 2) and migration estimates (Table 1).

The lack of support for deeper nodes may be a result of

the relatively dense sampling for the northern/island

clade. Compared to the northern clade, lower levels of

gene flow from the island clade into the Haines area likely

reflect physical barriers to movement (i.e., ocean straits,

extant glaciers). Genetic exchange among island popula-

tions also is now limited, a finding that points to the pos-

sibility that these insular biotas are evolving

independently and further reinforcing the urgency of

managing this archipelago on an island by island basis,

given that the AA comprises the largest federally managed

forest in the United States, the Tongass National Forest

(6.8 million ha).

Conclusions

Understanding the interplay between topography and his-

torical climate change on both the distribution of con-

temporary species and the structure of genetic variation

within these species sets, a powerful stage for forecasting

and mitigating biotic responses to changing conditions.

At a regional scale along the long-tailed vole’s boundary

in the Pacific northwest, significant structure reflects their

dynamic expansion from multiple refugia concomitant

with the contraction of glacial cover and as influenced by

rising sea levels and isostatic rebound that played out

over the complex topography of Pacific coastal North

America. Similar processes of isolation and complex colo-

nization along the North Pacific Coast were recently iden-

tified for this vole’s primary predator, the ermine

(Dawson et al. 2014). Our expanded view of molecular

variation on 19 islands across the AA identifies the deeper

signature of persistence in a coastal refugium that was the

source for continental admixed populations and insular

populations that are subsequently diverging, largely inde-

pendently. Further work should focus on how species on

individual islands will respond to changing environmental

conditions, including a series of anthropogenic stressors

(Hannon et al. 2010; Cook and MacDonald 2013) and

rising sea levels. Recovering ancient DNA from the exten-

sive fossil record from the region (>3000 specimens; T.

H. Heaton, pers. comm.) would significantly extend our

comprehension of temporal genetic variability (Miller

et al. 2012) in this dynamic region.
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ABSTRACT

Aim We surveyed the genetic variability of deermice (genus Peromyscus) at the

north-western edge of their range to test for occupancy in multiple, hypothesized

ice-free regions during the late Pleistocene and explore post-glacial dynamics.

Location North-western North America.

Methods We used sequences from four independent nuclear and mitochon-

drial loci from 341 specimens of Peromyscus maniculatus, Peromyscus keeni and

Peromyscus sp. (Yukon) to assess species limits, population structure, and

demographical change as a result of historical climate change, using a Bayesian

approach. Species distribution models were built in MaxEnt to explore the

niche overlap amongst genetically distinct species.

Results Divergence amongst three lineages began before the last interglacial,

and each shows signs of post-glacial expansion. Multilocus species trees

strongly support P. keeni and Peromyscus sp. (Yukon) as independent from

P. maniculatus. Substantial substructure was observed for P. keeni across the

fragmented Alexander Archipelago. Northern lineages or clades (Peromyscus sp.

and P. keeni) differed in potential ecological distributions.

Main conclusions At the extreme north-western range of deermice in North

America, three distinct lineages persist reflecting divergence in at least three

ice-free regions [Beringia, Coastal (near Southeast Alaska) and Southern

Continental] throughout the latest Pleistocene glacial cycles. Although spatially

proximate in Yukon, no locations were identified where these lineages are in

contact. Further, west along the Pacific Coast, P. keeni is widespread across the

complex landscape of Southeast Alaska, yet there is limited contemporary gene

flow amongst island populations, a finding consistent with the barriers pro-

duced by rising sea levels at the end of the Last Glacial Maximum.

Keywords

endemism, glacial refugia, Peromyscus, phylogeography, Southeast Alaska,

Yukon

INTRODUCTION

Exploring evolutionary and geological processes that produced

organismal diversity is a primary focus of phylogeographical

studies. In north-western North America, Pleistocene

(2.5 Ma–11.7 ka) glacial advances, for example, were hypothe-

sized as crucial to the initiation of speciation (Mengel, 1964)

and subsequent phylogeographical studies (e.g., Soltis et al.,

1997) have begun to illuminate the specifics of how glacial-

interglacial cycles drove landscape fragmentation, isolation

and subsequent population expansion and secondary contact

(Taylor et al., 2015). These dynamic events are recorded in

the demographic signatures of expansion or stability in

contemporary species (Hewitt, 1996; Lessa et al., 2003).
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During the glacial periods, many north-western North

American species persisted in ice-free regions, primarily

south of the ice, or to the north in Beringia (Rand, 1954;

Jorgensen et al., 2003; Eddingsaas et al., 2004), but other

glacial refugia have also been proposed, such as along the

Pacific Northwest coast (Fladmark, 1979; Fleming & Cook,

2002). Identifying the constituent species and characterizing

the communities that persisted in the glacial refugia pro-

vides a basis for understanding the temporal and spatial

dynamics of biotic response to climate change (Carstens

et al., 2013), permits forecasts of organismal response to

future changes (Hope et al., 2013b), and serves as a foun-

dation for developing effective conservation strategies (Cook

et al., 2006).

Deermice of the genus Peromyscus (Cricetidae, Neotomi-

nae) are amongst North America’s most speciose and wide-

spread small mammals. Across the continental distribution

of Peromyscus maniculatus (Wagner, 1845), for example, con-

siderable variation in morphological characters exists and

corresponds to wide environmental variability ranging from

scrublands and deserts to forests and wetlands (Hall, 1981;

Carleton, 1989; Hogan et al., 1993). Based on the sequence

variation in the cytochrome b mitochondrial (mtDNA) gene

of this species, six major mtDNA lineages have been identi-

fied (Dragoo et al., 2006; Kalkvik et al., 2012): (1) Pacific

Northwest and the Rocky Mountains, (2) Great Plains, (3)

West Coast, (4) southern New Mexico and Mexico, (5)

north-east United States and eastern Canada, and (6) north-

east and north-central United States and south-central

Canada. Phylogeographical structure and demographical sig-

natures of expansion in this widespread species are largely

consistent with other mammals that experienced range fluc-

tuations during the Pleistocene (Brant & Orti, 2003; Runck

& Cook, 2005), but high levels of mitochondrial differentia-

tion and potential paraphyly with closely related species call

into question the validity of P. maniculatus as a single spe-

cies (Dragoo et al., 2006).

In contrast, Peromyscus keeni (Rhoads, 1894), a species

closely related to P. maniculatus, has a more restricted range,

occurring primarily along the Pacific Coast, from northern

Washington to southern Yukon. Phylogeographical studies

suggest that P. keeni survived the Pleistocene in coastal

refugia in either British Columbia (Zheng et al., 2003) or

Southeast Alaska (Lucid & Cook, 2004; Walker, 2005).

The north-western extent of the ranges of both P. manicu-

latus and P. keeni is in Yukon (Hall, 1981; Hogan et al.,

1993; Wike, 1998), where a presumably new species (herein

Peromyscus sp.) was discovered that showed comparable

mtDNA divergence with both P. maniculatus and P. keeni

(Wike, 1998; Lucid & Cook, 2007). We used phylogeographi-

cal analyses of multilocus data to explore within and

amongst species evolutionary dynamics and test hypotheses

related to Pleistocene range fragmentation into multiple refu-

gia, signatures of post-glacial expansion, and potential sec-

ondary contact of divergent lineages for these deermice at

the northern extent of their range.

We hypothesize that three distinct signatures of glacial per-

sistence and subsequent expansion will be present, which cor-

respond to distinct refugia in far-eastern Beringia (mainland

Alaska and western Yukon) for Peromyscus sp. (Wike, 1998;

Lucid & Cook, 2007); north-western Pacific Coast (e.g., British

Columbia, Southeast Alaska) for P. keeni (Zheng et al., 2003;

Lucid & Cook, 2004); and southern continent for P. manicula-

tus (Zheng et al., 2003; Yang & Kenagy, 2009). Occupation of

all three ice-free regions during the Last Glacial Maximum

(LGM) would represent an uncommon pattern of persistence

for glacial relics in this region (Cook et al., 2001, 2006; Shafer

et al., 2010), with the possible exception of ermine (Mustela

erminea, Dawson et al., 2014), a predator of Peromyscus. We

also evaluate how the strength of divergence affects the con-

temporary gene flow amongst clades within each species, with

a focus on island populations along the Pacific Coast. Lastly,

we evaluate the differences in the climatic niche requirements

amongst putative species in light of the location of their glacial

persistence.

MATERIALS AND METHODS

Sampling and DNA sequencing

A total of 341 archived specimens (tissues) representing 69

localities, spanning the geographical range of P. maniculatus

and P. keeni, with more intensive sampling in Yukon and

Southeast Alaska were analysed (Appendix S1 in Supporting

Information; Fig. 1). Most specimens were collected by us over

25 years and deposited at either the University of Alaska

Museum of the North (n = 235) or the Museum of South-

western Biology at the University of New Mexico (n = 140).

The University of Washington Burke Museum (n = 8) and

Gwaii Haanas National Park Reserve and Haida Heritage Site

(n = 7) also provided material. Additionally, 220 shorter cyt b

sequences (479 bp) from across the geographical range of

P. keeni were downloaded from GenBank (Zheng et al., 2003;

Lucid & Cook, 2004). Seven of eight subspecies of P. keeni and

17 of 27 subspecies of P. maniculatus were represented, includ-

ing all six clades identified in previous work on P. maniculatus

(Dragoo et al., 2006; Kalkvik et al., 2012).

Using either Omega Bio-Tek (Norcross, GA) E.Z.N.A. kits

or standard salt methods, we extracted total genomic DNA to

a concentration of 50 ng lL�1. The complete mitochondrial

(mtDNA) cytochrome b gene (cyt b, 1143 bp, n = 204) was

amplified using primers L14734 (Ohdachi et al., 2001) and

CytBRev (Anderson & Yates, 2000). The following partial

nuclear genes (nuDNA) were also sequenced (Sawyer, 2014),

chosen based on variability within rodents observed in previ-

ous work, assessment within this study, and availability on

GenBank: FGB (587 bp, n = 169) with primers MSB_PFGBF

50 GCCGTTTGGATTGGCTGC 30and MSB_PFGBR 50 CGA-
CAGGGACAATGATGGC 30 (modified from Matocq et al.,

2007), IRBP (459 bp, n = 160) with primers MSB_PIRBPF 50

CCAGGAGGTACTGAGTGAGC 30 and MSB_PIRBPR 50

GCTGAGTAGTCCATGCTAGC 30 (modified from Stanhope

Journal of Biogeography 44, 1572–1585
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et al., 1992), and zona pellucida 3 (ZP3, 314 bp, n = 176) with

primers Z36FA and Z37RA (Turner & Hoekstra, 2006).

Polymerase chain reaction (PCR) experiments used 1 lL
DNA extract, 1 lL of each primer (2 mm), 1.5 lL PCR buf-

fer (10x), 1.5 lL MgCl2 (25 mm), 1.25 lL of dNTP’s

(10 mm), 1.25 lL of Bovine Serum Albumen (BSA, 1.5 mm),

and 0.08 lL of AmpliTaq DNA polymerase (Applied Biosys-

tems, Foster City, CA, USA) and adjusted to a final volume

of 15 lL with ddH2O. PCR products were cleaned using

ExoSap-IT (Affymetrix, Santa Clara, CA). We used original

PCR primers for automated sequencing at either the High

Throughput Genomic Center (Seattle, WA, USA) or using

an Applied Biosystems 3110 DNA sequencer (Molecular Biol-

ogy Facility, UNM) with BigDye v3.1 (Applied Biosystems)

chemistry.

Sequences were edited in sequencher 4.2 (GeneCodes

Corporation), aligned in mega 5.2 (Tamura et al., 2011)

using the muscle algorithm and checked by eye. Alleles of

heterozygotes were inferred using five independently seeded

runs of 1000 iterations with an initial burn-in of 1000 imple-

mented in phase 2.1 (Stephens et al., 2001; Stephens &

Scheet, 2005). Iterations with the best goodness-of-fit were

chosen. Posterior probabilities for nucleotides ≥ 0.85 were

chosen; otherwise, ambiguous sites were coded as N. Only

phased sequences were used for the analysis.

Phylogenetic analyses and timing of divergence

Multilocus approaches provide independent signals that con-

tribute to the discovery of species’ relationships (Maddison,

1997; Carstens & Knowles, 2007; Edwards et al., 2007). The

coalescent Bayesian Markov Chain Monte Carlo (MCMC)

method implemented in *beast (Heled & Drummond,

2010) co-estimates species trees and contained gene trees.

Because we lacked reliable fossils for deermice, we were

unable to incorporate fossil calibration into either cyt b or

species trees. A priori groups were based on discrete geo-

graphical populations (Appendix S1) with the initial evalua-

tion of cyt b data (Appendix S2; Sawyer, 2014) guiding the

distinction of sympatric lineages (e.g., P. maniculatus and

P. keeni in Atlin, British Columbia). Loci were tested for

molecular clock suitability. All available multilocus data

(a)

(c)

(b)

Figure 1 North American sampling scheme for deermice with the ranges of Peromyscus maniculatus (yellow line) and P. keeni (blue
line) delineated. Solid light blue coloring is Last Glacial Maximum (LGM) ice cover. (a) Sampling localities are shown for both major

cyt b lineages (numbers in parenthesis indicate previously designated lineage numbers from Dragoo et al., 2006); (b) Yukon sampling

with the arrow indicating an area of sympatry and box encompassing a region where three lineages are in close proximity; and (c)
P. keeni localities and showing nearby samples of P. maniculatus West. Pluses indicate known pre-LGM fossil localities.
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(Appendix S1) were partitioned by independent, unlinked

loci using an uncorrelated, lognormal relaxed clock for cyt b

at a rate of 4% Myr�1 (Conroy & Cook, 1999; discussed in

Brunhoff et al., 2003 as divergence rate of 6–10% Myr�1;
Hope et al., 2013a as mutation rate of 4% Myr�1; Sawyer,
2014) whilst estimated nuclear loci used strict molecular

clocks. Models of evolution (Table 1) were determined using

ModelTest 3.7 (Posada & Crandall, 1998). Two billion iter-

ations, sampled every 200,000 iterations, were performed

using a random start tree under a species tree: Yule process

tree prior, with a piecewise linear and constant root popula-

tion size model. We used Tracer 1.5 (Rambaut & Drum-

mond, 2007) to assess the effective sample size (ESS) values

≥ 200 and the software Awty (Nylander et al., 2008) to

assess the convergence. Runs with trace convergence and

acceptable effective sample size (ESS; minimum of 200) were

combined using LogCombiner 1.7.5, with a 10% burn-in

and annotated in TreeAnnotator 1.7.5. Topologies were

visualized in FigTree 1.4.0 (Rambaut, 2009).

Inferences of population history

We used DnaSP 5.10.1 (Librado & Rozas, 2009) to calculate

the standard diversity indices for all samples, grouped by the

major cyt b clades (Appendix S2), including segregating sites

(S), haplotype diversity (Hd), and nucleotide diversity (p) for

Table 1 Diversity indices for Peromyscus sp., P. keeni, and P. maniculatus across North America, including expansion statistics and

models of evolution. n = haploid sample size; L = length of sequence; S = variable sites; h = number of haplotypes; Hd = haplotype
diversity; p = nucleotide diversity; D = Tajima’s D; FS = Fu’s FS; R2 = Ramos-Onsin’s R2; Model = model of evolution as selected by

ModelTest. Bold values are significant at P < 0.05 (P < 0.02 for FS).

Group Gene n L S h Hd p D FS (P < 0.02) R2 Model of Evolution

All Samples Cytb 260 1143 235 155 0.982 0.01861 �0.10023 �0.82321 0.07836 TrN+I+G
FGB 168 479 23 22 0.309 0.00130 �0.03746 �0.37821 0.07790 HKY

IRBP 160 421 7 7 0.080 0.00025 �0.11871 �0.96319 0.07576 HKY+G
Zp3 176 314 6 8 0.067 0.00029 �0.08499 �0.54854 0.07454 GTR+I+G

No Out Groups Cytb 258 1143 191 161 0.984 0.01722 �0.09987 �0.86939 0.07861

FGB 166 479 18 21 0.302 0.00117 �0.02523 �0.34750 0.07931

IRBP 157 421 7 7 0.081 0.00025 �0.08041 �0.61592 0.07596

Zp3 173 314 5 6 0.057 0.00022 �0.07028 �0.43458 0.07501

Peromyscus sp. Cytb 37 1143 42 22 0.946 0.00487 �0.08122 �0.19581 0.11288 HKY+I
FGB 20 479 4 3 0.542 0.00312 �0.05602 �0.00642 0.11819 HKY

IRBP 20 421 4 4 0.191 0.00070 �0.02155 0.10754 0.13954 HKY

Zp3 17 314 10 8 0.574 0.00698 �0.07684 0.01352 0.12065 HKY+I
P. keeni Cytb 103 1143 91 70 0.989 0.00529 �0.07929 �0.33249 0.09185 TrN+I+G

FGB 86 479 2 3 0.057 0.00013 �0.08379 �0.47951 0.08348 HKY+I
IRBP 74 421 3 4 0.243 0.00064 �0.00699 �0.11345 0.09694 HKY+I
Zp3 89 314 10 12 0.222 0.00100 �0.02895 �0.13447 0.09382 HKY+I

P. maniculatus

West Cytb 90 1143 113 61 0.940 0.00860 �0.09925 �0.37647 0.09386 TrN+I+G
FGB 44 479 23 21 0.753 0.00381 �0.05620 �0.13547 0.09654 HKY+I
IRBP 47 421 8 9 0.343 0.00092 �0.01808 �0.05135 0.10585 HKY+I
Zp3 50 314 4 5 0.153 0.00059 �0.00082 �0.04361 0.10990 HKY+I

East - a Cytb 5 1143 16 5 1.000 0.00630 �0.05086 0.67799 0.23149

FGB 3 479 1 2 0.533 0.00111 �0.00688 0.33515 0.29448

IRBP 2 421 2 3 0.833 0.00238 �0.15870 0.39502 0.34858

Zp3 3 314 3 3 0.600 0.00391 �0.00619 0.33953 0.26832

East - b Cytb 7 1143 27 7 1.000 0.00700 �0.06215 0.47123 0.19090

FGB 4 479 1 2 0.250 0.00053 �0.01644 0.31732 0.26876

IRBP 5 421 2 3 0.511 0.00133 �0.01632 0.26473 0.22699

Zp3 5 314 6 5 0.867 0.00724 �0.04670 0.20722 0.18491

East - c Cytb 3 1143 9 3 1.000 0.00525 n/a 1.10130 0.33813

FGB 2 479 2 3 0.833 0.00209 �0.00377 0.36963 0.34989

IRBP 2 421 2 3 0.833 0.00317 �0.01828 0.39935 0.33733

Zp3 2 314 2 3 0.833 0.00319 �0.02415 0.37187 0.34924

South Cytb 3 1143 10 3 1.000 0.00583 n/a 1.13534 0.33308

FGB 3 479 2 3 0.600 0.00139 �0.00335 0.32780 0.28936

IRBP 3 421 7 5 0.933 0.00652 �0.03930 0.41737 0.23530

Zp3 3 314 8 5 0.933 0.01278 �0.04149 0.41630 0.22276

Southwest Cytb 10 1143 41 9 0.978 0.01091 �0.86630 0.35640 0.16183

FGB 4 479 0 1 0.000 0.00000 n/a n/a n/a

IRBP 4 421 1 2 0.536 0.00129 �0.02545 0.32683 0.25466

Zp3 4 314 2 2 0.536 0.00361 �0.04456 0.28652 0.23280
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each locus (both mtDNA and nuDNA). Additionally, we cal-

culated Tajima’s D (1989), Fu’s Fs (1997), and R2 (Ramos-

Onsins & Rozas, 2002) with 10,000 coalescent simulations to

assess the historical demographical change or selection. The

selection was further assessed through the Hudson-Kreitman-

Aguad�e (HKA) test (Hudson et al., 1987). Additionally, we

calculated the cyt b net genetic differences (Sawyer, 2014).

Extended Bayesian skyline plots (EBSP, Heled & Drum-

mond, 2008) and Bayesian skyline plots were implemented in

Beast to explore multilocus (mtDNA and nuDNA) and cyt b

historical demography, respectively, for each Peromyscus sp.,

P. keeni, and P. maniculatus - West. Loci were unlinked and

partitioned to their respective substitution models (Table 1) as

determined using ModelTest. Loci were set to strict molecu-

lar clocks with rates for phased nuclear loci estimated based on

4% Myr�1 cyt b rate. Three independent runs per dataset

included a MCMC of 2 billion steps (2 million intervals). We

used Tracer 1.5 and Awty to assess the convergence. Signifi-

cant population size change occurred if zero was excluded

from the 95% confidence interval (CI) of the estimate of the

number of size-change steps (Lim & Sheldon, 2011).

A combination of expansion statistics (Tajima’s D, Fu’s

FS, and Ramos-Onsin’s R2), measures of genetic variation

(Table 1), and Bayesian skyline plots and EBSPs (Fig. 2)

were used to assess whether populations representing major

cyt b clades experienced stable conditions historically and

whether there are detectable signs of expansion within both

mtDNA and nuDNA. Inferences for all P. maniculatus East

lineages and the Southwest and Southern clades were not

made because of limited sampling.

Migration estimates

Among the species of Peromyscus, we estimated the potential

gene flow between Yukon and nearby populations, as well as

between Southeast Alaska populations of P. keeni using

BayesAss 3.0.3 (Wilson & Rannala, 2003). BayesAss uses a

non-equilibrium, multilocus (mtDNA and nuDNA) Bayesian

approach to estimate the recent migration rates, under a

MCMC algorithm. We ran 200,000 iterations with a 20,000

burn-in, sampling every 2000. Mixing parameters of allele

frequencies, inbreeding coefficient and migration rates were

adjusted following BayesAss guidelines.

To re-explore the previously hypothesized direction of post-

glacial gene flow (Zheng et al., 2003) using an expanded sam-

pling scheme, and to identify the location of coastal refugia, we

added 220 previously published cyt b sequences for P. keeni

across their entire distribution, trimmed all sequences to match

the minimal length (479 bp), and partitioned data into three

population pairs or models: (1) Southern coastal refugium

(Washington versus the remaining range), (2) either Southern

or Northern coastal refugium (southern British Columbia,

Vancouver Island and Washington versus northern British

Columbia, Yukon and Alaska), and (3) Southeast Alaska refu-

gium (Southeast Alaska islands versus all mainland popula-

tions). Models 1 and 2 are consistent with Zheng et al. (2003).

Ecological niche differentiation

Three major clades (identified as P. keeni, P. maniculatus -

West, and Peromyscus sp.) occur in close proximity. To

assess the differentiation with respect to the climatic require-

ments, we generated the species distribution models (SDMs)

for P. keeni, P. maniculatus West and Peromyscus sp., for

both western North America and areas north of central Bri-

tish Columbia. Nineteen bioclimatic variables for current

conditions were obtained from WorldClim (www.worldc

lim.org, Hijmans et al., 2005) at a resolution of 2.5 arc-min.

To avoid over-parameterization, we used ENMTools 1.4.3

(Warren et al., 2008, 2010) to eliminate highly correlated

variables (r ≥ 0.75), with final selection based on variables

considered most biologically relevant. Test layers were

clipped to the extent of sampling, whilst projection layers

were for western North America. Species localities were con-

firmed with cyt b sequences rather than museum locality

records because of the potential mis-identification. All non-

repetitive sampling localities for Peromyscus sp. (n = 14),

P. keeni (n = 74) and P. maniculatus (n = 47) were used.

Species distribution models were constructed using Max-

Ent 3.3.3k (Elith et al., 2006; Phillips et al., 2006; Phillips &

Dudik, 2008) under the following assumptions: no topograph-

ical change, niche conservatism (Wiens & Graham, 2005),

environmental data adequately predicts species occurrence

(Kozak et al., 2008; McCormack et al., 2010), and sampling

records effectively capture the niche breadth of the species

(Pearson et al., 2007). Final runs used bioclim variables 1 (an-

nual mean temperature), 6 (minimum temperature of the

coldest month), 7 (temperature annual range), 9 (mean tem-

perature of the driest quarter), and 11 (mean temperature of

the coldest quarter) and were performed using cross-validation

across 10 runs, with a random test percentage of 25%, and a

regularization parameter (e.g. Hope et al., 2011; Warren & Sei-

fert, 2011) of 1 for Peromyscus sp. and 5 for P. keeni and

P. maniculatus, with 1000 iterations. All other values were

defaults. Models were tested for their performance using the

randomization feature in ENMTools. Area under the curve

(AUC) values of ≥ 0.80 were used to assess the predictive per-

formance of SDMs. Minimum threshold values were the low

median threshold values over all replicates (Pearson et al.,

2007). Using ENMTools, niche similarity was compared by

calculating Schoener’s D (Schoener, 1968), the I statistic (War-

ren et al., 2008), and relative rank (RR; Warren & Seifert,

2011) between clades. Highly similar ranges have values

approaching 1.0, whilst no range similarity is 0.

RESULTS

Sampling

Nucleotide composition varied across all loci (Sawyer, 2014),

FGB and IRBP had no indels, whereas Zp3 had one indel of eight

base pairs and another of a single base position. For each locus,

evidence of selection was not detected (non-significant HKA).
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Phylogenetic analyses and timing of divergence

Species tree reconstruction (Fig. 3) yielded support for both

P. keeni and Peromyscus sp. clades, and the British Columbia/

Yukon clade within P. maniculatus West. Mean multilocus esti-

mates of divergence times for these supported clades were esti-

mated at between 69 and 160 ka (Table 2). Nearly, all other

previously identified cyt b clades (Appendix S2; Sawyer, 2014)

were detected but not significantly supported in the species tree.

Recent diversification of these geographically structured groups

is likely reflected by incomplete lineage sorting, relatively short

branches, and overall weak support (Sawyer, 2014).

Inferences of population history

High Hd and p indicate stability, low Hd and high p may

identify population bottlenecks, and low Hd and p are typi-

cal of recently expanded populations (Tajima, 1989; Fu,

1997). Across the three species we examined, all generally

showed signatures of recent expansion (Table 1), although

(a)

(c)

(b)

Figure 2 Cyt b Bayesian skyline plots (i) and EBSPs (ii) for the major cyt b lineage populations within North Amercia: (a) Peromyscus
sp. (Yukon), (b) P. keeni, and (c) P. maniculatus West. EBSP Central line indicates mean change in effective population size through

time, with upper and lower lines showing the 95% HDP. Significant population size change in EBSPs are indicated with asterisks. The
x-axis right-to-left from past (Time to Most Recent Common Ancestor) to present and is scaled in millions of years and the y-axis is

the log effective population size scaled by generation time. Vertical gray bars indicate the Last Interglacial (when applicable, right) and
Last Glacial Maximum (left) for reference.
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Figure 3 Multilocus Bayesian species tree
for Peromyscus sp., P. keeni, and

P. maniculatus. Posterior probabilities of
≥ 0.95 are represented with open circles on

branches of the solid consensus tree.
Black = outgroups (Peromyscus melanotis

and P. leucopus). Horizontal gray bars
represent divergence date estimates and

vertical bars indicate approximate time for
the Last Interglacial and Last Glacial

Maximum.
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Peromyscus sp. reflected mixed signals across genomes, with

skyline plots suggesting recent expansion. Percentage net

genetic distance (Sawyer, 2014) based on cyt b ranges from

0.3 � 1.5% between P. maniculatus East - b and P. manicu-

latus East - c to 4.8 � 0.6% between Peromyscus sp. and

P. maniculatus East - c, in addition to the 0.9–14% (� 0.9–
13.7%) between each cyt b lineage with known outgroups,

P. leucopus and P. melanotis.

Migration estimates

Bayesian estimates of recent migration (mean across three

runs) between Yukon and northern British Columbian popu-

lations indicate Peromyscus sp. has the highest proportion of

immigrants from Yukon P. keeni (0.096), with much smaller

flow (0.01) from P. maniculatus West from Yukon (Sawyer,

2014). Peromyscus keeni in Yukon has a small proportion of

immigrant genes (0.012) from Peromyscus sp. and P. manicu-

latus West (0.008) from Yukon. Similarly, Yukon P. manicu-

latus West shows low levels of introgression (0.024) from

Yukon P. keeni and from Peromyscus sp. (0.013). Population

pairwise comparisons (Sawyer, 2014) for P. keeni revealed

low levels of gene exchange (≤ 0.0185) between any island or

adjacent mainland populations, and only slightly higher

migration from islands of the Alexander Archipelago (AA)

onto the mainland than the converse (0.0049 and 0.0019,

respectively). Much greater differences in gene flow were

detected in the Southern coastal refugium (0.18 from north

of Washington southward versus 0.0016 from Washington

northward), and either Southern (0.1152 from North to

South versus 0.0016 from South to North) or Northern

coastal refugium (0.0049 from AA to Mainland versus 0.0019

from mainland to Islands) models with clear north to south

gene flow (Table 3).

Ecological niche differentiation

All niche models performed significantly better than random.

Highest climate suitability (Fig. 4) for Peromyscus sp. occurs

in higher latitudes, along the Pacific Coast for P. keeni, and

non-montane regions across the West for P. maniculatus.

Greatest potential range overlap, based on ENM Tools for

Niche Overlap is between Peromyscus sp. and P. maniculatus

West with average overlap of 0.836. Least overlap was

between Peromyscus sp. and P. keeni (average over-

lap = 0.498; Appendix S3).

DISCUSSION

Pleistocene climatic fluctuations influenced the diversification

of the North American biota because of the repeated segrega-

tion of species into refugial populations (Hewitt, 1996), and

this cyclic history is reflected in substantial phylogeographical

structure in wide ranging species (Malaney et al., 2013). Late

Pleistocene glacial cycling, in particular, shaped diversifica-

tion within north-western Peromyscus, with multilocus tests

supporting the presence of three distinctive deermice near

the extreme north-western boundary of their range. Spatially

extensive sampling and use of phylogenetic coalescent analy-

sis, multilocus sequence data, and environmental modelling,

provide insight into geographical variation and the role of

refugial locations and colonization dynamics in producing

contemporary species.

Effects of glacial persistence and migration on

genetic and ecological differentiation

For the P. maniculatus complex in north-western North

America, signatures of expansion (expansion statistics, EBSP/

BSP), topology of species trees, analyses of SDMs, gene flow

tests of northern lineages, and the BayesAss directionality

assessments of P. keeni are all consistent with the hypothesis

that glacial-interglacial cycling over the past 300 ka initiated

diversification of three distinctive clades that are found in

Yukon today. We suggest that these clades emerged during

their long-term separation in the three major geographical

regions detected as having high potential for glacial persistence

within the Peromyscus complex: (1) Southern (south of the

Table 2 Cyt b and multilocus divergence date estimates for North American Peromyscus sp., P. keeni, and P. maniculatus.

Lineage

cyt b multilocus

95% HPD lower median 95% HPD upper 95% HPD lower mean 95% HPD upper

Peromyscus sp./P. keeni – – – 124,200 159,600 205,000

Peromyscus sp. 175,200 282,200 414,100 59,500 87,200 118,300

P. keeni 199,900 276,700 377,700 98,700 126,300 153,400

P. maniculatus - West 217,700 313,600 435,800 – – –
BC/YT 99,600 145,900 205,600 41,800 68,800 102,400

P. maniculatus - East 176,500 275,900 390,900 – – –
P. maniculatus - East - a 53,800 124,200 203,900 – – –
P. maniculatus - East - b 71,500 125,200 200,900 – – –
P. maniculatus - East - c 34,300 92,800 173,800 – – –
P. maniculatus - South 27,900 91,200 201,400 – – –
P. maniculatus - Southwest 117,000 243,100 382,400 – – –
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continental ice sheets) for P. maniculatus, (2) Coastal (west of

the ice sheets) for P. keeni, and (3) Northern/Beringia (north

of the ice sheets) for Peromyscus sp. All P. maniculatus lineages

show signs of stable populations during the LGM, with the

addition of post-glacial expansion in the Western clade. Multi-

ple lineages within each clade of southern P. maniculatus sug-

gest multiple regions of incipient diversification distributed

across the United States, south of the glacial extent, but a clear

picture of structure in the P. maniculatus complex awaits more

extensive sampling of geography and genomes for this wide-

spread North American taxon.

Peromyscus sp., although currently occupying a limited

range, most likely persisted in eastern Beringia during the

confluence of the Laurentide and Cordilleran ice sheets in

central Yukon and subsequently expanded southward into

south-western Yukon. Fossil Peromyscus from central Yukon

date to the LIG (Fig. 1; G.D. Zazula, pers. comm.; Storer,

2003). We predict that Peromyscus fossils dating to the LGM

will be found in other regions of Yukon and east-central

Alaska that remained ice-free.

Contemporary SDMs identify interior regions as optimal

environmental conditions for Peromyscus sp., coastal regions

for P. keeni, and non-montane continental areas for P. man-

iculatus West. High niche overlap may be influenced by

methods based on raw output models that include areas of

low suitability, combined with limited sampling for Peromys-

cus sp. and very broad sampling for P. maniculatus West.

Although there is niche overlap amongst lineages, mainte-

nance of genetic independence supports their long-term seg-

regation, and may indicate that these species are

differentially adapted.

Although other small mammal species (e.g., Microtus longi-

caudus and Sorex monticolus) show parapatric contact between

divergent mtDNA lineages west of the Coast Range in northern

Southeast Alaska (Conroy & Cook, 2000; Demboski & Cook,

2001; Sawyer, 2014; Sawyer & Cook, 2016), all clades of Pero-

myscus are geographically proximal only in Yukon, east of the

Coast Range (Fig. 1) and to date no localities have been identi-

fied with more than a single species of Peromyscus (Fig. 1b).

We hypothesize, however, that these species may be in sympa-

try in south-western Yukon, where all three occur. Peromyscus

keeni and P. maniculatus extend south into British Columbia

and Washington (Fig. 1; Zheng et al., 2003), but P. manicula-

tus is only found east of the Coast Range, whilst P. keeni also

occurs farther west along the coast. The two isolated popula-

tions of P. maniculatus documented in Alaska (i.e., Copper

River Basin and Shemya Island in the Aleutian Chain) are con-

sidered accidental introductions (MacDonald & Cook, 2009;

MacDonald et al., 2009).

Our ability to detect contact zones and refugia are essential

to understanding the dynamic Late Quaternary biogeography

of high latitudes (Ashcroft, 2010; Stewart et al., 2010; Dawson

et al., 2014) as well as contemporary patterns of geographical

variation. Peromyscus keeni occupied coastal refugia through-

out glacial cycles, but now ranges from Washington to south-

western Yukon. High levels of differentiation of P. keeni

populations of Southeast Alaska (Lucid & Cook, 2004) are a

result of persistence in a refugium or series of refugia in the

AA during the LGM followed by isolation and subsequent

differentiation on individual islands. Peromyscine fossils

recovered from karst caves (T.H. Heaton pers. comm.; Heaton

et al., 2003; Heaton & Grady, 2007) may support long-term

occupation of this coastal region before the LGM, but those

fossils are yet to be dated. Low genetic diversity throughout

the southern portion of the range of P. keeni contrasts with

greater structure in the north (i.e., AA) and may reflect both

persistence in the coastal refugia and subsequent population

level differentiation as a result of the highly fragmented land-

scape of Southeast Alaska. Additionally, high Hd for cyt b may

reflect the smaller effective population size of mitochondrial

loci coupled with a fragmented distribution with limited con-

temporary connectivity across the islands of the AA.

We explored the direction of gene flow across the entire

range of P. keeni by including all previously published

mtDNA sequences for the species. Zheng et al. (2003) con-

cluded that P. keeni persisted in southern coastal refugia near

Vancouver Island; however, their sampling of northern

regions was limited. Our study increased northern represen-

tation and we found substantial support for the southward

movement from north coastal refugia. Lack of gene flow

from the AA populations onto the mainland reflects the

strength of contemporary oceanic barriers to movement, as

also reflected in the low levels of inter-island exchange. Con-

sistent with a number of other north-western species (Cook

& MacDonald, 2013), and given the highly structured

mtDNA tree, divergence dates, possible fossil evidence and

directionality tests of gene flow, P. keeni likely persisted in

coastal refugia in or near Southeast Alaska (and perhaps

Haida Gwaii) throughout the Pleistocene glacial cycles, as

proposed by Lucid & Cook (2004), but likely did not persist

Table 3 Recent historical migration rates under three models of

hypothesized migration based on potential refugial locations for
Peromyscus keeni. 1) Southern coastal refugium: Washington

versus the remaining range, 2) either Southern or Northern
coastal island refugium: Southern (southern British Columbia,

Vancouver Island and Washington) versus Northern (northern
British Columbia, Yukon and Alaska), and 3) Southeast Alaska

coastal refugium: Southeast Alaskan islands versus all mainland
populations. Non-migrants within each population are indicated

in bold along the diagonal. Values are the proportion of migrant
genes donated from source populations (columns) into sink

populations (rows).

From. . .

Migration rates into. . .

NonWA WA North South

SE

Islands Mainland

NonWA 0.9984 0.1776 – – – –
WA 0.0016 0.8224 – – – –
North – – 0.9984 0.1152 – –
South – – 0.0016 0.8848 – –
SE Islands – – – – 0.9981 0.0049

Mainland – – – – 0.0019 0.9951
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on Vancouver Island as proposed by Zheng et al. (2003), or

solely on Haida Gwaii as proposed by Walker (2005). Still,

future work should focus on refining the number of coastal

refugia, their location (northern AA, southern AA, or Haida

Gwaii), and their contribution to extant diversity on the

islands and eastward into the continent.

Hibbard (1968) noted that fossil records for Peromyscus

are scant and suggests the P. maniculatus group represents a

late Pleistocene radiation. The location of contact of south-

ern (P. maniculatus), coastal (P. keeni) and northern (Pero-

myscus sp.) refugial populations (i.e., south-central Yukon) is

unusual for North American mammals, especially for a spe-

cies group with such a broad geographical range (e.g., Swen-

son & Howard, 2005; Shafer et al., 2010). Within Yukon,

higher estimates of gene flow are likely the result of historical

exchange rather than contemporary gene flow, given the sup-

port for distinct clades in the multilocus analysis. Higher

estimates between P. keeni and Peromyscus sp. may result

from historical proximity or incomplete lineage sorting.

However, our data suggest the limited gene flow between the

two, with levels of mtDNA exchange (the proportion of

migrant genes donated from source populations; Sawyer,

2014) falling between typical intraspecific (0.035) and inter-

specific (0.10) ranges for delineating mammalian species

(Bradley & Baker, 2001), but with nuclear variation poten-

tially reflecting incipient speciation (e.g., Ross et al., 2010;

Nakajima et al., 2012). More intensive geographical sampling

of these deermice clades in southern Yukon and northern

British Columbia will refine their distributions and help

explore the dynamics of potential contact.

As currently understood, the newly detected Peromyscus

sp. in north-western North America is limited in distribution

to Yukon and likely persisted in glacial refugium nearby dur-

ing the LGM, whilst P. keeni is primarily restricted to the

islands and coast of the Pacific although populations have

been detected east of the Coast Range. With greater sampling

intensity, a comprehensive understanding of the biographical

history and geographical structure within P. maniculatus and

its close allies in the Pacific Northwest is now beginning to

come into view.
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LETTERS

Population diversity and the portfolio effect in an
exploited species
Daniel E. Schindler1, RayHilborn1, BrandonChasco1, Christopher P. Boatright1, ThomasP.Quinn1, LaurenA. Rogers1

& Michael S. Webster2

One of themost pervasive themes in ecology is that biological diver-
sity stabilizes ecosystem processes and the services they provide to
society1–4, a concept that has become a common argument for bio-
diversity conservation5. Species-rich communities are thought to
produce more temporally stable ecosystem services because of the
complementary or independent dynamics among species that per-
formsimilar ecosystem functions6. Such variance dampeningwithin
communities is referred to as a portfolio effect7 and is analogous to
the effects of asset diversity on the stability of financial portfolios8.
In ecology, these arguments have focused on the effects of species
diversity on ecosystem stability but have not considered the impor-
tance of biologically relevant diversity within individual species9.
Current rates of population extirpation are probably at least three
ordersofmagnitudehigher than species extinction rates10, so there is
a pressing need to clarify how population and life history diversity
affect the performance of individual species in providing impor-
tant ecosystem services. Here we use five decades of data from
Oncorhynchus nerka (sockeye salmon) in Bristol Bay, Alaska, to
provide the first quantification of portfolio effects that derive from
population and life history diversity in an important and heavily
exploited species. Variability in annualBristol Bay salmon returns is
2.2 times lower than it would be if the system consisted of a single
homogenous population rather than the several hundred discrete
populations it currently consists of. Furthermore, if it were a single
homogeneous population, such increased variability would lead
to ten times more frequent fisheries closures. Portfolio effects are
also evident in watershed food webs, where they stabilize and
extend predator access to salmon resources. Our results demon-
strate the critical importance of maintaining population diversity
for stabilizing ecosystem services and securing the economies and
livelihoods that depend on them. The reliability of ecosystem
services will erode faster than indicated by species loss alone.

The recent focus on ecosystem-based management of renewable
resources emphasizes species interactions and how these are affected
by human activities within exploited ecosystems. However, there is
growing recognition that populationdiversitywithin exploited species
can contribute to their long-term sustainability and should be in-
corporated more explicitly into management and conservation
schemes11,12. For example, it has been argued11 that populationdiversity
reduced the temporal variability of sockeye salmon fisheries in Bristol
Bay because of complementary dynamics in different components of
the stock complex. Similar phenomena are now appreciated qualita-
tively in other marine ecosystems12. However, at present there are
neither quantitative estimates of the strength of portfolio effects pro-
duced by population and life history diversity in exploited species, nor
an objective assessment of the benefits of population diversity to
human economies and ecosystem services in general.

From 1950 to 2008, sockeye salmon supported the most valuable
fisheries in the United States (landed value, US$7,900,000,000), and
63%of the associated revenue came fromBristol Bay (see Supplemen-
tary Information for details). The total economic value of this fishery
is considerably higher when considering the retail, cultural and
recreational value of these fish. Income from sockeye salmon in
Bristol Bay is the major source of personal income for most Bristol
Bay communities, and landing taxes provide the major funding for
local school districts. Thus, the interannual reliability of this fishery
has critical and direct consequences for the livelihoods of people in
this region.

Population diversitywithin the stock complexof Bristol Bay sockeye
substantially reduces the interannual variability experienced by the
commercial fishery,which intercepts sockeye salmon as they enter each
of the nine major rivers of this region (Fig. 1a). Each river stock con-
tains tens to hundreds of locally adapted populations distributed
among tributaries and lakes (Fig. 1b and Supplementary Fig. 1). This
remarkable diversity in sockeye reflects their ability to thrive in a wide
range of habitat conditions, the reproductive isolation of populations
byprecise homing tonatal spawning sites, and their capacity formicro-
evolution13. Thus, the Bristol Bay sockeye fishery integrates across
substantial population diversity both within and among watersheds.

Annual sockeye returns to the Bristol Bay stock complex were
considerably less variable (coefficient of variation (standard deviation
divided by mean), CV5 55%) than those observed for individual
rivers (average CV5 77%; Fig. 1c) for 1962–2008. Annual returns
to individual populations spawning in streams of the Wood River
system, where long-term detailed population assessments are avail-
able (Fig. 1b), were more variable (average CV5 95%) than both the
aggregate of these streams (CV5 67%) and the total returns to the
Wood River (CV5 60%; Fig. 1c). Thus, annual sockeye returns
become increasingly more stable across the complexity hierarchy
ranging from individual spawning populations to stocks associated
with the watersheds of major rivers and, eventually, to the regional
stock complex of Bristol Bay.

The degree of temporal covariation among portfolio assets controls
the strength of portfolio effects8,14; thebuffering effects of asset diversity
on variability of the aggregate portfolio become weaker as asset
dynamics become more synchronous. Analysis of the covariation
among river stocks and among stream populations (that is, the analo-
gues of assets in an investment portfolio) showed that annual sockeye
returns were only weakly synchronous (and some negatively corre-
lated) both within and among the watersheds of Bristol Bay. This lack
of synchrony among populations of Bristol Bay sockeye occurred
despite many commonalities in their migration corridors, nursery
habitats and seasonal timing of migrations between freshwater and
marine environments. Furthermore, strong shifts in climatic conditions
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of theNorthPacificOceanduring thepast century15,16 should alsohave
induced synchrony in the population dynamics of the stock complex,
but had little effect (Supplementary Fig. 2). Thus, the portfolio effects
observed in Bristol Bay sockeye, both among major rivers and within
individual watersheds, are derived from the weakly synchronous
population dynamics among the components of this stock complex.
If portfolio components in Bristol Bay fluctuated fully independently
of one another, the expectedCVwould be onlymarginally lower (42%
for rivers, 38% for Wood River tributary populations) than is cur-
rently observed (55% for rivers, 67% for tributary populations).

Life history diversity further buffers the variability of the sockeye
stock complex. Most Bristol Bay sockeye spend one to two years rear-
ing in fresh water and one to three years in the ocean as they complete
their life cycles (Fig. 1d). This staggered age structure reduces variation
in recruitment because it reduces the probability that all individuals in
a cohort of siblings will encounter unfavourable environmental con-
ditions over the course of the life cycle. To assess the effect of age
structure diversity on variability, we compared the CV of total annual
returns (above) with the CV observed within the two dominant age
classes at each level of spatial aggregation considered earlier
(Supplementary Fig. 3). TheCVs of thedominant age classes in stream
populations, river stocks and the Bristol Bay stock complex were
respectively 44%, 42% and 69% higher than the variabilities observed
at these spatial scales for the diversified population age structure
(Fig. 1c). In sum, if the dynamics of Bristol Bay sockeye returns were
characterized by the most simplified spatial and life history portfolio
(that is, dominant age classes in the average stream population), they

wouldbe about 2.2 timesmore temporally variable (CV5 119%) than
is currently observed for the Bristol Bay stock complex with its full
complement of population and life history diversity.

To illustrate the value to commercial fisheries of population and
life history diversity in Bristol Bay sockeye, we considered alternative
hypothetical stocks characterized by the same long-term average
return (30,000,000 fish) but with different interannual CVs.
Furthermore, we assumed that fishery management would resemble
the current system, in which the management goal is to allow
approximately 10,000,000 fish onto the spawning grounds per year;
returns in excess of 10,000,000 are harvested, and no fishing is
allowed in years when fewer than 10,000,000 sockeye return. Given
the current variability of the Bristol Bay stock complex, this picture
translates into a complete fishery closure less than four times per
century (Fig. 2). If Bristol Bay sockeye lacked the dampening effects
population and life history diversity provide, complete fishery clo-
sures would occur every two to three years (Fig. 2). Thus, thenet result
of losing population and life history diversity could be a tenfold
increase in the frequency of fishery closures, generating considerable
hardship for people who rely on consistent annual returns for their
livelihoods. A full assessment of the economic implications of such
increased interannual variability resulting from loss of population and
life history diversity would be valuable, but the necessary livelihood
and economic data are lacking at present.

In addition to sustaining a valuable marine fishery, sockeye also
support a diverse array of well-documented ecosystem processes and
services in the watersheds where they spawn17,18 (Supplementary
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Information). Sockeye release substantial quantities of productivity-
limiting nutrients following their post-spawning death19, and are the
dominant food source for a community of mobile predators and
scavengers in freshwater and terrestrial ecosystems. These species
perform important ecosystem functions such as dispersing salmon-
derived nutrients from spawning sites to the broader landscape20,21.
Like commercial fisheries, many of these consumers are mobile and
can capitalize on spatial variation in sockeye resources associated with
the dynamics of individual populations within each river system.
Using data on the number of spawning fish observed on the spawning
grounds (the ‘escapement’), the average CV observed for streams was
82% whereas that for their aggregate was 46% and that for the entire
Wood River was 50%. Thus, consumers able to capitalize on high-
density sockeye populations experience substantially less interannual
variation in salmon resources than they would if they focused on
individual stream populations or if population dynamics within the
stock were highly synchronous.

The life history diversity observed in the seasonal timing of migra-
tion and spawning among populations further enhances many eco-
system services by extending the seasonal availability of salmon
resources to the fishery and watershed food webs (Fig. 3). For
example, in a typical commercial fishing season 90% of the catch is
taken in about 16 days, yet the midpoints of sockeye migration to the
respective fishing districts vary over a range of about 13 days (Fig. 3a).
This variation in migration timing allows the fishing fleet to assess
relative abundance of sockeye among districts and redirect effort to
capture fish from multiple districts within a season. If seasonal
migration timing were more synchronous among rivers, the window
of opportunity to capture sockeye would be more constrained and
the capture and processing fleet more easily saturated at the peak of
the run. Seasonal access to sockeye by mobile predators is similarly
extended because of staggered spawn timing among tributary and
lake populations (Fig. 3b and Supplementary Fig. 3). Most sockeye
populations are vulnerable to predators and scavengers in individual
spawning habitats for approximately onemonth each year. However,
salmon are present for over 2.5months in spawning habitats
throughout the Wood River watershed (Fig. 3b), owing to variation
in the spawn timing among populations. Thus, watershed consumers
of salmon and the ecosystem services they provide (for example trout
fishing and wildlife viewing) also benefit from the variation in spawn
timing, which represents one of many dimensions of life history
variation in this species13.

Although most large-scale fisheries probably integrate across con-
siderable intraspecific diversity in a manner similar to that described
here, this ‘stock structure’ is usually ignored by management focused

on numerically dominant stock components12. Variation in the popu-
lation dynamics of Bristol Bay sockeye is easy to monitor because of
spatial separation among stock components resulting fromthehoming
tendencies within populations. However, similar population diversity,
although more cryptic, may exist and be equally important in other
species22, a possibility supportedby the growing recognitionof homing
tendencies in marine and freshwater fish stocks23,24. There is no reason
to believe that population and life history diversity are any less import-
ant in other aquatic or terrestrial species that are focuses of exploitation
or conservation.

The portfolio effects in the Bristol Bay sockeye stock complex are a
characteristic of a landscapewith a largely undisturbedhabitat, natural
hydrologic regimes and neither invasive species nor artificial pro-
pagation of salmon in hatcheries, combined with sustainable fishery
exploitation. In contrast, in the southern end of their range, Pacific
salmon populations have declined substantially owing to the cumu-
lative impacts of heavy exploitation, habitat loss, climate change,
hatchery dependence and hydropower development. Recent assess-
ments show that 29%of 1,400 populations of Pacific salmon in theUS
Pacific Northwest andCalifornia have been extirpated since European
contact25. What is underappreciated is that extant stocks in highly
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affected watersheds have also lost some of the stabilizing portfolio
effects that we observe in Bristol Bay26,27.

Although ecosystem management schemes commonly map the
habitat requirements of individual species, it is rare to consider the
heterogeneity and disturbance regimes that maintain population and
life history diversity in ecosystems. In the case of fisheries manage-
ment, minimizing the homogenizing effects of hatcheries on genetic
diversity and protection of weak stocks from overharvesting inmixed
stock fisheries will be required tomaintain the diversity that stabilizes
variance in returns. Without this broader framework for conserving
the roles of individual species, the resilience biodiversity provides
to ecosystems28 will deteriorate well before individual species are
extirpated.

METHODS SUMMARY
Annual sockeye escapements to rivers were enumerated visually from towers on
each of the Bristol Bay rivers by the Alaska Department of Fish and Game29. Age

composition of sockeyewas estimated by subsampling approximately 50,000 fish

from the fisheries and the escapement towers in each year. Total returns to each

river were calculated as the sum of fisheries catch and the escapement to the

spawning grounds. In fishing districts that capture fish fromneighbouring rivers,

age composition comparisons between the fishery catch and the escapement

towers was used to assign harvested fish to the total annual return to each river29.

Stream-spawning populations of sockeye salmon in theWoodRiver systemwere

monitored by two to four people who surveyed the entire extent of habitat

suitable for sockeye spawning at least once per year at the peak of spawning

activity. Otoliths were sampled annually from up to 220 fish from each steam to

determine the age composition of the escapement. The total stream production

for eight streams was calculated by accounting for the age- and year-specific

vulnerabilities to the fishery and then adding estimated fishery interceptions

back to the stream-spawning populations on the basis of the stream age com-

position in each year30. Interannual variability was calculated as the CV for all

situations considered.

Full Methods and any associated references are available in the online version of
the paper at www.nature.com/nature.
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METHODS
River escapements were estimated by visual counts from towers located on either

side of each of theBristol Bay rivers by theAlaskaDepartment of Fish andGame29.

Migrating sockeye were counted for 20min each hour, split equally between the

two sides of each river, and these figures were extrapolated into daily escapement

estimates. Ninemajor rivers contribute to the Bristol Bay fishery. For the analyses

in this paper,wehavenot included thepopulations in theNushagakRiver, as these

have only been enumerated for the past two decades. Ages (numbers of years in

fresh water and in the ocean) of fish were determined by visual examination of

scales or otoliths sampled in the escapement and in the fishery catches.

Stream-spawning populations of sockeye salmon have been monitored by the

University ofWashington since 1956 throughout theWood River system. Stream

surveys were conducted by two to four people who walked the entire extent of

habitat suitable for sockeye spawning at least once per year at the peak of spawning

activity, counting the live and dead sockeye. Otoliths were sampled annually from

up to 220 fish from each steam to determine the age composition of the returns.
The total streamproduction for eight streamswas calculated by accounting for the

age- and year-specific vulnerabilities to the fishery on the basis of samples collected

in the fishery, and then adding estimated fishery interceptions back to the stream-

spawning populations on the basis of the stream age composition in each year30.

The interannual variability in total returns to Bristol Bay was compared with

the variability observed in the total returns to each of the major rivers. The

variability in the annual returns to each of the eight streams in the Wood

River for which we had detailed age composition data, which could be used to

apportion fishery catches to total annual returns, was compared to the inter-

annual variability observed in total returns to theWood River system as a whole.

When considering services provided by sockeye in freshwater ecosystems, we

assessed variability only for sockeye abundance in the spawning grounds for the

eight stream populations (that is, not including fishery interceptions).

We calculated covariations among the numbers of sockeye that returned to

each of the rivers or streams (Supplementary Fig. 2) as the Pearson correlation

among all pairwise combinations of stocks or populations with a minimum of

ten years of concurrent data. Because the time series were often positively auto-

correlated, we used themethod of ref. 31 to adjust the degrees of freedom in tests

of significance for each pairwise correlation. Tests of statistical significance were

two-tailed, with a5 0.05.

31. Pyper, B. J. & Peterman, R. M. Comparison of methods to account for
autocorrelation in correlation analyses of fish data. Can. J. Fish. Aquat. Sci. 55,
2127–2140 (1998).
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SCIENTISTS CALL ON THE FOREST SERVICE TO UPHOLD THE NATIONAL ROADLESS 
AREA RULE THAT PROTECTS OVER 9 MILLION ACRES ON THE TONGASS NATIONAL 

FOREST, ONE OF THE WORLD’S LAST INTACT TEMPERATE RAINFORESTS 
 

As scientists with expertise in conservation science, climate change, wildlife and fisheries policy, 
and economics, we urge the Forest Service to uphold the National Roadless Area Conservation 
Rule on the Tongass National Forest in southeast Alaska. The Forest Service is proposing a new 
Alaska-specific roadless rule that would open all 9.4 million acres of the Tongass forest’s 
roadless areas to development. Such actions will adversely impact the region’s robust recreation 
and fishing economy and displace traditional subsistence users who rely on verdant temperate 
rainforests remaining intact. At a time of unprecedented climate change and in the face of a 
rapidly approaching global biodiversity crisis1, protecting carbon- and wildlife-rich places like 
the Tongass forest has never been more urgent.  
 
The landmark National Roadless Conservation Rule enacted in 2001 protects 58.5 million acres 
of the nation’s most intact forest landscapes, including the Tongass forest. As the premier 
conservation achievement of its time, the Roadless Rule is predicated on years of careful 
deliberation, unprecedented numbers of public meetings, more than 1 million supportive public 
comments, and the backing of hundreds of scientist signatories. Overwhelming public support 
for roadless protections was demonstrated again in recent public meetings held by the Forest 
Service regarding the Alaska-specific rule change.  
 
Alaskans and the nation are blessed with some of the wildest, most biologically prolific 
temperate rainforests on Earth2. Nowhere else in America is this more evident than on the 
Tongass, the crown jewel of the national forest system. The Tongass contains ~16% of the 
national roadless acreage and at least 8% of the nation’s total forest carbon stores3. Free of 
development, Tongass roadless areas allow all five species of Pacific salmon to replenish; deer, 
wolves, bears and other wildlife find sanctuary in them as well2.  
 
Alaska is experiencing the nation’s fastest rate of climate change, 3-degree F warming since 
19494. This comes with severe long-term consequences already evident in melting glaciers and 
permafrost, coastal erosion, displaced Alaskan villages, and die-off of Alaska yellow cedar5.  
Roadless areas provide refuge for species experiencing more rapid climate change such as in the 
Alaska interior6. Opening roadless areas to development would emit much of the forest’s stored 
carbon at a time when the world needs to drastically cut emissions3,7.   
 

 
1 https://www.ipbes.net/news/how-did-ipbes-estimate-1-million-species-risk-extinction-globalassessment-report 
2 DellaSala, D.A. 2011. Temperate and boreal rainforests of the world: ecology and conservation. Island Press: DC. 
3Leighty, W. et al. 2006. Effects of Management on Carbon Sequestration in Forest Biomass in Southeast Alaska. Ecosystems 9: 1051–1065.  
4Alaska Climate Res. Center. http://climate.gi.alaska.edu/ClimTrends/Change/TempChange.html  
5Hennon, P.E. et. al. 2012. Shifting Climate, Altered Niche, and a Dynamic Conservation Strategy for Yellow-Cedar in the North Pacific Coastal 
Rainforest. Bioscience Vol. 62:147-158 2  
6DellaSala, D.A. et al. 2018. Climate Change May Trigger Broad Shifts in North America's Pacific Coastal Rainforests. In: D. A. DellaSala, and 
M. I. Goldstein (eds.) The Encyclopedia of the Anthropocene, vol. 2, p. 233-244. Oxford: Elsevier 
7Griscom, B.W. et al. 2017. Natural climate solutions. PNAS 114:11645-11650. Also, see IPCC 2017 - https://www.ipcc.ch/. 

https://www.fs.usda.gov/roadmain/roadless/alaskaroadlessrule
https://www.ipbes.net/news/how-did-ipbes-estimate-1-million-species-risk-extinction-globalassessment-report
https://www.ipcc.ch/
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Building roads into an intact forest jump starts a death-by-thousand cuts scenario. Roads 
fragment wildlife habitat into small, isolated parcels that contribute to declining wildlife 
populations8, as is evident for wolf and deer populations on nearby Prince of Wales Island. 
Roads and associated landslides have pervasive and lasting deleterious impacts on streams and 
fish habitats.  
 
Wild places, like those protected by the Roadless Rule, also are the backbone of the southeast 
Alaska economy. According to Forest Service, many of Alaska’s nearly 2 million annual visitors 
come to the Tongass to hunt, fish and recreate, while spending over $350 million. The Tongass 
produces ~40% of Alaska’s commercial salmon fishery that was worth an estimated $414 
million in 2015. The visitor industry alone contributes nearly 8000 jobs to the regional economy, 
while logging jobs (currently about 60) on the Tongass forest pale by comparison9.  
 
Logging in the Tongass is completely dependent on annual subsidies because Forest Service 
expenditures typically exceed timber revenues by over $20 million. Road construction costs at 
$250,000 per mile make it especially difficult to find timber sales that have positive appraisal 
values. The Forest Service goes so far as requiring taxpayers to pay for roads, rather than the 
timber companies; even then, the agency allows companies to export up to 100% of logs.  
 
Although the Roadless Rule protects intact areas greater than 5,000 acres in extent, it has 
numerous allowances to include road connections between communities and other state highway 
projects, access to mining claims under the Mining Law of 1872, utility corridors, and 
hydropower projects. As of September 2019, the Forest Service reviewed and approved all 67 
projects proposed within Alaska roadless areas, typically within a month of proposal submission.  
 
Additionally, the Tongass Advisory Committee, made up of representatives of the State of 
Alaska, timber industry, conservation groups, and the regional Alaska Native corporation, 
unanimously agreed in 2016 that the Forest Service should protect roadless areas10. They also 
agreed that the agency should transition timber management out of old-growth logging and into 
previously logged, younger forests.  
 
In closing, the Forest Service must recognize that efforts to undermine the Roadless Rule on the 
Tongass will only prove divisive and unnecessary. The Roadless Rule is working for Alaskans 
by supporting the regional economy, allowing the kinds of development that local people want, 
and holding together a globally important rainforest that is under enormous pressures from 
unprecedented climate change and the ever-expansive human ecological footprint.   
 
  

 
8Ibisch, P.L., et al. 2017. A global map of roadless areas and their conservation status. Science 354:1423-1427. 
9Employment coefficients and direct income for SE Alaska timber industry updated CY2017 – USDA Forest Service and Central Tongass DEIS 
Table 95.  
10Tongass Advisory Committee Final Recommendations at 13, 6 (Dec. 2015), 
http://merid.org/~/media/Files/Projects/tongass/December%202015%20Meeting/Tongass%20Advisory%20Committee%20Final%20Recommend
ations_Dec%202015.pdf.  
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Sincerely (affiliations for identification purposes only), 

Lead Signatures 

 
Dominick A. DellaSala, Ph. D. 
Chief Scientist  
Geos Institute, Ashland, OR   
   
Reed Noss, Ph. D. 
Chief Scientist  and Florida Inst. Cons.    
  Science & Visiting Scholar, Nicholas  
  School of Environment 
Duke University, Orlando, FL.  
 
Paul C. Paquet, Ph. D.  
Professor Adjunct, Univ. of Victoria, BC   
Canada & Raincoast Cons. Foundation  
 
David S. Wilcove, Ph. D. 
Prof., Evolutionary Biology/Public Affairs  
Princeton University, NJ   
  
William Ripple, Ph. D . 
Distinguished Professor    
Oregon State University, Corvallis, OR  
 
John Terborg, Ph. D. 
Emeritus Professor  
Univ. of Florida, Gainesville, FL 
James Cook University, Cairns, Australia 
 
Ernie Niemi, M.S. 
Economist    
Natural Resource Economics    
Eugene, OR     
  
John Schoen, Ph. D. 
Wildlife Ecologist     
Anchorage, AK     
 
Russell Lande, Ph. D. 
Emeritus Professor 
University California, San Diego, CA 

Edward O. Wilson, Ph. D. 
University Research Professor Emeritus 
Harvard University 
 
Thomas Lovejoy, Ph. D. 
George Mason Universit 
Washington, DC 
 
Dennis Murphy, Ph. D. 
Biology Department 
University of Nevada, Reno, NV 
 
Chris Maser, Ph. D. 
Social-Environmental Sustainability 
Corvallis, OR 
 
Thomas Michael Power, Ph. D. 
Professor Emeritus, University Montana 
Power Consulting, Inc. Missoula 
 
Stuart Pimm, Ph. D. 
Professor, Conservation 
Nicholas School of the Environment 
Duke University, Durham, NC 
 
Matt Kirchoff, M. S. 
Retired Wildlife Biologist 
Anchorage, AK 
 
Barry Noon, Ph. D. 
Emeritus Professor 
Dept. Fish, Wildlife & Conservation Biol. 
Colorado State University, Ft. Collins, CO 
 
Steven R. Beissinger, Ph. D. 
Professor of Conservation Biology 
University of California, Berkeley, CA 
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Additional Signatories 
 
Peter Abrams, Ph. D. 
Professor Em. of Ecology & Evolutionary Bio. 
University of Toronto 
Victoria, Maryland 
 
Peter Albers, Ph. D. 
Retired USGS Research Wildlife Biologist 
Traverse City, Michigan 
 
A. Z. Andis Arietta, M.S. 
Ph. D. Candidate 
Yale University, School of Forestry and Env. 
New Haven, Connecticut 
 
William Armbruster, Ph. D. 
Principal Research Scientist 
University of Alaska 
Fairbanks, Alaska 
 
Jonathan Aurnou, Ph. D. 
Professor of Planetary Physics 
UCLA 
Los Angeles, California 
 
Peter Bahls, M.S. 
Executive Director/Fish Biologist 
Northwest Watershed Institute 
Port Townsend, Washington 
 
Carl Bailey, Ph. D. 
Professor of Biology 
New Mexico State University 
Las Cruces, New Mexico 
 
Rowan Baker, M.S. 
Fisheries Biologist/Watershed Specialist 
Retired 
Portland, Oregon 
 
William Baker, Ph. D. 
Professor Emeritus 
University of Wyoming 
Laramie, Wyoming 
 
Bruce G. Baldwin, Ph. D. 
Professor of Integrative Biology 
University of California 
Berkeley, California 
 

Mark Barath, M.S. 
Retired scientist 
U.S. EPA 
Willow Grove, Pennsylvania 
 
Jesse Barber, Ph. D. 
Associate Professor 
Boise State University 
Boise, Idaho 
 
Linda Sue Barnes, Ph. D. 
Professor Emeritus of Biology 
Methodist University 
Fayetteville, North Carolina 
 
Frank Barnwell, Ph. D. 
Professor Emeritus 
University of Minnesota-Twin Cities 
Minneapolis, Minnesota 
 
Constance Becker, Ph. D. 
Director 
Life Net Nature 
Willcox, Arizona 
 
Craig Benkman, Ph. D. 
Professor 
University of Wyoming 
Laramie, Wyoming 
 
Michael Bennett, Ph. D. 
Professor of Neuroscience 
Albert Einstein College of Medicine 
Bronx, New York 
 
David Berg, Ph. D. 
Professor of Biology 
Miami University 
Oxford, Ohio 
 
Linda Bernhardt, M.S. 
Natural Resources Manager, retired 
Talent, Oregon 
 
Robert Beschta, Ph. D. 
Professor Emeritus 
Oregon State University 
Corvallis, Oregon 
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Richard Bierregaard, Ph. D. 
Research Associate 
Academy of Natural Sci. of Drexel Univ. 
Philadelphia, Pennsylvania 
 
Scott Black, M.S. 
Executive Director 
Xerces Society for Invertebrate Conservation 
Portland, Oregon 
 
Brian Bodenbender, Ph. D. 
Professor of Geology and Env. Science 
Hope CollegeProfessor 
Holland, Michigan 
 
Brooke Boswell, M.S. 
Research Program Manager 
Northern Biobank Initiative 
Edmonds, Washington 
 
John Bowman, Ph. D. 
Professor 
Monash University 
Melbourne, Australia 
 
Dennis Bramble, Ph. D. 
Professor Emeritus of Biology 
Univerisity of Utah 
Salt Lake City, Utah 
 
Kristin Carden, J.D./Ph.D. 
Oceans Program Scientist 
Center for Biological Diversity 
Bozeman, Montana 
 
Gary Carnefix, M.S. 
Retired 
Carnefix Ecological Consulting 
Missoula, Montana 
 
Bobb Carson, Ph. D. 
Professor Emeritus 
Lehigh University 
Bethlehem, Pennsylvania 
 
Kai Chan, Ph. D. 
Professor 
IRES, University of British Columbia 
Vancouver, British Columbia 
 
 

F. Stuart Chapin III, Ph. D. 
Professor Emeritus of Ecology 
University of Alaska Fairbanks 
Fairbanks, Alaska 
 
Donald Charles, Ph. D. 
Senior Scientist 
Academy of Natural Sci. of Drexel Univ. 
Philadelphia, Pennsylvania 
 
Mike Cohen, Ph. D. 
Professor of Biology 
Sonoma State University 
Rohnert Park, California 
 
Phyllis Coley, Ph. D. 
Distinguished Professor 
University of Utah 
Salt Lake City, Utah 
 

Joseph Cook, Ph. D. 
Regents Professor of Biology 
University of New Mexico 
Albuquerque, New Mexico 
 
Tara Cornelisse, Ph. D. 
Senior Scientist 
Center for Biological Diversity 
Portland, Oregon 
 
Will Crampton, Ph. D. 
Associate Professor 
University of Central Florida 
Orlando, Florida 
 
Patrick Crist, Ph. D. 
Principal 
Broomfield, Colorado 
 
Sam Davis, Ph. D. 
Conservation Scientist 
Dogwood Alliance 
Asheville, North Carolina 
 
Catherine De Rivera, Ph. D. 
Professor of Env. Science & Management 
Portland State University 
Portland, Oregon 
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John DeCicco, Ph. D. 
Research Professor 
University of Michigan 
Ann Arbor, Michigan 
 
Terry Dickey, M.Ed. 
Board Chair 
Friends of Cascade-Siskiyou Nat’l Monument 
Ashland, Oregon 
 
Alan Dickman, Ph. D. 
Professor Emeritus 
University of Oregon 
Eugene, Oregon 
 
Andrew Dobson, Ph. D. 
Professor 
Princeton University 
Princeton, New Jersey 
 
Nathan Donley, Ph. D. 
Senior Scientist 
Center for Biological Diversity 
Portland, Oregon 
 
Craig Downer, M.S. 
Wildlife Ecologist 
Andean Tapir Fund 
Minden, Nevada 
 
Blake Downing, Ph. D. Candidate 
Department of Plant and Microbial Biology, UC 
Berk 
Berkeley, California 
 
Peter Dunwiddie, Ph. D. 
Affiliate Professor 
University of Washington 
Seattle, Washington 
 
Katarina Eckerberg, Ph. D. 
Professor 
Ume University 
Umeå, Sweden 
 
Ginny Eckert, Ph. D. 
Associate Professor 
University of Alaska 
Juneau, Alaska 
 

 

Marianne Edain, B.A. 
Restoration Ecologist 
Frosty Hollow Ecological Restoration 
Langley, Washington 
 
Mark Egger, M.S. 
Research Associate 
WTU Herbarium, Burke Museum of Nat History 
Seattle, Washington 
 
Heather Erickson, Ph. D. 
Research Ecologist 
Consulting Research Ecology 
Portland, Oregon 
 
Jerry Estberg, Ph. D. 
Professor Emeritus 
University of San Diego 
Port Angeles, Washington 
 
Daniel Evans, Ph. D. 
Environmental Scientist 
Denver, Colorado 
 
Jonathan Evans, Ph. D. 
Professor of Biology 
University of the South 
Sewanee, Tennessee 
 
Jules Evens, M.S. 
Principal 
Avocet Research Associates 
Point Reyes Station, California 
 
Sophia Ewens, Ph. D. Candidate 
UC Berkeley 
Berkeley, California 
 
Daniel Feller, B.S. 
Western Region Ecologist 
Maryland Department of Natural Resources 
Frostburg, Maryland 
 
Elizabeth Figus, Ph. D. 
Postdoctoral Researcher 
University of Alaska Fairbanks 
Juneau, Alaska 
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Doug Fischer, Ph. D. 
Research Scholar 
Ronin Institute 
Santa Barbara, California 
 
Daniel Fisher, Ph. D. 
Professor of Earth and Env.l Sciences 
University of Michigan 
Ann Arbor, Michigan 
 
Margaret Flaherty, MPT 
Assistant Director of Rehabilitation Services 
Berkeley, California 
 
Thomas Fleischner, Ph. D. 
Executive Director 
Natural History Institute 
Prescott, Arizona 
 
Johannes Foufopoulos, Ph. D. 
Associate Professor 
University of Michigan 
Ann Arbor, Michigan 
 
Janet Franklin, Ph. D. 
Professor 
University of California 
Riverside, California 
 

Evan Frost, M.S. 
Terrestrial Ecologist 
Wildwood Consulting LLC 
Ashland, Oregon 
 
Robert Fuerstenberg, M.S. 
Ecologist 
Retired 
Vashon, Washington 
 
John Gatz, Ph. D. 
Professor Emeritus of Zoology 
Ohio Wesleyan University 
Delaware, Ohio 
 
Jennifer Gervais, Ph. D. 
Wildlife Ecologist 
Oregon Wildlife Institute 
Corvallis, Oregon 
 
 
 

Allen Gibbs, Ph. D. 
Professor 
University of Nevada 
Las Vegas, Nevada 
 
Elizabeth Glenn, Ph. D. 
Biologist 
Corvallis, Oregon 
 
Scott Goetz, Ph. D. 
Professor 
Northern Arizona University 
Flagstaff, Arizona 
 
Robert Good, DVM, MS 
Epidemiologist 
USDA 
Welsville, Kansas 
 
David Gray, Ph. D. 
Professor 
California State University Northridge 
Northridge, California 
 
Steven Green, Ph. D. 
Senior Professor Emeritus 
University of Miami 
Coral Gables, Florida 
 
Gregory F. Grether, Ph. D. 
Professor of Biology 
University of California 
Los Angeles, California 
 
Robert Grumbine, Ph. D. 
Senior Researcher 
Kunming Institute of Botany 
Bellingham, Washington 
 
Leah Gulyas, B.S. 
Graduate Student 
University of California, Berkeley 
Berkeley, California 
 
Simon Gunner, M.S. 
Botanist 
Olofson Environmental, Inc. 
Oakland, California 
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Paula Halupa, M.S. 
Retired Fish and Wildlife Biologist 
U.S. Fish and Wildlife Service (retired) 
Fort Pierce, Florida 
 
Cheryl Harding, Ph. D. 
Professor Emeritus 
CUNY 
New York, New York 
 

Cindy Haws, M.S. 
Retired Wildlife Biologist 
Umpqua Natural Leadership Science Hub 
Myrtle Creek, Oregon 
 
Betsy Herbert, Ph. D. 
Free lance environmental writer 
Betsyherbert.com 
Corvallis, Oregon 
 
Marissa Hill, M.S. 
Senior Analyst 
Toronto, Canada 
 
Karen Holl, Ph. D. 
Professor of Environmental Studies 
University of California Santa Cruz 
Felton, California 
 
Richard T. Holmes, Ph. D. 
Professor Emeritus of Biology 
Dartmouth College 
Hanover, New Hampshire 
 
Elizabeth Horvath, M.S. 
Associate Professor of Biology 
Westmont College 
Santa Barbara, California 
 
Edward Huang, Ph. D. 
Principal 
California Institute of Env. Design & Mgmt. 
Arcadia, California 
 
Malorri Hughes, M.S. 
Portland State University 
Portland, Oregon 
 
 
 
 

Malcolm Hunter, Ph. D. 
Professor 
University of Maine 
Orono, Maine 
 
Marc Imlay, Ph. D. 
Natural Places Chair, Sierra Club 
Bryans Road, Maryland 
 
Karl Jarvis, Ph. D. 
Lecturer 
Southern Utah University 
Cedar City, UT 
 
Mitchell Johns, Ph. D. 
Professor Emeritus Soil and Crop Science 
California State University 
Chico, California 
 
Thomas L Johnson, Ph. D. 
Retired 
University of Mary Washington 
Fredericksburg, Virginia 
 
Russell Jones, Ph. D. 
Professor Emeritus 
University of California 
Berkeley, California 
 
Alan Journet, Ph. D. 
Professor Emeritus 
Southeast Missouri State University 
Jacksonville, Oregon 
 
Walter Judd, Ph. D. 
Distinguished Professor Emeritus 
University of Florida 
Gainesville, Florida 
 

Jacob Kann, Ph. D. 
Aquatic Ecologist 
Aquatic Ecosystem Sciences LLC 
Ashland, Oregon 
 
James Karr, Ph. D. 
Professor Emeritus 
University of Washington 
Seattle, Washington 
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Ken Keefover-Ring, Ph. D. 
Assistant Professor 
Madison, Wisconsin 
 
Bruce Kendall, Ph. D. 
Professor 
University of California, Santa Barbara 
Santa Barbara, California 
 
Eugene Kennedy, M.A. 
Associate Faculty 
Butte College 
Oroville, California 
 
Maya Khosla, M.S. 
Senior Biologist and Toxicologist 
S2S 
Rohnert Park, California 
 
Bruce Kirchoff, Ph. D. 
Professor 
University of North Carolina at Greensboro 
Greensboro, North Carolina 
 
Jason Koontz, Ph. D. 
Professor of Biology and Env. Studies 
Augustana College 
Rock Island, Illinois 
 
Fayette Krause, Ph. D. 
Retired 
Port Townsend, Washington 
 
Rick Landenberger, Ph. D. 
Science & Mgmt. Specialist and Assistant Prof 
WVU, Dept. Of Geology and Geography 
Morgantown, West Virginia 
 
Kim Landsbergen, Ph. D. 
Associate Professor 
Antioch College 
Yellow Springs, Ohio 
 
Inger Marie Laursen, M.S. 
Wildlife Biologist 
Jkander@ucsc.edu 
Watsonville, California 
 
 
 
 

Beverly Law, Ph. D. 
Prof. Global Change Biology & Terrestrial Sys. 
Oregon State University 
Corvallis, Oregon 
 
Derek Lee, Ph. D. 
Associate Research Professor 
Penn State University 
University Park, Pennsylvania 
 
Peggy G. Lemaux, Ph. D. 
Cooperative Extension Specialist 
University of California, Berkeley 
Berkeley, California 
 
Gene Likens, Ph. D. 
Distinguished Senior Scientist, Emeritus 
Cary Institute of Ecosystem Studies 
Clinton Corners, New York 
 

Harvey Lillywhite, Ph. D. 
Professor of Biology 
University of Florida 
Gainesville, Florida 
 
Jay Lininger, M.S. 
CEO & Principal Scientist 
Pyrolysis LLC 
Talent, Oregon 
 
Brian Linkhart, Ph. D. 
Professor 
Colorado College 
Colorado Springs, Colorado 
 
Darvel Lloyd, M.A. 
Retired 
Portland, Oregon 
 
Darryl Lloyd, M.S. 
Author 
Friends of Mount Adams 
Hood River, Oregon 
 
Andy MacKinnon, Ph. D. 
Forest Ecologist 
Simon Fraser University 
Metchosin, Canada 
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Lucas Majure, Ph. D. 
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Travis Marsico, Ph. D. 
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Arkansas State University 
Jonesboro, Arkansas 
 
Chris Maser, M.S. 
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Corvallis, Oregon 
 
Kathleen McCarthy, M.S. 
Landscape Restoration Project Manager 
New York, New York 
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Graduate Student 
University of California, Berkeley 
Berkeley, California 
 
Carl McDaniel, Ph. D. 
Professor Emeritus and Visiting Professor 
Rensselaer and Oberlin College 
Oberlin, Ohio 
 
Daniel McGarvey, Ph. D. 
Associate Professor of Environmental Studies 
Virginia Commonwealth University 
Richmond, Virginia 
 
Gary Meffe, Ph. D. 
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Conservation Biologist, Textbook Author 
Brandon, Vermont 
 
Douglas Meikle, Ph. D. 
Professor and Chair of Biology 
Miami University 
Oxford, Ohio 
 
E. Charles Meslow, Ph. D. 
Retired Wildlife Research Biologist 
USFWS 
Corvallis, Oregon 
 
 
 
 

Ellen Moyer, Ph. D. 
Principal 
Greenviron,ent, LLC 
Montgomery, Massachusetts 
 
Megan Mueller, M.S. 
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Rocky Mountain Wild 
Denver, Colorado 
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Professor of Zoology 
Weber State University 
Ogden, Utah 
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Professor Emeritus 
Michigan State University 
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K. Greg Murray, Ph. D. 
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Holland, Michigan 
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Professor 
University of Montana 
Missoula, Montana 
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Calvin University 
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Colby College 
Waterville, Maine 
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Swedish University of Ag. Sciences 
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Cornell University 
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Professor Emeritus 
Virginia Commonwealth University 
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Professor 
University of Arizona 
Tucson, Arizona 
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Gainesville, Florida 
 
Steve Paulsen, Ph. D. 
Senior Research Scientist 
Corvallis, Oregon 
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Milpitas, California 
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Scientist 
Institute of Forestry, Lithuanian Research Centre 
Kaunas, Lithuania 
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Professor Emeritus 
North Carolina State University 
Raleigh, North Carolina 
 
Nancy Pullen, Ph. D. 
Professor 
Kennesaw State University 
Kennesaw, Georgia 
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University of Idaho 
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Ukiah, California 
 
John Robinson, Ph. D. 
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University of Nevada, Las Vegas 
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Garry Rogers, Ph. D. 
President 
Agua Fria Open Space Alliance, Inc. 
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Corvallis, Oregon 
 
Don Ross, Ph. D. 
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USDA-ARS 
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University Park, Pennsylvania 
 
Gwen Stone, M.S. 
Cfo 
After care Companions 
Mission Viejo, California 
 
Richard Strathmann, Ph. D. 
Professor Emeritus 
University of Washington 
Friday Harbor, Washington 
 
Michael Swift, Ph. D. 
Assistant Professor Emeritus of Biology 
St. Olaf College 
Northfield, Minnesota 
 
Stephen Tettelbach, Ph. D. 
Professor Emeritus of Biology 
Long Island University 
Brookville, New York 
 
 

Walter Tschinkel, Ph. D. 
Professor Emeritus of Biology 
Florida State University 
Tallahassee, Florida 
 
Anna Tyler, Ph. D. 
Research Scientist 
The Jackson Laboratory 
Bar Harbor, Maine 
 
Dean Urban, Ph. D. 
Professor of Landscape Ecology 
Duke University 
Durham, North Carolina 
 
Mike Vandeman, Ph. D. 
Retired 
Human-Free Habitat Association 
San Ramon, California 
 
John Vogel, Ph. D. 
Adjunct Professor 
University of Califronia, Berkeley 
Berkeley, California 
 
Marlene Wagner, M.S. 
Ecologist, Ph. D. Candidate 
Simon Fraser University 
Petersburg, Alaska 
 
Robert Wagner, Ph. D. 
Ecologist 
Quantitative Ecological Services, Inc. 
Castle Rock, Colorado 
 
David Wake, Ph. D. 
Professor, Grad. School in Integrative Biology 
University of California 
Berkeley, California 
 
Greg Walker, Ph. D. 
Professor Emeritus 
University of california, riverside 
Riverside, California 
 
Faith Walker, Ph. D. 
Research Professor 
Northern Arizona University 
Flagstaff, Arizona 
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Don Waller, Ph. D. 
Professor Emeritus 
University of Wisconsin - Madison 
Madison, Wisconsin 
 
Bridget Watts, M.S. 
Biologist 
Borealis LLC 
Arlington, Virginia 
 
Frank Wegscheider, M.A. 
Wildlife Biologist 
Orange, California 
 
Judith Weis, Ph. D. 
Professor Emeritus 
Rutgers University 
New York, New York 
 
Jeffery Werner, Ph. D. 
Wildlife Ecologist, Provincial Government 
BC FLNRORD 
Prince George, British Columbia 
 
Dave Werntz, M.S. 
Science and Conservation Director 
Conservation Northwest 
Twisp, Washington 
 
David Whitacre, Ph. D. 
Biology, statistics instructor 
Treasure Valley Math and Science Center 
Boise, Idaho 
 
Norris Williams, Ph. D. 
Retired, Curartor Emrttitus 
FLMNH 
Gainesville, Florida 
 
Rebecca Windell, M.S. 
Graduate Research Assistant 
University of Washington 
Okanogan, Washington 
 
Heidi Wipf, Ph. D. Candidate 
Graduate Student Researcher 
University of California, Berkeley 
Albany, California 
 
 
 

Shaye Wolf, Ph. D. 
Climate Science Director 
Center for Biological Diversity 
Oakland, California 
 
Mark Woods, Ph. D. 
Professor of Philosophy 
University of San Diego 
San Diego, California 
 
George M. Woodwell, Ph. D. 
Founder, President, Director Emeritus 
The Woods Hole Research Center 
Woods Hole,, Massachusetts 
 
Jeff Writer, Ph. D. 
Instructor 
University of Colorado 
Boulder, Colorado 
 
Tiffany Yap, Ph. D. 
Scientist, Wildlife Corridor Advocate 
Center for Biological Diversity 
Oakland, California 
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SOUTHEAST ALASKA 


CHANGES 2017 TO 2018

REGIONAL POPULATION 
DECREASED BY 80 
PEOPLE TO 72,876 

LABOR FORCE INCREASED 
BY 2 JOBS TO 45,642 
JOBS 

TOTAL GOVERNMENT 
JOBS DECREASED BY  
108 JOBS TO 13,148 

CRUISE PASSENGERS 
INCREASED BY 7% TO 1.2 
MILLION 

POUNDS OF SEAFOOD 
LANDED IN THE REGION 
DECREASED BY 118 
MILLION POUNDS, A 
DECREASE OF 39% 

HEALTH CARE JOBS  
IN THE REGION INCREASED 
BY 121, A GAIN OF 3%

SOUTHEAST ALASKA’S ECONOMY 
The Southeast Alaska summer of 2019 was 
filled with record-high temperatures and a 
historic number of visitors spending money 
across the region’s communities. While it was 
the picture of prosperity, the region’s complex 
economic framework is thriving in some 
segments, while struggling in others.  

Southeast Alaska’s shrinking State sector is 
down by more than 800 jobs over 7 years. 
Long the top provider of wages in the region, 
state government is on track to be a distant 
third in coming years – after municipal 
government and tourism – and a bountiful 
fishing season would make the state the fourth 
largest provider of wages. Alaska’s fiscal health 
has been managed to the detriment of 
Southeast Alaskans, as short-term gains took 
priority over the long-term economic health of 
the State sector, and State savings were 
depleted without full implementation of a 
sustainable fiscal solution. As a result the 
region has been embroiled in economic 
uncertainty that is a problematic companion to 
a thriving private sector.  

The regional health care industry had been 
optimistic about the trajectory of the economic 
environment, adding nearly 500 jobs and $50 
million in wages over the last four years to 
support the growing health care needs of an 
aging population. However, steep state cuts to 
Medicaid funding, compounded by the 
potential loss of matching federal dollars, have 
reversed the growing business confidence of 

that sector. The region’s mining sector has 
been growing, while the ship building and 
construction sectors have contracted. 

Fishing remains mercurial. Southeast Alaska 
lost nearly 700 seafood jobs in the past four 
years, with wages down by $22 million. By 
volume, the catch for 2018 was the lowest in 
decades, but strong seafood prices have offset 
losses. The so-called trade war with China is 
having deleterious impacts on several 
Southeast industries, including seafood, 
timber, and mining.  

Through all of this, the visitor industry has 
provided a critical counter-balance to a 
capricious economy. In just seven years, the 
tourism sector added more than 2,000 
annualized jobs to Southeast communities, 
increasing wages by $85 million. During the 
summer of 2020, 1.44 million visitors are 
projected to spend nearly $800 million during 
their Southeast Alaska holidays.   

The collective result was a flat economy in 
2018. Southeast Alaska decreased in 
population by 80 people, added two jobs, and 
overall wages grew incrementally. The region 
persevered through several rough years, but 
Southeast Alaskans are resilient and remain 
optimistic about the future. More than a 
quarter of regional businesses plan to add jobs 
in the coming year, and 68% of business 
leaders expect the coming year to be positive 
and/or better than last year.  

VISITORS    MARITIME, SEAFOOD    HEALTH        TIMBER, MINING    CONSTRUCTION, EDUCATION   GOVERNMENT    DEMOGRAPHICS    BUSINESS SURVEY           
PAGE 6         PAGE 8 - 9                      PAGE 10-11    PAGE 12                   PAGE 13                                      PAGE 14               PAGE 15                   PAGE 17 - 19  
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Transportation 
Priority Minimize Impacts of 

Budget Cuts to AMHS and 
Develop a Sustainable 
Operational Model. 

Road Development. 
Move Freight to and from Markets 

More Efficiently.  
Ensure the Stability of Regional Transportation 

Services Outside of AMHS.   

Energy  
Priority Promote Priorities of the Regional Energy 

Plan, Including Infrastructure and Diesel 
Displacement. 

Support Community Efforts to 
Create Sustainable Power 
Systems that Provide 
Affordable/Renewable 
Energy. 

Complete Regional Hydrosite 
Evaluation for Southeast 
Alaska. 

Maritime 
Maritime Industrial Support  

Priority Maritime Industrial Support Sector Talent 
Pipeline: Maritime Workforce Development Plan. 

Continue to Grow the Regional Maritime Sector.   
Increase Access to Capital for the Regional Maritime 

Industrial Support Sector. 
Support Capital Investments in 

Expanded Marine Industry 
Support Infrastructure. 

Harbor Improvements.  
Examine Arctic Exploration 

Opportunities That the 
Region as a Whole Can 
Provide.  

Seafood Industry 	
Priority Mariculture Development.  
Priority Full Utilization and Ocean 

Product Development. 
Increase Energy Efficiency and 

Reduce Energy Costs. 
Regional Seafood Processing. 
Seafood Markets.  
Sea Otter Utilization and 

Sustainable Shellfish.  
Maintain Stable Regulatory 

Regime. 
Seafood Workforce Development. 

Visitor Industry  
Priority Market Southeast Alaska to 

Attract More Visitors.  
Improve Access to Public Lands.  
Increase Flexibility in Terms of 

Permit Use.  
Increase Yacht and Small Cruise 

Ship Visitations.  
Improve Communications 

Infrastructure.  
Advocate for Funding to Maintain Existing 

Recreational Infrastructure.  
Grow Cultural and Arts Tourism. 

Timber Industry  
Priority Provide an Adequate, 

Economic and Dependable 
Supply of Timber from the 
Tongass National Forest to 
Regional Timber Operators.  

Stabilize the Regional Timber 
Industry.  

Work with USFS to Direct Federal 
Contracts Toward Locally-Owned 
Businesses.  

Support Small-Scale Manufacturing of Wood Products 
in Southeast Alaska.   

Continue Old-Growth Harvests Until Young-Growth 
Supply is Adequate.   

Community-Based Workforce Development.  
Update Young Growth Inventory.  

Other Objectives 
Healthcare: Meet Regional 

Workforce Development Needs. 
Research: Attract Science and 

Research Jobs to Southeast 
Alaska.  

Housing: Support Housing 
Development.  

Food Security: Increase 
Production, Accessibility, and Demand of Local 
Foods.  

Communications: Improved Access to Telemedicine 
in Southeast Alaska.  

Marketing: Market Southeast Alaska as a Region.  
Solid Waste: Regional Solid Waste Disposal.  
Education: Partner with University & K-12 to Meet 

Workforce Needs 
Arts: Increase Recognition of Southeast Alaska’s 

Thriving Arts Economy. 
Mining: Minerals & Mining Workforce Development. 
Cultural Wellness: Support Activities and 

Infrastructure that Promote Cultural Wellness.

SOUTHEAST 2020 STRATEGIC PLAN SUMMARY 
The Southeast Alaska 2020 Economic Plan, is a five-year strategic plan for the region. The membership worked together to develop an 
overall vision statement, 46 objectives, and 7 priority objectives, along with regional and industry specific SWOT analyses. More than 400 
people representing small businesses, tribes, Native organizations, municipalities, and nonprofits were involved in various elements of the 
planning process. In 2018 this work received a national NADO Innovation Award. The Plan’s objectives are listed below.
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Alec Mesdag is the Director of Energy 
Services for Alaska Electric Light and 
Power in Juneau. Together with his wife, 
they own and operate Salty Lady 
Seafood Company, a mariculture farm in 
Bridget Cove. 

I lived in Portland for about five years.  
Among many strange things about living 

there, “Keep Portland Weird” stickers are all over the place. When 
I moved back to Juneau and attended my first Annual Meeting, it 
struck me that, in Southeast, we don’t need to remind each other. I 
think that’s the greatest advantage Southeast Conference has as an 
economic development organization. The membership and region 
have great diversity of thought, culture, and experience, and we 
welcome one another.  That mixture drives innovation, and 
innovation drives growth.   

One of the less-heralded bonds of our region is the need to 
constantly battle with visitors and in-laws from Portland about what 
it takes to stay warm when wet. That fundamental requirement for 
successfully going outside in Southeast Alaska helps underpin an 
ability to distinguish between reality and dogma, and that works as 
an analogy for what impressed me and encouraged me to become 

more involved in Southeast 
Conference. The 
organization’s structure 
and economic plan 
acknowledge the need for 
continuous adaptation by 
government and the 
private sector, so the two 
complement each other’s 
work without creating 
obstacles and 
distortions. That is why 
membership engagement 
in the Southeast Alaska 
Economic Plan has more 
potential to shape the 
trajectory of our region’s 
economy than any other 
factor within our control.  

We truly are living in “interesting times.” 
In many economic sectors, the region is 
holding its own or doing well, while 
others struggle. The pervasive 
uncertainty that envelopes the region and 
state is cited as a top reason industry 
hesitates to invest, expand and grow. A 
stable fiscal policy is essential. 

Southeast Alaska is blessed with the natural 
resources that can provide the basis for a strong economy. Our 
fisheries, mariculture, mining, timber and energy “endowment” is 
second to none. We need to focus on creating an environment 
that attracts and nurtures investment in those opportunities. 

Also critical is the availability of skilled labor. Southeast 
Conference continues to be involved in workforce development 
and is a strong supporter of our University as a primary institution 
for preparing the next generation of workers. 

Infrastructure and transportation must be present to support new 
and growing businesses. Southeast needs adequate ports, 
harbors, airports, roads, and most certainly a viable ferry system. 
Changes to AMHS are here, but we have a plan – and more 
importantly, a process 
guided by statewide 
stakeholders with a 
passion to see it 
succeed in its 
mission. 

Our award-winning 
Economic Plan is 
our guide. This year 
we use it to 
measure how we’ve 
done the last 5 
years as we update 
it toward our goal 
of strong 
economies, healthy 
communities and a 
quality environment 
in Southeast.  

The mission of Southeast Conference is to undertake and support activities that promote strong economies, healthy communities and a 
quality environment in Southeast Alaska. As the state and federally-designated regional economic development organization, Southeast 
Conference serves as the collective voice for advancing the region’s economy. We have 200 member organizations representing 1,200 people 
from 32 regional communities. We started 60 years ago with a group of people supporting the establishment of a regional transportation 
system, leading to the formation of the Alaska Marine Highway System. Our members stayed together through more than a half-century to 
focus on concerns unique to the region.

Image Credits: Front cover photo of Juneau Waterfront by Zachary Hanna. Back cover photo by Bethany Goodrich, Sustainable Southeast Partnership. Icons/map by Avery Veliz. 

Executive Director 	                    Incoming President 	 	 	      
Robert Venables Alec Mesdag      

A Message from Southeast Conference  

Robert Venables, Meilani Schijvens, and Alec Mesdag show off the National 
Association of Development Organizations 2018 Innovation Award, which 
Southeast Conference won for the Southeast Alaska 2020 Economic Plan. 
Photo by Heather Holt.
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DEMOGRAPHICS 2014 2018
% CHANGE 
2014-2018

CHANGE 
2014-2018

  Population 1 74,432 72,872 -2% -1,556
  Ages 65 and older 2 9,243 11,089 20% 1,846
  Under Age Five 2 4,622 4,146 -10% -476
 Twenty somethings 2 9,398 8,447 -10% -951
  K-12 School District Enrollment 3 11,804 11,334 -4% -470
GENERAL ECONOMIC CONDITIONS 

  Total Labor Force (jobs, includes self-employed & USCG)1,5,6 45,694 45,642 0% -52
  Total Job Earnings1, 5, 6 $2.17 billion $2.28 billion 5% +$109 million
  Total Private Sector Payroll 1, 6 $1.41 billion $1.51 billion 7% +$97 million
  Average Annual Wage 1 $47,593 $50,023 5% $2,430
  Annual Unemployment Rate 1 7.1% 6.0% -1.1% -1.1%
TOP ECONOMIC SECTORS 2014 2018 % CHANGE CHANGE

GOVERNMENT PUBLIC SECTOR:  35% OF ALL EMPLOYMENT EARNINGS

 Total Government Employment 1, 5 13,602 13,148 -3% -454
    Federal Employment 1, 5 (8% of all employment earnings) 2,110 2,111 0% 1
   State Employment 1  (14% of all job earnings) 5,504 4,771 -13% -733
   City and Tribal Employment 1  (14% of all job earnings) 5,988 6,266 5% 278
 Total Government Payroll (includes USCG) 1, 5 $765.8 million $776.9 million 1% +$11 million
 Total State of Alaska Payroll $311.3 million $283.3 million -9% -$28 million
VISITOR INDUSTRY KEY INDUSTRY:  11% OF ALL EMPLOYMENT EARNINGS

 Total Visitor Industry Employment 1, 6 6,923 8,004 16% 1,081
 Total Visitor Industry Wages/Earnings 1, 6 $188.5 million $249.3 million 32% +$60.8 million
 Total Southeast Alaska Passenger Arrivals 1,359,897 1,618,311 19% 258,414

Cruise Passengers 10 967,500 1,169,000 21% 201,500
Total Air Passenger Arrivals from Outside SE 11 372,197 435,476 17% 63,279
Total AMHS Passengers from Outside SE 12 20,200 13,835 -32% -6,365

COMMERCIAL FISHING & SEAFOOD INDUSTRY KEY INDUSTRY:  10% OF ALL EMPLOYMENT EARNINGS

 Total Seafood Employment (includes fishermen)  1, 6 4,372 3,711 -15% -661
 Total Seafood Employment Earnings 1, 6 $259.0 million $237.4 million -8% -$21.6 million
 Pounds of Seafood Processed7 232.9 million 132.7 million -42% -97.8 million
 Pounds Landed (commercial seafood whole pounds by SE residents) 8  300.0 million 185.2 million -38% -114.8 million
 Estimated Gross Earnings (ex-vessel value of pounds landed) 8 $277.1 million $246.9 million -11% $30.2 million
 Shared Fish Taxes13 $5.8 million $4.5 million -22% -$1.2 million
HEALTH CARE INDUSTRY (PUBLIC & PRIVATE HEALTH) KEY INDUSTRY:  11% OF ALL EMPLOYMENT EARNINGS

 Health Care Employment 1, 6 3,523 3,990 13% 467
 Health Care Wages 1, 6 $194.8 million $243.3 million 25% +$48.5 million
MARITIME ECONOMY (Includes employment from all industries) TOP SECTOR:  27% OF PRIVATE SECTOR EMPLOYMENT EARNINGS

 Private Maritime plus USCG Employment 1,5,6 6,768 6,273 -7% -495
 Private Maritime plus USCG Wages 1,5,6 $395.5 million $396.8 million 0% +$1.3 million
OTHER SELECTED STATISTICS 2014 2018 % CHANGE CHANGE

 Construction Employment 1, 6 (6% all employment earnings) 2,168 1,909 -12% -259
 Mining Employment 1 (4% of all employment earnings) 783 889 14% 106
 Price of Gold 7 $1,266 $1,268 0% $2
 Total Southeast AMHS Ridership12 242,648 179,312 -26% -63,336
 Cost of Living: Consumer Price Index1 215.8 225.5 5% 9.7
 Housing Starts: Housing Permitted /Completed 4,1 321 188 -41% -133
 Avg. Daily Volume ANS Oil Production (mbbls/day)14 512,810 508,601 -1% -4,209
 Annual Avg. Domestic Crude WTI Oil Prices (in $/Barrel)14 $97.88 $71.71 -27% -$26

Table tracks key Southeast indicators over the 
past 4 years, along with associated changes.

Sources: 1Alaska Department of Labor (ADOL); 2ADOL Southeast Alaska Population by Age, 2014 to 2018; 3Alaska Department of Education and Early Development; 4Based on the 
quarterly Alaska Housing Unit Survey, a survey of local governments and housing agencies; 5 US Coast Guard; 6 2017 US Census Nonemployer (self-employment) Statistics; 7Kitco 
Metals Inc.; 8ADF&G Southeast Alaska Commercial Seafood Industry Harvest and Ex-Vessel Value Information, 2014-2018; 10Cruise Line Agencies of Alaska; 11US Bureau of 
Transportation Statistics (RITA); 12Alaska Marine Highway System data; 13Shared Taxes and Fees Annual Report FY17, ADOR; 14Alaska Department of Revenue Crude Oil and Natural 
Gas Prices.

FOUR YEARS OF CHANGE: 2014 to 2018
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The Whole Southeast Alaska Economy 2018 
In 2018, Southeast Alaska gained 380 year-round equivalent jobs and $17 million in workforce earnings over 2017. Approximately a 
quarter (26.1%) of regional workers are non-residents. 

45,642 Jobs  	 	 	 	 	 $2.3 Billion Workforce Earnings 
U P  2  J O B S  I N  2 0 1 8  + 0 %          U P  $ 8 6  M I L L I O N  + 4 %  

 

EMPLOYMENT RELATED EARNINGS EMPLOYMENT NUMBERS

Wages (2018)
Self-Employment 
Earnings (2017) Total Earnings

Annual Average 
Employment 

(2018)

Self-
Employed 

(2017)
Total 

Employment
Government (includes Coast Guard) $721,459,750 $55,467,580 CG* $776,927,330 12,486 662 CG* 13,148
Visitor Industry $216,101,975 $33,241,000 $249,342,975 7,037 967 8,004
Seafood Industry $61,983,458 $175,459,000 $237,442,458 1,458 2,253 3,711
Trade: Retail and Wholesale $120,405,013 $24,666,000 $145,071,013 3,903 587 4,490
Health Care Industry (private only) $154,278,150 $14,330,000 $168,608,150 2,615 237 2,852
Construction Industry $88,673,702 $32,972,000 $121,645,702 1,331 578 1,909
Financial Activities $52,935,761 $69,216,000 $122,151,761 1073 757 1,830
Professional and Business Services $78,756,495 $44,242,000 $122,998,495 1,606 1,304 2,910
Mining Industry $92,753,768 $274,000 $93,027,768 879 10 889
Social Services $42,218,089 $4,224,000 $46,442,089 1,289 187 1,476
Information (publishing, broadcasting, telecomm.) $22,074,083 $1,474,000 $23,548,083 483 58 541
Timber Industry $16,739,683 $2,025,000 $18,764,683 280 57 337
Warehousing, Utilities, & Non-Visitor Transport $46,340,395 $15,414,000 $61,754,395 777 166 943
Other $66,819,751 $27,657,000 $94,476,751 1,677 925 2,602

Total $1,781,540,073 $500,661,580 $2,282,201,653 36,894 8,748 45,642

2018 Southeast Alaska Employment Earnings 

Annual Average Jobs     Employment Earnings
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Sources: Alaska Department of Labor 2018 Employment & Wage data; 2017 (latest available) US Census Nonemployer (self-employment) Statistics; Active Duty Military Population by 
2018, ADOL.*These cells in Government refer to 2018 active duty Coast Guard personnel employment and wages, and not self-employment data. 
Notes: Seafood Industry includes animal aquaculture, fishing & seafood product preparation, and Southeast Alaska resident commercial fishermen (nonresident fishermen & crew who 
did not report income are excluded). Visitor Industry includes leisure & hospitality, and visitor transportation (air, water, scenic). Timber includes forestry and logging support activities 
for forestry, and wood product manufacturing.      
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$

SOUTHEAST ALASKA CRUISE PASSENGERS ARRIVALS BY PORT

Port 2018 
actuals

2019 
projected

2020 
projected

% of all 
passengers

CHANGE  
2018 TO 2020

 Juneau 1,151,094 1,325,792 1,421,929 99% 24%
 Ketchikan 1,053,764 1,212,033 1,275,636 89% 21%
 Skagway 957,847 1,044,107 1,070,610 74% 12%
 Gustavus (Glacier Bay) 569,807 636,811 584,528 41% 3%
 Hoonah (Icy Strait Point) 189,000 272,327 404,033 28% 114%
 Sitka 158,362 224,379 210,399 15% 33%
 Haines 57,798 67,799 78,322 5% 36%
 Wrangell 11,974 17,342 17,742 1% 48%
Total Southeast 1,169,000 1,361,400 1,441,000 100% 23%

Southeast TOURISM Statistics 2020 

Ferry/Road
2%

Air
8%

Cruise Ship 
Voyages 

Cruise Ships in 
Southeast

Million Cruise 
Passengers 

Estimated Regional Visitor Industry Projections for 2020

43 606 1.44 
Million in 
Tourist 

Spending 

$793 

Tourist Arrivals in 
Southeast by Mode 

90%  
Cruise Increase in cruise 

passengers from 
2010

65%
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2020

Sources: Cruise voyage and passenger number projections provided by Cruise Lines International Association Alaska. Excludes numbers for some smaller cruise ships. Spending and 
mode projections developed by Rain Coast Data based on CLIAA, AVSP VII, US Bureau of Transportation Statistics, and Alaska Marine Highway System data. 
Photo Credit: Tourists aboard an Allen Marine vessel in Sitka, by Peter Metcalfe.
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The visitor industry is the largest private 

sector industry in Southeast, both in jobs and, 
since 2016, in total workforce earnings (see 
chart on page 5). Indeed, if the industry 
continues to grow it is set to eclipse both the 
municipal and state government sectors in 
total wages (it is already larger than both in 
terms of employment) and become the 
region's largest sector overall. The visitor 
industry accounted for 18% of regional 
employment (8,004 annual average jobs) and 
a quarter of all private sector employment.  

Since 2011, tourism has added more than 
2,000 year-round equivalent jobs to the 
Southeast economy. Those working in the 
visitor industry earned $249 million in 2018—
or 11 percent of all regional employment 
income. The average annualized wage in the 
visitor industry is $31,152, significantly lower 
than the average regional wage of $50,002, 
but it is a figure that has been steadily 
increasing over time. 

In 2018, 1.6 million air, ferry, and cruise 
passengers came to Southeast Alaska from 
outside the region, a 19% increase over 2014. 
Airline passenger traffic from outside the 

region grew 17%, and cruise passenger traffic 
to the region increased by 13%. However, 
ferry arrivals from outside the region fell by 
32% due to decreases in funding and service.  

CRUISE SHIP TRAFFIC 
Most passengers arriving in the region come 
by cruise ship than any other mode. When 
tourists only are considered, that figure will be 
90% by 2020. Cruise passenger traffic has 
seen massive increases in recent years. 
Between 2010 and 2020, the number of cruise 
passengers arriving in the region is projected 
to increase by a staggering 65%, including 
two-year growth of 23% expected between 
2018 and 2020. Southeast Alaska will receive 
5% of all global cruise ship passengers in 
2019. 

In 2019, 40 cruise ships are scheduled to visit 
the region, carrying 1.36 million passengers 
on 577 voyages. In 2020, ten new ships and 
29 additional port calls are expected to be 
added, while 7 ships will be phased out of the 
region. Lines with new ships will include 
Carnival, Princess, Royal Caribbean, 
Norwegian, and Oceania. Lines that plan to 
reduce their Alaska fleet include Holland 
America,  Crystal, and Azamara, which has no 
ships scheduled to visit Alaska in 2020. 

KEY ECONOMIC DRIVER 
Southeast Alaska is the most visited part of 
the state, with two-thirds of all tourists coming 
to the region. One-third of all Alaska visitor 
spending occurs in Southeast, where visitors 

are expected to spend nearly $800 million in 
2020. 

INCREASED JET SERVICE 
For the fourth year in a row, in 2018 Southeast 
Alaska saw a record-breaking number of 
airline passengers from outside the region, 
with 435,476 arrivals. However, in 2019 air 
passenger numbers declined. As of July 2019, 
airline passenger arrivals were down 4% over 
the first half of 2018. 

VISITOR OUTLOOK
The visitor industry has the strongest outlook 
of all Southeast Alaska industries. Alaska’s 
popularity as a visitor destination has 
continued to grow. In 2018, Glacier Bay was 
rated the best cruise designation in the world 
by cruisers. More Americans are traveling due 
to a strong national economy and 
international travel destinations are 
increasingly perceived to have security risks. 
Cruise passenger arrivals are expected to 
continue to rise as larger, higher-capacity 
vessels visit the region. Along with increased 
visitors, the number of jobs and associated 
income in this sector will continue to rise.  

However, Southeast’s strong visitor economy 
is tied to a strong national economy. As more 
signals suggest the possibility of a national 
recession, the region should be prepared for 
this sector to see a reduced number of visitors 
if a recession does occur.  

Sources: Combination of ADOL 2018 Employment and Wage data and 2017 US Census Nonemployer (self-employment) Statistics; McDowell Group; US Bureau of Transportation 
Statistics (RITA); Alaska Marine Highway System; Cruise Line Agencies of Alaska; Cruise Market Watch; Cruise Critic; Juneau International Airport Passenger Statistics; Economic Impact 
of Alaska's Visitor Industry. Forecast 2020 U.S. Department of Commerce, US Office of Travel and Tourism Industries. OMB budgets. Cruise Lines International Association Alaska. 
Note: In this analysis, the visitor industry includes leisure and hospitality businesses, along with air, water & scenic transportation companies. 
Photo Credit: Cruise Lines International Association Alaska & Shutterstock 290564897.

Visitor Industry 
8,004 Annualized Jobs 
U P  2 6 5  J O B S  I N  2 0 1 8  + 3 %  
W A G E S  U P  8 %
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US Coast Guard 
Jobs: 793 (Active 
Duty and Civilian) 
Wages: $66.4M 
Change in jobs 
2014-18: +5%

Marine 
Transportation 
(Excluding Tourism) 
Jobs: 367 
Wages: $24.8M 
Change in jobs 
2014-18: -5%

Marine-Related 
Construction 
Jobs: 21 
Wages: $1.8 M 
Change in jobs 
2014-18: -75%

Fishing & Seafood 
Processing 
Jobs: 3,508 
Wages: $237.4 M 
Change in jobs 
2014-18: -20%

Marine Tourism 
Jobs: 1,258 
Wages: $47.2 M 
Change in jobs 
2014-18: +68%

Ship Building, 
Repair, Marinas 
Jobs: 326 
Wages: $19.1 M 
Change in jobs 
2014-18: +73%

SOUTHEAST MARITIME: 6,273 Jobs 
Private and US Coast Guard Maritime Employment & Workforce Earnings (-2 jobs 2017-2018)

Total Jobs 2018: 6,273 
Total Wages 2018: $396.8 Million  
Change in jobs since 2014: -495 
Change in jobs by percent: -7% 
Change in earnings since 2014: -$1.3 Million 
Change in earnings by percent: -0.3% 

Photo by Chris Miller Photography.  
For methodology, notes, and sources, see www.raincoastdata.com/sites/default/files/Maritime by the Numbers.pdf 
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Southeast Private & USCG Maritime  
Economy 2014-2018 

M YRNA

Maritime as a % of 
all private sector 
earnings in SE

24%

http://www.raincoastdata.com/sites/default/files/Maritime%20by%20the%20Numbers.pdf
http://www.raincoastdata.com/sites/default/files/Maritime%20by%20the%20Numbers.pdf
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D O W N  1 1 8  J O B S  I N  2 0 1 8   

The regional 2018 fishing season was 

significantly below the ten-year average, 
and total pounds landed was the lowest 
since the 1980s. Poor pink salmon and 
herring returns are primarily to blame. 
The Southeast Alaska seafood harvest in 
2018 was 185 million pounds with an 
ex-vessel value of $247 million. An 
“average” year would have netted 117 
million more pounds of seafood, and 
earned fishermen $57 million in direct 
earnings. Fishermen caught 100 million 
fewer pounds of pink salmon than would be 
expected in an average year, and 19 million 
fewer pounds of herring. However, a strong 
chum return helped offset some of these 
losses. 

KEY ECONOMIC DRIVER 
The regional seafood industry (including 
commercial fishing and seafood processing) 
generated 3,711 annual regional jobs and 
$237 million in earnings in 2018, making up 
8% of jobs in the region and 10% of earnings. 
This represents 118 fewer jobs than last year, 
and a loss of 650 jobs since 2015. 

The majority of the statewide catch of 
Chinook, coho, keta (chum), shrimp, 
Dungeness crab, and the dive fisheries occurs 
in Southeast Alaska. In 2018, the five salmon 
species represented 78% of the regional 
seafood catch by volume, and just over half of 
total ex-vessel value ($135 million). Halibut and 

black cod, at 9% of the total catch, accounted 
for nearly one-third of total catch value in 
2018.  

Pink salmon were 76% below 10-year 
averages. Warm sea temperatures between 
2013 and 2016 are being blamed for the 
reduction in pink salmon. 

There was significant variability across fisheries 
in 2018. Southeast Alaska’s 2018 king salmon 
season was the worst in 57 years of record-
keeping, and 2019, with limits set by the 
Pacific Salmon Treaty, will be even worse. The 
sockeye salmon harvest was also one of the 
poorest on record, 47% below 10-year average 

harvest levels, as was Dungeness crab. In 
contrast, the 2018 chum salmon return was the 
10th largest since statehood. 

SEAFOOD PROCESSING 
In 2018, shore-based seafood facilities in 
Southeast Alaska processed 133 million 
pounds of seafood, with a wholesale value 
of $439 million, a 42% decrease in 
seafood pounds processed over 2017. 
State-shared fisheries taxes for processing 
activity in FY18 generated $4.5 million for 

regional communities. 

SEAFOOD INDUSTRY OUTLOOK 
Two-thirds of regional seafood business 
leaders reported an unfavorable outlook for 
their industry. While the preseason forecast for 
2019 of 44 million salmon was somewhat 
below typical years, only 60% of that number 
had been realized by the late summer 2019, 
mostly due to a poor Chum return. Only a 
quarter of the expected Chum had been 
captured by early September.  

Uncertainty related to harvest fluctuations, a 
return of warming ocean temperatures (known 
as “the blob”), Chinese tariffs, commercial 
fisheries budget cuts, and global advances in 
salmon farming all contribute to growing 
concerns. Retaliatory tariffs imposed by China 
have already caused a one-third drop in US 
seafood sales, and more seafood tariffs are set 
to be enacted on December 15th. Meanwhile, 
the regional mariculture industry has been 
growing. 
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VALUE & POUNDS OF SEAFOOD LANDED  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Southeast Seafood 
Industry 3,711 Jobs 

Sources: Combination of ADOL 2018 Employment and Wage data; 2017 US Census Nonemployer (self-employment) Statistics; ADF&G Seafood Production of Shorebased Plants in 
Southeast Alaska; ADF&G Southeast Alaska Commercial Seafood Industry Harvest and Ex-Vessel Value Information; Run Forecasts and Harvest Projections for 2019 Alaska Salmon 
Fisheries and Review of the 2018 Season; ADF&G March 2019; Shared Taxes and Fees Annual Report FY18, ADOR; Alaska Commercial Salmon Harvests and Ex-vessel Values, ADF&G. 
Seafood Industry includes animal aquaculture, fishing, & seafood product preparation and Southeast Alaska resident commercial fishermen (nonresident fishermen & crew who did not 
report income are excluded). Laine Welch Fish Factor. Photo: Chris Miller Photography.          

SEAFOOD LANDED IN SE ALASKA BY SPECIES, 2018                                  
     Outer ring = % of harvest by DOLLAR value: $247 million  
         Inner pie = % of harvest by POUNDS landed: 185 million 
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Source: Southeast Alaska Health Care Workforce Analysis September 2019, 
Southeast Conference. Photo credits: Peter Metcalfe

3,990 Jobs 
U P  1 2 1  J O B S  I N  2 0 1 8   
+ 3 . 1 %  

Since 2017, regional health care jobs have finally been growing 

after years of remaining essentially flat, and even declining. 

In 2018, there were 3,990 annual average (year-round equivalent) 
health care jobs in Southeast Alaska, comprising 9% of the total 
regional workforce. Between 2016 and 2018, total health care 
employment increased by 12.5%, for a gain of more than 450 jobs. 
High worker replacement rates, partly due to the high use of 
traveling health care workers, means that the total number of 
people working in the regional health care industry is higher than 
the annual average job number, with more than 5,000 workers 
participating in the Southeast Alaska’s health care industry in 2018. 

The top health care employers in the region are Southeast Alaska 
Regional Health Consortium (SEARHC) with nearly 1,200 staff, 
Juneau’s Bartlett Regional Hospital with approximately 650 
employees, and PeaceHealth Ketchikan Medical Center with nearly 
500 workers. Just over a quarter (28%) of health care jobs (1,130) 
are government jobs, including municipal hospital workers and 
State of Alaska Pioneer Homes staff. 

Regional health care wages have grown significantly in recent years, 
increasing by $47 million, or 24%, over the past three years, from 
$195 million in 2015 to $243 million in 2018. Southeast Alaska’s 
health care workers earned 11% of all regional wages last year. The 
total economic impact of the health care industry in Southeast 
Alaska in 2018 was $569 million. 

Despite growing health care needs in the region due to an aging 
populace and growing patient volumes, health care employment 
and wages stagnated through 2016 amid political uncertainty over 
national health care policy, proposed Medicare cuts, and cuts to 
state Medicaid. Once that uncertainly appeared to be resolved, 
hiring increased significantly.  

Nationally competition for health care jobs is fierce. With more 
health care workers needed nationally to support an aging America 
and more Americans accessing health care, there is a shortage of 
medical professionals entering the workforce. Medical and nursing 
schools graduate a similar number of students as they did two 
decades ago, and baby boomers are retiring. Regional wages were 
found not to be competitive enough to attract and retain sufficient 
talent. Southeast providers had to adjust wages upward to remain 
competitive in attracting workers, resulting in the significant total 
wage increase.  

Whether or not this trend continues is up in the air, as political 
uncertainty surrounding health care is back.The Spring 2018 
Southeast Alaska Business Confidence survey showed that the 
health care sector was the most optimistic among all regional 
sectors. However, in December 2018 the governor proposed steep 
cuts to health care and Medicaid spending across the State of 
Alaska, which would also result in the loss of matching federal 
dollars. There are 19,815 individuals enrolled in Medicaid across 
the region. By Spring 2019 the annual confidence survey showed 
that health care sector leaders dropped to become 
the least optimistic in the span of just a year. (See page 17). 

In 2019, Southeast Conference conducted a Southeast Alaska 
health care workforce survey to measure the future workforce needs 
of regional health care providers along with the obstacles to 
meeting those needs. Top management from 22 regional health 
care organizations completed the survey, representing 3,161 health 
care workers, or 80% or all health care staff. The survey was 
commissioned by the University of Alaska Southeast, University of 
Alaska Anchorage, Bartlett Regional Hospital, the Southeast Alaska 
Regional Health Consortium, and Alaska State Hospital and Nursing 
Home Association. The following page summarizes some of the 
survey’s key findings. 

Southeast Alaska Health Care Employment 
(Annualized Jobs)

+3%

24% 
wage 

growth in 3 
years

THE HEALTH CARE INDUSTRY

+9%0%0%-2%

Health Care
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BEST/LEAST EFFECTIVE RECRUITMENT STRATEGIES 
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Southeast Alaska health care leaders were asked to rank the 
effectiveness of 16 recruitment strategies. This  chart is a 
weighted ranking of their highest and lowest ranked tools. 

#3.Pay for moving  
expenses

#1.More compensation

#14. Use a recruitment 
agency

#15. Seeking talent from 
nontraditional sources 

#16. Job  
Fairs

#2.Flexible work  
arrangements

Southeast Alaska Health Care Workforce Analysis

The most effective 
recruitment tools 
for Southeast 
health care 
institutions include 
higher wages and 
providing flexible 
work arrangements. 

PRIMARY RETENTION & TURNOVER FACTORS 
Health care leaders asked to rank the significance of 20 factors that 
result in long-term retention, or in staff turnover. 

#3. Recreation

#1.Overall quality 
of life

#4. Local arts & culture

#20. Cost of living

#2. Originally 
from Alaska

#17. Cost of 
housing

#18. Isolation 

#19. Lack of 
childcare 

The high quality of life 
offered by Southeast towns, 
being from Alaska, and the 
region's access to recreation 
keep people at their health 
care jobs in Southeast Alaska. 

The high cost of living, lack 
of childcare, and relative 
isolation are the primary 
reasons health care workers 
quit their jobs. Housing costs 
and lack of housing 
availability also key factors. 

TRAVELING HEALTH CARE WORKERS 

WORKFORCE 5 YEAR DEVELOPMENT NEEDS Physicians and  
Surgeons

Family and General  
Practitioners

Psychiatric Technicians

Healthcare Support  
Workers (general)

Physical  
Therapists

Registered  
Nurses

Nursing 
Assistants

Dental  
Hygienists

Pharmacists

Dentists

Medical 
Assistants

Licensed Practical and 
Vocational Nurses

Dental Assistants

Home health aides

Lowest Paying                                                                                                        Highest Paying

Size of bubble =  
total workers needed over the next 5 years to account for worker churn and job growth
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The least 
effective 
recruitment 
tool was use of 
job fairs.

+

This bubble chart cross-tabulates earnings, recruitment ease, and turnover, 
and compiles a single picture of the region’s future health care workforce 
needs. It provides a visual blueprint as to where the most resources should 
be focused when attracting workers to the region, or for “growing our 
own” workforce. Registered nurses have the highest workforce 
development need. Last year, 824 registered nurses worked in the region, 
although the average quarterly worker count was 628, meaning there was 
significant worker churn in those positions. Moreover, it is hard to fill 
registered nurse jobs, 82% of health care organizations in the region say it 
is a difficult position to fill, including 64% who say it is very difficult. While 
the position is not growing as fast as others — the projected growth for 
this position is 5% in five years — combined growth and turnover rates 
mean that an additional 543 registered nurses will be needed in the 
region over the next five years, assuming nothing is done to stem the 
high rate of turnover. Nursing assistants will also be in high demand, with 
312 new positions in need of filling by 2023. While physicians, surgeons, 
and psychiatric technicians are the hardest positions to fill, the total 
number of positions forecast to be in need of filling over the next five 
years is comparatively smaller at 49 combined positions.  

Use of traveling health care workers is another important tool that the regional health care industry can use to staff their organizations. Last 
year, nearly 350 traveling health care workers came to Southeast Alaska. Travelers are both positive and problematic for the Southeast Alaska 
health care industry. While each of those traveling health care workers represents additional capacity, they also represent additional costs. 
According to survey analysis, it costs 30% to 250% more to engage a traveling health care worker than it would be to hire a permanent 
employee, depending on the organization.
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Southeast Timber  
Industry 337 Jobs 
D O W N  1 7  J O B S  I N  2 0 1 8  
- 5 %  

Regional timber jobs declined by 5% in 
2018. The workforce is down to 337 jobs in 2018, with total earnings 
of $18.8 million. Most of the region's timber jobs are concentrated on 
Prince of Wales Island, which is home to Viking Lumber, the last 
remaining mid-sized sawmill in Southeast Alaska. Southeast timber 
jobs peaked at 3,543 annual average jobs in the 1990s. 

In 2001, the Roadless Rule dramatically curtailed logging, 
roadbuilding, and mineral leasing in all national forests. The Tongass 
was temporarily exempted from the rule in 2003, but in 2011 that 
exception was overturned, further limiting access to regional timber 
stands. Maintaining a sufficient timber supply has been challenging. 
Even in parts of the Tongass where the rule does not apply, timber 
sales face regulatory and economic hurdles, and constant legal 
challenges.  

In 2019, the USFS indicated that exempting the Tongass from the 
Roadless Rule could be the preferred alternative in the draft 
environmental impact statement to be issued in the fall. The final 
impact statement and record of decision will not be completed until 
late 2020 and will be subject to years of litigation. Removal of 
Roadless Rule restrictions could make more suitable timber land 
available for harvesting and increase forest-related employment. 
However, the Forest Service would still have to amend its 2016 
management plan before new timber sales could be readied.  

Currently, the regional timber supply remains low. A land exchange 
between the Mental Health Trust and the US Forest Service opened 
up areas for timber harvest in 2019, although ongoing process 
arguments have delayed phase 2 of that project, which could have a 
negative effect on the short-term regional timber supply. 

The trade war is also impacting the timber sector. Spruce has been 
the subject of higher Chinese import tariffs, stalling sales in northern 
Southeast, where the forests are primarily spruce. The longer-term 
impact of the trade disputes remains unknown at this time.  

Southeast Mining 
Industry 889 Jobs 
U P  3  J O B S  I N  2 0 1 8  

Mining industry employment in the region was flat in 2018, and is on 
track for 2019 to maintain a similar number of workers. In 2018, there 
were 889 annual average mining jobs in Southeast Alaska, with a 
payroll of $93 million. Two large mines operating in the region 
account for most (93%) of mining employment. In August 2019, Hecla 
Greens Creek employed 436 full-time permanent employees (+5 from 
2018), while Coeur Alaska Kensington had a staff of 386 (-3 from 
2018). Average annual wages of $104,650 in 2018 were up 2% from 
2017. Mining jobs remain the highest-paying in the region, paying 
more than double the average regional wage of $50,002. 

Hecla Greens Creek is one of the largest silver mines in the world, 
while the Coeur-owned Kensington is exclusively a gold mine. At 
Hecla Greens Creek production was mixed in 2018: silver production 
was down 5% to 8 million ounces, while zinc was up 5%, and gold 
production was up 1%. Production at Kensington was down 1%, with 
113,778  ounces of gold produced in 2018. Zinc prices were up in 
2018, and gold continues to rise incrementally. 

Mineral exploration continues at the Palmer Zinc-Copper-Gold-Silver 
Project in Haines. Constantine received permits to construct an 
underground ramp (tunnel) for expanded exploration. The company 
recently released a positive Preliminary Economic Assessment, 
projecting an 11-year mine life with the current resources. 

In September, the governor asked that Bokan Mountain, a rare earth 
element exploration project on Prince of Wales Island, be federally 
designated as a high priority infrastructure project. 

The mining sector is expected to grow incrementally in 2019 and 
2020, as it mitigates the impacts of new tariffs. 
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Photo credits: Bryce Dahlstrom, Viking Lumber and Constantine Metal Resources.



Construction Industry  
1,909 Jobs 
D O W N  2 3  J O B S  I N  2 0 1 8  - 1 %  

For the fifth year in a row construction employment is down, 

bringing employment to its lowest level since 1992. Jobs fell by 
23 last year to 1,909, a combined loss of 360 jobs, or 16% 
decline, over five years and a $28 million corresponding drop in 
wages. Construction workers in the region earned $122 million in 
2018 — or 5% of all Southeast Alaska employment earnings. 

One positive indicator for the sector was that housing 
construction was up in 2018, as 13 more units were permitted or 
completed than in the year prior. A total of 188 new homes were 
permitted in 2018. However, home construction remains 
significantly down from previous years.  

CONSTRUCTION OUTLOOK 
Visitor industry infrastructure needs have improved the outlook 
for construction in the region.  

• Hoonah’s Icy Strait Point is constructing a 500-foot floating dock 
in partnership with Norwegian Cruise Lines.  

• Norwegian Cruise Lines also is exploring a partnership to build 
a private dock north of Ketchikan at Ward Cove.  

• In Juneau, Norwegian recently bid $20 million to purchase 2.9 
acres of waterfront land (known as the Subport) and the area is 
expected to be developed. 

• In Ketchikan, the city is considering a $150 million 
reconfiguration of its existing cruise dock to accommodate 
cruise vessels exceeding 1,000 feet in length.  

• In Juneau, construction is underway on the the public-private 
waterfront Archipelago project. 

• The Central Council of the Tlingit and Haida Indian Tribes of 
Alaska is building a heritage park in Thane. 

Early employment data indicate construction-related employment 
is finally growing again, and is projected to grow 3% in 2019. 

Education  
3,096 Jobs 
U P  1 4  J O B S  I N  2 0 1 8  + 0 %  

Education is a significant source of jobs in Southeast Alaska. 

With just over 3,000 average annual workers, the region’s 
educators make up 7% of all regional jobs, and 6% of all regional 
wages. Teaching jobs provide a counterbalance to summer-
centric industries like tourism, fishing, and construction jobs. 
Education jobs peak at 3,546 in the winter, and decline to just 
1,264 positions in July. The average educator’s wage in the region 
was $44,388 last year. Combined, educators earned $137.4 
million in 2018. 

Education jobs are primarily in the public sector, and 20% of all 
government jobs are in education. K-12 education is conducted 
by municipal governments, and comprise 69% of all education 
positions in the region, with 2,125 average annual workers in 
2018, a number that has remained stable in recent years.   

The university employed 558 workers in 2018, a decline of 15% 
compared to 2014, consistent with budget cuts that reduced 
funding to the University of Southeast Alaska by 13% over this 
period.   

Private education jobs account for 
13% of all education 
employment.  

SCHOOL ENROLLMENT  
UAS enrollment was down by 4% 
from 2017 to 2,561 students in 
2018. In 2018, the number of 
K-12 students dropped by 146 
kids, to 11,334. Regionally, K-12 
enrollment decreased for the 21st 
time in 23 years. Since 1997 
annual enrollment shrank by 
more than 3,500 students, a 24% decline across Southeast Alaska. 

Sources: Combination of Alaska Department of Labor 2018 Employment and Wage data and 2017 US Census Nonemployer (self-employment) Statistics; State of Alaska. Alaska 
Department of Education and Early Development; UA in Review. Photography credit: Rain Coast Data and UAS
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Government wages made up 34% of all 

regional employment earnings ($777 million) 
and 29% of the region’s jobs (13,147) in 2018. 

STATE GOVERNMENT LOSSES 
State government employment and spending 
have continued to decline, significantly 
impacting the regional economy. In Southeast 
Alaska, 12% of all direct wages come from 
the state (down from 15% in 2011). State jobs 
have declined for seven years in a row. 
Historically, oil paid for up to 90% of the state 
budget; today, oil covers about 30 percent. 
Total tourism wages are on track to surpass 
total state wages in 2019. 

STATE BUDGET CHALLENGE 
Alaska is now only America’s sixth-largest oil-
producing state. Declining oil production and 

prices devastated the State of Alaska budget. 
The state has operated in deficit mode for 
the past six years, using more than $16 billion 
in savings to cover budget gaps. 

In February 2019, the governor proposed a 
plan to reign in spending by making $1.6 
billion in cost reductions to the operating 
budget, with the bulk of the savings realized 
through cuts to ferries, health care, the 
University of Alaska, K-12 education, seniors, 
and creating a cost shift from the state to 
municipalities. Absent from the plan to 
balance the budget were reduced tax credits 
to oil companies ($1.2 billion in FY19); 
reduced Permanent Fund Dividend payments 
(a full PFD payment and repayment of 
previously capped dividends would cost $4.3 
billion); or consideration of taxes. (See page 
18 for budget survey results). The ensuing 
disagreement over how best to balance the 
budget, along with the controversial use of 
line item vetoes, has created an atmosphere 
of deep political and economic uncertainty in 
the region.  

FEDERAL GOVERNMENT  
Federal government employment losses are 
compounding state job cuts, but appear to 
have stabilized. Since 2005, federal 
employment in the region has fallen by 600 
jobs (28%) worth $50 million in annual wages. 

LOCAL GOVERNMENT 
Local entities across the region are having to 
provide new programs and services the state 
has cut, resulting in financial complications 
and resulting in the loss of 84 municipal jobs 
across the region. Despite these challenges, 
local government jobs are poised to grow 
slightly in 2019. Tribal government, which 
includes 18 entities in the region, added 24 
jobs in 2018. 

GOVERNMENT OUTLOOK 
Early job reports from 2019 are somewhat 
positive. In the first half of 2019, only 14 
additional state jobs were lost, local 
government jobs have grown by 2%, and 
federal jobs are up by 1% as well. 

While legislation restructuring the $66 billion 
Alaska Permanent Fund passed in 2018, 
allowing lawmakers to use a portion of fund 
earnings to pay for state services and stabilize 
the state budget, these funds remain in limbo 
as the budget fight continues. The 
permanent fund is now more important to the 
budget than the oil industry, and all other 
taxes combined. But until a sustainable 
budget pathway is agreed upon and 
implemented, the region's economic outlook 
will remain uncertain.   

Sources: ADOL 2018 Employment and Wage data; Alaska 
Department of Revenue. Photo Credit: Juneau Empire.
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Government  
13,148 Jobs 
DOWN 108 JOBS IN 2018 -1%

Southeast State Jobs 
State jobs in the region are down for the 7th year 
in a row, for a total of 817 jobs lost since 2012,  
a decline of 15%

Government Jobs 2018 
Local  5,266 Jobs -84  
State 4,771 Jobs -49  
Federal 2,111 Jobs +1  
Tribal 999 Jobs +24  
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2018 marked the 4th straight year of 

regional population decline in Southeast 
Alaska, but the net loss of 80 people was 
just a fraction of those seen in previous 
years. Half of the communities in the 
regions experienced gains in 2019, 
including the boroughs of Ketchikan, 
Petersburg, Haines, and Wrangell. In 
general, population losses last year were 
relatively small. While some communities 
on Prince of Wales Island, like Klawock and 
Coffman Cove, experienced dramatic 
population changes, the island population 
as a whole declined by 2%. 

The leveling out of losses comes as relief 
to the region. Between 2014 and 2018, 
Southeast Alaska’s population decreased 
by 1,642. The losses were region-wide, 
with six of eight boroughs reporting 
population declines. The boroughs of 
Skagway and Wrangell grew by 11% and 
less than one percent, respectively, during 
that period.  

JUNEAU IS THE LOSS LEADER  
Population losses were most significant in 
Juneau. Dramatic cuts in state employment 
contributed to a reduction of nearly 900 
residents in the capital city over the past 
three years. Juneau’s losses also abated in 
2018, with a decline of just 55 people. 

MIGRATION 
More people moved away from Southeast 
than moved here in 2018, but natural 
increases helped reduce the impact of 
outmigration. In 2018, there were 255 
more births than deaths, while 335 more 
people moved out of the region than 
moved in. 

AGING CONTINUES 
Since 2010, the most pronounced 
demographic shift has been aging of the 
population. During that period, the 60-plus 
population grew by 5,000 people, a 42% 
increase over 2010 due to aging in place. 
Nearly a quarter of people in the region 
are now age 60 or older. In Haines, 
Wrangell, and the Hoonah-Angoon census 
area, where the averages ages are 48.6, 
48, and 46.8, respectively, it is nearly one-
third. The average age of Southeast as a 
whole is 39.9. Juneau is comparatively the 
youngest community in the region. 

POPULATION OUTLOOK  
Population losses appear to have leveled 
out, but uncertainty regarding the state 
funding cuts makes it hard to project future 
changes. As long as the state continues to 
make fiscal reductions, these will continue 
to be paired with population declines. 
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POPULATION CHANGE  
2014 TO 2018

2014 2018 CHANGE

 Juneau Borough 33,000 32,247 -773
 Ketchikan Borough 13,889 13,843 -29
 Sitka Borough 9,066 8,652 -433
 Petersburg Borough 3,198 3,198 -9
 Haines Borough 2,551 2,480 -70
 Wrangell Borough 2,413 2,426 11
 Metlakatla 1,446 1,398 -49
 Craig 1,205 1,095 -112
 Skagway Borough 1,038 1,088 109
 Klawock 803 777 -28
 Hoonah 786 789 1
 Kake 627 601 -26
 Yakutat Borough 623 523 -109
 Gustavus 518 554 35
 Thorne Bay 530 524 -8
 Angoon 420 410 -10
 Hydaburg 407 398 -9
 Coffman Cove 175 168 -8
 Tenakee Springs 129 144 17
 Hollis 93 124 31
 Naukati Bay 120 124 4
 Klukwan 84 94 10
 Hyder 91 80 -13
 Kasaan 76 81 8
 Pelican 77 68 -9
 Port Alexander 45 55 10
 Edna Bay 47 43 -4
 Whale Pass 38 57 17
 Port Protection 56 31 -24
 Game Creek 18 18 0
 Elfin Cove 16 12 -4
 Point Baker 12 13 0
Remainder 835 761 -168
Total 74,432 72,876 -1,642
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THE REGION 
The Southeast Alaska panhandle extends 500 miles 
along the coast from Metlakatla to Yakutat, 
encompassing approximately 33,500 square miles of 
land and water. The saltwater shoreline of Southeast 
Alaska totals approximately 18,500 miles. More than 
1,000 islands make up 40 percent of the total land 
area. The region is home to 34 communities. The 
three largest communities—Juneau, Ketchikan, and 
Sitka—together are home to 75 percent of the 
regional population. 

CULTURE 
The dominant culture in the region is indigenous. 

Alaska Natives—the Tlingit, Haida, and Tsimshian—make 
up nearly a quarter (23%) of the region’s population. The 

Tlingit have resided in the region for 11,000 years. The 
region’s mild climate, abundant food and raw materials 

supported the development of highly organized and culturally 
advanced societies with extensive trade routes and rich artwork.  

ECONOMIC TRENDS 
Starting in the 1880s, the economy of Southeast Alaska experienced 
a century of growth that intensified after statehood in 1959. From 
statehood into the 1990s, population and employment levels in 
Southeast more than doubled as the workforce expanded in the 
areas of mining, government, fishing, tourism, and timber. In the 
beginning of the 1990’s seafood and timber directly accounted for a 
fifth of the regional economy. However, over that next decade pulp 
mills and sawmills in the region closed, laying off 3,200 workers. 
During the same period, the value of salmon declined and catch 
levels fell. Total Southeast Alaska wages hit bottom in 1997. The 
population continued to decline through 2007. Between 2008 and 
2015, the region experienced a significant economic recovery, 
rebounding to record numbers of jobs, wages, and residents. 
However, the state budget crisis and the loss of more than 800 State 
of Alaska jobs changed the economic trajectory of the region. 

LAND OWNERSHIP 
A lack of privately-owned land and land available for development is 
unique to Southeast Alaska and impacts the ability of the region to 
nurture the private sector. (See infographic on the left.) Southeast 
Alaska’s land ownership is dominated by the federal government, 
which manages 94 percent of the land base. Most of this (78%, or 
16.75 million acres) is the Tongass National Forest. The remaining 
federal lands are mostly in Glacier Bay National Park. The State 
manages 2.5 percent of the total land base (511,500 acres), including 
the Alaska Mental Health Trust Authority and University of Alaska 
lands. Boroughs and communities own 53,000 acres—a quarter of 
one percent of the regional land base. Alaska Native organizations, 
including village, urban, and regional corporations and the Annette 
Island Reservation, own 3.4 percent (728,100 acres) of the land base. 
Other private land holdings account for 0.05 percent of the land 
base. In 2017, communities received nearly $19 million in federal 
Payment In Lieu of Taxes and Secure Rural Schools funding to 
compensate for federal ownership of the regional land base. 

SOUTHEAST ALASKA REGIONAL OVERVIEW 

Sources: Personal communications with State of Alaska; US Forest Service; Sealaska. 
Economies in transition: An assessment of trends relevant to management of the Tongass 
National Forest, USDA 1998. Image Credits: Misty Fjords Shutterstock image 68855041. 
Canoe by Annie Caufield. Background image carving by Mike Dangeli. 

78%

THE FEDERALLY-
MANAGED TONGASS 
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UP  NEARLY 4/5TH OF ALL 

SOUTHEAST ALASKA 
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34%

57%
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What is the economic outlook for your business or industry compared to last year? 
                By Industry                                                         By Community

“What is the economic outlook for your business or industry over the next year  
(compared to the previous year)?”

SOUTHEAST ECONOMIC OUTLOOK SURVEY

CURRENT REGIONAL BUSINESS CLIMATE SURVEY 
In April of 2019, 320 Southeast Alaska business owners and top managers from 
25 communities responded to Southeast Conference’s Business Climate and 
Private Investment Survey. 

SOUTHEAST ALASKA ECONOMIC OUTLOOK 
Southeast Alaska business leaders overall have a similar outlook looking 
forward that they did a year ago. More than half (56%) of survey respondents 
expect their prospects to remain status quo, 30% expect their prospects to 
improve in the coming year, and 14% expect decline. This represents a one 
percent increase in overall positive outlook over last year, but a three percent 
increase in those who feel the outlook is “much better” than it was the year 
before. 

Businesses in Hoonah, Gustavus, and Skagway reported the outlooks that are 
most likely to improve — more than 50% of business leaders in each of those 
communities said that they expect the economic outlook to be better or much 
better in the next 12 month. Petersburg leaders reported the most 
deteriorating economic outlook. The food and beverage, and tourism 
industries reported the most improving outlooks by industry, with more than 
40% of respondents foreseeing improvement. The least optimistic sector was 
the health care industry; 43% of respondents expect that industry to worsen. 
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Southeast Conference asked 320 Southeast business owners and top managers in 25 
regional communities how they would like to see the state achieve a balanced budget. This is 
an overall ranking of their responses. 

Responses weighted by use preference

Southeast Businesses Budget Findings
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HIRING IN THE NEXT YEAR 
A new question added to the survey this year was regarding hiring expectations over 
the next year. More than a quarter of  the 320 business leaders surveyed expect to 
add jobs to their businesses over the next 12 months, while 51% expect to maintain 
total jobs, and 11% expect to reduce total employees. The largest gains are 
expected in the visitor industry, where a staggering 42% of respondents expect to 
increase their total staff in the upcoming year. The arts, IT, financial, and real estate 
sectors project the smallest worker increases.  

Analyzed by community, Skagway employers expect the most significant job gains. 
Juneau and Petersburg are the least likely to add jobs next year. 

Adding Jobs in 2019 and 2020

Reduce Jobs
11%

Unknown
12%

Add Jobs
27%

Maintain Jobs
51%

Visitor or Tourism Industry

Transportation (non tourism)

Food/Beverage Industry

Seafood, Commercial Fishing

Professional & Business Services / Consultant
0% 26.667% 53.333%

23%

24%

31%

33%

40%

42%

Percent of Employers Expecting to Add Most Jobs 

Construction / Architecture /    Engineering

Over the next year, do you expect 
your organization to add jobs, 

maintain jobs, reduce jobs, or are 
you unsure?
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SOUTHEAST ALASKA CONSERVATION COUNCIL - DEFENDERS OF WILDLIFE 
CENTER FOR BIOLOGICAL DIVERSITY – EARTHJUSTICE ALASKA OFFICE – 

AUDUBON ALASKA - SITKA CONSERVATION SOCIETY – WOMEN’S EARTH AND 
CLIMATE ACTION NETWORK 

 

 

September 16, 2019 

Carey Case, Project Leader 
Petersburg Ranger District 
P.O. Box 1328 
Petersburg, AK 99833 
Via email: carey.case@usdoj.gov  
Via web portal: https://cara.ecosystem-management.org/Public/CommentInput?Project=53098 

Re: Comments on Central Tongass Project Draft Environmental Impact Statement 

Project Leader Carey Case: 

The U.S. Forest Service is analyzing the Central Tongass Project (the Project) and has prepared a 
Draft Environmental Impact Statement (DEIS). The undersigned organizations submit these 
comments on the Central Tongass DEIS. These groups have a long-standing interest in the social 
and ecological values of the Tongass National Forest and any developments that may affect those 
values. For the reasons described below, the Forest Service should not pursue the logging aspects 
of the Central Tongass Project.  

This Central Tongass Project is a proposal under the 2016 Amended Forest Plan, to authorize 
logging up to 230 million board of Tongass timber, 150 million board feet from old-growth 
forests and 80 million board feet of young growth, over the next 15 years from somewhere inside 
the Petersburg and Wrangell Ranger Districts – a 3.7 million acre project area. The project also 
calls for building up to 25 miles of new road and 93 miles of temporary road, and approving 128 
miles of off-highway vehicle trails on roads currently closed or planned for closure.  

The Central Tongass Project is the agency’s latest attempt to authorize large, multi-year projects 
without any consideration of impacts to specific resources. This is precisely the type of 
environmentally blind decision-making Congress intended the National Environmental Policy 
Act (NEPA) to avoid when it enacted this bulwark against hasty and wasteful agency actions. As 
a result, neither the Forest Service nor the public can adequately analyze the site-specific impacts 
and alternatives proposed and make a reasoned choice among the alternatives. The Forest 
Service is now defending this very type of flawed decision before the Alaska Federal District 
Court in Southeast Alaska Conservation Council et al. v. U.S. Forest Service et al., Case No. 
1:19-cv-00006-SLG. 

To fulfill NEPA’s twin aims of informed agency decision-making and public participation, the 
Forest Service must provide a detailed statement of the impacts of agency activity. The Forest 
Service lacks the discretion to determine what level of specificity NEPA requires. 

https://cara.ecosystem-management.org/Public/CommentInput?Project=53098
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The agency violates NEPA by disclosing only conditions for treatment rather than site-specific 
information about logging, roadbuilding, or where herbicides will be used until sometime in the 
future – after the agency has authorized those activities and after the public has any chance to 
object to the decision. This violates NEPA. Without providing the public with information about 
the specific location of proposed logging and roads within the 3.7 million-acre project area, the 
Forest Service fails to provide the detailed assessment of impacts that NEPA requires. The 
information provided for public review conveys next to nothing about what activities might 
actually happen, when, or where, and how those activities will affect wildlife, salmon, and 
people, or what the alternatives might minimize those impacts. 

The level of detail provided to the public in the Central Tongass draft environmental impact 
statement is of little or no value to subsistence users because subsistence activities are inherently 
location-specific. People care about the places they use for subsistence and how the action will 
affect those places and nearby habitat. Displaying one giant map covering millions of acres, of 
which nearly 9,500 acres of old-growth forest may be logged from anywhere within the about 
43,000 acres available for logging, conveys next to nothing about what might actually happen, or 
how the project will impact wildlife and people, or what the alternatives might be to minimize 
those impacts.   

The proposed action is all the more remarkable given U.S. taxpayers spend tens of millions of 
dollars every year to subsidize the Tongass timber industry, which contributes a miniscule 
amount to the regional economy and allows virtually all of the logs to be exported out of Alaska. 
“The Forest Service reported an average of $12.5 million annually in timber-related expenditures 
for the Tongass from fiscal years 2005 to 2014. During that period, it reported receiving an 
average of $1.1 million in revenues associated with timber harvested from the Tongass.”1  
“Analyzing the benefits and costs of the Tongass old-growth timber sale program illustrates that 
beyond being the last industrial scale old-growth logging in the U.S., the Tongass is also the 
most socially inefficient timber program in the U.S.”2 

                                                           
1 U.S. Government Accountability Office, Tongass National Forest, Forest Service’s Actions 
Related to Its Planned Timber Program Transition at 7 (2016); see also Taxpayers for Common 
Sense, Money Losing Timber Sales: Tongass National Forest at 1 (Mar. 2015) (“From 2008 
through 2013, the Forest Service spent $139.1 million on timber sales (including road 
construction) in the Tongass and received $8.6 million in proceeds from these sales, a net loss of 
$130.5 million.”); U.S. Forest Service, State of the Tongass National Forest (FY 2009 – 2013); 
Headwaters Economics, The Tongass National Forest and the Transition Framework: A New 
Path Forward? at 2-5 (Nov. 2014). 
 
The undersigned submit any documents cited in this comment letter (with the exception of 
statutes, regulations, the 2016 Amended Forest Plan and related documents, documents in the 
Central Tongass Project planning record, and documents cited in the agency’s planning 
documents) to the Petersburg Ranger District on September 16, 2019 with these comments. 
These documents are now part of the planning record for the Central Tongass Project. 
2 Hjerpe, E. and A. Hussain, Willingness to Pay for Ecosystem Conservation in Alaska’s Tongass 
National Forest: a choice modeling study, Ecology and Society 21(2)8 
http://dx.doi.org/10.5751/ES-08122-210208. 
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For all of these reasons, the Forest Service should not proceed with the logging aspects of the 
Central Tongass Project. However, if the agency chooses to proceed, then it must prepare and 
publish a supplementary DEIS that complies with the agency’s legal obligations. Today’s 
economic drivers depend upon the forest’s old-growth stands to support Southeast Alaska’s fish, 
wildlife, and outdoor recreation industries. Clearcut logging old-growth forests on the Tongass 
compromises the United States’ climate preparedness, and reduces the country’s ability to 
address the effects of climate change worldwide. The logging aspects of the Central Tongass 
Project represent a wasteful and unsustainable logging program that threatens values important to 
residents of Southeast Alaska and the nation. We strongly urge the Forest Service to take a 
different approach with regard to the logging contemplated in the Central Tongass Project. 

I. THE CENTRAL TONGASS PROJECT’S USE OF CONDITION-BASED 
MANAGEMENT VIOLATES NEPA. 
 

A. NEPA Requires The Forest Service To Produce A Spatially And 
Temporally Specific Analysis Because This Is A Project-level Decision. 

In enacting NEPA, Congress recognized the “profound impact” of human activities, including 
“resource exploitation,” on the environment and declared a national policy “to create and 
maintain conditions under which man and nature can exist in productive harmony.”3 The statute 
has two fundamental two goals: “(1) to ensure that the agency will have detailed information on 
significant environmental impacts when it makes decisions; and (2) to guarantee that this 
information will be available to a larger audience.”4   

To advance these policy objectives, NEPA “establishes ‘action-forcing’ procedures that require 
agencies to take a ‘hard look’ at environmental consequences.”5 A hard look does not allow the 
agency to take “a soft touch or brush-off of negative effects.”6 By so focusing agency attention, 
NEPA ensures that the agency will not act on incomplete information, only to regret its decision 
after it is too late to correct.”7  

In Natural Resources Defense Council v. U.S. Forest Service, for example, the Court faulted the 
Forest Service for providing empty disclosures that lacked any analysis, explaining the agency 
“d[id] not disclose the effect” of continued logging on the Tongass and “d[id] not give detail on 
whether or how to lessen the cumulative impact” of the logging.8 Elsewhere, the Court explained 

                                                           
3 42 U.S.C. § 4331(a).  
4 Envtl. Prot. Info. Ctr. v. Blackwell, 389 F. Supp. 2d 1174, 1184 (N.D. Cal. 2004) (quoting 
Neighbors of Cuddy Mt. v. Alexander, 303 F.3d 1059, 1063 (9th Cir. 2002)); see also Earth 
Island v. United States Forest Serv., 351 F.3d 1291, 1300 (9th Cir. 2003) (“NEPA requires that a 
federal agency ‘consider every significant aspect of the environmental impact of a proposed 
action . . . [and] inform the public that it has indeed considered environmental concerns in its 
decision-making process.’”). 
5 Metcalf v. Daley, 214 F.3d 1135, 1141 (9th Cir. 2000) (quoting Robertson v. Methow Valley 
Citizens Council, 490 U.S. 332, 348 (1989)). 
6 Native Ecosystems Council v. U.S. Forest Serv., 428 F.3d 1233, 1241 (9th Cir. 2005).  
7 Marsh v. Or. Natural Res. Council, 490 U.S. 360, 371 (1989) (citation omitted).  
8 Natural Res. Def. Council v. U.S. Forest Serv., 421 F.3d 797, 812 (9th Cir. 2005). 
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that “general statements about possible effects and some risk do not constitute a hard look, 
absent a justification regarding why more definitive information could not be provided.”9 The 
Forest Service also must provide the public “‘the underlying environmental data’ from which the 
Forest Service develop[ed] its opinions and arrive[d] at its decisions.”10 In the end, “vague and 
conclusory statements, without any supporting data, do not constitute a ‘hard look’ at the 
environmental consequences of the action as required by NEPA.”11 “The agency must explain 
the conclusions it has drawn from its chosen methodology, and the reasons it considered the 
underlying evidence to be reliable.”12  

At the project level, as compared to a programmatic decision, the required level of analysis is far 
more stringent.13 At the “implementation stage,” the NEPA review is more tailored and detailed 
because the Forest Service is confronting “individual site specific projects.”14 Indeed, the Ninth 
Circuit has faulted the Forest Service for failing to provide site-specific information in a 
landscape level analysis:   

This paltry information does not allow the public to determine where the range for 
moose is located, whether the areas open to snowmobile use will affect that range, 
or whether the Forest Service considered alternatives that would avoid adverse 
impacts on moose and other big game wildlife. In other words, the EIS does not 
provide the information necessary to determine how specific land should be 
allocated to protect particular habitat important to the moose and other big game 
wildlife. Because the Forest Service did not make the relevant information 
available . . . the public was limited to two-dimensional advocacy—interested 
persons could argue only for the allocation of more or less land for snowmobile 
use, but not for the protection of particular areas. As a result, the Forest Service 
effectively stymied the public’s ability to challenge agency action.15 

When the Forest Service fails to conduct that site-specific analysis, the agency “does not allow 
the public to ‘play a role in both the decisionmaking process and the implementation of that 
decision.’”16 “Although the agency does have discretion to define the scope of its actions, . . . 
such discretion does not allow the agency to determine the specificity required by NEPA.” City 
of Tenakee Springs v. Block, 778 F.2d 1402, 1407 (citing California v. Block, 690 F.2d 753, 765 
(9th Cir. 1982)). In State of Cal. v. Block, for example, the decision concerned 62 million acres 
                                                           
9 Or. Natural Res. Council Fund v. Brong, 492 F.3d 1120, 1134 (9th Cir. 2007) (citation 
omitted); see also Or. Natural Res. Council Fund v. Goodman, 505 F.3d 884, 892 (9th Cir. 2007) 
(holding the Forest Service’s failure to discuss the importance of maintaining a biological 
corridor violated NEPA, explaining that “[m]erely disclosing the existence of a biological 
corridor is inadequate” and that the agency must “meaningfully substantiate [its] finding”). 
10 WildEarth Guardians v. Mont. Snowmobile Ass’n, 790 F.3d 920, 925 (9th Cir. 2015).  
11 Great Basin Mine Watch v. Hankins, 456 F.3d 955, 973 (9th Cir. 2006). 
12 N. Plains Res. Council, Inc. v. Surface Transp. Bd., 668 F.3d 1067, 1075 (9th Cir. 2011) 
(citation and internal quotation marks omitted). 
13 See, e.g., Friends of Yosemite Valley v. Norton, 348 F.3d 789, 800-01 (9th Cir. 2003). 
14 Forest Ecology Ctr., Inc. v. U.S. Forest Serv., 192 F.3d 922, 923 n.2 (9th Cir. 1999). 
15 WildEarth Guardians v. Montana Snowmobile Ass’n, 790 F.3d 920, 927 (9th Cir. 2015). 
16 Id. at 928 (quoting Methow Valley Citizens Council, 490 U.S. at 349). 
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of National Forest Service Land and the Ninth Circuit still required an analysis of “[t]he site-
specific impact of this decisive allocative decision.”17 In short, NEPA’s procedural safeguards 
are designed to guarantee that the public receives accurate site-specific information regarding the 
impacts of an agency’s project-level decision before the agency approves the decision.  

B. The Forest Service’s Condition-based NEPA Approach Fails To Analyze The 
Project’s Direct And Indirect Impacts. 

Because the Central Tongass Project is a “project-level analysis,”18 the DEIS is analyzing a site-
specific, not a programmatic decision. As a result, the DEIS must include the detailed 
information and analysis that NEPA and the CEQ regulations require because as the agency 
makes clear in Chapter 1 of the DEIS, there will not be any further NEPA analysis after this 
“large landscape-scale NEPA analysis.”19 As discussed below, this approach violates NEPA 
because the DEIS fails to describe the characteristics of the specific logging and road-building 
projects (e.g., when, where, how much, what sequence, old-growth versus young-growth, 
location and length of roads, etc.) and then analyze the direct, indirect, and cumulative impacts 
from the action alternatives, as well as necessary mitigation associated with implementing 
decisions. 

Because the Forest Service employs condition-based management (although it does not explicitly 
use that term), the DEIS does not and cannot disclose site-specific impacts until after the 
decision is made, subverting NEPA’s command that agencies look before they leap. The DEIS 
admits that “[s]pecific locations and methods [of logging, etc.] will be determined during 
implementation,” and not before.20  

For example, in describing timber economics, the DEIS explains that the agency will not define 
where logging will occur until after NEPA is complete: 

Until the actual units for a timber sale offering are defined, located, and field-
reviewed, reductions in acreage and volume cannot be accurately quantified. As 
described in the Implementation Plan (Appendix A), further refinement of the 
gross unit pool would be made and a logging plan developed at the time a 
commercial timber offer is planned.21 

The problem with timber economics is further compromised given the effect of project falldown 
during implementation. In discussing methodology and environmental effects with regard to the 
suitability and gross unit pool development, the DEIS acknowledges that on one island, “there 
has been a reduction of around 75 percent from the mapped old-growth which defined the gross 
unit pool for Alternative 2 to the potential [logging] units as identified through recent field 

                                                           
17 California v. Block, 690 F.2d 753, 763 (9th Cir. 1982). 
18 DEIS at 9. 
19 DEIS at 1. 
20 DEIS at 1 (emphasis added). See also id. at i (same); id. at 159 (“During the implementation 
phase, careful consideration of timing, location, and characteristics of harvest and roads would 
minimize adverse effects on aquatic resources.”) (emphasis added). 
21 DEIS at 57. 
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surveys.”22 Please explain whether the acreage estimates of suitable acres disclosed in Tables 7 
& 8 of DEIS actually reflect this predicted project-level falldown. 

In short, the Forest Service does not know, and cannot analyze or disclose to the public, precisely 
where logging will occur. As such, the DEIS fails to disclose the project’s site-specific impacts. 
The Forest Service also states: 

Because it is unknown which acres … will be harvested, an estimated average volume of 
15.8 MBF per acre is assumed for all old-growth harvest acres for this analysis.23 

Again, the Forest Service’s inability to identify the site-specific location for logging, prevents it 
from taking the hard look NEPA requires.24  

Similarly, the Forest Service acknowledges that its failure to disclose the location and nature of 
logging impacts the agency’s ability to disclose impacts to scenery. 

With the activities proposed in this project being general in nature, and not 
specific with regards to location or appearance, the scenic analysis is focused on 
determining if there is capacity within the analysis area and gross unit pool to 
support the alternatives.25  

Further reinforcing this conclusion, the Forest Service admits that it will undertake surveys that 
could inform an impact analysis only after the NEPA process is complete. 

Comprehensive stream, rare and sensitive plant, invasive plant, geology, soil, 
landslide, wetlands, wildlife and cultural surveys have not been conducted within 
the entirety of the project area, but are ongoing throughout the project planning 
process . . . . It is likely that additional streams, plant populations, karst features, 
unsuitable soils, landslides, wetlands, nests, dens and cultural sites may be found 
prior to implementation in currently un-surveyed areas . . . .26 

The information the Forest Service declined to gather is precisely the information that NEPA and 
federal courts require the agency to gather, analyze and disclose to the public before the agency 
approves an action. Failure to provide this information in an EIS renders that document arbitrary 
and capricious. 

                                                           
22 DEIS at 56. 
23 DEIS at 59 (emphasis added). 
24 See also DEIS at 64 (“For young growth all harvest is assumed even-aged because the amount 
of partial harvest will not be known until implementation of a young-growth timber offering and 
silvicultural prescriptions are determined.”) (emphasis added); id. at 262 (in discussion of 
impacts to karst resources. stating that: “Until the exact extent and location of any proposed 
action is determined, a determination of specific effects cannot be made.”) (emphasis added). 
25 DEIS at 291 (emphasis added). 
26 DEIS at 45 (emphasis added). 
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II. THE FOREST SERVICE’S FAILURE TO DISCLOSE SITE-SPECIFIC 
LOGGING AND ROAD INFORMATION IN THE DEIS VIOLATES SECTION 
810 OF ANILCA.   

ANILCA Section 810 contains procedural requirements parallel to NEPA’s: It requires federal 
land agencies to evaluate the effects of, and alternatives to, any disposition of federal public land 
on subsistence uses and needs.27 ANILCA, though, imposes additional requirements beyond the 
NEPA-like disclosures and analysis. Where the disposition of the land may significantly restrict 
subsistence uses, the agency must conduct hearings in the project vicinity and make certain 
findings justifying the restriction.28 When an EIS is required, the agency must also conduct 
hearings in affected communities and make substantive findings.29 Congress enacted Title VIII 
of ANILCA to “cause the least adverse impact possible on rural residents who depend upon 
subsistence uses of” federal public lands in Alaska.30 

Because of the parallel procedural requirements in both statutes, the courts have found NEPA’s 
requirements—including those for site-specificity—apply to the section 810 subsistence 
evaluations.31 Section 810’s hearing requirements—an obligation not in NEPA—reinforce this 
conclusion. Where impacts are significant, the agency is required to hold “a hearing in the 
vicinity of the area involved,”32 reflecting Congressional recognition of the local nature of 
subsistence practices.  

The DEIS finds “a significant possibility of a significant restriction for the subsistence use of 
deer.”33 The project area contains three communities spread over 3.7 million acres, 1.8 million of 
which are in the national forest. Without knowing where the logging will occur, however, it is 
impossible to convey meaningful information about how the Project may affect their uses. 
Similarly, site-specific information is needed to make meaningful findings, as required in section 
801(a)(3).34 Under that section, the agency may authorize the action only after determining that: 

(A) such a significant restriction of subsistence uses is necessary, consistent with sound 
management principles for the utilization of the public lands, 

                                                           
27 16 U.S.C. § 3120(a). 
28 Id. § 3120(a)(2)-(3).  
29 Id. § 3120(b). 
30 Id. § 3112(a); see Alaska Wilderness Recreation and Tourism Ass’n v. Morrison, 67 F.3d 723, 
725 (9th Cir. 1995). 
31 See, e.g., City of Tenakee Springs v. Clough, 915 F.2d 1308, 1310-13 (9th Cir. 1990) 
(evaluating adequacy of alternatives and cumulative impacts under NEPA and ANILCA 
together); Alaska Wilderness Recreation and Tourism Ass’n v. Morrison, 67 F.3d 723, 731 (9th 
Cir. 1995) (failure to consider alternatives violated both NEPA and ANILCA); City of Tenakee 
Springs v. Clough, 750 F. Supp. 1406, 1422-23 (D. Alaska 1990) (applying NEPA case law to 
ANILCA analysis for site-specificity), rev’d on other grounds, 915 F.2d 1308 (9th Cir. 1990). 
32 16 U.S.C. § 3120(a)(2). 
33 DEIS at 349. 
34 16 U.S.C. § 3120(a)(3).  



SEACC et al. on Central Tongass DEIS 
Sept. 16, 2019            8 

(B) the proposed activity will involve the minimal amount of public lands necessary to 
accomplish the purposes of such use, occupancy, or other disposition, and 

(C) reasonable steps will be taken to minimize adverse impacts upon subsistence uses and 
resources resulting from such actions.35 

The DEIS violates ANILCA by attempting to evaluate impacts to subsistence users and 
resources without identifying where the logging and road building will occur. As all Tongass 
citizens know, location is critical: each parcel of land is unique, with distinct considerations 
regarding its management. Consequently, the failure to disclose effects without evaluating 
location results in an analysis of merely general or generic effects and eliminates the public’s 
ability to compare alternatives based upon their effects. Subsistence is an inherently location-
specific activity rooted not only in access to resources, but in human geography, history, and clan 
relationships. Without an assessment of the specific, local impacts of the proposed action, neither 
the agency or subsistence users can evaluate the availability of reasonable steps to minimize 
adverse impacts to subsistence users and resources.  

III. THE FOREST SERVICE’S FAILURE TO PROVIDE SITE SPECIFIC 
INFORMATION VIOLATES NFMA AND THE FOREST PLAN. 

The Forest Service violates the National Forest Management Act (NFMA) when it acts contrary 
to a governing forest plan.36 Standards established in forest plans “are binding limitations 
typically designed to prevent degradation of current resource conditions.”37 Thus, “[a] site-
specific project must comply with the standards set forth in the governing forest plan, and a 
project’s deviation from a standard requires amendment to the forest plan.”38 

A. The Forest Service Violates Forest Plan Standards Requiring Site-Specific 
Timber And Road Resource Data, Including Unit Cards And Road Cards. 

The 2016 Amended Forest Plan establishes standards that require the Forest Service to provide 
site-specific information regarding the Central Tongass Project to inform the agency’s 
environmental analysis prior to approval and prevent habitat degradation. The agency violates 
those standards, rendering the Project unlawful under NFMA. Alternatively, if one or more of 
these provisions is a guideline, then the agency acts arbitrarily in failing to provide the 
information prior to approving the Project. 

The 2016 Amended Forest Plan defines a “standard” as follows:  

A course of action or level of attainment required by the Forest Plan to promote 
achievement of goals and objectives. 

                                                           
35 Id. 
36 See 16 U.S.C. § 1604(i) (“Resource plans and permits, contracts, and other instruments for the 
use and occupancy of National Forest System lands shall be consistent with the land 
management plans.”). 
37 All. for the Wild Rockies v. United States Forest Serv., 907 F.3d 1105, 1113 (9th Cir. 2018). 
38 Id. 
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A mandatory constraint on project and activity decision-making, established to 
help achieve or maintain the desired condition or conditions, to avoid or mitigate 
undesirable effects, or to meet applicable legal requirements. (36 CFR 
219.12)[.]39 

It explains that: 

Standards in Chapters 3 and 4, which can usually be identified by words such as ‘must’ 
or ‘will,’ are mandatory requirements or minimums that must be met. 

Project-level analysis may determine that additional requirements beyond these 
minimums are necessary.40 

“The Forest Service must strictly comply with a forest plan’s ‘standards,’ which are considered 
binding limitations ....”41 To do otherwise, the agency violates NFMA. 

Regarding logging, the 2016 Amended Forest Plan establishes standards that require the Forest 
Service to assess site-specific conditions, logging impacts, and mitigation and include that 
information in its NEPA analyses before it approves a project. For example, the Plan states: 

Timber harvest unit cards will document resource concerns and protection measures. The 
unit cards, including a map with relevant resource features, will be provided 
electronically when Draft or Final NEPA documents and decisions are published. 
(Consult Tongass National Forest Supplement 1909.15-2015-1.)42 

It also requires the agency to provide other site-specific “timber resource information”, including 
“inventories, analysis of data, and input for environmental analysis.”43 It requires the agency to 
provide information to “[d]etermine operability based on site-specific project conditions.”44 The 
agency must evaluate “management prescriptions . . . within the project area in project design 
and environmental analysis for timber activities.”45 It requires the agency to “[c]omplete all 
[silvicultural] prescriptions before project implementation where implementation is defined as 
. . . the Final Record of Decision . . . .”46  

The general area-wide maps or activity guidelines offered by the Forest Service in the Project 
DEIS fail to meet the Plan requirements because they simply lack the unit specific information 
                                                           
39 2016 Amended Forest Plan at 7-59. 
40 2016 Amended Forest Plan at 1-4 (emphasis added).  
41 All. for the Wild Rockies v. United States Forest Serv., 907 F.3d 1105, 1110 (9th Cir. 2018); 
see also id. at 1113 (rejecting the Forest Service’s argument that its approach was “substantially 
similar” to the forest plan standard). 
42 2016 Amended Forest Plan at 4-68 (TIM3.I.C) (emphasis added). 
43 Id. at 4-68 (TIM3.I.A) (emphasis added). 
44 Id. at 4-68 (TIM3.I.B) (emphasis added). 
45 Id. at 4-68 (TIM3.I.C) (emphasis added). 
46 Id. at 4-67 (TIM2.C) (emphasis added); see also id. at 4-49 (RIP2.C.1.) (“Logging engineers 
and aquatic specialists should conduct joint reviews of preliminary harvest unit designs to ensure 
that site-specific stream protection measures meet riparian objectives.”). 
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necessary to meet forest plan standards. The DEIS mentions unit cards only once – to state that 
such cards will be made available “during final project design,” that is, after NEPA is 
completed.47 According to the Implementation Plan (Appendix A), unit cards are not mentioned 
until Step 7, after the Responsible Official gives approval to implement (Step 6).48 Thus, the 
agency has not: (1) assessed site-specific project conditions and impacts; (2) evaluated site-
specific management prescriptions and silvicultural prescriptions; and (3) used that information 
to inform the agency’s environmental analysis and justify its substantive decision-making.  

With regard to road construction and reconstruction, the 2016 Amended Forest Plan also 
establishes standards that inform the environmental review and the agency’s decisions. For 
example, “[d]uring project planning, [the Forest Service must] identify resource concerns and 
site-specific mitigation measures.”49 The 2016 Amended Forest Plan lists specific habitats for 
which impacts must be minimized.50 The agency is directed to “[c]learly document these 
mitigation measures [during project planning] to facilitate project implementation and 
monitoring.”51 The agency must “[p]erform route or site selection, location, geotechnical 
investigations, survey, and design to a technical level sufficient to meet the intended use and 
commensurate with both ecological objectives and the investment to be incurred.”52 “When 
stream crossings are required to harvest timber,” the agency must “assess the environmental 
effects of road crossings versus yarding corridors, and select the action of least environmental 
impact where practicable.”53 This the Forest Service has failed to do, violating the Forest Plan, 
and therefore also violating NFMA. The DEIS’s provision of a gross scale map depicting 
proposed road construction and OHV routes54 is insufficient for both NEPA and Forest Plan 
compliance purposes, because those maps make it impossible for the public or the decision-
maker to understand the routes’ precise location, or the impacts to values along the course of 
those routes.    

The Forest Service also has failed to provide road cards with the DEIS. The agency fails to 
assess the route and site selection, including the length and character, of any of the roads and 
fails to demonstrate how those individual decisions are commensurate with the ecological 
objectives and the investment for any given road approved by the Project. The agency fails to 
provide the specific road information that the 2016 Amended Forest Plan requires.  

In short, the Forest Service violates NFMA by failing to comply with the 2016 Amended Forest 
Plan’s standards governing logging and road building. The Forest Service is required to provide 
unit and road cards and make other site-specific assessments and evaluations of timber resources, 
logging and road building impacts, and the necessary mitigation measures to inform the NEPA 
                                                           
47 DEIS at v. 
48 See DEIS, Appendix A at A-5. 
49 2016 Amended Forest Plan at 4-77 (TRAN3.I.D). 
50 See id. at 4-78 (TRAN4.II.A.); id. at 4-79 (TRAN4.III.A.); id. at 4-91 (WILD1.XIV.A.3.a) 
(“No road construction is permitted within 600 feet of a [wolf] den unless site-specific analysis 
indicates that local landform or other factors will alleviate potential adverse disturbance.”).  
51 Id. at 4-77 (TRAN3.I.D). 
52 Id. at 4-77 (TRAN4.I.A.).  
53 Id. at 4-51 (RIP.II.E.5). 
54 See DEIS Appendix B at B-15. 
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analysis and prior to project approval. By failing to disclose to the public in the DEIS the 
required site-specific information about proposed activities and their impacts, the agency violates 
NEPA.55 

To the extent one or more of the provisions described in this section is a guideline rather than 
standard, then the Forest Service acts in an arbitrary and capricious manner in failing to comply 
and provide the information. Failing to provide this information is arbitrary because it violates 
longstanding agency guidance in the Forest Service Handbook for the Tongass: “Unit and road 
cards will be provided electronically when Draft or Final NEPA documents and decisions are 
published.”56 The handbook continues: “For Draft Environmental Impact Statements (DEIS’s) 
. . . completed unit and road shall be published on the project webpage . . . in bookmarked PDF 
format for review by other agencies or interested parties when the NEPA document is 
published.”57 Elsewhere the handbook explains that road cards must be developed during the 
NEPA process to “[d]escribe or display site specific application of required resource protection 
measure . . . [d]emonstrate field knowledge pertaining to site specific Forest Plan standards and 
guidelines, [p]rovide a tracking tool for project implementation and monitoring, and [p]rovide 
road level information for the public and other agencies.”58 The Forest Service provides none of 
this information and, in so doing, fails to assess the project-level impacts, necessary mitigation, 
and alternatives prior to authorizing the Project. 

Additionally, the Forest Service acts arbitrarily because it is departing from decades of consistent 
agency practice regarding Tongass management without a reasonable explanation. Prior to the 
contested Prince of Wales project, the Forest Service prepared site-specific analyses to inform 
the public and affected communities of the adverse impacts of logging and road building before 
it approved projects.59 The 2015 Navy Record of Decision (ROD) recognizes “[t]he unit cards 
and road cards are an integral part of this decision because they document the specific resource 
concerns, management objectives, and mitigation measures to govern the layout of the harvest 
units and construction of roads.” 60 Likewise, in 2017, the final ROD for the Wrangell Island 
Project “incorporat[ed]the project design features and measures to minimize adverse 
                                                           
55 City of Tenakee Springs v. Block, 778 F.2d at 1407 (citing California v. Block, 690 F.2d 753, 
765 (9th Cir. 1982)). 
56 FSH 1909.15-2015-1, Environmental Policy and Procedures Handbook, Chapter 10 (Apr. 27, 
2015), 13.1 (emphasis added), available at 
https://www.fs.fed.us/im/directives/field/tongass/fsh/1909.15/1909.15_13-2015_TNF.docx (last 
viewed Sept. 16, 2019). The handbook states: “This supplement is effective until superseded or 
removed.” 
57 FSH 1909.15-2015-1, Environmental Policy and Procedures Handbook, Chapter 10 (April 27, 
2015), 13.1 (emphasis added); see also id. at 13.2c (directing the Forest Service to “display unit-
specific information necessary for project implementation on one unit card map representing the 
selected alternative or alternatives in a DEIS”). 
58 FSH 1909.15-2015-1, Environmental Policy and Procedures Handbook, Chapter 10 (Apr. 27, 
2015), 13.3.1-4; see also id. at 13.3a, c-e. 
59 See, e.g., Big Thorne DEIS, Vol. III (Unit Cards 1-120), IV (Unit Cards 121-476), V (Unit 
Cards 500-582), VI (Road Cards); Big Thorne FEIS, Appendix C; Logjam DEIS, Appendix B 
(Unit Cards); Logjam DEIS, Appendix C (Road Cards); Logjam FEIS, Appendix C. 
60 Navy ROD at 1 (Aug. 11, 2015). 

https://www.fs.fed.us/im/directives/field/tongass/fsh/1909.15/1909.15_13-2015_TNF.docx
https://www.fs.fed.us/im/directives/field/tongass/fsh/1909.15/1909.15_13-2015_TNF.docx
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environmental effects of the Selected Alternative . . . . These are described in chapter 2 of the 
FEIS and in the unit cards and road cards (appendices 1 and 2 of this ROD.)”61 In describing the 
effects common to all Action Alternatives, the DEIS for the Wrangell Island Project states 
“[s]ite-specific resource concern and design criteria are discussed in the road and unit cards.”62 
In contrast, the Central Tongass Timber Project will not prepare unit and road cards until Step 7 
of the Implementation Plan, after the Responsible Official approves activity implementation.63 
For this additional reason, the Forest Service acts arbitrarily under NFMA because it provides 
none of that information to explain and justify its decision. 

In sum, the 2016 Amended Forest Plan requires the Forest Service to conduct a site-specific 
assessment, analysis of impacts and mitigation measures relating to logging and road activities to 
inform the NEPA review and before it approves the Central Tongass Project. The agency is 
violating those provisions and, as a result, violates NFMA. For the same reason, the Forest 
Service reaches arbitrary conclusions under the other statutes governing timber sale projects on 
the Tongass.  

B. The Forest Service’s Condition-Based Analysis Renders Its Decision-Making 
Arbitrary Under NFMA And The Other Laws Governing Timber Sales. 

NFMA and the other statutes under which the Forest Service operates when the agency evaluates 
a timber sale project require the agency to balance logging objectives with other forest values 
such as wildlife, recreation, and subsistence.64 Here, the Forest Service acts arbitrarily because 
the agency fails to explain when, where, and how the logging and road building authorized by 
the Project will occur and how the agency balances competing uses and interests in those 
locations and at a given time. Stated more directly, the agency fails to balance the adverse 
impacts caused by logging or road building in any particular location at any given time, 
rendering the conclusions regarding the balance of impacts and values arbitrary. Any balancing 
based on this record cannot have taken into consideration the kind of site and temporally-specific 
information about impacts and alternatives that must underlie those choices. 

The Administrative Procedure Act (APA) requires that “the agency must examine the relevant 
data and articulate a satisfactory explanation for its action including a ‘rational connection 
between the facts found and the choice made.’”65 A decision is arbitrary if the agency “entirely 
failed to consider an important aspect of the problem” or “offered an explanation for its decision 

                                                           
61 Wrangell Island Project ROD at 1 (Nov. 12, 2017). 
62 Wrangell Island Project DEIS at 147.   
63 Central Tongass DEIS, Appendix A at A-5. 
64 See 16 U.S.C. § 1604(e) (National Forest Management Act); id. § 529 (Multiple-Use 
Sustained-Yield Act); id. § 539d(a) (Tongass Timber Reform Act); id. § 3120(a)(3)(A) (Alaska 
National Interest Lands Conservation Act); see also Natural Res. Def. Council, 421 F.3d at 808-
09 (explaining balancing of timber and other goals in the Tongass). 
65 Motor Vehicle Mfrs. Ass’n of the U.S. v. State Farm Mut. Auto. Ins. Co., 463 U.S. 29, 43 
(1983) (quoting Burlington Truck Lines v. United States, 371 U.S. 156, 168 (1962)). 



SEACC et al. on Central Tongass DEIS 
Sept. 16, 2019            13 

that runs counter to the evidence before the agency.”66 Similarly, an action may be arbitrary if 
the record does not support the agency’s reasoning.67  

The Forest Service’s failure to conduct a spatially and temporally specific analysis means the 
agency’s conclusions lack a rational connection regarding the impacts and tradeoffs of the 
Central Tongass Project. The agency’s decision-making also ignores important aspects of the 
Project (e.g., site-specific impacts, alternatives, etc.), fails to provide a rational connection 
between the facts found and the decision to proceed, and offers an explanation that runs contrary 
to the evidence. As such, any Forest Service decision to approve the Central Tongass Project 
based on the current condition-based analysis would be arbitrary and unlawful under NFMA and 
the other statutes governing timber sale projects 

IV. THE CENTRAL TONGASS DEIS FAILS TO ANALYZE A RANGE OF 
REASONABLE ALTERNATIVES. 

“Under NEPA’s applicable regulations, a federal agency’s EIS must ‘[r]igorously explore and 
objectively evaluate all reasonable alternatives [to a proposed action], and for alternatives which 
were eliminated from detailed study, briefly discuss the reasons for their having been 
eliminated.’”68 As the courts have made clear: “The agency must look at every reasonable 
alternative within the range dictated by the nature and scope of the proposal. The existence of 
reasonable but unexamined alternatives renders an EIS inadequate.”69 An agency’s consideration 
of alternatives becomes meaningless if the agency arbitrarily constrains the range of alternatives 
considered and fails to consider alternatives that avoid the adverse effects of the proposed action, 
frustrating NEPA’s goal of protecting the environment.70 As explained below, the DEIS violates 
NEPA because the Forest Service fails to analyze reasonable alternatives to the Central Tongass 
Project. 

A. The Forest Service’s Condition-Based Analysis Fails to Consider 
Site-Specific and Temporal Alternatives. 

The Central Tongass Project is a single decision to authorize numerous logging projects and road 
construction across vast swaths of Mitkof, Kupreanof, Kuiu, Wrangell, Zarembo and Etolin 
islands and parts of the U.S. mainland over a 15-year period. The DEIS violates NEPA because 
it fails to examine reasonable alternatives to the location, timing, sequencing, and sizes of the 
specific logging and road construction activities the decision will authorize. 

                                                           
66 Id. at 43. 
67 See, e.g., Ctr. for Biological Diversity v. NHTSA, 538 F.3d 1172, 1201-03 (9th Cir. 2008); 
Pac. Coast Fed’n of Fishermen’s Ass’ns v. NMFS, 265 F.3d 1028, 1037-38 (9th Cir. 2001). 
68 Se. Alaska Conservation Council v. Fed. Highway Admin., 649 F.3d 1050, 1056 (9th Cir. 
2011) (quoting 40 C.F.R. § 1502.14(a)) (emphasis added). 
69 ‘Ilio’ulaokalani Coal. v. Rumsfeld, 464 F.3d 1083, 1095 (9th Cir. 2006) (emphasis added); see 
also Se. Alaska Conservation Council, 649 F.3d at 1056 (courts “have repeatedly recognized that 
if the agency fails to consider a viable or reasonable alternative, the EIS is inadequate.”).  
70 See Kootenai Tribe of Idaho v. Veneman, 313 F.3d 1094, 1123 (9th Cir. 2002); California v. 
Block, 690 F.2d 753, 765-69 (9th Cir. 1982). 
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Given the Forest Service’s reliance on the condition-based analysis, the agency never describes 
the precise location, configuration, sizes, and timing of the logging and road construction 
activities. The DEIS reiterates that the details regarding the logging will only come after the 
agency approves the Central Tongass Logging Project: 

No alternative would harvest all potential stands identified within the gross unit 
pool. Only the acreage needed to meet alternative volume would be harvested. 
Not all roads in the gross unit pool would be constructed, only those needed for 
access to harvest the selected stands.71 

Thus, because the Forest Service will not make decisions about when, where, and how much 
habitat will be logged (or which or where roads will be built) until after completion of the NEPA 
process, the DEIS fails to analyze alternatives to those specific logging and road construction 
activities.72 For example, the Forest Service fails to examine the impacts and alternatives to 
logging any particular watershed or forgoing logging in favor of improved habitat connectivity in 
a particular location. Similarly, the agency fails to examine variations in the timing of the 
logging projects and the sequencing of timber sale projects on any particular portion of the 
Central Tongass project area (e.g., will a given area experience repeated years of adverse 
impacts, etc.). The DEIS also fails to consider whether the agency will allow a particular sale for 
export as compared to domestic processing (e.g., might a smaller logging project in a particular 
area support a larger number of Alaskan jobs with fewer adverse impacts). With regard to roads, 
the DEIS fails to analyze the impacts of alternatives to particular roads and routes (e.g., building 
a permanent road versus a temporary road in any particular location, varying lengths and 
locations of that road, timber operators paying for the roads instead of taxpayers, etc.). Finally, 
with the exception of the minor differences between Alternatives 2 and 3, the DEIS fails to 
examine the site-specific impacts on communities and subsistence users arising from alternative 
locations, sizes, and timing of any particular timber sale project and road building. 

The Forest Service violates NEPA by refusing to examine alternatives to individual logging 
and/or road construction projects in the DEIS (e.g., location, distribution, connectivity, sizes, 
characteristics, timing, etc.). The agency’s all or nothing approach skews the consideration of 
alternatives in favor of the environmentally-damaging generic logging and road building 
alternatives, entirely frustrating NEPA’s goals of fostering informed decision making and 
protecting the environment.73 In so doing, the Forest Service violates NEPA. 

                                                           
71 DEIS at 56. See also id. at 360 (same).  
72 See DEIS at 1 (“Specific locations and methods [of project activities] will be determined 
during implementation”). 
73 See Kootenai Tribe, 313 F.3d at 1123 (NEPA’s purpose “is first and foremost to protect the 
natural environment”); Block, 690 F.2d at 765-69 (9th Cir. 1982) (considering a range of 
alternatives becomes meaningless if the range is skewed by arbitrary constraints). 
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B. The Forest Service Fails To Analyze Different Action Alternatives 
To Achieve The Transition Outlined In The 2016 Amended Forest 
Plan. 

SEACC and others requested the Forest Service to consider an alternative “that focuses on 
supplying timber, both young and old-growth, for value-added industries in a steady supply of 
micro and small sales for local entrepreneurs.”74 The agency declined to do so, asserting that 
such an alternative “could not meet the purpose and need for the . . . Project” and “would not 
meet the requirement of the TTRA [Tongass Timber Reform Act] to seek to provide a supply of 
timber which meets the annual demand even in conjunction with other Tongass timber 
projects.”75 The agency’s reasoning is arbitrary for several reasons.   

First, the purpose and need chosen by the agency does not prescribe a timber target for the 
Central Tongass Project. Consequently, any supply of timber offered from this project would 
contribute to meeting market demand for Tongass timber. Moreover, it is arbitrary to conclude 
that each of the several ongoing timber development projects on the Tongass, must be sufficient, 
on its own to satisfy so-called demand estimates calculated annually and over the planning cycle 
for Tongass timber. The TTRA does not require each timber sale to meet some inflexible supply 
level “but a balancing of the market, the law, and other uses, including preservation.”76  

With regard to young growth, the Forest Service recently completed the most expansive young 
forest inventory ever conducted on the Tongass. The agency inventoried over 40,000 acres of 
young growth, supplemented by data supplied by the Geos Institute, and combined with 
inventory data collected by the Forest Service Pacific Northwest Research Station. Collectively, 
these inventories uncovered a ‘wall of wood’ soon available to support an appropriately scaled 
forest industry without industrial logging of old growth or developing additional roadless areas. 

Recent analysis of the updated young growth inventory data indicates that the Forest Service can 
begin sustainably logging second growth, now. The analysis was compiled by Mater Engineering 
in Tongass in Transition: 2019 Update.77 The report identified 138,760 acres stocked with young 
trees now 55 to 70-years old in suitable (low environmental risk) areas located within 800 feet of 
existing and open Forest Service roads and at less than 1,000 feet in elevation. This data clearly 
shows the transition to logging only young growth is currently possible on the Tongass. If the 
Forest Service is truly serious about a continued logging industry in Southeast Alaska, it is more 
evident than ever that young growth is the answer. As a result, the timber industry in Southeast 
Alaska can immediately stop the controversial practice of industrial-scale old-growth 
clearcutting.  

Existing mills in the region will need to retool to handle the emerging smaller diameter young 
growth logs instead of old growth logs. Capital for needed renovations could come from public 
and private funding. After 3 years of project design and field work by the Forest Service 
                                                           
74 See SEACC scoping comments at 3 (AR 832_0304); see also AR 832_0171 (Petersburg 
Economic Development Council). 
75 DEIS at 26 (emphasis added). 
76 AWRTA v. Morrison, 67 F.3d 723, 731 (9th Cir. 1995). 
77 Mater Engineering, Tongass in Transition: 2019 Update.  
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Research Station, paid with congressional funds secured by Senator Murkowski, the next step is 
to establish a young growth wood quality pilot mill to test for lumber grade recovery and market 
demand. 

According to the DEIS, “[t]he [Timber Analysis Areas] with the best opportunities for positive-
appraising young-growth timber sales are Thomas Bay, Mitkof Island, Zarembo and western 
Kupreanof.”78 This information is consistent with the latest inventory findings, and supporting 
analysis.79 The Forest Service inventoried 563 acres of 50-54 year old stands at an estimated 
volume of 26 mbf/acre. The Pacific Northwest Research Station estimate showed 24 mbf/acre.   

The Forest Service violates NEPA because the DEIS fails to examine alternatives that implement 
the 2016 Amended Forest Plan’s objective to transition the Tongass away from a predominant 
old-growth industry. As explained below, the agency fails to consider a range of alternatives that 
result in significant variation in the amount and timing of old-growth timber sales over the 15 
years from the project area. 

The Forest Service adopted the 2016 Amended Forest Plan in response to the Secretary of 
Agriculture’s Memorandum 1044-009,80 which directed the Tongass National Forest “to 
expedite the transition away from old-growth timber harvesting and towards a forest products 
industry that uses predominantly second-growth . . . forests.”81  

The 2016 Amended Forest Plan contains several objectives to accomplish the Secretary’s 
directed transition, including: 

·       “O-YG-01: During the 15 years after plan approval, the amount of young-growth 
offered would gradually increase to exceed 50 percent of the timber offered 
annually.”82 

·       “O-YG-02: During the 15 years after plan approval, offer increasing annual volumes 
of economically viable young-growth timber. Old-growth timber harvest would 
gradually be reduced to an average of 5 million board feet (MMBF) annually, to 
support Southeast Alaska mills.”83 

The 2016 Amended Forest Plan makes clear that “[s]pecific activities and projects will be 
planned and implemented to carry out the direction in this Forest Plan.”84 

                                                           
78 DEIS at 69. 
79 See supra Mater Engineering, Tongass in Transition: 2019 Update. 
80 2016 Amended Forest Plan FEIS at 1-8 to 1-9; see also PR 769_01_000046 at PDF 1 (U.S. 
Department of Agriculture, Office of the Secretary, Secretary’s Memorandum 1044-009 
Addressing Sustainable Forestry in Southeast Alaska at 1-5 (July 2, 2013)) (Secretary’s 
Transition Memorandum). 
81 2016 Amended Forest Plan FEIS at 1-9; see generally Secretary’s Transition Memorandum. 
82 2016 Amended Forest Plan at 5-2. 
83 Id. at 5-3. 
84 Id. at 1-2. 
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Groups raised several concerns regarding the Forest Plan FEIS and its consideration of 
alternatives at the forest plan stage.85 Among those concerns, groups explained that all of the 
alternatives in the 2016 Amended Forest Plan FEIS offered the same purported transition out of 
old-growth logging to bring about the transition, including: (1) all of the action alternatives 
lacked any means of limiting old-growth timber sales to bring about the transition; (2) all of the 
action alternatives offered 10-15 years transition timeframes; (3) all of the action alternatives 
established a projected timber sale quantity of 46 MMBF per year; and (4) all of the alternatives 
contemplated continued application of the Limited Export Policy.86 The undersigned reiterate 
these concerns given the Forest Service’s project-level decision-making manifests these failings. 

Now at the implementation stage, the Forest Service again fails to consider any alternatives that 
contemplate different approaches to the transition regarding the Central Tongass Project (e.g., 
limiting the amount of old-growth logging every year on a declining basis, etc.). Both of the 
action alternatives are based on the same market demand projections, despite the fact the agency 
itself acknowledges it cannot predict future market demand with any degree of reliability more 
than a few years out.87 And finally, both of the action alternatives apparently contemplate the 
same treatment with regard to the Limited Export Policy. 

The Forest Service also arbitrarily rejects calls to evaluate alternatives that would offer no old-
growth sales, as well as an alternative that “focuses supplying old- and young-growth timber 
through microsales or small sales only.”88 In rejecting the “no old-growth” alternative, the DEIS 
states: “Commercial old-growth harvest is part of the purpose and need because the Tongass 
National Forest managers are obligated to seek to meet demand for timber from the forest to 
comply with the Tongass Timber Reform Act (TTRA Section 101).”89 But the TTRA does not 
mandate old-growth logging. Instead, it provides: 

(a)   Subject to appropriations, other applicable law, and the requirements of the 
National Forest Management Act of 1976 (Public Law 94-588), except as 
provided in subsection (d) of this section, the Secretary shall, to the extent 
consistent with providing for the multiple use and sustained yield of all renewable 
forest resources, seek to provide a supply of timber from the Tongass National 
Forest which (1) meets the annual market demand for timber from such forest and 
(2) meets the market demand from such forest for each planning cycle.90 

This provision does not mandate the sale of any forest type, let alone old-growth. It also clearly 
grants the Forest Service the discretion to find that protecting old-growth serves the agency’s 
multiple use mandate better than liquidating carbon stores, wildlife habitat and America’s (and 
tribes’) natural heritage. 

                                                           
85 See SEACC et al. Forest Plan Objection at 12-19, 29-40 (Aug. 30, 2016). 
86 See id. at 12.  
87 DEIS at 58.   
88 Id. at 25, 26. 
89 Id.   
90 16 U.S.C. § 539d(a) (emphasis added).  
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The DEIS also states that “the Forest Plan authorizes old-growth harvest as a means to help the 
forest industry and other stakeholders remain financially viable during the transition to 
predominantly young-growth timber harvest.”91 But simply because the Plan permits old-growth 
harvest does not mean that this project must be used to fulfill all (or even some) of the Plan’s 
proposed logging in the project area, as Alternative 2 would do.92 The DEIS’s summary 
dismissal of the old-growth protection alternative is arbitrary and capricious. 

In short, the Forest Service violates NEPA because the DEIS and 2016 Amended Forest Plan 
Final EIS unlawfully analyze only action alternatives that depend on clearcutting old growth. As 
the Ninth Circuit has explained, agencies cannot make an informed decision on a project’s 
environmental impacts when “[t]here is no meaningful difference between the . . . alternatives 
considered in detail[.]”93 The Forest Service’s failures render the DEIS and the 2016 Amended 
Forest Plan Final EIS unlawful under NEPA.  

V. The DEIS’s Action Alternatives Are Too Similar. 

The DEIS also violates NEPA because the two action alternatives are too similar to one another 
in fundamental ways with regard to most project elements, including logging and road 
construction. 

For example, the two action alternatives – 2 and 3 – are identical in terms of their proposals for: 
stream, lake shore, and floodplain restoration; fish improvements; invasive plant treatments; 
45,000 acres of young-growth “silvicultural intermediate treatments;” fish passage; marine 
access facilities; recreation facilities; and the construction of up to 300 miles of pedestrian 
trails.94 Further, the differences in terms of logging, road construction, and related activities are 
small. Alternative 3 proposes only modest reductions from the maximum development proposed 
under Alternative 2. Specifically, when compared to Alternative 2, Alternative 3 would: 

-       log 87.4% of the total timber volume (84.7% of the old growth and 92.5% of the 
young growth); 

-       log 86.9% of the total acreage; 

-       log 89.5% of the total acres of old- and young-growth on karst; 

-       construct 88% of the new road miles and 88.2% of the temporary road miles; and 

                                                           
91 DEIS at 26. 
92 See DEIS at iv (“Timber offered for purchase is expected to total a maximum of 150 MMBF 
of old-growth timber and 80 MMBF of young-growth timber for a total volume of 230 MMBF 
over 15 years over the entire project area”); id. at 58 (“The 2016 Forest Plan estimates 
approximately 150 MMBF of old-growth timber and 80 MMBF of young-growth timber harvest 
during the first 15 years, from lands suitable for timber production within the Petersburg and 
Wrangell Ranger Districts”).  
93 W. Watersheds Project v. Abbey, 719 F.3d 1035, 1051 (9th Cir. 2013). 
94 DEIS at 28, 29. 
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-       construct 100% of the total road miles on karst.95 

In short, the DEIS considers no middle-ground action alternative, only two alternatives that are 
essentially similar in many ways and differ only at the margins in terms of logging and road 
building. NEPA requires the Forest Service to examine meaningful differences between the 
action alternative and other alternatives. The agency should examine differences in the sizes of 
individual sales, the locations of those sales, and the timing and sequence of the sales. The lack 
of substantial variation among the alternative components proposed in the DEIS violates NEPA. 

VI. ALTERNATIVES FAIL TO ADDRESS IMPLICATIONS OF, AND 
ALTERNATIVES TO, DECISIONS TO ADOPT AND IMPLEMENT THE 
EXPORT POLICIES. 

The Forest Service’s decision to adopt various versions of the Export Policy has had direct 
environmental effects because the agency admits it increases the volume of logging on the 
Tongass, thereby increasing adverse environmental impacts, while decreasing the number of jobs 
created per unit of timber cut. The Export Policy has, however, never been subject to NEPA 
review or public notice, review and comment pursuant to the APA. By attempting to evade 
public review of the adoption and implementation of these policy decisions at both the forest 
plan and project level, the Forest Service is acting contrary NEPA, NFMA, and the other timber 
sale statutes governing timber sale decisions. 

As explained in SEACC’s objections to the 2016 Amended Forest Plan,96 the Forest Service 
violated NEPA because the Forest Plan FEIS fails to disclose and analyze the significant 
environmental and economic impacts of the agency’s decisions to adopt export policies. The 
agency’s decisions to adopt various export policies also raises infirmities under NFMA and the 
other statutes under which the Forest Service operates, as the decisions directly influence the 
agency’s ability to balance multiple competing interests when managing the national forests, 
including the agency’s decision to select an alternative that maximizes the amount of large-scale 
old-growth logging approved.97 The undersigned incorporate those previous arguments in their 
entirety. 

At the project level, the “Current Region 10 Export Policy” has a significant, if not the most 
important, impact on the likelihood that timber sales allowed under various alternatives could be 
sold and, therefore, on the environmental impacts of the Central Tongass Project. Thus, it has a 
direct effect on the environmental impacts and economic impacts for Southeast Alaska and, as a 
result, the Forest Service must evaluate and disclose those impacts in a new DEIS. This analysis 
should also consider the impacts of the trade war with China on the Alaska industry, and the 
difficulties of tariffs on Alaska’s market share (1 percent).98 In particular, will the uncertainty 

                                                           
95 DEIS at 27 (Tables 2). 
96 See SEACC Forest Plan Objection at 25-35. 
97 See 16 U.S.C. § 1604(e) (NFMA); id. § 529 (Multiple-Use Sustained-Yield Act); id. § 539d(a) 
(Tongass Timber Reform Act); id. § 3120(a)(3)(A) (Alaska National Interest Lands Conservation 
Act); see also Natural Res. Def. Council, 421 F.3d at 808-09 (explaining balancing of timber and 
other goals in the Tongass). 
98 See (Board of Forestry Excerpts (Aug. 28, 2019). 
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resulting from tariffs soften export demand and reduce the competitiveness of Alaska in the 
world marketplace?99   

The DEIS, however, fails to consider alternatives in which the agency’s Export Policy is not 
adopted and/or applied to the Central Tongass Project.100 Variations on the Limited Export 
Policy are not even included among the “Alternatives Considered But Eliminated From Detailed 
Review.”101 The DEIS fails to explain why domestic alternatives with smaller volumes could not 
fulfill the Project’s purpose and need. The DEIS offers no explanation why the agency did not 
consider these variations and the resulting differential environmental impacts. By excluding 
variations on the “Current Region 10 Export Policy,” the DEIS excludes reasonable alternatives 
that fall within the project’s “purpose and need,” in violation of NEPA.102 

The Forest Service’s decision to apply any export policy, including the “Current Region 10 
Export Policy,” to the Central Tongass Project requires analysis of the resulting impacts in a new 
DEIS. The agency must provide a “full and fair discussion of significant environmental impacts” 
of the decision to allow exports, including but not limited to resultant increases in logging and 
the impacts on ecosystems that will follow from the resultant logging.103 At one end, with no 
export, there would be less logging but more jobs per unit of timber logged and greater 
protection of wildlife, biological diversity, carbon stores, carbon sequestration, subsistence uses, 
and the recreation, tourism, and fishing sectors of the economy. At the other end is the “Current 
Region 10 Export Policy,” which emphasizes timber production with fewer jobs and higher 
adverse impacts and costs on all other values. The agency must analyze these impacts in a 
supplemental DEIS; the failure to do so will violate NEPA. It will also violate NFMA and the 
other statutes under which the Forest Service operates when it approves a timber sale given the 
inherent tradeoffs and balancing the agency must make in deciding how to pursue competing 
objectives.  

For the reasons stated above, the Central Tongass Project accomplishes nothing more than 
miring Southeast Alaska in the destructive and controversial practices of industrial-scale old-
growth logging. As the Project demonstrates with vivid clarity, the Tongass timber program is 
economically and environmentally unsustainable and, as a result, the Forest Service should not 
move ahead with the logging aspects of the Project. If the Forest Service decides to move ahead 
with logging, then the agency must prepare a supplemental DEIS that corrects the deficiencies 
described above. 

                                                           
99 See DEIS at 318. 
100 DEIS at 25-26.  
101 Id. at 26. 
102 See City of Carmel-By-The-Sea v. U.S. Dep’t of Transp., 123 F.3d 1142, 1155 (9th Cir. 1997) 
(“Project alternatives derive from an Environmental Impact Statement’s ‘Purpose and Need’ 
section, which briefly defines the underlying purpose and need to which the agency is 
responding in proposing the alternatives . . . [and which] necessarily dictates the range of 
reasonable alternatives.” (quotation marks omitted)); Natural Res. Def. Council, 421 F.3d at 814.  
103 See Conservation Cong. v. Finley, 774 F.3d 611, 616 (9th Cir. 2014) (quoting 40 C.F.R. 
§ 1502.1). 
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VII. THE FOREST SERVICE FAILS TO DISCLOSE THE  COSTS, IMPACTS, AND 
ALTERNATIVES TO PUBLICLY SUBSIDIZING Roads AND ACCESS 
MANAGEMENT. 

Given the uncertainty of the “condition-based” analysis, the Forest Service’s assessment, 
disclosure, and consideration of road costs and impacts (including construction, maintenance, 
and decommissioning) is incomplete and misleading. This renders the DEIS unlawful under 
NEPA and would render any decision arbitrary under NFMA and the other statutes governing 
timber sales. 

The DEIS contemplates public subsidies for transportation infrastructure: “In some years, 
appropriated funds are available to pay for all or a portion of NFS road costs for roads used for a 
timber sale, as well as the long-term administration of the national forest.”104 In an attempt to 
counteract the troubling economic realities of the Tongass timber program, the Forest Service 
appears poised to take an extraordinary and costly measure: the agency might contract to perform 
most, if not all, of the road construction and reconstruction required for the project at public 
expense, reducing the costs to the logger but shifting them to the taxpayer. This decision must be 
analyzed and disclosed in a new DEIS and the implications of this decision explained in the 
agency’s balancing of competing interests under NFMA and the other statutes governing timber 
sales. 

Based on recent experience, the Forest Service’s decision whether to pay for some or all of the 
road costs associated with Tongass timber sale projects directly affects the agency’s balancing of 
competing interests. By way of illustration, in advance of the North Kuiu Timber Sale, 
advertised in 2018 at 13.5 MMBF,105 the Forest Service spent $3.1 million to construct and 
recondition over 80 miles of roads on Kuiu Island.106 This amount more than quadrupled the 
road costs the agency projected for the Kuiu sale in its EIS.107 By pre-roading the sale, the 
agency shifted these road costs from the purchaser to the public. Moreover, the fact the North 
Kuiu sale had a minimum bid of less than $200,000 - or less than 7% of the cost to taxpayers of 

                                                           
104 DEIS at 64. 
105 U.S Forest Service, Bid Letter for North Kuiu #2 Sale (May 5, 2018). 
106 See Kuiu Rd & Bridge Replacement, AG-0120-S-14-0011, Amendment 003, Replacement 
Pages Section B, Kuiu Contract_Redacted at PDF 11-25 (2014) (identifying roadwork covered 
by the base bid and options 1-7); Amendment of Solicitation/Modification of Contract (Apr. 23, 
2014), Kuiu_sf30_Mod_6_Redacted (Modification 6) (adding roadwork to one road and 
providing the final contract total of $3,083,813.00). These records were submitted with 
SEACC’s Sept. 24, 2018 scoping comments for the Central Tongass Project (CTPR 832_0304). 
107 Compare U.S. Forest Service, Kuiu Timber Sale Area, Final Environmental Impact Statement 
at 2-15 (Tbl. 2-2, Alt 5), 3-60 (Tbs. 3-19 & 3-20, Alt 5) (July 2007) (projecting road costs of 
$54.09/MBF) with Amendment of Solicitation/Modification of Contract (Apr. 23, 2014), 
Kuiu_sf30_Mod_6_Redacted (Modification 6) (providing $3,083,813.00 road cost, which, 
divided by the current proposed timber sale volume of 13,643 MBF, yields a cost of 
$226.04/MBF). These records were submitted with SEACC’s Sept. 24, 2018 scoping comments 
for the Central Tongass Project (CTPR 832_0304). 
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road construction - demonstrates the arbitrary nature of the Forest Service’s balancing of 
competing interests. 

In sum, the Forest Service’s decisions in this regard have direct bearing on the agency’s analysis 
of the costs and benefits of the Central Tongass Project, as well as the resulting impacts and 
alternatives. The DEIS admits that the Forest Service might force the public to pay for some or 
all of the road costs for the Central Tongass Project over the next 15 years.108 Yet, inexplicably, 
the agency fails to examine those costs and the resulting impacts of that decision (i.e., likelihood 
a timber sale will appraise positively) and justify the decision to use taxpayer funds to cover 
those costs. A supplemental DEIS should include consideration of an alternative that requires the 
bidder to pay all the costs associated with road construction and maintenance, and evaluate 
whether this will mean fewer clearcuts and less miles of roads bulldozed. Thus the information 
presented in the DEIS is incomplete and presents an inaccurate assessment. The agency must 
prepare a new DEIS that corrects these failings and examine the impacts that approach will have 
on the Central Tongass Project. To do otherwise, the agency will violate NEPA and reach an 
arbitrary conclusion under NFMA. 

VIII. THE FOREST SERVICE Fails TO TAKE A HARD LOOK AT THE IMPACT OF 
HERBICIDES.  

The DEIS fails to take a hard look at the impacts of herbicide use in the Central Tongass project. 
The DEIS overlooks the impact of herbicide use on non-target species. For example, the DEIS 
fails to give any consideration to the impacts of herbicide use on pollinators. Alaska boasts a 
great diversity of native bee species, yet the DEIS fails to consider the impacts of herbicide use 
on native bees or even mention them at all. The vast majority of native bee species are cavity or 
ground nesting, thus the preferred alternative could result in these species creating nests and 
leaving eggs to hatch in sites where herbicides have been applied. Herbicide use in these sites 
could lead to the failure of brooding sites for years to come. In addition, many native bees and 
pollinators are incredibly specialized and do not travel more than a couple hundred yards, thus 
the killing or even disturbance of a small patch of plants via herbicide could have significant 
impacts on an important population.109 Herbicide use is a leading cause of the decline of 
butterflies, and other pollinator species, because of its impacts to the floral resources they rely 
on.110 Many species of native bees and pollinators remain understudied and rely on federal 
public lands, but the use of herbicides proposed in the action alternatives could have significant 
harmful impacts on these populations. 

In addition to native pollinators, the DEIS fails to consider impacts to honeybees. Recent, peer 
reviewed and scientific studies have shown that herbicides interfere with the microbiomes, and 

                                                           
108 DEIS at 64 (“In some years, appropriated funds are available to pay for all or a portion of 
NFS road costs for roads used for a timber sale, as well, as the long-term administration of the 
national forest.”). 
109 Endangered mutualisms: The Conservation of Plant-Pollinator Interactions, Carol A. Kearns, 
David W. Inouye, and Nickolas M. Waser, Annual Review of Ecology and Systematics 1998 
29:1, 83-112. 
110 See e.g., Petition to List Monarch Butterfly, Center for Biological Diversity et al, 2014. 
https://www.biologicaldiversity.org/species/invertebrates/pdfs/Monarch_ESA_Petition.pdf. 

https://www.biologicaldiversity.org/species/invertebrates/pdfs/Monarch_ESA_Petition.pdf
https://www.biologicaldiversity.org/species/invertebrates/pdfs/Monarch_ESA_Petition.pdf
https://www.biologicaldiversity.org/species/invertebrates/pdfs/Monarch_ESA_Petition.pdf
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subsequently the survival of honeybees.111 This new and emerging body of research indicates 
that herbicide use, once considered relatively benign for honey bees outside of the impacts to 
floral resources, has a more significant impact than previously considered. 

The DEIS also fails to adequately consider the impacts of proposed herbicide use on avian 
species, especially those cavity nesting species that may use sites where herbicides would be 
used under the action alternatives. 

The DEIS fails to take a hard look at the impacts of herbicide use on ESA listed plants and 
animals, or indeed the impacts on any wildlife species. The DEIS summarily dismisses such 
potential impacts. “All treatment methods have the potential to disturb, temporarily displace, or 
directly harm various wildlife species. However, impacts from treatments tend to be short term  
. . . .”112 General statements about effects and risks without providing definitive information does 
not constitute a hard look as required by NEPA. 

Regarding the specific chemicals at use, it must be noted that the EPA has never completed ESA 
consultation on any of these pesticides and thus their impacts to non-target listed species cannot 
be described with any certainty. The EPA’s systematic failure to engage in ESA consultation on 
pesticides is the subject matter of numerous lawsuits by the Center for Biological Diversity and 
others. 

The DEIS fails to take a hard look at the impacts of herbicide use within municipal watersheds or 
near areas of human habitation. Herbicide treatments may occur within watersheds used as 
drinking water supplies.113 The DEIS contains no description of the current levels of pollution 
within these watersheds, and states only that “Appendix A describes design features to protect 
drinking water consistent with 2016 Forest Plan direction.”114 Those design features (buffers for 
application of herbicides) do not guarantee a lack of impacts, and in any event the DEIS contains 
no information evaluating the effectiveness of such buffers. 

On the subject of human health, the DEIS fails to take a hard look at the impacts of herbicide use 
on the health of the workers applying the pesticides. What kind of worker protection and training 
would be required for pesticide handlers? Would pesticide handlers be required to obtain training 
on safe pesticide application or obtain certified pesticide handler training? How will emergencies 
such as accidental pesticide exposure by individuals inexperienced in pesticide application if 
such emergencies occur in remote locations? What about impacts to those who harvest wild food 
and other plant materials? Further, despite the fact that Alaskans and tourists harvest berries, 

                                                           
111 The Herbicide Glyphosate Negatively Affects Midgut Bacterial Communities and Survival of 
Honey Bee during Larvae Reared in Vitro, Pingli Dai, Zhenxiong Yan, Shilong Ma, Yang Yang, 
Qiang Wang, Chunsheng Hou, Yanyan Wu, Yongjun Liu, and Qingyun Diao. Journal of 
Agricultural and Food Chemistry 2018 66 (29), 7786-7793 DOI: 10.1021/acs.jafc.8b02212. 
112 DEIS at 116.  
113 DEIS at 164 (“Multiple surface water rights near Wrangell and Petersburg, as well as 
potential potable water supply users on private property are in watersheds with proposed harvest 
units in both Wrangell and Petersburg”); see also DEIS Appendix A at A-40.  
114 Id. See also DEIS Appendix A at A-40 (resource-specific design features for invasive 
treatments within Public Water Sources).  



SEACC et al. on Central Tongass DEIS 
Sept. 16, 2019            24 

mushrooms, and other flora for subsistence or recreation, the DEIS contains little analysis of 
pesticide impacts via such pathways. 

We encourage the Forest Service to consider and adopt an alternative that utilizes only manual 
and mechanical treatments to eradicate and control existing and or new infestations of invasives.  
Herbicides have substantial adverse effects. They can also be ineffective. For example, 
herbicides often do not kill whole plants but do cause leaves to wither, giving the appearance of 
an invasive species treatment being effective for a couple weeks, until the crew has left the area, 
the plant recovers and starts putting on leaves once more. 

The list of resource-specific design features for invasive treatments on karst requires: 
“Determin[ination of] karst vulnerability” but only “areas of high vulnerability karst, catchment 
areas contributing to them, and required protections.”115 This feature is inconsistent with 
direction in the 2016 TLMP because it applies only to “areas of high vulnerability karst [and] 
catchment areas contributing to them.” The Forest Plan, however, requires a karst vulnerability 
assessment before any surface management practices, including application of herbicides, occurs 
on moderate and high vulnerability karst terrain.116 Instructions included with Objection 
Response POWLLA # 19-1-00-0010 require that: “A karst vulnerability assessment will be 
completed prior to any surface management practice, including application of herbicide in karst 
terrain.” At a minimum, the Central Tongass Project should contain the same direction to ensure 
consistency with the 2016 TLMP, as required by the NFMA. 

IX. THE CENTRAL TONGASS DEIS FAILS TO TAKE A HARD LOOK AT 
CUMULATIVE IMPACTS. 

NEPA’s implementing regulations require that EISs must consider the cumulative impacts of the 
action under consideration, and defines cumulative impacts as “the incremental impact[s] of the 
action when added to other past, present, and reasonably foreseeable future actions.”117 Forest 
Service regulations define a reasonably foreseeable future action as an “[i]dentified 
proposal[],”118 which exists where the agency “has a goal and is actively preparing to make a 
decision on one or more alternative means of accomplishing that goal and the effects can be 
meaningfully evaluated.”119  

Federal case law and agency guidance make clear that an agency is required to consider a 
proposal’s cumulative effect, even if an agency has not approved that action, because agencies 
must review impacts when they are “reasonably foreseeable,” not when they are “absolutely 
certain.” “[P]rojects need not be finalized before they are reasonably foreseeable.”120 “NEPA 
requires that an EIS engage in reasonable forecasting. Because speculation is . . . implicit in 
NEPA, [ ] we must reject any attempt by agencies to shirk their responsibilities under NEPA by 

                                                           
115 DEIS Appendix A at A-42. 
116 2016 TLMP Amendment, Appendix H, Sec. III.4.   
117 40 C.F.R. § 1508.7. 
118 36 C.F.R. § 220.3. 
119 36 C.F.R. § 220.4(a)(1). 
120 N. Plains Res. Council, Inc. v. Surface Transp. Bd., 668 F.3d 1067, 1078-79 (9th Cir. 2011). 
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labeling any and all discussion of future environmental effects as crystal ball inquiry.”121 As the 
Environmental Protection Agency also has concluded, “reasonably foreseeable future actions 
need to be considered even if they are not specific proposals.”122 “It is not appropriate to defer 
consideration of cumulative impacts to a future date when meaningful consideration can be given 
now.”123 

For the Central Tongass EIS, the Forest Service has failed to disclose the cumulative effects of 
this proposed project along with at least four other proposals: one already approved, one 
categorically excluded from NEPA review, and two projects for which scoping is completed and 
a DEIS expected. 

A. The Prince of Wales Logging Project.  

The Forest Service fails to address or acknowledge the potential cumulative impacts from an 
already-approved project, the Prince of Wales Landscape Level Analysis Project (Prince of 
Wales Project). That project, for which the Forest Service issued its record of decision in March 
2019, authorizes 15 years of logging on Prince of Wales Island and smaller surrounding islands 
in the Tongass National Forest. It would cut up to 42,635 acres of mostly old-growth forest and 
build up to 164 miles of new roads.124 While the Forest Service drew the “project boundaries” of 
the Prince of Wales Project and the Central Tongass Project so that they do not overlap, the 
boundaries are separated by a few miles of water or less in many places.125 Neither project’s 
environmental analysis mentions the other project. 

The two projects will have numerous overlapping and cumulative impacts because resources 
impacted by each project extend beyond the project boundaries of either project. For example, 
both projects will have overlapping and cumulative effects on the local economy, as the lumber 
from both projects is likely to feed the same mill (Viking Lumber), which the Forest Service 
describes as “the last operating medium-sized sawmill in Southeast Alaska.”126 As discussed 
below, the two projects together appear to exceed the old-growth target set in the Forest Plan for 
transitioning away from old-growth logging. 

The Tongass Plan Amendment of 2016 proposed accelerating the transition of the Forest’s 
timber program from primarily old-growth to almost exclusively young growth within 15 years, 

                                                           
121 Selkirk Conservation Alliance v. Forsgren, 336 F.3d 944, 962 (9th Cir. 2003) (internal 
quotation marks and citation omitted).  
122 EPA, Consideration of Cumulative Impact Analysis in EPA Review of NEPA Documents, 
Office of Federal Activities, 12-13 (May 1999), available at 
https://www.epa.gov/sites/production/files/2014-08/documents/cumulative.pdf (last viewed Sep. 
16, 2019).  
123 Envtl. Prot. Info. Ctr. v. U.S. Forest Serv., 451 F.3d 1005, 1014 (9th Cir. 2006) (internal 
quotation marks and citation omitted). 
124 See Prince of Wales Project, Record of Decision at 1. 
125 Compare Forest Service, Prince of Wales Project Final EIS at 9 (Figure 2) with Central 
Tongass Project DEIS at 3 (Figure 1). 
126 DEIS at 309. 

https://advance.lexis.com/api/document?collection=cases&id=urn:contentItem:493B-22R0-0038-X1PK-00000-00&context=
https://www.epa.gov/sites/production/files/2014-08/documents/cumulative.pdf
https://www.epa.gov/sites/production/files/2014-08/documents/cumulative.pdf
https://www.epa.gov/sites/production/files/2014-08/documents/cumulative.pdf
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or by the end of 2031.127 This direction implemented the consensus recommendations from the 
Tongass Advisory Committee, “a formally established Federal Advisory Committee that 
included representatives from Federally Recognized Tribes, Alaska Native organizations, Alaska 
Native corporations, national and regional environmental and conservation organizations, timber 
industry operators, Federal, State, and local governments, permittees, other commercial 
operators, and the general public.”128 The TAC recommended that:   

In regards to the harvest of old growth trees, the principle employed is to replace 
old growth harvest with young growth harvest within 10-15 years, except for 
small operators dependent on low-volume, niche markets. The 2016 Plan 
Amendment should provide the flexibility for USFS staff, partners, and 
collaborators to succeed in transitioning the Southeast Alaska timber industry 
from predominantly old growth to young growth.129 

The Forest Plan ROD adopted this direction. 

[U]nder Alternative 5 [the selected alternative] the Agency expects to sell an 
average of about 12 MMBF of young growth and 34 MMBF of old growth per 
year during the first 10 years. From Year 11 through Year 15, it expects to sell an 
average of 28 MMBF of young growth and about 18 MMBF of old growth per 
year. Alternative 5 is expected to reach a full transition of 41 MMBF of young 
growth about Year 16. Young-growth sales are expected to continue to increase at 
a rapid rate after Year 16 and are expected to reach an upper limit of 98 MMBF 
about Year 18. Old-growth timber will continue to be offered at an average rate of 
5 MMBF per year to support small operators and specialty products such as wood 
for musical instruments.130 

Year 1 of the Forest Plan was 2017. 

The Prince of Wales project itself could supply a significant amount of the old-growth timber 
target under the Amended Plan. The Prince of Wales Record of Decision indicates that the 
project will offer “[u]p to an average of 25 million board feet . . . of old-growth timber annually 
from suitable timber lands . . . during the first 5 years of implementation,” or roughly from 2020-
2024.131 During the next 5-year period, or from 2025-2029, the Forest would offer “up to an 
average of 15 MMBF of old-growth timber annually.132 From 2030-2031 “up to 10 MMBF of 

                                                           
127 Forest Service, 2016 Tongass National Forest Plan Record of Decision (ROD)) at 5 
(“Changes to the Plan are focused on accelerating the transition from a primarily old growth to a 
primarily young-growth timber program”). 
128 2016 Tongass Amendment ROD at 6. 
129 Tongass Advisory Committee, Final Recommendations (Dec. 2015) at 2, attached as 
Appendix B to the 2016 Tongass Plan Amendment; see also id. at 7 (“the overall transition 
period is defined by the TAC [Tongass Advisory Committee] as a period not to exceed 15 years 
from the date of this Amendment’s ROD,” December 9, 2016) (emphasis added). 
130 Forest Service, Tongass National Forest Plan Record of Decision (2016) at 7. 
131 Prince of Wales Project, Record of Decision at 2. 
132 Id.  
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old-growth timber may be offered,” and during the final 3 years, 2032-2034, “up to 5 MMBF of 
old-growth timber” could be sold.”133 

The Central Tongass DEIS proposes the following schedule for logging the 150 million board 
feet of old-growth the project proposes to be logged: 

An average of approximately 20 MMBF of harvest from suitable timber lands is 
proposed annually during the first 5 years of implementation [or roughly 2020-
2024, assuming the ROD is issued next year]. During the next 5-year period [or 
roughly from 2025-2029], the average annual old-growth harvest is proposed to 
drop to 7 MMBF and drop again for the last 5-year period [or roughly from 2030-
2034] (4 MMBF of annual old-growth harvest).134 

If combined, the old-growth logging schedules for both projects will exceed the old-growth 
timber targets for 9 of the next 15 years. See Table 1 below. 

Table 1. Old-Growth Logging Offered Annually (in MMBF) 

Year Prince of 
Wales1 

Central 
Tongass2 

Prince of 
Wales + 
Central 

Tongass3 

Tongass 
Forest Plan 

(2016) 
Target4 

2020-2024 25 20 45 34 

2025-2026 15 7 22 34 

2027-2029 15 7 22 18 

2030-2031 10 4 14 18 

2032-2034 5 4 9 5 

1 Prince of Wales Record of Decision at 2. 
2 Central Tongass DEIS at 23. 
3 This column sums the previous two columns. Years where the two projects combine exceed Plan direction are 
bolded and italicized.  4 Tongass Forest Plan Record of Decision (2016) at 7. 

                                                           
133 Id. 
134 DEIS at 23. 



SEACC et al. on Central Tongass DEIS 
Sept. 16, 2019            28 

In short, these two projects alone could exceed the Tongass Forest Plan’s target for average level 
of old-growth cut for most of the next 15 years. A cumulative impact analysis could inform the 
public and decision makers as to the likelihood that the agency can meet the transition goals set 
in the 2016 Forest Plan.  

In addition, clearcutting and road-building on the massive scale as contemplated in both projects 
are likely to impact cumulatively endemic species, including the Alexander Archipelago wolf 
and the Sitka black-tailed deer, that inhabit both project areas.135 This cumulative damage to 
wolf and its habitat in particular may be significant. 

Both projects will also degrade habitat for the Queen Charlotte goshawk.136 The goshawk’s 
range includes both project areas, and goshawk are likely to travel between the two areas. With 
downward population trends likely in both project areas, the potential for impacts across the 
entirety of this specie’s range increases, a cumulative impact that neither EIS analyzes. Similarly, 
the American marten occurs within both project areas, and each project will degrade habitat for 
that mammal, raising the specter of cumulative impacts.137  

B. South Revillagigedo Logging Project.  
 
The Central Tongass DEIS also fails to consider, or even mention, the potential impacts of the 
South Revillagigedo Integrated Resource Project (South Revilla Project). This project is 
reasonably foreseeable because the Forest Service has issued a detailed proposal, and is currently 
preparing a DEIS which the agency estimates could be published this month, or a few months 
from now.138 This project “would authorize the harvest up to 46 million board feet of timber 
from up to 5,500 acres of old-growth forested land and up to 1,000 acres of young-growth in the 
modified landscape and timber production land use designations (LUDs) using one or more 

                                                           
135 DEIS at 104 (Table 27) (predicting “moderate impacts” to the wolf and deer from the Central 
Tongass Project); Prince of Wales Project Final EIS at 235 (“89 percent of the project area 
WAAs [wildlife analysis areas] have some level of wolf mortality concern”); id. at 99 (disclosing 
a “significant possibility of a significant restriction” to subsistence uses of deer); Prince of Wales 
Project Record of Decision at 15 (predicting “Moderate to Major” to wolf and deer in light of 
this substantial pre-existing loss of habitat). 
136 DEIS at 133 (under proposed action, “there will be adverse impacts to individuals and or 
habitat”); Prince of Wales Project Record of Decision at 13 (“the overall loss of HPOG [high 
volume productive old-growth] habitat on all lands could contribute to downward population 
trends for this species in the project area.”). 
137 See DEIS at 340 (“Timber harvest with removal of [productive old-growth], and the 
associated fragmentation and road building which increases subsistence harvester access, could 
affect the local abundance and distribution of … American marten”); id. at 104, Table 27 
(concluding project would have “moderate” impacts to American marten); Prince of Wales 
Project Record of Decision at 14 (concluding project would have “moderate” impacts on 
American marten and that “The overall loss of average snow marten habitat on all lands could 
contribute to downward population trends for this species in the project area.”). 
138 84 Fed. Reg. 31,288 (July 1, 2019) (“The DEIS is expected to be published in September 
2019”); South Revilla Scoping Information document at 1 (DEIS expected in January 2020). 
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timber sales, with activities occurring over the course of 15 years” in the Ketchikan Misty Fjords 
Ranger District.139  

Because of its proximity to Ketchikan, Saxman, and Metlakatla, the South Revilla project area is 
an important deer hunting area for these communities. Given the existing and reasonably 
foreseeable cumulative impacts from logging and road building on old-growth across all land 
ownerships within and adjacent to the South Revilla project area, we have serious concerns about 
the impact from additional old-growth logging within this project area on the distribution and 
abundance of deer for subsistence and sport use. The most recent NEPA analysis for lands within 
the project area between George and Carroll Inlets concluded, “[c]urrent deer populations on 
Revillagigedo Island are thought to be at very low levels.”140 The anticipated habitat reductions 
will cause substantial adverse effects to subsistence use of deer for these communities and result 
in increased competition for local hunters.   

As with the Prince of Wales Project, South Revilla is not directly adjacent to the Central Tongass 
Project Area though it is only a 20 or so miles south of it. Forty-six million board feet of timber, 
largely from old growth logging, will further add to the likely exceedance of Forest Plan 
direction, and further undermine the transition to young growth logging directed by the Forest 
Plan. In addition, old-growth logging may further degrade habitat for the Alexander Archipelago 
wolf, Queen Charlotte goshawk, American marten and other old-growth-dependent wildlife. The 
triple assault from the Prince of Wales, South Revilla, and Central Tongass projects may have 
cumulative impacts on these (and other) species.  
 

C. Repeal Of The Roadless Area Conservation Rule In Alaska.  

The Central Tongass DEIS fails to acknowledge or consider the potential impacts of another 
reasonably foreseeable Forest Service proposal: the proposed repeal of the National Roadless 
Rule on the Tongass National Forest. The Forest Service issued a scoping notice to eliminate the 
Roadless Rule on the Tongass National Forest within the State of Alaska over a year ago, and 
expects to issue a DEIS imminently.141 The draft rule only awaits clearance from the Office of 
Management and Budget, and the office of the Secretary of the Department of Agriculture.142 A 
                                                           
139 Forest Service, Scoping Information, South Revillagigedo Integrated Resource Project (July 
2019) at 1, available at 
https://www.fs.usda.gov/nfs/11558/www/nepa/108739_FSPLT3_4659829.pdf (last viewed Sep. 
16, 2019); see also Forest Service, Revised Notice of Intent to prepare an Environmental Impact 
Statement, 84 Fed. Reg. 31,288, 31,289 (July 1, 2019) (scoping notice, similarly characterizing 
project).  
140 See Saddle Lakes FEIS at 3-175 (2015). 
141 See 83 Fed. Reg. 44252 (Aug. 30, 2018) (notice of intent to prepare an EIS to address the 
management of inventoried roadless areas on the Tongass); id. at 44,253 (“The DEIS and 
proposed rule are estimated to be released in early summer 2019. The Final EIS is estimated to 
be released in spring 2020, with a final rule expected in June 2020.”).  
142 See website of the Office of Information and Regulatory Affairs (stating that the proposed 
Roadless Rule repeal is “pending review” before OMB), available at 
https://www.reginfo.gov/public/jsp/EO/eoDashboard.myjsp?agency_cd=0500&agency_nm=US
DA&stage_cd=3&from_page=index.jsp&sub_index=0 (last viewed Sep. 16, 2019). 

https://www.fs.usda.gov/nfs/11558/www/nepa/108739_FSPLT3_4659829.pdf
https://www.fs.usda.gov/nfs/11558/www/nepa/108739_FSPLT3_4659829.pdf
https://www.fs.usda.gov/nfs/11558/www/nepa/108739_FSPLT3_4659829.pdf
https://www.reginfo.gov/public/jsp/EO/eoDashboard.myjsp?agency_cd=0500&agency_nm=USDA&stage_cd=3&from_page=index.jsp&sub_index=0
https://www.reginfo.gov/public/jsp/EO/eoDashboard.myjsp?agency_cd=0500&agency_nm=USDA&stage_cd=3&from_page=index.jsp&sub_index=0
https://www.reginfo.gov/public/jsp/EO/eoDashboard.myjsp?agency_cd=0500&agency_nm=USDA&stage_cd=3&from_page=index.jsp&sub_index=0
https://www.reginfo.gov/public/jsp/EO/eoDashboard.myjsp?agency_cd=0500&agency_nm=USDA&stage_cd=3&from_page=index.jsp&sub_index=0
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DEIS on that proposed rule is thus likely almost complete, rendering its impacts foreseeable in 
the Central Tongass EIS. 

Press reports indicate that President Trump has ordered the Forest Service to adopt the most 
destructive alternative: one that exempts all inventoried roadless areas of the Tongass from the 
National Roadless Rule, eliminating the Rule’s protection from more than nine million acres of 
roadless forest, and also converting about 165,000 old-growth acres and 20,000 young-growth 
acres to suitable timber lands.143 “The Central Tongass Project area includes 43 roadless areas,” 
and each of these areas would no longer have regulatory protection from road construction for 
logging or for a variety of other activities.144 Given additional logging and road construction are 
thus reasonably foreseeable within some or all of these 43 areas within the Central Tongass 
Project boundary, the impacts of these two proposals must be reviewed together, and must be 
reviewed before either of the projects is approved. 

D. Proposed Plan Amendment For Moderate Vulnerability Karst.   

In evaluating the effects of proposed management activities on karst resources, the agency 
explains that according to GIS data, over 25,000 acres of karst terrain exist on Tongass lands 
within the project area, but the agency has not yet assessed their vulnerability.145 The agency 
proposes logging between 2,747 to 2,898 acres of young growth and assumes, based on other 
projects across the Tongass, about “73 percent of these lands will be found to be of moderate 
vulnerability.”146 When addressing cumulative effects, however, the agency explains that: 

Until the exact extent and location of any proposed action is determined, a determination 
of specific effects cannot be made. Assuming 2016 Forest Plan karst and cave 
management direction and Appendix A are fully implemented there should be no 
detrimental effects to those resources.147   

This statement is incorrect based on the agency’s current proposal to amend the 2016 Tongass 
Plan by removing the existing forest plan limits (S-YG-KC-02) for how much young growth is 
operable for logging on moderate vulnerability karst lands. According to the analysis of young 
growth suitability, removal of this standard increases by seventeen percent the number of 
moderate vulnerability karst lands 100% suitable for clearcut logging in surveyed young growth 
stands on Prince of Wales Island.148 Thus, between around 2,005 and 2,100 acres of moderate 
vulnerability could become 100 % suitable within the Central Tongass project record. Clearly, 

                                                           
143 See J. Eilperin & J. Dasey, Trump pushes to allow new logging in Alaska’s Tongass National 
Forest, Washington Post (Aug. 27, 2019) and available at 
https://www.washingtonpost.com/climate-environment/trump-pushes-to-allow-new-logging-in-
alaskas-tongass-national-forest/2019/08/27/b4ca78d6-c832-11e9-be05-f76ac4ec618c_story.html 
(last viewed Sep. 16, 2019). 
144 DEIS at 44. 
145 DEIS at 257. 
146 Id. at 259.  
147 Id. at 262. 
148 See Tongass Young Growth Suitability Synopsis at 3 (R.Sheets, 2018) (AR 832_0631). 

https://www.washingtonpost.com/climate-environment/trump-pushes-to-allow-new-logging-in-alaskas-tongass-national-forest/2019/08/27/b4ca78d6-c832-11e9-be05-f76ac4ec618c_story.html
https://www.washingtonpost.com/climate-environment/trump-pushes-to-allow-new-logging-in-alaskas-tongass-national-forest/2019/08/27/b4ca78d6-c832-11e9-be05-f76ac4ec618c_story.html
https://www.washingtonpost.com/climate-environment/trump-pushes-to-allow-new-logging-in-alaskas-tongass-national-forest/2019/08/27/b4ca78d6-c832-11e9-be05-f76ac4ec618c_story.html
https://www.washingtonpost.com/climate-environment/trump-pushes-to-allow-new-logging-in-alaskas-tongass-national-forest/2019/08/27/b4ca78d6-c832-11e9-be05-f76ac4ec618c_story.html
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this will have some detrimental effects on karst resources that the Forest Service failed to 
consider. 

E. Other Projects.  

Even where the Forest Service does purport to address cumulative impacts, however, the agency 
fails to take the hard look NEPA requires. The DEIS identifies numerous past, present, and 
foreseeable future projects in Appendix C, but that appendix simply lists the location, a 
timeframe, and a very general description of each project. It does not disclose any useful 
information about the impacts those projects may have when considered cumulatively with the 
Central Tongass Project, as NEPA requires. The DEIS itself contains only the most general 
discussion of cumulative impacts aside from the list at Appendix C. Federal courts conclude that 
the Forest Service must not only give a “sufficiently detailed catalogue of past, present, and 
future projects,” it must also “provide an adequate analysis about how these projects . . . are 
thought to have impacted the environment.”149 The Forest Service failed to provide such 
“adequate analysis.”  

F. Clarification Needed About Ongoing Alaska Mental Health Trust Exchange. 
 
In describing land status within the project area, the DEIS states that there are about 4,942 acres 
of lands within the Petersburg and Wrangell Ranger Districts currently owned by the Alaska 
Mental Health Trust that are to be exchanged to the Forest Service.150 This acreage appears to 
exclude the currently owned Trust parcel at No Name Bay, on Kuiu Island within the Petersburg 
Ranger District, which comprises approximately 3,374 acres. Any subsequently prepared NEPA 
document must explain this discrepancy.  
 

X. THE FOREST SERVICE’S EVALUATION OF ROADS AND MOTOR VEHICLE 
TRAILS VIOLATES THE TRAVEL MANAGEMENT RULE AND NEPA. 

The Central Tongass Project proposes to undertake two actions related to transportation and 
travel management within the project area. First, Alternative 2 would approve the construction of 
25 miles of new roads that would be added to the National Forest road system, and construct 93 
miles of “temporary” road.151 

Second, Alternative 2 proposes to “[d]esignate 128 miles of existing NFS road as Motorized 
Trails open to OHV < 50 inches wide (such as ATVs or motorcycles). These roads would follow 
criteria outlined in 36 CFR 212.55, and be displayed on the district’s annual Motor Use Vehicle 
Map. The roads are currently closed, or are already planned for future closure.”152 

                                                           
149 Te-Moak Tribe v. U.S. Dep’t of the Interior, 608 F.3d 592, 603 (9th Cir. 2010) (internal 
quotation marks omitted). 
150 DEIS at 53.  
151 DEIS at 29 (Table 4). 
152 DEIS at 21. 
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To date, the Forest Service has failed to comply with federal law and regulations concerning 
these proposed actions. 

A. The Travel Management Rule Governs The Forest Service’s Consideration 
Of New Roads And Trails. 

1. The Forest Service Must Identify the “Minimum Road System.” 

The Travel Management Rule (TMR) sets forth rules for travel and transportation systems in 
national forests.153 The TMR was promulgated “to improve implementation of the [relevant] 
executive orders and establish a national system of roads, trails, and areas with restricted ORV 
use.”154 Under the Rule, the Forest Service must “identify the minimum road system needed for 
safe and efficient travel and for administration, utilization, and protection of National Forest 
System lands.”155  

The minimum system is the road system determined to be needed to meet 
resource and other management objectives adopted in the relevant land and 
resource management plan . . . , to meet applicable statutory and regulatory 
requirements, to reflect long-term funding expectations, to ensure that the 
identified system minimizes adverse environmental impacts associated with road 
construction, reconstruction, decommissioning, and maintenance.156 

The Forest Service must also designate roads for decommissioning.157 Designation of the 
minimum road system and road decommissioning must be accomplished by completing a 
“science-based roads analysis at the appropriate scale,” and incorporating, to the degree 
practicable, the interests of affected citizens and state, local, and tribal governments.158 This 
process results in a “travel analysis report” for a given area, which sets forth a recommended 
minimum road system for a given area. Generally speaking, the analysis and recommendation 
provided in the travel analysis report will inform the agency’s analysis during the subsequent 
NEPA process for a particular site-specific project. 

2.      The Forest Service Must Demonstrate How It Achieved the Objective of 
Minimizing Environmental Damage. 

Executive Order 11644 directs “agencies to promulgate regulations that require that all ‘areas 
and trails’ allowing off-road vehicles (‘ORVs’) on public lands be located in areas that” 

(1) ... minimize damage to soil, watershed, vegetation, or other resources of the public 
lands[;] 

                                                           
153 Administration of the Forest Development Transportation System, 66 Fed. Reg. 3206 (Jan 12, 
2001) (Subpart A codified at 36 C.F.R. §§ 212.1 to 212.21). 
154 WildEarth Guardians v. Montana Snowmobile Ass’n, 790 F.3d 920, 929 (9th Cir. 2015). 
155 36 C.F.R. § 212.5(b)(1). 
156 Id. 
157 Id. § 212.5(b)(2). 
158 Id. § 212.5(b)(1).  
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(2) ... minimize harassment of wildlife or significant disruption of wildlife habitats[; and,] 

(3) ... minimize conflicts between off-road vehicle use and other existing or proposed 
recreational uses of the same or neighboring public lands, and to ensure the 
compatibility of such uses with existing conditions in populated areas, taking into 
account noise and other factors.159 

The Travel Management Rule requires National Forests to specify routes, vehicle types, and 
seasons of motorized travel on roads, trails, and other areas.160 It prohibits motor vehicle use off 
designated roads and trails and outside designated areas.161  

In designating roads, trails, and areas, the Forest Service must 

consider effects on National Forest System natural and cultural resources, public 
safety, provision of recreational opportunities, access needs, conflicts among uses 
of National Forest System lands, the need for maintenance and administration of 
roads, trails, and areas that would arise if the uses under consideration are 
designated; and the availability of resources for that maintenance and 
administration.162 

The Forest Service must also 

consider effects on the following, with the objective of minimizing: 

(1) Damage to soil, watershed, vegetation, and other forest resources; 

(2) Harassment of wildlife and significant disruption of wildlife habitats; 

(3) Conflicts between motor vehicle use and existing or proposed recreational uses of 
National Forest System lands or neighboring Federal lands; and 

(4) Conflicts among different classes of motor vehicle uses of National Forest System 
lands or neighboring Federal lands. 

In addition, the responsible official shall consider: 

(5) Compatibility of motor vehicle use with existing conditions in populated areas, taking 
into account sound, emissions, and other factors.163 

                                                           
159 WildEarth Guardians v. Mont. Snowmobile Ass’n, 790 F.3d 920, 929 (9th Cir. 2015) 
(footnote omitted) (quoting Exec. Order 11644 §§ 3(1)-(3) (“Use of Off-Road Vehicles on the 
Public Lands”) (Feb. 8, 1972)).  
160 36 C.F.R. §§ 212.50(a), 212.51(a). 
161 Id. §§ 212.50(a), 261.13. 
162 Id. § 212.55(a). 
163 Id. § 212.55(b). 
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These are known as the “minimization criteria.”164 “[T]he TMR requires the Forest Service to 
apply the minimization criteria to each area designated for [OHV use].165 “[T]he Forest Service 
must provide a more granular minimization analysis to fulfill the objectives of . . . which the 
TMR was designed to implement.”166 “What is required is that the Forest Service document how 
it evaluated and applied the” TMR analysis “on an area-by-area basis with the objective of 
minimizing impacts as specified in the TMR.”167 

“[M]ere consideration of the TMR’s minimization criteria is not sufficient to comply with the 
regulation.”168 “Rather, the Forest Service must apply the data it has compiled to show how it 
designed the areas open to [OHV] use with the objective of minimizing damage to” various 
forest resources.169 “The TMR is concerned with the effects of each particularized area and trail 
designation.”170 Forest Service NEPA documents evaluating ORV routes will be set aside where 
the agency “fails to demonstrate, at the ‘granular’ area-and trail-level, how routes were 
designated or located, how the minimization criteria were evaluated and implemented, how data 
was applied, [and] how impacts were minimized.”171  

B. The Forest Service Fails To Identify The Minimum Road System. 

The DEIS and appendices fail to demonstrate that the Forest Service has ensured that the 25 
miles of new road are necessary to achieve the “minimum road system,” as required by 36 C.F.R. 
§ 212.5. In fact, none of the documents even contains the phrase “minimum road system.” The 
DEIS contains boilerplate language asserting that the agency will mitigate the impacts of route 
construction and use, but this is not the same as ensuring that the routes comply with the TMR’s 
“minimum road system” mandate.172  

The only rationale provided for adding 25 miles to the road system is: “The need for road 
construction is mostly determined by the need to access timber units.”173 Whether all of these 
miles of road meet the definition of a route that fits within the “minimum road system” is 
questionable because the DEIS admits that: “Not all roads of the gross unit pool may be 
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constructed or needed, however.”174 If some of the roads may not be “needed,” it is difficult to 
see how they could be part of the minimum road system necessary. 

The DEIS further justifies changing the level of vehicle use on routes in order to “align with how 
roads are currently being used.”175 The fact that routes are “being used” does not mean that the 
routes are needed or are not having detrimental impacts, or that the current level of use is the 
minimum needed “to meet resource and other management objectives.”176 The DEIS does not 
address these critical factors as required by law. 

Although Forest Service regulations require that the minimum road system “reflect long-term 
funding expectations,”177 the DEIS does not address whether the Forest Service can afford the 
added construction and maintenance costs of roads the proposed action would add to the system. 
The Forest Service estimates road construction and maintenance costs, but does not explain how 
they fit within the agency’s budget.178 In fact, the Forest Service admits: “There is no indication 
that additional maintenance funds would be available” for the additional miles of road, “so the 
existing budget would need to accommodate additional miles.”179 In fact, the Forest Service fails 
to disclose that the road maintenance backlog on the Tongass is currently $68 million dollars.180 
The Forest Service fails to explain if or how the agency will do more with less. Because the 
Forest Service fails to describe “long-term funding expectations,” except to admit that the agency 
is unlikely to be able to maintain new roads, the agency fails to comply with the TMR’s 
provisions concerning roads. Any subsequently-prepared NEPA document must cure these 
errors. 

Further, lack of road maintenance can cause significant negative impacts in the form of erosion, 
soil degradation, water pollution and sedimentation, the spread of noxious weeds, and decreased 
visitor safety, among other harms. The Forest Service fails to analyze or disclose these impacts. 
These types of impacts also demonstrate that the road system the Forest Service proposes here 
will fail to “ensure that the identified system minimizes adverse environmental impacts 
associated with road construction, reconstruction, decommissioning, and maintenance,” as 
required by 36 C.F.R. § 212.5(b)(1). 

The Forest Service has also failed to engage in a road-by-road analysis to determine whether 
each route is needed. The DEIS asserts that the “project record” contains a “[r]oute-by-route 
ranking by resource and methodology.”181 But that ranking document is little more than a 
checklist of potential impacts to various characteristics without any explanation or evaluation as 
to why, given the impacts marked, the Forest Service would choose to close some roads, while 
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177 36 C.F.R. § 212.5(b)(1). 
178 See DEIS Appendix B at B-11 – B-13. 
179 DEIS Appendix B at B-12. 
180 USFS Answers to Mr. Quigley, Q1 (2019). 
181 DEIS Appendix B at B-7. 



SEACC et al. on Central Tongass DEIS 
Sept. 16, 2019            36 

choosing to add some newly-constructed routes to the system.182 Further, beyond the location of 
the island on which the route is located, the table contained in the record does not identify the 
location, course, or length of any route, making it impossible for the public to understand the 
agency’s logic or to identify routes on the maps provided.183 This violates both the TMR and 
NEPA’s “hard look” mandate. 

Finally, because the specific location and impacts of individual roads are not disclosed, it is 
impossible for the public (or the agency) to understand whether certain routes might be 
particularly damaging, and therefore whether the agency should consider a reasonable alternative 
of removing certain routes from the system. This failure to present potential impacts in a way 
that would allow for the promulgation and evaluation of reasonable alternatives also violates 
NEPA.184 

C. The Forest Service Fails To Comply With The Minimization Criteria For 
OHV Routes. 

As noted, in implementing the TMRs, federal courts require the Forest Service to do more than 
consider the impacts of OHV routes on specific resources and allege that those impacts have 
been minimized. The Forest Service must explain “[h]ow the routes comply with the 
minimization criteria, specifically as to how they are located and designated to minimize these 
effects.”185 Further, the agency must “demonstrate, at the ‘granular’ area- and trail-level, how 
routes were designated or located, how the minimization criteria were evaluated and 
implemented, how data was applied, or how impacts were minimized.”186 This the Forest Service 
failed to do. 

The DEIS itself contains little information about the 128 miles of routes to be designated as open 
to OHV use. The Forest Service notes that OHV use “has grown in popularity,” and identifies the 
number of miles of new OHV trails proposed.187 It does not indicate, for example, how wildlife 
may be impacted by increased trapping pressure that will result from the significant increase in 
lands open and adjacent to OHV routes. 

                                                           
182 See Central Tongass Travel Analysis (no date), in Project Record at file 832_0954. 
183 The DEIS does provide a gross scale map depicting proposed road construction and OHV 
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The DEIS’s “Travel Analysis” appendix, which the DEIS cites as the location of additional 
analysis, does not meet the standards for minimization as required by law. For example, the 
appendix indicates that the evaluation of whether routes will be open or closed may be put off 
until after the Forest Service issues the ROD for this project: 

Approval of OHV < 50 inches in width and showing the trail on the MVUM 
would occur on a route-by-route basis. See Implementation Guide Activity 5 for 
information on criteria considered before allowing OHV < 50 inches in width and 
designating as a Motorized Trail.188 

To the extent that the Forest Service will undertake a route-by-route analysis after completion of 
the NEPA process and after the decision in the Central Tongass ROD to add these routes to the 
system, the agency’s decision to punt the actual analysis until after the agency makes its decision 
violates both the TMR and NEPA. 

The Travel Analysis appendix further fails to demonstrate that each of the routes proposed that 
will make up the 128 miles of new OHV routes will meet the minimization criteria because the 
Forest Service admits it does not know how the routes will be maintained in a manner that will 
prevent environmental degradation: 

Recreation budgets are constrained, and maintenance of currently designated 
motorized trails does not occur. At this time it is hard to predict future budgets 
and how the addition of motorized trails would be maintained. Partnering with 
user groups who use the trails could be one source for maintaining trails worth 
investigating by the Forest Service.189 

The appendix also contains almost no information about individual routes (disclosing only a 
rough approximation of their length and containing a map displaying the routes’ rough location, 
but without any way to cross-reference the data about length), thus it does not and cannot 
represent the “granular” analysis that the courts have mandated.190  

Nor can the Forest Service rely on the “Central Tongass Travel Analysis” in the project record to 
meet the agency’s minimization duties. That document identifies individual routes by number, 
and, in a table or matrix, indicates whether the route will have a low, medium or high impact to a 
half-dozen categories of natural resources.191 This document lacks any information to explain 
why certain routes are opened while others remain closed, or how those routes minimize harm to 
impacted resources at the route-by-route level. This is precisely the type of analysis struck down 
by the federal courts in Idaho Conservation League v. Guzman, 766 F. Supp. 2d 1056 (D. Idaho 
2011). There, the Forest Service argued that a matrix identifying certain values, and whether the 
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routes would impact such values, was sufficient analysis to meet the minimization criteria. The 
court rejected this approach. 

The Route Designation Matrices are not evidence of the implementation of such 
criteria. Instead, they contain a large number of subject boxes with a variety of 
different checkmarks and other notations recorded. There is no way to know how 
or if the Forest Service used this information to select routes with the objective of 
minimizing impacts. Without some explanation for how this information was 
implemented, the Forest Service has failed to meet the regulatory requirements 
contained in the 2005 Travel Management Rule.192 

The court held that neither the NEPA analysis nor “conclusory statements in the record” were 
enough to “connect the dots” from the matrix to the Forest Service’s decision.193 The same is 
true here. 

The Forest Service may not allege that design features or mitigation measures discharge the 
agencies’ duties under the TMR. As the WildEarth Guardians court ruled: 

Defendants attempt to rely on project design features of the Project, as well as the 
SFEIS environmental analysis, to show compliance with the TMR. Defendants 
argue that minimization of effects occur in the analysis of the environmental 
impacts of the Project. However, this is not the same as an analysis and 
application of how the Forest Service sought to minimize such impacts with 
regard to the designation of routes. Education, enforcement, increased 
compliance, maintenance, and monitoring may all serve to reduce impacts, but 
this does not meet the TMR’s requirement to show application of the criteria to 
minimize impacts when locating routes.194 

In sum, the Forest Service’s “analysis” of the OHV routes it intends to open fails to comply with 
the TMR’s minimization requirements. Further, because the agency failed to disclose the impacts 
of opening each route, the DEIS fails to take the hard look NEPA requires. 

As with its analysis of new National Forest System roads, the DEIS’s failure to disclose site-
specific impacts makes it difficult for the decision-maker or the public to propose reasonable 
alternatives. However, based on what little information the Forest Service does provide, the 
agency could have considered an alternative that would open only that portion of the 128 miles 
of OHV routes for which the agency concluded there would be “low” risk of impacts to all of the 
following values: fisheries, cultural resources, soils, watershed resources, invasive species, and 
wildlife habitat. Further, the Forest Service could have considered an alternative that identified 
certain areas (such as northern Kuiu Island) where new OHV routes would not be approved 
because road densities are already high and so additional OHV routes would further degrade 
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habitat. We urge the Forest Service to consider such alternatives in any subsequently prepared 
NEPA document. Failure to analyze such reasonable alternatives would violate NEPA. 

XI. THE DEIS FAILS TO TAKE A HARD LOOK AT THE PROJECT’S CLIMATE 
IMPACTS. 

The climate crisis is the preeminent environmental issue of our time, threatening to drastically 
modify ecosystems, alter coastlines, worsen extreme weather events, degrade public health, and 
cause massive human displacement. Its impacts are already being felt in the United States, and 
particularly and increasingly in Alaska. 

Proposals such as the Central Tongass Project are likely to have significant climate pollution 
impacts because the Tongass National Forest is one of the planet’s critical carbon sinks. As the 
Forest Service has recognized: 

The Tongass National Forest stores more forest carbon than any other national 
forest in the United States . . . . As such, a critical ecosystem service sustained by 
this forest is carbon sequestration (i.e., the removal of carbon dioxide from the 
atmosphere and keeping that carbon inactive by storing it in live or dead biomass 
as well as organic soil matter). This makes the Tongass National Forest a critical 
component in the global carbon cycle.195 

The Forest Service has stated that “the carbon stored in the Tongass National Forest makes up 
about 8 percent of the carbon currently stored in the forests of the United States.”196 Other Forest 
Service experts have concluded that prior studies have underestimated the Tongass’s ability to 
sequester carbon in soils; as a result they estimate that the Tongass may store up to 12 percent of 
the carbon of all U.S. forests.197 Whatever the number, the Tongass “plays an important role in 
[the] amount of carbon that is stored globally as well as the global climatic condition … land 
management and other actions taken on the Tongass National Forest can affect climate change 
at a local, regional, and global scale.”198 The Tongass’s moist, old forests, and the soil they 
protect, are particularly efficient at sequestering carbon.199  

Logging old-growth forests in particular worsens climate change by releasing significant 
amounts of carbon and by preventing such forests from continuing to sequester carbon. 
“[M]ature forests on the Tongass National Forest likely store considerably more carbon 
compared to younger forests in this area (within the individual trees themselves as well as within 
the organic soil layer found in mature forests).”200 This is so because when a forest is cut down, 
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the vast majority of the stored carbon in the forest is released over time as CO2, thereby 
converting forests from a sink to a “source” or “emitter.”201 According to a recent IPCC report, 
deforestation causes climate pollution, and avoiding deforestation will reduce climate 
pollution.202  

This science makes clear that the proposed Central Tongass Project will worsen climate 
emissions. It will do so by cutting down and eliminating 9,500 acres of old-growth forest, 
destroying the ability of those stands and that land to sequester carbon. Further the act of 
chainsawing forests, building roads and other facilities, and moving wood to mills or overseas 
markets will result in fossil fuel emissions, adding to climate pollution. The project also proposes 
to increase opportunities for off-highway vehicle use on the Forest, which will lead to more 
fossil fuel combustion. 

The DEIS acknowledges the Tongass forest’s role in capturing carbon, and thus mitigating 
climate pollution. “Forest ecosystems, such as those managed on the Tongass National Forest, 
represent a large terrestrial sink for carbon, such that the United Nations Framework Convention 
on Climate Change has recognized forest management as an effective strategy for off-setting 
GHG [greenhouse gas] emissions (Wilson et al. 2013). A widely recognized ecosystem service 
provided by the Tongass is carbon flux regulation.”203 Despite the critical importance of intact 
Tongass old-growth to maintaining carbon stores, and the fact that the clearcuts proposed for this 
project will degrade those stores, the DEIS relegates climate change to: “Resources Not 
Discussed in Detail. Resources likely to remain unaffected by this project, or those that do not 
have measurable effects.”204 Both of these contentions are incorrect. Climate pollution will be 
worsened because of this project, and the effects are capable of estimation. 

The Forest Service further explains that it declines to undertake a more detailed analysis of 
climate analysis because the agency consider it too hard. “How carbon storage, carbon 
sequestration, timber harvest, vegetative regrowth and carbon emissions interact over time is 
very complex, making it unrealistic to define a temporal scope of analysis.”205  

Instead, the DEIS contains about five sentences that address the climate pollution impacts of the 
action alternatives only in the most vague and qualitative terms: 

                                                           
201 See, e.g., D. DellaSala, The Tongass Rainforest, supra note 196 at 5. 
202 Intergovernmental Panel on Climate Change, Special Report on Climate Change, 
Desertification, Land Degradation, Sustainable Land Management, Food Security, and 
Greenhouse gas fluxes in Terrestrial Ecosystems, Summary for Policymakers (Aug. 2019) at 7, 
23, attached as Ex. TZ3. See also Law et al., Land use strategies to mitigate climate change in 
carbon dense temperate forests, Proceedings of the Nat’l Academy of Sciences, vol. 115, no. 14 
(Apr. 3, 2018) at 3663 (“Proven strategies immediately available to mitigate carbon emissions 
from forest activities include . . . reducing emissions from deforestation and degradation.”), 
attached as Ex. TZ4. 
203 See DEIS at 49. 
204 DEIS at 48. 
205 DEIS at 48. See also id. at 50 (“The relationship between timber harvests, reforestation, wood 
building materials, and the net storage of carbon is complicated.”) (emphasis added). 



SEACC et al. on Central Tongass DEIS 
Sept. 16, 2019            41 

Both of the action alternatives involve old-growth and young-growth timber 
harvest along with road construction which would result in a net release of GHG 
and other pollutants into the atmosphere through varying amounts of road 
construction, timber harvest, use of administrative vehicles of all kinds, mining, 
recreation development and use, and other land management actions. Some 
proposed activities involve removing vegetation, grading and contouring the 
ground, hardening roads, extraction of materials such as gravel, soil, and rock, 
and the construction of bridges, all of which require fossil fuel-burning machinery 
and an increase in construction vehicle traffic for the next 15-year period. All 
these construction activities would increase GHG and other fossil fuel combustion 
emissions. 

Effects of timber harvest and roads in Alternatives 2 and 3 combined with effects 
of climate change could exacerbate adverse effects of peak streamflow increases 
on aquatic resources.206 

In short, the Forest Service’s complete analysis is that the action alternatives would increase 
GHG emissions. That analysis fails to quantify the climate impacts, nor does it even try to 
provide the public or the decision-maker with a sense of the scale of the climate harm. It does not 
permit a comparison among alternatives, nor does it identify measures to mitigate those impacts. 

The Forest Service’s approach violates NEPA. There is no loophole in NEPA allowing agencies 
to turn a blind eye to potential impacts because doing so is “complex” or “complicated.” To the 
contrary, federal courts have long ruled that NEPA requires agencies to make reasonable 
estimates of potential impacts. “Reasonable forecasting and speculation is . . . implicit in NEPA, 
and we must reject any attempt by agencies to shirk their responsibilities under NEPA by 
labeling any and all discussion of future environmental effects as ‘crystal ball inquiry.’”207 “If it 
is reasonably possible to analyze the environmental consequences in an [EIS], the agency is 
required to perform that analysis.”208 “NEPA analysis necessarily involves some ‘reasonable 
forecasting,’ and ... agencies may sometimes need to make educated assumptions about an 

                                                           
206 DEIS at 51. See also id. at 50 (“construction activities” including roads, trails, quarries, etc., 
“would increase GHG and other fossil fuel combustion emissions, airborne dust, and particulate 
matter from wood burning.”). 
207 Scientists’ Inst. for Pub. Info., Inc. v. Atomic Energy Comm’n, 481 F.2d 1079, 1092 (D.C. Cir. 
1973). See also City of Davis v. Coleman, 521 F.2d 661, 676 (9th Cir. 1975) (because “the basic 
thrust of an agency’s responsibilities under NEPA is to predict the environmental effects of 
proposed action before the action is taken and those effects fully known . . . . [r]easonable 
forecasting and speculation is . . . implicit in NEPA.”). 
208 Kern v. U.S. Bureau of Land Mgmt., 284 F.3d 1062, 1072 (9th Cir. 2002) (finding both EIS 
and later EA inadequate under NEPA). 



SEACC et al. on Central Tongass DEIS 
Sept. 16, 2019            42 

uncertain future.”209 “While foreseeing the unforeseeable is not required, an agency must use its 
best efforts to find out all that it reasonably can.”210  

Here, the Forest Service did not use its “best efforts” to address climate impacts. Rather it 
invested no effort, instead summarily concluding – without evidence or analysis – that it need 
perform no analysis at all. The agency’s conclusion is arbitrary and capricious. 

The only example the Forest Service provides for complexity relates to the effects of carbon 
stored in wood products. The DEIS notes that “carbon is stored in building materials, but the 
storage value does not last as long as a living old-growth tree, as carbon stored in buildings 
generally outlives its usefulness or is replaced within decades (Law et al. 2018).”211 But the 
article by Dr. Law that the Forest Service cites disproves the agency’s point. Dr. Law concludes 
that those carbon storage impacts can be estimated, accounted for, and factored into a model that 
calculated the net amount of carbon lost due to forest logging in Oregon over two five-year 
periods.212 This is precisely the type of analysis the Forest Service should, and could, have 
undertaken for the DEIS. 

Similarly, Dr. DellaSala’s 2016 report addressed carbon stores from wood products and 
concluded that logging Tongass old-growth forest under the 2016 Forest Plan would result in net 
annual CO2 emissions totaling between 4.2 million tons and 4.4 million tons, depending on the 
time horizon chosen.213 The Bureau of Land Management a decade ago completed an EIS for its 
Western Oregon Resource Management Plan in which that agency also predicted the net carbon 
emissions from its forest and other resource management programs.214 Because agencies and 
academics have quantified and compared the carbon emissions of alternative logging proposals, 
the Forest Service cannot fail to undertake a similar analysis on the basis that it is too “complex” 
or “complicated.” 

The Forest Service failure to address or acknowledge that there are peer-reviewed scientific 
approaches to estimating net climate damage caused by logging temperate forests is an 
independent NEPA violation. NEPA requires agencies to explain opposing viewpoints and their 
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rationale for choosing one viewpoint over the other.215 Courts will set aside an EIS where the 
agency fails to respond to scientific analysis that calls into question the agency’s assumptions or 
conclusions.216 Here, while the DEIS cites Dr. Law’s and Dr. DellaSala’s reports, the agency 
fails to address either report’s key finding that the life-cycle impacts of forest logging can be 
estimated and quantified. The agency’s failure to address these studies violates NEPA. 

We note that the 2016 Tongass Forest Plan Amendment declined to undertake a quantitative 
assessment of climate impacts because although such a “quantitative (i.e., numeric) assessment is 
feasible, . . . the quantitative results would include a large amount of error or uncertainty, such 
that the calculated differences between the alternatives would be difficult to discern.”217 While 
we reject that EIS’s contention that some uncertainty renders quantification useless, we note that 
the Forest Service declined to address climate impacts at the Forest Plan level in part because “it 
is unknown when forests will be harvested or the extent of harvest that would occur at any 
particular time . . . for any alternative.”218 That uncertainty is not present here. The Central 
Tongass Project proposes a specific amount of logging (230 million board feet) including 150 
million board feet of old-growth on a schedule. Now that the agency has the information it 
lacked at the Plan level, it cannot kick the can down the road again based on uncertainty about 
the scope of logging. 

We note that the DEIS carefully quantifies the economic benefits of logging – a complex task – 
while ignoring the climate costs. The DEIS tallies the “[a]nnualized timber industry and 
associated jobs” and direct income.219 Yet the Forest Service fails not only to estimate the 
volume of climate emissions, it fails to weigh the economic benefits of the project against the 
costs of climate change, which can be estimated using the Interagency Working Group’s global 
estimate of the social cost of carbon.220 Once an agency chooses to “trumpet” a set of benefits, it 
also has a duty to disclose the related costs.221 “There can be no hard look at costs and benefits 
unless all costs are disclosed.”222 
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Finally, the Forest Service cannot allege that it need not quantify the climate impacts of logging, 
hauling, and road construction by relying on NEPA regulations concerning “incomplete or 
unavailable information.”223 Those NEPA provisions require the agency to identify the 
information as such, to “make clear that such information is lacking,” and nonetheless include 
the information in the EIS if the overall costs of obtaining it are not “exorbitant” and the 
information is “essential to a reasoned choice among alternatives.”224 The DEIS makes none of 
these required findings. Further, given the importance of the Tongass for carbon storage, it is 
essential for the Forest Service to disclose such impacts in order to understand whether the 
climate damage caused by logging outweighs any alleged economic benefits of logging. Only 
then can the no action and action alternatives be placed in sharp relief, which is essential to the 
comparison and analysis of alternatives. 

XII. THE DEIS FAILS TO TAKE A HARD LOOK AT IMPACTS TO ROADLESS 
AREAS. 

The DEIS acknowledges that there are “43 IRAs [Inventoried Roadless Areas] within the project 
area.”225 The Forest Service dismisses impacts to each and every roadless area because no roads 
will be constructed within them.226 This despite the fact that the DEIS admits that logging, the 
construction of trails, including for OHV use, and other actions, “could” occur in one, or more, 
or all, of the roadless areas within the project area. 

The DEIS fails to include a map of IRAs, nor does it identify whether multiple project 
components may occur in one or more IRAs. For example: 

-       “recreation activities, such as winter trail designations, could occur in, or near, 
inventoried roadless areas. The activities . . . would allow travel into the IRAs . . . 
snowmobiles, or other off-highway vehicles.”227  

-       “The action alternatives include dispersed recreation activities, three-sided shelters 
and beach access, which could occur in IRAs.”228  

-       “Watershed improvement activities which may include some timber harvest are also 
included in the action alternatives.”229  

The DEIS thus anticipates that IRAs could be impacted by new trails, an increase in motor 
vehicle use, the construction of new facilities, and timber harvest. Although these activities are 

                                                           
223 40 C.F.R. § 1502.22. 
224 Id. § 1502.22(a). 
225 DEIS at 51. 
226 DEIS at 52 (“No direct impacts to IRAs are expected from timber harvest or road construction 
for any of the alternatives.”).  
227 DEIS at 52 (emphasis added). 
228 DEIS at 52 (emphasis added). 
229 DEIS at 52 (emphasis added). 
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not always prohibited by the Roadless Rule, they may still degrade roadless characteristics, 
which the Rule defines to include 

(1) High quality or undisturbed soil, water, and air; (2) Sources of public drinking 
water; (3) Diversity of plant and animal communities; (4) Habitat for threatened, 
endangered, proposed, candidate, and sensitive species and for those species 
dependent on large, undisturbed areas of land; (5) Primitive, semi-primitive non-
motorized and semi-primitive motorized classes of dispersed recreation; (6) 
Reference landscapes; (7) Natural appearing landscapes with high scenic quality; 
(8) Traditional cultural properties and sacred sites; and (9) Other locally identified 
unique characteristics.230 

Trail construction and use (especially by motor vehicles), and the noise, air pollution, and other 
impacts that accompany such use, the building of recreational structures, and logging could 
degrade many of these values, including naturally appearing landscapes, sacred sites, habitat for 
sensitive species, and undisturbed soil. Further, the DEIS does not address whether any of these 
activities, especially the construction and use of motor vehicle trails within the IRAs, may be 
incompatible with the designation of these areas as wilderness. 

In sum, the Forest Service fails to address these impacts relative to the inventoried roadless 
area(s) that may be impacted. Nor does the DEIS identify which areas could be impacted by 
which type of project. Any subsequently prepared NEPA document must remedy the lack of 
analysis of impact to roadless areas and characteristics. 

XIII. THE DEIS UNDERESTIMATES IMPACTS TO WILDLIFE. 

An important Forest-wide Wildlife Standard is to provide the abundance and distribution of 
habitat necessary to maintain viable populations of existing species well-distributed in the 
planning area.231 There are three references in the DEIS to maintaining “viable, well-distributed 
populations” of wildlife,232 but no acknowledgement that that is the standard that the Forest 
Service must demonstrate that this directive will be attained for species at issue for this project. 
The FEIS must acknowledge the standards that apply to this project from the Forest Plan and 
NFMA and implementing regulations, and explain how the project will comply with them. As 
noted, compliance with a habitat threshold that lacks the scientific basis to serve as a proxy for 
ensuring viable, well-distributed wildlife populations will not suffice to demonstrate compliance 
with NFMA. 

The comments below address marten, deer and wolves specifically, but the DEIS’s analysis of all 
wildlife species is compromised by the lack of sufficient specificity noted above - especially 
endemic species whose viability is highly dependent on site-specific conditions. The analysis is 
inadequate to support the conclusion that this project will maintain viable, well-distributed 
populations of wildlife in general. 

                                                           
230 36 C.F.R. § 294.11 (Jan. 12, 2001). 
231 2016 Tongass Forest Plan at 4-85. 
232 DEIS at 111, 136, 139. 
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A. Marten 

From the information available in the DEIS, it appears that the Central Tongass project would 
likely have unacceptable impacts to marten in the project area. Due to the programmatic nature 
of the analysis, it is impossible to quantify those effects with any specificity because the precise 
logging and road locations are unknown, preventing any rigorous assessment of remaining 
habitat quality and connectivity on any meaningful scale. But in general we concur with the 
Forest Service that impacts to marten will be “major,” and available information indicates that 
the project area will likely not support viable, well-distributed populations of marten across the 
landscape. 

1. Habitat 

Large, continuous blocks of old-growth forest are very important for martens, which are 
extremely sensitive to the loss and fragmentation of mature forest habitat and rarely occupy 
landscapes after 30 percent of the mature forest has been harvested.233 Martens especially select 
for higher volume old-growth forest types at low elevation (<250 meters).234 

The DEIS identifies 30% forest removal as an important threshold for marten, but fails to note 
the fact that they rarely occupy these areas where the 30% threshold has been crossed. Areas 
“rarely occupied” by a species can be safely assumed to be areas where viable, well-distributed 
populations do not occur. There are numerous such areas that already exist within the project 
area, and this project will create more such areas. The Central Tongass DEIS incorrectly applies 
habitat thresholds developed for deer to marten. In other words, deer habitat requirements are 
used as an umbrella for marten habitat standards, when often marten are considered umbrella 
species in old growth forests. Marten are more dependent on prey species densities, whereas deer 
foraging habitat thresholds are based on deer foraging behavior and needs. Rather, the body of 
research available for Pacific marten, and marten species in general, indicates that both forest 
structure and landscape pattern are important indicators for marten.235 This research also 
indicates that less than 25% open canopy created by both clearcuts and natural openings is the 
threshold for marten in areas greater than or equal to 9 km2. When we apply these thresholds to 
islands, we also have to consider edge effects caused by landscape heterogeneity along 
shorelines. Marten studies across North America, including Southeast Alaska, indicate marten 
prefer high gradients of forest complexity that are reliant on a number of features. The amount of 
unsuitable habitat, as mentioned above, does impact marten occupancy at 25% thresholds.236 
Marten also rely on structurally complex understory, particularly in winter. This, more than snow 
depth, along with prey availability, are variables used to assess the quality of marten habitat and 

                                                           
233 Wildlife Resource Report (WRR) at 130, citing Chapin et al. 1998, Hargis et al. 1999, Potvin 
et al. 2000, Moriarty et al. 2016a) (emphasis added). 
234 WRR at 130.  
235 Hargis, C.D., J.A. Bissonette, and D.L. Turner. 1999. The influence of forest fragmentation 
and landscape pattern on American martens. Journal of Applied Ecology 36: 157-172. 
236 Dumyahn, J., P. Zollner, and J. Gilbert. 2005. Winter Home-range Characteristics of 
American Marten (Martes Americana) in Northern Wisconsin. American Midland Naturalist. 
158. 382-394. 
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persistence.237 Southeast Alaska creates very complex habitat characteristics because of the 
diversity of prey species shifting across islands.238 Microtus spp. (voles), primary prey sources 
for marten, are available disproportionately across the Tongass, with some islands having more 
species of Microtus than others. Tamiasciurus spp. (squirrels) are another prey species 
distributed unevenly across the Tongass. These ranges impact the range and distribution of 
Pacific marten and American marten. 

Of the most favorable “deep snow” marten habitat, high POG below 800 feet, only 76% 
currently remains in the project area as a whole, and many VCUs have between 21% and 70% 
HPOG remaining on NFS lands.239 Marten are already nearing the critical 30% threshold for 
their preferred habitat project area-wide. The DEIS notes that this project will severely 
compromise preferred marten HPOG habitat below 250 meters: 

In VCUs where the percentage of historic average winter and deep snow marten 
habitat remaining would be below 70 percent under either alternative there would 
be an increased potential for marten population declines. The potential would be 
even more elevated where the percentages of habitat that would remain would be 
low in adjoining VCUs. This situation is particularly evident on north Zarembo 
where both VCUs would be below 50 percent of the historic average winter and 
deep snow marten habitat; and one of these VCUs is already below 50 percent 
deep snow marten habitat remaining. 

On Mitkof Island four adjoining VCUs would all fall below 70 percent remaining 
of average winter marten habitat, and deep snow habitat would be below 50 
percent remaining. West Kupreanof is similar to Mitkof Island. Wrangell Island 
would also have some VCUs that adjoin each other that would be below 70 
percent average winter marten habitat and 50 percent deep snow marten habitat. 
Two VCUs on Kuiu Island would also fall below 70 percent of average winter 
habitat though they are not immediately adjacent to each other and there are 
several VCUs adjoining each other that are currently below 70 percent deep snow 
marten habitat and one of these would fall below 50 percent remaining.240 

Additionally, this project will adversely impact “average” marten habitat – POG below 1500 
feet. The Forest Service has identified five VCUs (4370, 4550, 4560, 4570 and 4600) in the 
project area where removal exceeds 33%, and an additional 16 VCUs that will meet that criterion 
if this project proceeds, including adjoining VCUs which exacerbate the fragmentation problem 

                                                           
237 Allen, A.W. 1982. Habitat Suitability Index Models: Marten. U.S.D.I. Fish and Wildlife 
Service. FWS/OBS-92/10.11. 9 pp.; Ben-David, M., Flynn, R. & Schell, D. 1997. Oecologia. 
111: 280. https://doi.org/10.1007/s004420050236; Ruggiero, L.F., D.E. Pearson, S.E. Henry. 
1998. Characteristics of American marten den sites in Wyoming. Journal of Wildlife 
Management 62(2):663–673; Buskirk, S. W. and R. A. Powell. 1994. Habitat ecology of fishers 
and American martens. Comstock Publishing Assoc. Cornell Univ. Press. 
238 S.O. MacDonald and J.A. Cook. Mammals and Amphibians of Southeast Alaska. 2007. 
Special Publication, Museum of Southwestern Biologist, University of New Mexico. Pp. 88-92. 
239 DEIS at 93. 
240 DEIS at 100-101. 
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for marten. Two more VCUs on Zarembo Island that are currently between 50-70% intact will 
fall below 50%.241 Thus, a total of 23 VCUs will not include sufficient habitat to support viable 
marten populations if the project moves forward. Figure 9 visually depicts the areas of preferred 
marten habitat already decimated to or beyond the point where marten can be expected to rarely 
occur.242 

The DEIS does recognize that “the relatively low amount of important marten habitat that could 
remain in certain VCUs would have the potential to cause localized declines in marten 
populations. Therefore, Alternatives 2 and 3 would have major effects to American marten as a 
Management Indicator Species.”243 What the analysis ultimately indicates, however, is that the 
project area as a whole cannot be expected to support viable, well-distributed populations of 
marten because of these major impacts to key marten habitat. There are no provisions to ensure 
viable populations in the numerous areas noted that will lack sufficient habitat, e.g., Zarembo, 
Mitkof, West Kupreanof, Etolin or Wrangell island. The Forest Service must demonstrate that 
any selected alternative contains sufficient habitat to support viable, well-distributed populations 
of wildlife, including marten. Because the DEIS fails to do so, the proposed action alternatives 
will violate NFMA.244  

2. Legacy Standards and Guidelines 

The DEIS notes that the Legacy standards and guidelines within the Forest Plan were developed 
in part to address marten habitat concerns.245 These standards and guidelines only apply to 
harvest units greater than 20 acres in VCUs where 33% or more of POG was harvested by 2005, 
or more than 67% of POG is projected to be harvested by the end of the Forest Plan planning 
horizon.246 That is, they only apply in areas that have already been logged, or will be logged, past 
the point where they can serve as suitable marten habitat. The Legacy standards serve to 
hopefully retain a measure of connectivity and decrease the effects of fragmentation by 
facilitating the movement of marten through unsuitable habitat. They don’t add or create suitable 
habitat themselves. 

The DEIS states that two legacy VCUs are identified in the Forest Plan that are in the project 
area, VCU 4550 and VCU 4570. That was true as of 2008. As noted above, however, there are 
actually 23 VCUs in the project area that will trigger the application of the Legacy standards and 
guidelines, including numerous adjoining VCUs, painting a much more bleak outlook for marten 
than suggested by the reference to just two VCUs in sufficiently beleaguered condition as to 
trigger the Legacy standards. To comply with NEPA, any subsequently prepared NEPA 
document must address this inconsistency and address the potentially significant impacts to 
marten. 

                                                           
241 Id. 
242 DEIS at 94. 
243 DEIS at 92. 
244 See Forest-wide Standard WILD1 II.B, 2016 Tongass Forest Plan at 4-85; 16 U.S.C. 
§ 1604(i). 
245 2016 Tongass Forest Plan at 4-86-87. 
246 Id. 
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3. Mortality 

Increased road densities associated with timber harvest activities have improved trappers’ access 
to furbearers’ habitat in some locations, reducing their refugia and making the animals 
increasingly vulnerable to overharvest (Lowell 2014). The only regulatory mechanisms that 
ADF&G can enact is closing the season by emergency order. For that reason, maintaining 
unroaded refugia for martens is very important. Access is also provided via the shoreline. 

The DEIS largely dismisses any consideration of legal and illegal marten harvest, or of road 
density as a proxy for assessing the risk posed by harvest to marten populations in the project 
area. This is despite the plain recognition that, at least up to a certain point such as 1.5 miles per 
square mile, road density correlates with harvest. The DEIS notes only that, after that point, ever-
increasing road density may not continue to correlate with increased harvest.247 

Further, while the DEIS mentions in passing road density and “motorized access” generally as 
potential threats to marten, the DEIS makes no attempt to account for the impacts of 128 miles of 
OHV routes.248 Clearly, OHV routes will make it easier for those seeking marten pelts to set 
traps into new territory. New shoreline access and new pedestrian trails will also increase the 
ease of access for trappers. But the DEIS fails to disclose, or characterize, qualitatively or 
quantitatively, the nature of these compounding impacts on marten. 

This does not constitute taking a “hard look” at road and trail density and mortality that may be 
expected from legal and illegal harvest over the course of 15 years in a large project area. Again, 
identifying the areas where logging and roadbuilding will occur is necessary to then calculate 
road density, distance from population centers, past harvest, and other relevant considerations in 
estimating legal and illegal harvest of marten in the project area. This information will factor into 
conclusions regarding whether viable, well-distributed marten populations can be expected on 
the landscape. 

The DEIS does not address the fact that ADFG has not reopened the trapping season on Kuiu 
Island due to the high mortality rates of Pacific marten and American marten on Kuiu Island.249  
Up to 60% mortality occurs on Kuiu Island. The DEIS also states that population information is 
not known on Kuiu Island, however, researchers from ADFG and the University of New Mexico 
illustrated that the marten population on Kuiu Island is in decline.250  

                                                           
247 DEIS at 101. 
248 See, e.g., DEIS at 100 (noting that “roads would further increase the road density and add to 
the potential for increased trapping pressure,” but failing to address OHV routes); id. at 116 
(stating very generally that “Changes in access ... would not be likely to cause effects to most 
species, except for species that … are hunted or trapped by humans,” and mentioning “road 
construction” but not the opening of OHV trails as a ‘change of access’). 
249 Flynn et al., (2012) Population Dynamics, Movements and Habitat Selection of Martens on 
Kuiu Island, Southeast Alaska. Interim Wildlife Research Report. Alaska Department of Fish 
and Game. Juneau, AK. 
250 Id.  
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4. Hybridization 

Pacific marten on Kuiu and Kupreanof Island hybridize. It is unknown whether this hybridization 
contributes to low population numbers on these islands, however, research indicates that the 
hybridization between these two species may be maladaptive.251 Disturbance events, such as 
clearcut logging and loss of habitat, increase hybridization events.252 Therefore, a mitigation 
strategy for maintaining viable populations of marten on Kuiu and Kupreanof islands must 
include management that addresses the impacts of hybridization on the declining and rare 
populations of Pacific marten across their global range, which is focused in Southeast Alaska and 
within the Central Tongass DEIS project area. Management prescriptions for maintaining viable 
populations of marten in lieu of hybridization focus on protecting landscapes where both species 
are located. 

5. Mitigation 

The Forest Service’s recognition that this project would bring major impacts to marten and 
habitat seems to drive the inclusion of measures to reduce those impacts. Alternative 3 contains 
these provisions specific to marten on Kuiu island: 

Gross unit pool, old growth: On Kuiu Island, defer harvest of old growth in 
areas of High or Very High focal areas of use by marten. Koch (2016) mapped 
focal areas of use by marten on Kuiu Island using a resource selection function 
(RSF) model. Habitats were binned into five categories based on RSF scores, 
which are proportional to the probability of marten occurrence on the landscape. 
Five categories were used to map the scores on the RSF map as follows: very high 
(most important for marten), high, medium, low, and very low (least important). 

Gross unit pool, young growth: On Kuiu Island, in areas of High or Very High 
focal areas of use by marten, the maximum size of any created young-growth 
opening for commercial timber harvest must not exceed 10 acres and a maximum 
removal of up to 35 percent of the acres of the original harvested stand is allowed. 
Commercial thinning is limited to 33 percent of the stand’s basal area. A 
combination of the two treatments may be used, with no more than 35 percent of 
the total stand removed in either basal area and/or acres. TTRA and other 
administratively withdrawn areas do not count towards the stand’s total 
acreage.253 

These measures appear inadequate to address or significantly reduce the major impacts to marten 
from this project based on the best available science. First, while marten populations are very 
low on Kuiu island, mitigation is necessary on more that just one island in order to ensure viable 
and well-distributed marten populations across the landscape. As noted, marten habitat will also 

                                                           
251 Colella JP, EJ Johnson, JA Cook. (2018b) Reconciling molecules and morphology in North 
American Martes. Journal of Mammalogy: gyy140. DOI: 
https://doi.org/10.1093/jmammal/gyy140. 
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face major impacts on Zarembo, Mitkof, West Kupreanof, Etolin and Wrangell islands. The 
Forest Service must identify more precisely where the habitat destruction is proposed, and then 
assess marten viability across the planning landscape using that information. 

Additionally, we suggest using already-known indicators of preferred marten habitat (especially 
high POG below 800 feet, and also beach fringes, riparian corridors and POG below 1500 feet) 
in determining which areas to prioritize protecting. The resource selection function (RSF) model 
noted reflects habitat use that was observed on Kuiu island but with important constraints in 
terms of temporal and spatial survey scope.254 Mitigation should not be limited to Kuiu Island 
and the RSF model from the Koch study should not be interpreted to exclude any key marten 
habitat on Kuiu Island that would otherwise be identified as likely to be used by marten pursuant 
to the numerous other marten studies referenced in the WRR.255 Research indicates the Pacific 
marten from Kuiu Island is also present on Kupreanof Island,256 so at the very minimum, any 
guidelines to protect Pacific marten on Kuiu Island should be applied to Kupreanof Island. We 
included the updated range map for Pacific marten and American marten. As another example of 
missing mitigation, the DEIS states that the “Etolin Island Biogeographic Province is considered 
a high-risk province for marten habitat because of the amount of past timber harvest (1997 Forest 
Plan FEIS, p. 4-118).”257 Yet there is no assessment of the present implications of this 
observation, and nothing about the project (apart from the Kuiu provision in Alternative 3) that 
appears designed to account for it. For every alternative, any subsequently prepared NEPA 
document must explain how further logging and roadbuilding will effectively account for and 
manage the “high risk” for marten habitat that already exists in the project area. 

In sum, we agree that impacts to marten from the proposed old-growth logging in Alternatives 2 
and 3 would be “major.”258 But the Forest Service must explain how, in light of those major 
impacts to marten and habitat, marten populations will continue to be viable and well-distributed 
across the landscape. Failure to do so will violate NEPA and NFMA. 

B. Deer 

                                                           
254 The paper cited in the project record, Effects of demography on resource selection by martens 
on Kuiu Island, Alaska, (Koch 2016), is a thesis manuscript “to be submitted to the peer-
reviewed Journal of Wildlife Management,” so as cited has not been peer-reviewed. The 
manuscript upholds the existing general understanding about preferred marten habitat, but its 
limitations in terms of identifying actual high-use marten areas throughout the island are 
discussed at pp.9-10 of the paper. 
255 E.g., WRR at 130. 
256 Dawson, NG, JP Colella, MP Small, KD Stone, SL Talbot, JA Cook. (2017) Historical 
biogeography sets the foundation for contemporary conservation priorities for mesocarnivores 
(genus Martes) of Pacific Northwest. Journal of Mammalogy 98(3):715-730. Colella JP, RE 
Wilson, SL Talbot, JA Cook (2018a) Implications of introgression for wildlife translocations: the 
case of North American martens. Conservation Genetics 20(2): 153-166. DOI: 
https://doi.org/10.1007/s10592-018-1120-5. 
257 DEIS at 93. 
258 DEIS at 105. 
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High value winter habitat is the limiting factor for deer populations in the project area. There are 
162,483 acres of high and moderately high value deer winter habitat in the project area, and this 
project could log up to 5,417 of those acres.259 

Here again, the DEIS analysis fails to identify the specific locations where high or moderately 
high value deer winter habitat will be lost. The actual impacts of logging and roadbuilding on 
deer and habitat could vary widely depending on the location of those 5,417 acres, or more 
generally the 9,500 total acres of old growth that could be harvested from the old growth unit 
pool of 42,779 acres. 

The Forest Service seems to have abandoned the novel view espoused in the POWLLA EIS that 
the post-project continued existence of 50% of the original (1954) habitat type will ensure that 
effects to deer will be “minor.” The agency now states that “though there are no known 
thresholds for the amount of deer winter habitat required, reductions in this important deer winter 
habitat (high and moderately high value deer winter habitat) increase the risk of severe winters in 
not sustaining a healthy deer population in the long term, and may result in periodic declines 
from infrequent severe winters.”260 

We concur that there is no clear threshold for the amount of deer winter habitat required to 
maintain healthy deer populations, accounting also for both wolf predation and human 
subsistence use. We restate our recommendation on the POWLLA project, however, that the 
agency re-evaluate winter deer habitat and impacts of the chosen alternative using the large-tree 
(SD67) habitat type. Continued high-grading of large-tree old growth will have significant 
impacts on winter deer habitat and habitat for other wildlife species dependent on these forest 
types as well as affecting overall forest diversity.261 The Forest Service must assess the impact of 
the actual harvest authorized by this project on this exceedingly rare habitat type – and to do that, 
it must specify where the logging and roadbuilding will occur. 

The DEIS states that “the most important habitat for deer is high and moderately high value deer 
winter habitat (all POG less than 800 feet elevation on south facing slopes).”262 Continuing to 
lump the rare SD67 habitat type in with other HPOG habitat types obfuscates the impacts that 
high-grading this habitat type will have on overall forest composition as well as on species that 
depend in particular on this habitat type for critical life functions – including Sitka black-tailed 
deer. We also reiterate that restricting the deep snow habitat to south-facing slopes is problematic 
because many deer do not have access to south-facing slopes, and deer inhabiting north-facing 
habitat are most affected by snow and most dependent on deep-snow habitat. 

Finally, while there may not be a clear winter deer habitat threshold set forth, there is the 
applicable Alexander Archipelago wolf Forest Plan Standard directing the agency to provide, 

                                                           
259 DEIS at 84. 
260 DEIS at 76. 
261 Alaska Rainforest Defenders, et al., Comments on POWLLA DEIS at 40-41, June 18, 2018 
(citing the comments of Dr. John Schoen); see also Albert, David M. & Schoen, John W. 2012, 
Use of Historical Logging Patterns to Identify Disproportionately Logged Ecosystems within 
Temperate Rainforests of Southeastern Alaska, 27 Conservation Biology, No.4, 774-784. 
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where possible, sufficient deer habitat capability to first maintain sustainable wolf populations, 
and then to consider meeting estimated human deer harvest demands.263 This generally equates to 
the habitat capability to support 18 deer per square mile.264 This Standard is tied to the two 
overarching Goals and Objectives for Wildlife for the entire Forest Plan: 

Maintain the abundance and distribution of habitats, especially old-growth forests, 
to sustain viable populations in the planning area; and 

Maintain habitat capability sufficient to produce wildlife populations that support 
the use of wildlife resources for sport, subsistence, and recreational activities.265 

The DEIS briefly notes in its analysis of wolves that 29 of the 40 WAAs in the project area do 
not provide the habitat capability to support 18 deer per square mile.266 But the DEIS fails to 
examine why this is the case, or to discuss how different project alternatives, designs or actions 
may promote compliance with this important wildlife standard. Instead, the Forest Service 
simply concludes that the action alternatives would further reduce the theoretical deer density, 
increasing the risk that a severe winter would cause declines in the deer population.267 This 
observation falls woefully short of taking the requisite “hard look” at the impacts of the proposal 
and a reasonable range of alternatives. 

C. The DEIS’s Analysis Of The Alexander Archipelago Wolf Violates NEPA 
And NFMA, And Is Arbitrary and Unlawful. 

The Central Tongass Project—which authorizes massive levels of old-growth logging and road 
construction across vast swaths of Mitkof, Kupreanof, Kuiu, Wrangell, Zarembo and Etolin 
islands over the next 15 years—will cause substantial harms to the Alexander Archipelago wolf 
in Game Management Unit 3 (GMU 3) which overlaps the Project Area. Yet the DEIS arbitrarily 
determines that impacts to the wolf will only be “moderate,” failing to provide a clear or rational 
basis for this determination. On multiple counts as detailed below, the DEIS omits critical 
information relevant to the Project’s harms to the wolf, fails to justify its conclusions, and 
reaches conclusions unsupported by the record. As such, the Forest Service’s analysis of the 
adverse impacts of the Central Tongass Logging Projects on the Alexander Archipelago wolf 
fails to take the hard look NEPA requires and is inadequate, arbitrary, and unlawful. 

1. The DEIS fails to address important information from the USFWS 
indicating that Alexander Archipelago wolf populations in the Project 
Area already face substantial threats. 

The DEIS fails to disclose important information from the USFWS’s 2015 Status Review and 
2016 Endangered Species Act listing determination for the Alexander Archipelago wolf, in 
which the Service determined that wolves in the GMU 3 region already face “intermediate” 
levels of stressors: “the primary stressors for wolves in GMU 3 occur at intermediate levels 
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compared to other GMUs and Regions.”268 Key sources of stress to wolves in GMU 3 identified 
by the Service’s Status Review include: (1) substantial prior logging (i.e., 14% of the region’s 
forests had been logged) which has reduced deer habitat capability by 13% to 23% since 1954;269 
(2) the highest scheduled levels of future logging on the Tongass National Forest; (3) wolf 
harvest levels that are higher than in any other GMU, with the mean reported annual harvest 
estimated at 21% of the population, not including unreported harvest; and (4) the second highest 
ratio of shoreline to land area (0.62 compared with 0.81 for GMU 2), which allows more boat 
access for hunters and trappers and thus increases wolf mortality risks.270  

In addition, USFWS warned of the threat from an approved deer management plan for GMU 3 
that, if activated, would cull up to 80 percent of the region’s wolves and would increase the 
vulnerability of wolves on Prince of Wales Island which are already in peril:  

Intensive management of black-tailed deer, which includes the culling of wolves 
with the aim of increasing deer populations and deer harvest by humans, is 
authorized for GMU 1A (ADFG 2013a) and in GMU 3 (ADFG 2013b). 
Currently, these programs are inactive, but operational plans exist and could be 
implemented in the future… In GMU 3, the treatment area constitutes 22% of the 
total land area and is located in the northern portion of the unit including 
Woewodski, Mitkof, and part of Kupreanof Island (ADFG 2013b, p. 6). Within 
the GMU 3 treatment area, up to 80% (or ~50 wolves in 5–6 packs) would be 
removed; duration of the culling effort would be a minimum of five years (ADFG 
2013b, pp. 8–9).271  

Although the program currently is inactive, if implemented the GMU 3 wolf 
population would be reduced, given that it is the goal of the program, potentially 
having an effect on the GMU 2 population because GMU 3 provides the most 
reasonable transit path for wolves to move or disperse between the mainland and 
GMU 2 (Figure 2). Therefore, maintaining or reducing current rates of wolf 
harvest in GMU 3 would benefit the rangewide population of Alexander 
Archipelago wolves; an increase in mortality rates likely would lower 
immigration rates to GMU 2, which apparently are uni-directional (Breed 2007, p. 
22), thereby increasing the vulnerability of the GMU 2 wolf population.272 

                                                           
268 U.S. Fish and Wildlife Service, Species status assessment for the Alexander Archipelago wolf 
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(Canis lupus ligoni), Version 1.0, December 2015, Alaska Region, Anchorage, Alaska. 162 pp, 
at Table 24. 
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The DEIS must incorporate this critical information for adequately assessing the cumulative 
impacts of the Project on wolf populations in GMUs 3 and 2. 

2. The DEIS fails to analyze the Project’s site-specific impacts to wolves. 

As discussed above, the DEIS analysis fails to identify the precise location, configuration, sizes, 
and timing of the logging and road construction activities, including failure to identify the 
specific locations where high or moderately high value deer winter habitat will be lost. The 
actual impacts of logging and roadbuilding on wolf mortality and reproductive success, wolf 
habitat, habitat connectivity, and Sitka black-tailed deer prey could vary widely depending on the 
location of logging projects and roads, and the DEIS’s failure to provide required specificity 
prevents a rigorous impacts assessment. Wolf experts have previously faulted the Forest Service 
for failing to be site-specific in the EIS for the Prince of Wales Logging Project, explaining that 
the distribution of forest stands and connectivity between stands “can have dramatic effects on 
the survivorship” of wolves because they have large home range territories.273 For these reasons, 
they explained that the site-specific “geography of the proposed logging . . . is essential to 
evaluating the impact[s]” on wolves.274   

3. The DEIS fails to incorporate the recommendations from the Wolf Habitat 
Management Program. 

The DEIS claims that it has incorporated treatments from the Wolf Habitat Management 
Program into its action alternative.275 However, the DEIS incorporates only three 
recommendations from the Wolf Habitat Management Program, all related to young-growth 
thinning, while failing to incorporate the Program’s recommendations related to road 
management, wolf mortality, human dimensions, and research and monitoring. Furthermore, the 
DEIS fails to disclose that the three incorporated thinning recommendations have not been 
shown to produce population-level benefits to deer, and therefore to wolves, as acknowledged 
the Wolf Habitat Management Program.276 The DEIS further fails to disclose new research by 
Roffler and colleagues (2018) that found that young-growth thinning treatments have not been 
effective in improving habitat for wolves. 

In a study of the habitat preferences of Alexander Archipelago wolves, Gretchen Roffler, a 
wildlife research biologist with ADFG, and colleagues concluded that young-growth thinning 
treatments, conducted to improve habitat value in seral forests, do not enhance habitat for 

                                                           
273 See generally J. Cook et al. Statement on DEIS Prince of Wales Landscape Level Analysis, 
and attachments at PDF 7 (Jun. 11, 2018) (Cook Comments). 
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wolves.277 During fall and winter, wolves avoided clearcuts more than 30 years old as well as 
thinned young-growth “indicating that young-growth forest has a limited time frame of potential 
use by wolves, similar and likely related to predictions for use by deer (≤30 years post 
clearcut).”278 They further explained: 

Young growth treated with pre-commercial thinning is intended to enhance deer 
habitat by delaying stem exclusion and prolonging forage production. However, 
wolves avoided thinned forest during winter, and did not display patterns of 
selection for thinned forest stands during other seasons confirming previously 
described patterns of avoidance of second growth in the stem exclusion phase, in 
particular pre-commercially thinned stands. Thus far, the benefits of thinning 
treatments on maintaining understory vegetation have proven to be short-term (5–
10 years), diminishing the potential for sustaining wildlife through the long-
lasting stem exclusion phase. In this study we demonstrate that thinning 
treatments do not thus far appear to enhance habitat for wolves.279 

Roffler et al. (2018) warned that “the amount of habitat available to wolves could decline with an 
increasing proportion of the forest transitioning to the stem exclusion phase, with potential 
population-level consequences for wolves.”280 

Although the DEIS briefly asserts that “a wolf mortality concern has not been identified in the 
project area”281 as a justification for not implementing the full recommendations of the Wolf 
Habitat Management Program, the current threats to wolf populations in GMU 3, as well as 
future impacts from this Project, do raise wolf mortality concerns for this region, as detailed 
below. 

4. The DEIS fails to analyze the Project’s impacts on wolf den sites and 
incorporate significant new published research and recommendations for 
wolf den site protection. 

The DEIS acknowledges that “Alternatives 2 and 3 have the potential to directly and indirectly 
affect den sites” and that “project activities under either action alternative could cause 
disturbance to denning.”282 Yet the DEIS fails to analyze the Project’s impacts to wolf dens or 
incorporate new published research and recommendations for wolf den site protection. 

Importantly, the DEIS fails to incorporate new research by Roffler and Gregovich (2019) which 
found that Alexander Archipelago wolves use larger core areas during the breeding season than 
previously assumed, and recommends that the wolf den buffer be expanded from the 1,200 feet 
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to at least 2,400 feet.283 The study reported that the distance from active Alexander Archipelago 
wolf den sites to the edge of core habitat ranged from 1,186 to 6,326 meters (~3,900 to 21,000 
feet), and for breeding wolves the core use area ranged from 734 to 2,308 meters (~2,400 to 
7,600 feet) from the den site. Significantly, the study concluded that “all distances exceeded the 
existing recommended den buffer distance” and further that “[w]olf managers should recognize 
the current protection buffer around dens constitutes only a portion of the core area used by 
breeding wolves, and habitat alterations near den sites may force breeding wolves to use sub-
optimal habitat they would normally avoid.”284 

The study made a number of important specific recommendations for “land managers working to 
protect den sites” that the DEIS must assess and incorporate: (1) For all wolves associated with 
an active den, the median distance between the den and the core home range edge was 3,756 
meters (~12,300 feet); therefore, land managers working to protect den sites should consider 
expanding the much smaller guideline den site buffers in place now to this larger size; (2) the 
shape of the protected polygon surrounding the den should be selected to maximize high quality 
denning habitat: flat, low elevation terrain, in old growth forests, near freshwater and distant 
from high density road areas; importantly, the den buffer width should not be less than 734 m 
(~2,400 feet); (3) to maintain foraging habitat for wolves during denning season, the proportion 
of old growth forest should not be reduced below the current values (61% of the core home range 
area for wolves associated with an active den); (4) the recommended period for seasonal 
management activity restrictions around active dens is 15 March to 15 July based on earlier work 
by Person and Russell (2009; Wolf Technical Committee 2017); however, wolves were 
documented during this study at dens as late as 21 July, and the mean den occupancy was nearly 
two months; thus extending the restriction period to late July would be a conservative 
management action; (5) because wolves display a flexible response to road density throughout 
the year by avoiding areas with high road densities during denning season, but selecting these 
areas during winter (Roffler et al. 2018), timing is also a consideration in road closures as a 
management action.285 

5. The DEIS’s analysis of cumulative impacts on wolves is 
inadequate.   

The DEIS impermissibly fails to provide a clear conclusion regarding the overall cumulative 
effects of the Project and past, present and reasonably foreseeable actions on wolves, merely 
stating that “there would be cumulative effects.”286 With regard to roads, the DEIS vaguely states 
that “roads would further increase the road density and add to the potential for increased hunting 
and trapping pressure.”287 The DEIS is equally vague with regard to the cumulative impacts from 
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timber harvest on wolves: “The alternatives would further reduce the theoretical deer density, 
thus increasing the risk that a severe winter would cause declines in the deer population.”288 

As discussed above, the DEIS also fails to address or acknowledge the cumulative impacts from 
the approved Prince of Wales Logging Project which will have significant adverse impacts on 
wolves and deer due to its massive proposed levels of old-growth clearcutting and road-building. 
The DEIS also fails to address and acknowledge the potential impacts of the nearby South 
Revilla Project which would authorize harvest of up to 46 million board feet of timber largely 
from old-growth logging, and further degrade wolf habitat. Nor does the DEIS address the 
impacts of the proposed rollback of the roadless rule for wolves. 

6.  The DEIS fails to include any monitoring program for wolves to assess the 
impacts from the Project. 

Alexander Archipelago wolves in the Project Area are vulnerable to adverse impacts from the 
massive levels of logging and road-building proposed by the Project, yet the DEIS proposes no 
monitoring for wolves to track and assess the harms. As noted by USFWS in its 2015 Status 
Review, the status and trend of the GMU 3 wolf population is unknown, and the USFWS has 
only a rough estimate of the wolf population of 150–350 wolves. Thus, the DEIS should require 
implementation of the recommendation from the Wolf Habitat Management Program and Forest-
wide Standards and Guidelines to conduct interagency monitoring of wolf populations on the 
Forest for GMU 3. 

7. The DEIS’s determination that the impacts from the Project on the 
Alexander Archipelago wolf would only be “moderate” is arbitrary. 

The DEIS’s impacts analysis makes clear that the Project will cause substantial adverse impacts 
to wolf populations from timber harvest through old-growth logging and subsequent reductions 
in deer densities, and from road-building by improving access for hunters and trappers. Yet the 
DEIS determines the Project’s impacts to the Alexander Archipelago wolf would only be 
“moderate” without providing a rational explanation connecting this determination to its impacts 
analysis and the evidence in the record. 

In regard to evaluating the impacts of timber harvest, the DEIS uses the Interagency Deer Model 
Habitat Capability outputs by WAA, calculated to deer density (deer per square mile), as the 
indicator. The DEIS notes that the Forest Plan Forest-wide Standard and Guideline “emphasizes 
providing, where possible, sufficient deer habitat capability to first maintain sustainable wolf 
populations then to meet estimated human deer harvest demands” which is “generally considered 
to equate to the habitat capability to support 18 deer per square mile (using habitat capability 
model outputs) in biogeographic provinces where deer are the primary prey of wolves.”289  

Because 29 of 40 WAAs in the Project Area have deer habitat capability less than 18 deer per 
square mile, and all but two WAAs where timber harvest is planned have deer habitat capability 
below 18 deer per square mile, the DEIS concludes that this “suggests the project would result in 
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higher risk that there could be insufficient numbers of deer for sustainable wolf populations and 
human harvest. This concern exists despite the availability of alternative prey (such as moose 
and salmon) due in part to the fact that alternative prey may delay a decline in wolf numbers.”290 
In addition, the DEIS finds that deer habitat capability would be further lowered by the Project’s 
logging in 13 WAAs, including large-scale declines in areas such as Portage Bay (18.6 percent 
from the existing condition at stem exclusion estimated at Year 2045), Zarembo (14.8 percent 
reduction), and Mitkof (11.5 percent reduction). The DEIS reports that two of the top three most 
affected WAAs (Zarembo and Mitkof) also receive a substantial amount of hunter harvest 
demand, with Zarembo receiving more deer harvest demand than any other WAA in the project 
area. In sum, the DEIS concludes that “[t]he alternatives would further reduce the theoretical 
deer density, thus increasing the risk that a severe winter would cause declines in the deer 
population.”291 Despite these harms, the DEIS fails to explain how different project alternatives, 
designs or actions may promote compliance with the critical deer habitat capability standard. 

In regard to road density, the DEIS notes that, according to the Wolf Habitat Management 
Program and Forest-wide Standards and Guidelines, a total road density of 0.7 to 1.0 mile per 
square mile or less is recommended to reduce harvest-related mortality risk where locally 
unsustainable wolf mortality has been identified. Similarly, the DEIS notes that “[i]n order to 
maintain viable, well-distributed wolf populations, the VPOP committee recommended that road 
densities should be held below 1.0 mi/mi2 in any three contiguous WAAs.”292 The DEIS then 
reports that 3 of the 13 WAAs in the Project Area on NFS lands below 1,200 feet in elevation 
with proposed new road construction have road densities below 0.7 mi/mi2, and the Project 
would push 2 of them above the 0.7 mi/mi2 thresholds. When all land ownerships below 1,200 
feet are considered, 4 WAAs have road densities below 0.7 mi/mi2, and the Project would push 3 
of them above the threshold. When considering the 1.0 mi/mi2 threshold, 8 WAAs in the Project 
Area with proposed road construction have road densities below 1.0 mi/mi2 on all land 
ownerships below 1,200 feet, but the Project would reduce that number to just 5. As a result, the 
DEIS concludes that “[r]oad density would increase the risk of overharvest of wolves in certain 
WAAs. The risk would likely be greatest in WAAs near communities, on western Kupreanof 
Island, Mitkof Island, and Wrangell Island.”293 Similar to the logging impacts analysis, the DEIS 
fails to explain how different project alternatives, designs or actions may promote compliance 
with the important road density standard, nor does it propose or consider a reasonable alternative 
that would bar road construction in those areas where the road density is above or would lead to 
the exceedance of the 0.7 mi/mi2 threshold. 

Furthermore, the DEIS’s road density analysis is deficient because it does not appear to factor in 
the 128 miles of routes to be designated as open to OHV use, even though OHV routes are used 
for hunting. The DEIS highlights that OHV trails are often used for hunting: “OHV use has 
grown in popularity especially in association with subsistence hunting” and “OHV owners from 
Wrangell transport OHVs to Zarembo and Etolin Islands to ride the road systems and OHV 
trails, often in search of deer.”294 Yet the DEIS fails to consider how the Alexander Archipelago 
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wolf will be impacted by the increased hunting and trapping pressure that will result from the 
significant increase in lands open and adjacent to OHV routes. 

Despite these substantial impacts to wolves from logging and road-building, which do not factor 
in harms to wolf dens, the DEIS vaguely concludes that the Project’s impacts would be 
“moderate” without providing a rational explanation connecting the determination to the 
evidence: “because of the combined reductions of important deer habitat and theoretical deer 
density, as well as increases in road density in certain WAAs that could amplify wolf harvest in 
certain areas, the determination is that the effects to wolves (management indicator species) from 
Alternatives 2 and 3 would be moderate.”295 As such, the Forest Service impermissibly fails to 
explain whether/why wolves will remain sustainable in Game Management Unit 3 given the 
additional loss of habitat and prey due to logging and the increases in wolf mortality due to road-
building. The Forest Service fails to explain whether (or why) sufficient old-growth habitat (and 
deer) will remain in GMU 3 to support sustainable wolf populations as the 2016 Amended Forest 
Plan contemplates. For similar reasons, the Forest Service reaches an arbitrary conclusion that it 
can approve the Central Tongass Logging Project and still meet NFMA’s substantive obligation 
to manage habitat in such a way as to ensure that wolves remain well-distributed and viable on 
the Tongass. 

XIV. THE FOREST SERVICE MUST INCLUDE AN ALTERNATIVE THAT 
IMPLEMENTS THE BIOLOGICALLY- PREFERRED OLD GROWTH 
RESERVES IN THE PROJECT AREA. 

Appendix K of the Tongass Forest Plan addresses the process for modifying Old Growth Reserve 
(OGR) boundaries to conform to Forest Plan criteria as part of project-level reviews.296 The 
Forest Service has completely failed to follow this process despite clear evidence in the planning 
record that numerous OGRs in the very large planning area do not meet Forest Plan OGR 
criteria. The Forest Service simply notes that OGRs in the project area have been reviewed at 
various other times and, without disclosing whether the OGRs in the project area currently 
comply with Forest Plan criteria, states that “it was decided that OGR review was not needed for 
this project.”297 This decision is arbitrary and contrary evidence before the agency. 

In fact, the DEIS language was cut-and-pasted from the Wildlife Resource Report, with the 
ensuing text omitted.298 That omitted text and Table 17 identifies 21 VCUs with OGRs that the 
agency biologists who prepared the WRR recommended for interdisciplinary team review. The 
reasons for these recommended reviews are usually because the existing OGRs are of inadequate 
size or composition and need to be modified in order to comply with Forest Plan criteria for 
small, medium and large OGRs. One VCU, #4490 on Mitkof Island, contains no OGR at all. 
Another, #4520 also on Mitkof Island, should include important deer winter habitat but does not. 
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There are many instances noted where biologically recommended OGRs were not adopted and 
Appendix K requires consideration of the best biological location for the OGR.299 

The size, composition and spacing of OGRs are a critical element of the conservation strategy 
designed to ensure viable, well-distributed populations of wildlife on the Tongass.300 The Forest 
Plan provides that project-level reviews will “ensure” that OGR criteria are met in the project 
area, or at least that any failure to meet that criteria is identified and explained in the NEPA 
process. These reviews ground-truth the areas labeled as OGRs on maps and ensure that the old-
growth habitat conservation strategy is not a fictional paper exercise. 

It is also critical to examine OGRs at the project level with regard to their ability to support 
specific species in the project area. For example, the conservation strategy assumes that large 
OGRs can support 25 female marten, an amount assumed sufficient to support viable populations 
in concert with matrix standards and guidelines and other Forest Plan components. But that may 
or may not be the case in a given large OGR, especially one that in fact does not meet Forest 
Plan criteria for large OGRs. In such a case, the biologically-preferred OGR could be configured 
to meet Forest Plan criteria in the way best suited to benefit, for example, marten.301 

Despite the identification of 21 OGRs that do not meet Forest Plan criteria or otherwise are not 
currently in their biologically-preferred configuration, the DEIS dismisses the entire subject as 
unnecessary to address. The final EIS for this project must, at a minimum, include the 
biologically-recommended OGRs as an alternative. If the Forest Service does not select this 
alternative, it must explain why. 

XV. THE FOREST SERVICE FAILS TO COMPLY WITH NFMA AND NEPA IN 
PROPOSING TO AMEND THE FOREST PLAN’S SCENIC INTEGRITY 
OBJECTIVES. 

The DEIS includes a proposal for the Forest Service to amend the Forest Plan to downgrade 
scenic integrity objectives drastically to permit clearcutting on over 10,000 acres on lands which 
TLMP currently allocates to protect undisturbed scenery. In proposing and analyzing this 
amendment, the Tongass National Forest fails to comply with NFMA regulations. 

In describing the amendment generally, the DEIS states: 
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a project-specific Forest Plan amendment is proposed and analyzed in both action 
alternatives to allow less restrictive Scenic Integrity Objectives (SIOs) in selected 
portions of four of ten timber analysis areas (TAAs) . . . .302 

In describing the amendment in greater detail, the DEIS states: 

There is a proposed 2016 Forest Plan amendment that would allow the SIOs of 
certain areas of old-growth harvest to be lowered during the implementation 
phase to provide for a positive timber sale offer. As planning becomes site-
specific, the scenic effects will be more easily assessed, and where proposed 
harvest opening sizes are not compatible with the current plan, the areas’ SIOs 
may be selectively lowered as needed to provide for a positive timber sale 
offering. 

For analysis, it is assumed that all areas would be lowered from their current SIO 
to Very Low SIO. During implementation, it may end up that some areas are 
lowered to Moderate or Low SIO, depending on the implementation plans.303 

The Forest Service provides no specific language for the amendment for the public to review. 
The agency fails to provide a map delineating the precise areas where the amendment would 
have effect. And the agency makes clear that it will not even know where or whether an 
amendment will be necessary until “planning becomes site-specific,” which will occur after 
approval of the ROD – and the amendment.304 The location and extent of the amendment 
“depend[s] on the implementation plans.305 

The DEIS alleges that the proposed amendment will permit more economic, logging. “The 
proposed 2016 Forest Plan amendment would allow for greater opportunities to provide positive 
timber sales by reducing any constraints that scenery may have on the unit design and layout.”306 

This “amendment” fails to comply with NFMA’s planning in numerous respects. 

For example, the planning regulations require that the agency must “[b]ase an amendment on a 
preliminary identification of the need to change the plan [that] may be based on a new 
assessment; a monitoring report; or other documentation of new information, changed 
conditions, or changed circumstances.”307 The agency provides only a single basis for 
downgrading scenic integrity objectives over more than ten thousand acres: to reduce the 
potential for deficit appraised timber sales. The Forest Service cites no new assessment, 
monitoring or other new information; deficit appraisals for timber sales are not a “changed 
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condition” or “changed circumstance” on the Tongass.308 In fact, the Forest Service was well 
aware, when it adopted SIOs that provide direction and objectives for landscapes that the 
objectives would restrict logging to protect the scenic integrity of particular areas.. Because the 
DEIS fails to provide any valid basis for the proposed plan amendment, the agency must 
withdraw it. 

In addition, the Forest Service has failed to comply with the planning regulations public 
involvement and notification requirements because the amendment itself is an undefined, moving 
target. NFMA’s regulations mandate that in developing plan amendments, the Forest Service 
must “provide opportunities to the public for participating in the assessment process” and 
“engage the public.”309 The Forest Service cannot do so effectively because it has failed to: 
(1) provide the public with the text of any amendment; (2) disclose where, exactly, the 
amendment will apply; and (3) disclose the effects of those changes on an area’s scenic integrity 
level.  

We note that other forests have understood compliance with the planning regulations to require 
the agency to provide specific text for a proposed amendment, which enables the public to 
effectively understand the amendment and provide effective input.310 This DEIS fails to do so. 

The DEIS defines broad areas where the amendment may apply (four TAAs), but within those 
tens and hundreds of thousands of acres, it fails to provide any information as to where, 
precisely, clearcuts may occur to violate existing standards. Indeed, it is hard to imagine an 
impact that depends more on the location than scenery. Scenic impacts may vary depending on 
where they can be viewed from, whether they constitute foreground, middle-ground or 
background, whether terrain may obscure impacts, etc. As noted above, the Forest Service 
admits that it will not know where the amendment will apply until after the agency approves the 
amendment. The DEIS states: “As planning becomes site-specific,” that is after the ROD is 
signed, “the scenic effects will be more easily assessed, and where proposed harvest opening 
sizes are not compatible with the current plan, the areas’ SIOs may be selectively lowered as 
needed to provide for a positive timber sale offering.”311 Not only does this approach – 
approving the amendment first, and defining it later – put the cart before the horse, it makes it 
impossible for the public to provide meaningful input. For example, planning regulations 
mandate that the Forest Service shall seek out “Native knowledge [and] indigenous ecological 
knowledge.”312 The agency cannot seek out and engage tribes without knowing the location or 
impacts of its proposal. The ill-defined nature of the amendment renders public input fruitless. 
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The DEIS makes clear the agency’s failure to define the location of the clearcuts makes it 
impossible for the Forest Service to know whether it could, in fact, design a project that yields 
the desired 150 million board feet of old growth and 80 million feet of young growth without 
amending the plan. Concerning young growth logging, the DEIS states that harvest in areas 
where the existing scenic integrity equals the scenic integrity standard required in the plan 
“would need to be carefully sited and designed in order to maintain the existing scenic integrity 
of the area, and compliance with the SIO [Scenic Integrity Objectives] may be difficult to 
achieve.”313 It is this careful siting and design that needs to happen before the “project-specific” 
NEPA analysis and ROD are complete, not after. The Forest Service needs to complete the 
required NEPA analysis before it can reasonably decide where and whether a project-specific 
Plan amendment is appropriate.   

Similarly, “[i]mplementation of even-aged management [on old growth stands] will likely be 
difficult in the implementation phase with almost 60 percent of the 9,000 acres needing to be 
[logged] from areas where the [existing scenic integrity] equal[s] to the [scenic integrity 
objective].”314. The agency concludes that the “existing condition of the project area is unlikely 
to be able to absorb visible effects of the proposed old-growth and young-growth [logging] of 
Alternative 2 while complying with the current 2016 Forest Service Standards and 
Guidelines.”315 But “unlikely” and “difficult” do not mean “impossible.” Unfortunately, the 
agency completely fails to evaluate the effects of silvicultural prescriptions other than 
clearcutting, including two-aged or uneven-aged management (Scene2.III.). The Forest Service 
must first determine, with careful siting and an appropriate silvicultural objective, whether and 
how it could meet the Forest Plan rather than changing the plan to ignore existing standards. 

The Forest Service’s failure to identify where clearcutting will occur, or the potential to mitigate 
those effects by using silvicultural prescriptions other than clearcutting, and to what extent the 
current plan could be complied with while still allowing logging, violates NEPA as well. The 
DEIS fails to analyze in detail an alternative that would require compliance with the existing 
plan, including careful siting and alternative silvicultural prescriptions to ensure SIOs are met. It 
appears that tens of millions of board feet could still be logged under this alternative, making it 
distinct from the no action alternative, as well as capable of meeting at least some of the 
purposes of the proposal.316 The Forest Service must either consider such an alternative or 
explain why it cannot. 

The DEIS also fails to comply with NFMA’s planning regulations because it does not accurately 
“[d]etermine which specific substantive requirement(s) within §§ 219.8 through 219.11 are 
directly related to the plan direction being added, modified, or removed by the amendment and 
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apply such requirement(s) within the scope and scale of the amendment.”317 The DEIS 
recognizes the application of this provision, stating: 

If the Responsible Official selects this Forest Plan amendment as part of the 
Selected Alternative, he will identify which substantive requirements of the 2012 
Planning Rule are likely related to a proposed land management plan amendment, 
as required by the Rule (36 CFR § 219.13(b)(2)). At this time, he believes the 
following requirements of the Rule will apply: 36 CFR § 219.8(b)(2); 36 CFR 
§ 219.10(a)(1); and 36 CFR § 219.10(b)(1)(i).318 

We agree that 36 C.F.R. § 219.8(b)(2) applies. It requires that the Forest Plan and amendments 
thereto “include plan components, including standards or guidelines, to guide the plan area’s 
contribution to social and economic sustainability, taking into account . . . scenic character.”319 
However, the proposed plan amendment will allow the destruction of scenic character, without 
explanation or analysis as to how such character could be protected, and ignoring the social and 
economic benefits (through cruise ship, small boat tours, and other tourism that rely on the area’s 
scenic beauty) that protection of viewsheds provide. Section 219.10(a)(1) requires that in 
developing plan and amendment components, the Forest Service “shall consider . . . [a]esthetic 
values” and “viewsheds.”320 Again, it is unclear how the agency “considered” those values other 
than to ignore them in order to clearcut old-growth forest. Section 219.10(b)(1)(i) mandates that 
a Forest Plan and amendments must include “components, including standards or guidelines, to 
provide for … scenic character.”321 Here again, the plan amendment provides for a loss of scenic 
character over a timespan beyond the average human lifespan, thereby undermining any claim 
that the amendment complies with this regulation.322  

Further, the DEIS fails to acknowledge that additional provisions are “directly related to the plan 
direction being added, modified, or removed.” For example, NFMA provisions require that plans 
and amendments include components that ensure “[logging] would be carried out in a manner 
consistent with the protection of . . . aesthetic resources.”323 The DEIS fails to explain how 
gutting scenic integrity objectives over thousands of acres through plan amendment will be 
“consistent with the protection” of scenic values, and we do not believe that the Forest Service 
can do so. Any subsequently prepared NEPA document must explicitly address this provision. 
Because the Forest Service has failed to do so thus far, its analysis violates both NFMA and 
NEPA. 

Forest Service planning regulations also mandate that plans and amendments contain 
components to “maintain or restore the ecological integrity of terrestrial and aquatic ecosystems 

                                                           
317 36 C.F.R. § 219.13(b)(5). 
318 DEIS at 7. 
319 36 C.F.R. § 219.8(b)(2). 
320 36 C.F.R. § 219.10(a)(1). 
321 36 C.F.R. § 219.10(b)(1)(i). 
322 DEIS at 295 (“the changes in scenic integrity will last … up to approximately 60 to100 
years.”). 
323 36 C.F.R. § 219.10(d)(3). 
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and watersheds in the plan area.”324 By amending the scenic integrity standards, the plan 
amendment will directly permit the destruction of thousands of acres of old growth forest, which 
the DEIS admits will degrade habitat for marten, wolves and other wildlife, as discussed in 
Section XIII, above. 

Further, planning regulations mandate that in developing plans and amendments, the Forest 
Service “shall consider … [r]easonably foreseeable risks to … economic sustainability.”325 Yet 
the DEIS contains virtually no disclosure of the impact of thousands of acres of massive 
clearcuts on the millions of visitors who visit southeast Alaska each year to view wild, not 
degraded, forests. Failure to disclose the reasonably foreseeable impacts from degrading 
viewsheds with clearcuts violates NEPA’s hard look requirement as well, especially given the 
wealth of information demonstrating that tourism and scenery viewing are much more important 
economically than timber to Southeast Alaska’s economy.326 

What little analysis the DEIS contains concerning impacts to the tour boat industry is 
fragmentary and poorly explained. The DEIS downplays the impacts on this industry in a table 
that shows that the action alternatives will result in only a few hundred “acres with high Scenic 
Integrity Objectives modified at popular tourist destinations and along high profile excursion 
routes on the Tongass with the project area.”327 The DEIS provides specific numbers for both 
Alternative 2 and Alternative 3, disclosing for example that “0 Acres of Foreground Views, 304 
Acres of Middleground Views [with an] Avg patch size between 2-12 acres” will be so 
modified.328 These are oddly specific numbers given that the DEIS, as described above, states 
that it has yet to identify where the logging units will be. At the same time, the DEIS provides no 
explanation for how the agency defined key terms at issue in the table, including “popular tourist 
destinations,” and “high profile excursion route[s].” To take the required hard look, the Forest 
Service must do more than disclose acres impacted at “popular” or “high profile” routes; all 
tourists on all routes to which these clearcuts are visible are likely to be negatively impacted. It is 
also unclear why the Forest Service neglects to calculate the acreage of background views that 
the project will impact. Further, it is unclear what an “average patch size” of 2-12 acres means. 
Could there be a couple of 100-acre clearcuts, and numerous 1-acre cuts? Further, if the Forest 
Service can define the patch size and precise acreage, it should provide a map showing the 
location of these 304 acres of clearcuts. Finally, given the small amount of acreage involved, the 
Forest Service should consider an alternative that eliminates all clearcuts that will impact 
foreground and middle-ground views at popular tourist destinations and alone high profile 
excursion routes. If the agency fails to do so, it must explain why. 

                                                           
324 36 C.F.R. § 219.8(a)(1). 
325 36 C.F.R. § 219.10(a)(7). 
326 See, e.g., Rain Coast Data, Southeast Alaska by the Numbers, 2018, at 4 (available at 
http://www.raincoastdata.com/sites/default/files/Southeast%20Alaska%20by%20the%20number
s%202018%20updated%20Sept%2025.pdf (last viewed Sep. 16, 2019) (showing “visitor 
industry” accounting for 17% of jobs and 11% of income in Southeast Alaska, while timber and 
three other industries lumped together represent less than 4% of jobs and income). 
327 DEIS at 31 (Table 5). 
328 Id. 

http://www.raincoastdata.com/sites/default/files/Southeast%20Alaska%20by%20the%20numbers%202018%20updated%20Sept%2025.pdf
http://www.raincoastdata.com/sites/default/files/Southeast%20Alaska%20by%20the%20numbers%202018%20updated%20Sept%2025.pdf
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CONCLUSION 

For the reasons set forth above, we respectfully request that the Forest Service not proceed with 
the logging aspects of the Central Tongass Project. However, if the agency chooses to proceed, 
then it must prepare and publish a supplementary DEIS that complies with the agency’s legal 
obligations. 

Best Regards, 
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Chapter 3

SUMMARY

Roadless and low‐traffic areas are typically large, natural or semi‐natural areas that have no roads or few 
roads with low‐traffic volume. They are relatively unaffected by roads and subsequent developments, and 
therefore, represent relatively undisturbed ecosystems, which provide important benefits for biodiversity and 
human societies. Roadless areas are rapidly becoming rare across the globe due to construction of  road net
works that serve widely expanding human activity. With a few exceptions, roadless and low‐traffic areas are 
not considered in national or international legislation; and consequently, they have been widely neglected in 
transport planning.
 3.1 Roadless areas contribute significantly to the preservation of  biodiversity and ecosystem services.
 3.2 Planning of  new transport routes should identify existing roadless areas and avoid them.
 3.3 Subsequent (‘contagious’) development effects of  road construction should be avoided in roadless 
and low‐traffic areas.
 3.4 Unnecessary and ecologically damaging roads should be reclaimed to enlarge roadless areas and 
restore landscape‐level processes.
 3.5 It is crucial to systematically evaluate the need for and location of  proposed roads and implement 
the principle of  ‘no net loss’ of  unfragmented lands when there is no alternative.

An important question during planning is whether the proposed road is really needed, and if  so, where 
should it be placed. When the dissection of  a roadless area is absolutely unavoidable, measures to prevent 
contagious development should be implemented, as well as compensation measures to restore the same 
amount of  unfragmented habitat.
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INTRODUCTION

With more than 64 million km of  roads worldwide (CIA 
2013), road networks play a primary role in shaping 
the environment. Approximately 90% of  the world’s 
land surface can be reached within 48 hours of  travel 
by road or rail from the nearest city (Williams 2009). 
The ecological effects of  roads extend far beyond the 
edge of  the road itself; and despite the efforts to  minimise 
road impacts in the past decades, a large  portion of  the 
planet is affected by roads (e.g. about one‐fifth of  the 
continental United States, Forman 2000). Among 
the  numerous impacts of  roads,  probably the most 
 important is what we have termed ‘contagious’ 
 development: roads provide access to  previously remote 
areas, thus opening them up for more roads and 
 developments, and triggering land‐use changes, 
resource extraction and human disturbance (Fig. 2.1, 
Chapter 51). In this context, the importance of  keeping 
the remaining large unfragmented lands road‐free 
becomes an urgent task.

Roadless and low‐traffic areas either have no roads 
or few roads with low‐traffic volumes (see Lesson 3.2 
for definitions). They have become a rare element of  
the landscape; only 3% of  the conterminous United 
States is more than 5 km away from a road (Riitters & 
Wickham 2003). Consideration of  unfragmented 
lands is typically neglected in road planning and biodi
versity conservation. The aims of  this chapter are to 
highlight the value of  roadless and low‐traffic areas, 
the need to consider them in sustainable transport 
planning and the importance of  road removal to 
restore them.

LESSONS

3.1 Roadless areas contribute significantly 
to the preservation of biodiversity and 
ecosystem services

Lands without roads have not been altered by road 
effects such as traffic, noise pollution or wildlife mor
tality due to collision with vehicles. Roadless areas con
tain natural and semi‐natural habitats with a low level 
of  human disturbance, where wide arrays of  ecological 
processes are preserved. Habitats that are more intact 
provide greater benefits for biodiversity and human 
societies than degraded habitats (see reviews in 
DellaSala and Strittholt (2003) and Selva et al. (2011)).

Roadless areas are biodiversity reservoirs. They are 
important for wildlife and have the potential to 

conserve sensitive and endangered species (Loucks 
et  al. 2003). They are crucial for species that move 
across large tracts of  habitat, such as brown bears, 
wolves or elephants (e.g. Blake et al. 2008). Even large 
unfragmented areas which have been moderately mod
ified (e.g. for agriculture) can still provide landscape 
connectivity. Roadless areas are known strongholds for 
salmonids and other fish species (Quigley & Arbelbide 
1997), and a significant refuge for native wildlife and 
plants (Gelbard & Harrison 2003). They also serve as a 
barrier against invasive and exotic species, and diseases 
of  wildlife, livestock and humans. For instance, the risk 
of  humans contracting Lyme disease is reduced in 
larger patches of  unfragmented forest, where the diver
sity of  vertebrate hosts is higher (Allan et al. 2003).

Roadless and low‐traffic areas perform numerous 
ecosystem services that are vital for humans. These 
include the maintenance of  healthy soil, clean air and 
clean and reliable supply of  water (DellaSala & 
Strittholt 2003). While some managers suggest that 
roads are needed to manage fire and pests, roadless 
areas are generally characterized by lower fire risk and 
lower frequency of  insect outbreaks than roaded areas 
(DellaSala & Frost 2001). The social and economic 
benefits of  roadless areas, such as non‐motorised out
door recreation, education and scientific values, are 
large and well documented (e.g. Loomis & Richardson 
2000). As human population increases, the demand 
for undisturbed land and for wilderness experiences 
will likewise increase.

Roadless and low‐traffic areas are important in 
the context of  climate change (Selva et  al. 2011). 
Undisturbed and mature ecosystems provide buffering 
capacity, moderate weather extremes (e.g. by retaining 
water) and help to stabilize local climates (e.g. Norris 
et al. 2012), thereby protecting against the impacts of  
storm events, like flooding or landslides. Roadless and 
low‐traffic areas of  mature forest and peatland are sig
nificant in the sequestration of  carbon. Roadless areas 
accommodate adaptations and range shift responses by 
plants and animals to climate change by providing 
important landscape connections and moderating the 
rate of  change of  local environmental conditions.

With the current rate of  road encroachment, bio
diversity crisis and global change processes such as 
climate change, roadless and low‐traffic areas may 
far exceed roaded areas for their benefits provided to 
human societies (Selva et al. 2011). Therefore, it seems 
sensible that sustainable transport policies retain and 
re‐establish unroaded lands in order to conserve bio
diversity and maintain the health of  ecosystems on 
which we depend (Textbox 3.1).
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3.2 Planning of new transport routes 
should identify existing roadless areas 
and avoid them

While roadless and low‐traffic areas can be broadly 
defined as natural and semi‐natural areas without roads 
or with few roads of  low‐traffic intensity, respectively, 
there are different legal descriptions and criteria used 
around the globe to identify them. Although road‐free 
areas and areas with low road density or low traffic vol
umes are not automatically considered in conservation 
and transport planning, there are two basic approaches 
to incorporate roads in spatial planning. The first 
approach identifies road‐free areas of  a minimum size 
(e.g. Wilderness and Inventoried Roadless Areas in the 
United States) or areas with traffic volume below a speci
fied threshold (e.g. Unfragmented Areas by Traffic in 
Germany, see Textbox 3.1), and the second approach 
identifies areas with high conservation status. Under 

this approach (e.g. Last of  the Wild global program or 
areas of  good conservation status in the Chiquitano dry 
forest, Bolivia), roads and their impacts are combined 
with other indicators, such as human population den
sity, deforestation or cattle grazing, in order to prioritize 
areas for biodiversity conservation (Table 3.1).

Roadlessness typically correlates with relatively good 
conservation status. Therefore, indices that assess the 
environmental impact of  roads by identifying roadless 
and low‐traffic areas should be applied during spatial 
planning (e.g. SPROADI, Freudenberger et al. 2013). The 
definition of  thresholds to identify such areas, such as 
the minimum size of  roadless areas or the maximum 
tolerable traffic volume, depends on the landscape con
text. For example, the dissection of  relatively small 
roadless areas (e.g. Fig. 3.2) is a conservation issue in 
highly populated regions like central Europe, while large 
road‐free areas are a priority in relatively pristine and 
unfragmented regions, like the Amazon or Siberia.

Textbox 3.1 Recognition and protection of roadless and low‐traffic areas in the world.

Wilderness and roadless area protection in the 
United States

In the United States, many roadless areas were first 
protected when the Wilderness Act (1964) was 
passed. Wilderness was defined as ‘an area where the 
earth and its community of life are untrammeled by 
man, where man himself is a visitor and does not 
remain’. Wilderness areas in the United States do not 
allow permanent improvements or human habitation 
and were originally required to be larger than 2024 ha 
(Table  3.1). The National Wilderness Preservation 
System in the United States has grown to more than 
40 million ha today. In 2001, the US Forest Service 
protected an additional 24 million ha of road‐free 
areas larger than 405 ha under the ‘Roadless 
Conservation Rule’. These inventoried areas are pro-
tected from building new roads, although they still 
allow for motorized use, such as all‐terrain vehicles, 
helicopter logging and other uses that are prohibited 
in wilderness. Walking trails are common in both 
Wilderness and Inventoried Roadless Areas.

Low‐traffic and unfragmented areas in Europe

Large roadless areas are rare in Europe, and, instead, 
definitions referring to low‐traffic areas have been 
developed. The concept of unfragmented areas by 
traffic (UAT) was developed by the German Federal 

Agency for Nature Conservation as a landscape 
assessment tool (Table 3.1). The UATs are greater than 
10,000 ha and not dissected by roads with more than 
1000 vehicles/day, by railway lines (twin‐track and 
 single‐track electrified lines) or by human settlements, 
airports or channels. The 2008 inventory identified 
about 9 million ha of UATs in Germany, of which a 
quarter are protected under European Directives. The 
eastern part of Germany contains more UATs than 
western Germany (Fig. 3.1), which may be illustrative 
of the different degree of fragmentation between east-
ern and western Europe.

Global roadless areas

A prototype map of roadless areas in the world was 
developed in 2012 by Google Earth, the Society for 
Conservation Biology – Europe Section and Members 
of the European Parliament (http://earthengine.
google.org/). Here, roadless areas were defined by 
using buffers of different distances (from 1 to 10 km) 
from the nearest road (including dirt roads), rail or nav-
igable waterway (Table 3.1). This map was presented 
in 2012 at the Rio + 20 Conference in Brazil and at the 
eleventh meeting of the Conference of the Parties to 
the Convention on Biological Diversity in India to dem-
onstrate that roadlessness is the most cost‐efficient 
and effective way to protect biodiversity.
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The roads that cause the greatest environmental 
damage are those dissecting pristine and unfragmented 
ecosystems. Even in human‐dominated landscapes, 
the construction of  new roads may add additional dis
turbances to those related to land uses. In this sense, 
an agricultural landscape without roads still might 
provide better habitat quality (e.g. connectivity for 
wildlife) than the same farmland with numerous 
roads. Given the intensification of  land‐use pressures 
across the globe, influencing the patterns of  road 
development to keep roads out of  natural areas is the 
most tractable way to conserve nature (Laurance & 
Balmford 2013; Laurance et al. 2014; Chapter 2).

3.3 Subsequent (‘contagious’) development 
effects of road construction should be 
avoided in roadless and low‐traffic areas

Roads are one of  the main drivers of  ecosystem change. 
By facilitating access to previously remote areas, new 
roads trigger a cascade of  land‐use changes and habi
tat degradation (Chapter 51). Roads are almost inevita
bly followed by urban and agricultural development, 
and they promote mining, hunting, fishing and log
ging (Wilkie et  al. 2000; Southworth et  al. 2011). 

In Central Africa, logging roads, which represent 38% 
of  all road length, boost unsustainable hunting and 
the massive loss of  wildlife; for example, wildlife densi
ties decreased by 25% 3 weeks after logging roads 
were opened in Congo (Laporte et al. 2007; Wilkie 
et  al. 2011). The role of  roads in deforestation is 
undisputable and the most rapid rate of  forest clear
ing occurs within 10 km of  the road, especially if  
paved. As demonstrated in the Amazon, greater 
than 95% of  deforestation, fires and atmospheric 
carbon emissions occur within 50 km of  roads 
(Laurance et al. 2001; Southworth et al. 2011).

Roads also accelerate human migration to the area 
and subsequent illegal colonization and land specula
tion (Chapter 51). Road paving, demand for agriculture 
and cattle ranching areas and ambiguous land tenure 
systems promote new settlements in undisturbed areas 
(Southworth et  al. 2011). New roads, as well as road 
improvements in low‐traffic areas, have important eco
nomic and social impacts, mainly derived from facili
tated market access. These collateral or contagious 
development effects of  roads are often more destructive 
than the direct impacts of  the road itself. Sensible 
transport and land‐use planning should carefully reg
ulate contagious development and be supported by 
appropriate law enforcement (Textbox 3.2).

Figure 3.2 The Rospuda valley in northeastern Poland (6.3 km2) is the last pristine percolating fen (or active peatland) of  the 
European temperate zone. Its untouched hydrological system guarantees the stability of  the ecosystem (no succession) and the 
presence of  endangered and relict species. In 2007, a road project dissecting this peatland was stopped due to legal 
infringements of  the EU nature directives, after more than 10 years of  campaign. The road was finally re‐routed through 
agricultural fields, something that could have been done with proper transport planning years before, thus avoiding high social 
conflicts and economic costs. Source: Photograph by Piotr Małczewski. Reproduced with permission of  Piotr Małczewski.
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Textbox 3.2 Roads in developing countries. The case of conservation planning and ‘contagious’ 
development in Bolivia.

Road development is often used as an indicator of 
socioeconomic development. Roads improve mobility 
of people, but also catalyse the extraction of natural 
resources and subsequent degradation of ecosystems, 
and cause profound changes in local socioeconomic 
systems (Chapter 2).

Bolivia is a socioeconomically poor and biologi-
cally rich country that still has a significant portion 
of its territory covered by natural ecosystems; the 
latter partly due to a poorly developed road infra-
structure (Fig. 3.3, Ibisch & Mérida 2004). However, 
as in most developing countries, the pressure on 
ecosystems is increasing rapidly, making the conta-
gious development effect of roads particularly troubling. 
Whenever new roads provide access to formerly remote 
areas, people will migrate from other parts of the 
country and establish (often illegally) new settlements 
(Chapter 2).

Recent landscape‐scale planning in Bolivia used 
roads as indicators of biodiversity degradation (e.g. 
Araujo et  al. 2010). Roadlessness was taken as a 

proxy for functional and intact ecosystems and used 
as a  criterion for identifying important areas for 
 conservation. However, the implementation of conser-
vation measures (e.g. land‐use planning, including the 
creation of protected areas) has not been enough to 
safeguard the high‐priority regions. In 2002, an inter-
nationally financed road was constructed through the 
Chiquitano dry forest ecoregion in southeastern 
Bolivia. A decade later, the indirect impacts of the road 
(namely forest clearing and expansion of agriculture) 
have exceeded those outlined in even the most pes-
simistic environmental impact assessment (S. Reichle, 
personal communication). The fear that the impacts of 
new roads cannot be effectively mitigated by accom-
panying conservation measures has been confirmed. 
The development and improvement of the road network 
across Bolivia has continuously accelerated deforesta-
tion and other forms of biodiversity degradation. This 
highlights the importance of keeping unfragmented and 
natural habitats free of roads as the most effective way 
to conserve them.

Figure 3.3 Especially in forests, even small and unpaved roads give access for land use such as agriculture or 
settlement, which may ultimately replace the original ecosystem. Porongo, Santa Cruz, Bolivia. Source: Photograph 
by Pierre L. Ibisch.
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3.4 Unnecessary and ecologically 
damaging roads should be reclaimed 
to enlarge roadless areas and restore 
landscape‐level processes

Land managers are restoring roaded areas by closing 
and reclaiming unneeded or ecologically damaging 
roads (Fig.  3.4). Many of  these roads are historical 
 legacies, but new roads built to support resource 
extraction should be restored once the activity ceases. 
There are various treatments possible, ranging from 
simply blocking the road entrance to full removal and 
recontouring of  the roadbed which allows hydrological 
and ecological processes and properties to return 
(Switalski et  al. 2004). Increased infiltration and 
revegetation reduces fine sediment erosion from roads 
into streams, improving habitat quality for fish and 
other aquatic species (McCaffery et al. 2007).

Reclaimed roads improve wildlife habitat quality pri
marily through limitation of  motorised access and the 
restoration of  vegetation providing food and shelter for 
wildlife. Black bears were found to use recontoured 
roads at much higher rates than roads open to traffic, 
but also at greater rates than roads closed to traffic 
with a gate or other barrier (Switalski & Nelson 2011). 
Similarly, grizzly bears expanded their distribution in 

Montana, USA, following extensive road reclamation 
(Summerfield et  al. 2004), and moose populations 
increased following road removal in Nova Scotia, 
Canada (Crichton et  al. 2004). Removing roads at a 
large scale such as is occurring in the United States has 
increased the size of  core wildlife habitat and has the 
potential to restore landscape‐level connectivity.

Road reclamation efforts and the expansion of  road
less areas increase the resilience of  ecosystems and 
help mitigate climate change. For example, as larger 
storms become more common in the face of  climate 
change, more culverts catastrophically fail during high 
flows, releasing large amounts of  sediment into 
streams. Removing culverts and restoring stream 
crossings eliminates this risk and associated negative 
impacts on aquatic habitats (Chapters 44 and 45). 
Additionally, when roads are decompacted during 
reclamation, vegetation and soils can develop more 
rapidly and sequester large amounts of  carbon. Total 
soil carbon storage increased 6‐fold to 65 metric tons 
C/km (to 25 cm depth) in the northwestern United 
States compared with untreated abandoned roads 
(Lloyd et  al. 2013). With more than 100,000 km of  
roads slated for reclamation in the United States alone 
in the coming decades, road reclamation has the 
potential to sequester large amounts of  carbon.

Figure 3.4 After treatment, vegetation recolonises reclaimed roads reducing erosion and providing food and cover for animals. 
This photo was taken 10 years after road reclamation on the Clearwater National Forest in the northwestern USA. Source: 
Photograph by Adam Switalski.
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3.5 It is crucial to systematically evaluate 
the need for and location of proposed roads 
and implement the principle of ‘no-net-loss’ 
of unfragmented lands when there is no 
alternative

It is important to systematically evaluate whether a 
road is really needed; and if  so, explore alternative 
route options before dissecting and eliminating road
less areas or increasing traffic volumes in low‐traffic 
areas (Fig. 3.5). Infrastructure development and, par
ticularly, road construction should avoid dissecting 
roadless areas. Road‐free areas of  natural and semi‐
natural habitats should be maintained by concentrat
ing traffic on existing highly travelled roads and 
bundling infrastructure close together (Chapter  5). 
When this is not possible, it is crucial to protect the 
remaining area by avoiding contagious development 
and to apply compensation policies of   no net loss to 
unfragmented lands (Chapter  7). Measures such as 
road reclamation, promotion of  railroads or speed and 
traffic limitation should also be considered. The imple
mentation of  sustainable development schemes at 
large spatial scales should help prevent the degrada
tion of  roadless and low‐traffic areas (Fig. 3.5)

CONCLUSIONS

Roadless and low‐traffic areas have become scarce, 
indicating a reduction in well‐preserved and functioning 
ecosystems worldwide. The maintenance of  roadless 
areas is more cost‐effective than measures to mitigate or 
minimise road impacts, or even road reclamation. In this 
context, a vital task is to identify, map and describe the 
remaining roadless and low‐traffic areas, and to promote 
their maintenance and protection. Developed countries 
are removing unnecessary roads and restoring landscape 
processes to enlarge roadless areas. This exemplifies the 
need for rewilding in a human‐dominated planet. 
Roadless and low‐traffic areas are a timely tool to preserve 
intact functioning ecosystems at local and global scales in 
the face of  climate change. Their rarity and the services 
they provide to society call for systematically considering 
them in modern land‐use and road planning.
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Figure 3.5 Four main questions to ask when planning a road project in roadless or low‐traffic areas.
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FURTHER READING

DellaSala and Strittholt (2003): Review of  the ecological, 
social and economic benefits of  roadless areas conservation 
in the USA, with special focus on the conservation assess
ments of  two case studies of  roadless areas.

Selva et al. (2011): Identifies the importance of  roadless and 
low‐traffic areas for biodiversity conservation and ecosys
tem services to society, and urges for their inventory and 
inclusion in urban and transport planning. It includes a 
legal analysis of  roadless areas in Europe and their overlap 
with the Natura 2000 network, using Germany as a case 
study.

Switalski et al. (2004): Summary of  the current understand
ing in the science and practice of  road reclamation. Taking 
a multi‐disciplinary approach, the article reviews how road 
reclamation benefits and impacts different natural 
resources and identifies knowledge gaps.

http://earthengine.google.org/: This is the Google platform for 
environmental data at a planet scale. It includes a prototype 
map of  global roadless areas.

http://roadlessland.org/: This is an interactive website that 
shows the inventoried roadless areas in the US and has a 
number of  maps and scientific resources for roadless areas.

REFERENCES

Allan, B. F., F. Keesing and R. S. Ostfeld. 2003. Effects of  forest 
fragmentation on Lyme disease risk. Conservation Biology 
17: 267–272.

Araujo, N., R. Müller, C. Nowicki and P. L. Ibisch (eds). 2010. 
Prioridades de conservación de la biodiversidad de Bolivia. 
SERNAP, FAN, TROPICO, CEP, NORDECO, GEF II, CI, ZNC, 
WCS, Universidad de Eberswalde. Editorial FAN, Santa 
Cruz, Bolivia.

Blake, S., S. L. Deem, S. Strindberg, F. Maisels, L. Momont, 
I. B. Isia, I. Douglas‐Hamilton, W. B. Karesh and M. D. Kock. 
2008. Roadless wilderness area determines forest elephant 
movements in the Congo Basin. PLoS One 3: e3546.

Central Intelligence Agency (CIA). 2013. The world fact book. 
CIA, Washington, DC. Available from https://www.cia.gov/
library/publications/the‐world‐factbook/geos/html#xx 
(accessed 24 September 2014).

Crichton, V., T. Barker and D. Schindler. 2004. Response of  a 
wintering moose population to access management and no 
hunting. A Manitoba experiment. Alces 40: 87–94.

DellaSala, D. A. and E. Frost. 2001. An ecologically based 
strategy for fire and fuels management in national forest 
roadless areas. Fire Management Today 61: 12–23.

DellaSala, D. A. and J. Strittholt. 2003. Scientific basis for 
roadless area conservation. Report prepared by the World 
Wildlife Fund and Conservation Biology Institute.

Forman, R. T. T. 2000. Estimate of  the area affected ecologically 
by the road system in the United States. Conservation Biology 
14: 31–35.

Freudenberger, L., P. R. Hobson, S. Rupic, G. Péer, M. Schluck, 
J. Sauermann, S. Kreft, N. Selva and P. L. Ibisch. 2013. 
Spatial Road Disturbance Index (SPROADI) for conserva
tion planning: a novel landscape index, demonstrated for 
the State of  Brandenburg, Germany. Landscape Ecology 
28: 1353–1369.

Gelbard, J. L. and S. Harrison. 2003. Roadless habitats as ref
uges for native grasslands: interactions with soil, aspect, 
and grazing. Ecological Applications 13: 404–415.

Ibisch, P. L. and G. Mérida. 2004. Biodiversity: the richness of  
Bolivia. State of  knowledge and conservation. Ministerio de 
Desarrollo Sostenible y Planificación, Editorial FAN, Santa 
Cruz, Bolivia.

Laporte, N. T., J. A. Stabach, R. Grosch, T. S. Lin and S. J. Goetz. 
2007. Expansion of  industrial logging in Central Africa. 
Science 316: 1451.

Laurance, W. F. and A. Balmford. 2013. A global map for road 
building. Nature 495: 308–309.

Laurance, W. F., G. R. Clements, S. Sloan, C. S. O’Connell, 
N. D. Mueller, M. Goosem, O. Venter, D. P. Edwards, B. Phalan, 
A. Balmford, R. van der Ree and I. B. Arrea. 2014 A global 
strategy for road building. Nature 513: 229–232.

Laurance, W. F., M. A. Cochrane, S. Bergen, P. M. Fearnside, 
P.  Delamonica, C. Barber, S. D’Angelo and T. Fernandes. 
2001. The future of  the Brazilian Amazon. Science 291: 
438–439.

Lloyd, R. A., K. A. Lohse and T. P. A. Ferré. 2013. Influence of  
road reclamation techniques on forest ecosystem recovery. 
Frontiers in Ecology and the Environment 11: 75–81.

Loomis, J. B. and R. Richardson. 2000. Economic values of  
protecting roadless areas in the United States. The 
Wilderness Society, Washington, DC.

Loucks, C., N. Brown, A. Loucks and K. Cesareo. 2003. USDA 
Forest Service roadless areas: potential biodiversity conser
vation reserves. Conservation Ecology 7: 5.

McCaffery, M., T. A. Switalski and L. Eby. 2007. Effects of  road 
decommissioning on stream habitat characteristics in the 
South Fork Flathead River, Montana. Transactions of  the 
American Fisheries Society 136: 553–561.

McCloskey, J. M. and H. Spalding. 1989. A reconnaissance 
level inventory of  the amount of  wilderness remaining in 
the world. Ambio 18: 221–227.

Norris, C., P. Hobson and P. L. Ibisch. 2012. Microclimate and 
vegetation function as indicators of  forest thermodynamic 
efficiency. Journal of  Applied Ecology 49: 562–570.

Quigley, T. M. and S. J. Arbelbide (eds). 1997. An assessment 
of  ecosystem components in the interior Columbia Basin 
and  portions of  the Klamath and Great Basins. Volume 3. 



26 Handbook of road ecology

USDA Forest Service and USDI Bureau of  Land Management, 
Portland, OR.

Riitters, K. H. and J. D. Wickham. 2003. How far to the near
est road? Frontiers in Ecology and the Environment 1: 
125–129.

Selva, N., S. Kreft, V. Kati, M. Schluck, B. G. Jonsson, B. Mihok, 
H. Okarma and P. L. Ibisch. 2011. Roadless and low‐traffic 
areas as conservation targets in Europe. Environmental 
Management 48: 865–877.

Southworth, J., M. Marsik, Y. Qiu, S. Perz, G. Cumming, 
F. Stevens, K. Rocha, A. Duchelle and G. Barnes. 2011. Roads 
as drivers of  change: trajectories across the tri‐national 
 frontier in MAP, the Southwestern Amazon. Remote Sensing 
3: 1047–1066.

Summerfield, B., W. Johnson and D. Roberts. 2004. Trends in road 
development and access management in the Cabinet‐Yaak and 

Selkirk Grizzly Bear Recovery Zones. Ursus 15(Workshop 
Supplement): 115–122.

Switalski, T. A., J. A. Bissonette, T. H. DeLuca, C. H. Luce and 
M. A. Madej. 2004. Benefits and impacts of  road removal. 
Frontiers in Ecology and the Environment 2: 21–28.

Switalski, T. A. and C. R. Nelson. 2011. Efficacy of  road removal 
for restoring wildlife habitat: black bear in the Northern Rocky 
Mountains. Biological Conservation 114: 2666–2673.

Wilkie, D. S., E. L. Bennett, C. A. Peres and A. A. Cunningham. 
2011. The empty forest revisited. Annals of  the New York 
Academy of  Sciences 1223: 120–128.

Wilkie, D., E. Shaw, F. Rotberg, G. Morelli and P. Auzel. 2000. 
Roads, development, and conservation in the Congo basin. 
Conservation Biology 14: 1614–1622.

Williams, C. 2009. Where’s the remotest place on Earth? New 
Scientist 2704: 40–43.

View publication statsView publication stats

https://www.researchgate.net/publication/280372197




























Description of Caurinus tlagu, new species, from Prince of Wales Island, Alaska... 35

Description of Caurinus tlagu, new species,  
from Prince of Wales Island, Alaska  
(Mecoptera, Boreidae, Caurininae)

Derek S. Sikes1,†, Jill Stockbridge1,‡

1 University of Alaska Museum, 907 Yukon Drive, Fairbanks, AK 99775-6960, USA

† urn:lsid:zoobank.org:author:1448D556-54AB-4517-85C0-D76B7070027E
‡ urn:lsid:zoobank.org:author:C9282706-20AF-4B9F-A545-36AA3D28204F

Corresponding author: Derek S. Sikes (dssikes@alaska.edu)

Academic editor: Ralph Holzenthal   |  Received 23 April 2013  |  Accepted 2 July 2013  |  Published 11 July 2013

urn:lsid:zoobank.org:pub:42CA88FF-E83B-4B33-9B37-145E043B273F

Citation: Sikes DS, Stockbridge J (2013) Description of Caurinus tlagu, new species, from Prince of Wales Island, Alaska 
(Mecoptera, Boreidae, Caurininae). ZooKeys 316: 35–53. doi: 10.3897/zookeys.316.5400

Abstract
A new species of the cryptic, minute, wingless, and enigmatic taxon Caurinus, and the second for the 
subfamily Caurininae, is described from Prince of Wales Island in the Alexander Archipelago, Alaska. It 
is distinguished from its only congener, Caurinus dectes Russell, 1979b, which occurs 1,059 km southeast 
in Oregon and Washington, based on external morphology and sequences of the mitochondrial gene 
cytochrome oxidase II. These two species are probably evolutionary relicts – the only known members of 
a clade dating to the Late Jurassic or older.

Keywords
Caurinus, Boreidae, Mecoptera, taxonomy, Prince of Wales Island, refugium

Introduction

Russell (1979a,b, 1982) described the monotypic subfamily Caurininae, genus and 
species Caurinus dectes, known only from Oregon and Washington, and later described 
by Beutel et al. (2008) as “arguably one of the most bizarre and cryptic species of 
Mecoptera and endopterygote insects.” Indeed, members of the genus do not key to 
any order in most keys to insect orders because they lack a produced rostrum, typical 
of the order Mecoptera, and lack the diagnostic traits that would place them within any 
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insect order containing flightless adults with rudimentary or vestigial wings. However, 
they do share with members of the family Boreidae a very distinctive wing morphology 
and sexual dimorphism in which the adult females are nearly wingless while the males 
bear shortened scissor-like wings, useless for flight, that bear spines for grasping fe-
males during mating. The placement of Caurinus within the Mecopteran family Borei-
dae as the sister taxon to the Boreinae (Boreus 26 spp., Hesperoboreus 2 spp. [Penny 
2013]), is apparently well established based on morphological study (Russell 1979a, b, 
Beutel et al. 2008, Friedrich et al. 2013) and molecular phylogenetics (Whiting 2002). 
However, despite recent efforts, the genus remains enigmatic due to its preponderance 
of plesiomorphic and autapomorphic traits (Beutel et al. 2008). The close relationship 
of the Mecoptera with the fleas, order Siphonaptera, is of particular evolutionary inter-
est (Grimaldi and Engel 2005, Whiting 2002, Trautwein et al. 2012).

It was therefore with some excitement that we began accumulating Caurinus speci-
mens from a large sampling project on the northern end of Prince of Wales Island, 
Alaska, some 1,059 km from the known range of Caurinus dectes Russell. Herein we 
describe this new species.

Materials and methods

Collections. Specimens will be deposited in the following collections:
CAS California Academy of Sciences, San Francisco, California, USA. (Norm 

Penny)
MTEC Montana Entomology Collection, Bozeman, Montana, USA. (Michael 

Ivie)
OSAC Oregon State Arthropod Collection, Oregon State University, Corvallis, 

Oregon, USA. (David R. Maddison)
PMJ Phyletisches Museum, Jena, Germany (Rolf G. Beutel)
SEMC Snow Entomological Museum, University of Kansas, Lawrence, Kansas, 

USA. (George Byers)
UAM University of Alaska Museum Insect Collection, University of Alaska, Fair-

banks, Alaska, USA. (Derek S. Sikes)
USNM National Museum of Natural History, Washington D.C., USA. (Ollie Flint)

Morphological methods. Images of Caurinus tlagu were captured using a Leica 
DFC425 camera mounted on a Leica MZ16 stereomicroscope in combination with 
Leica Application Suite © software v.3.8.0. Images were edited using Adobe Photo-
shop v.7 to remove the background and lighten the images. Observations were made 
with a Leica MZ16 stereomicroscope (7.1×–115× magnification, 1x planapochromatic 
objective/10× eyepieces, max resolution 420 Lp/mm, Leica Microsystems (Switzer-
land) Ltd.). Measurements were made using an ocular micrometer in the MZ16 scope 
at 50×. Five C. tlagu specimens were prepared for scanning electron microscopy (SEM) 
using a Tousimis Samdri-790 Critical Point Dryer and sputter (gold) coating with a 
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Ladd coating unit. The scanning electron micrographs were taken with a ISI-SR-50 
SEM and the digital imaging program Iridium Digital Imaging System. In addition to 
the images included herein, many more SEMs and habitat photos are associated with 
their specimen records via our online database Arctos (http://arctos.database.museum/
saved/Caurinus-spp).

Taxon sampling. Two Mecoptera COII sequences from GenBank were used 
as outgroups: Boreus westwoodi Hagen (EU335963.1) and Boreus hyemalis (L.) 
(AF423998.1). Boreus species were chosen because they share the family assignment of 
Boreidae with Caurinus and therefore should be more closely related to Caurinus than 
any other genus in GenBank. The single Caurinus dectes COII sequence on GenBank 
(AF424001.1) was initially included (and its existence drove our desire to sequence 
COII rather than the more common gene COI), but later excluded due to it being sus-
pected of errors (see below). One of the five Alaskan Caurinus specimens had ambigu-
ous reads in both directions for its COII sequence, possibly due to co-amplification of 
a nuclear copy. We excluded this sequence from analysis.

Caurinus dectes specimens were provided by L. Russell. Seven specimens from Lew-
is County, Washington, collected in 1978 were provided for morphological study and 
12 larval and 11 adult specimens from 2012 collections made in Benton and Tillam-
ook Counties, Oregon, for DNA analysis (Table 1). Our collecting efforts on Prince of 
Wales Island have yielded 37 specimens (18 males, 19 females) of Caurinus tlagu (see 
Collecting methods below, Table 1). Additional, non-type specimens are likely to be 
found as sampling progresses. These specimens will be archived in UAM and recorded 
in our online database, Arctos.

DNA sequencing. Adult specimens and larvae designated for DNA extraction were 
stored at -70°F in cryovials containing 100% EtOH. Specimen data are presented in Ta-
ble 1. DNA was extracted from whole bodies of five adult specimens from the Alaskan 
population and from seven whole bodies of the Oregon larvae. During the extraction 
process, specimens were opened with a pin prick to allow full extraction of DNA from 
soft tissues. After extraction was complete, specimens were soaked overnight in 70% 
EtOH to stop further deterioration of specimen exoskeletons in order to preserve them 
for future morphological study. Extractions were performed using a Qiagen DNeasy© 
blood and tissue extraction kit which was used according to the spin-column proto-
col for animal tissues. To amplify the COII gene, the following primer pair was used: 
forward COII-2a (ATAGAKCWTCYCCHTTAATAGAACA) and reverse COII-9b 
(GTACTTGCTTTCAGTCATCTWATG) taken from Whiting (2002).

Upon completion, extraction success was tested using a nano-drop spectropho-
tometer. DNA concentrations were (0.5–4.0 ng/µL). Primers were diluted at a rel-
atively high concentration of 10µM in accordance with Whiting (2002). PCR was 
performed using the following 25µl PCR-mix: 12.5µl GoTaq DNA polymerase, 1µl 
each of the forward and reverse primers, 1µl Mg+, 9.75µL DNA-grade distilled water 
and 1µL template DNA. The following cycling regime was applied: (1) 1 min at 95°C, 
followed by (2) 35 cycles of 1 min at 95°C, 1 min at 59°C, and 1 min at 72°C, and (3) 
a final extension of 7 min at 72°C. Amplification success and correct band length was 

http://arctos.database.museum/saved/Caurinus-spp
http://arctos.database.museum/saved/Caurinus-spp
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confirmed visually on an agarose gel stained with ethidium bromide. Bi-directional se-
quencing was performed at the University of Washington’s High Throughput Genom-
ics Unit.

Alignment. Sequences were aligned using CodonCode Aligner v4.0.4 (http://
www.codoncode.com/aligner/) and proofread by eye with reference to codon position 
and the inferred amino acid sequence based on Liu and Beckenbach (1992). Align-
ment was without difficulty due to the absence of indels within the protein-coding 
sequence. MacClade was used to produce a consensus of forward and reverse reads 
(Maddison and Maddison 2005).

Model Selection. JModelTest v2.1.3 (Darriba et al. 2012, Guindon and Gascuel 
2003) was used to determine the best fitting model among 88 available for testing. The 
AIC, BIC and DT all chose the model HKY+G as the best fit for the data.

Analysis. Bayesian analyses were conducted using MrBayes v3.2 (Ronquist and 
Huelsenbeck 2003) under the HKY+G model with default priors. Two simultaneous 
MCMC runs with four chains each (3 hot and 1 cold) were performed for 10 million 
generations and sampled every 1,000 steps discarding a burnin of 25%. To evaluate 
whether the MCMC analysis had reached stationarity, trace files were examined in 
Tracer v1.5 (Rambaut and Drummond 2003). These showed signs of good mixing 
and had plateaued at equal values. The average standard deviation of split frequencies 
between the two runs had dropped below 0.01 by 12% of the 10M step run, also indi-
cating both runs had converged. Maximum Likelihood analyses were conducted using 
Garli v.2.0.1019 (Zwickl 2006) under the HKY+G model with 1000 non-parametric 
bootstrap search replicates in addition to a non-bootstrap analysis of 100 search repli-
cates from random starting trees.

Collecting methods and results. Specimens of this new species were collected 
primarily using pitfall traps and Berlese funnels (Table 1) as part of our four year, ongo-
ing project investigating forestry practices in the Tongass National Forest (Fig. 1). Two 
specimens were caught in a very different habitat in pitfall traps set on a transect of 
20 traps spaced 100m apart in a treeless alpine zone (917m elevation) near Black lake, 
Prince of Wales Isl., with tundra-alpine-heath vegetation (e.g. Harrimanella stelleriana, 
Luetkea pectinata, Rhytidiadelphus loreus). This collection was part of a rapid biotic as-
sessment of Southeast Alaska alpine zones (Fig. 1A) and was located 45 km southwest 
of the Coffman Cove collection sites. Pitfall traps consisted of paired (Coffman Cove) 
or single (alpine) plastic cups 8.3 cm in diameter and 7.5 cm deep filled 1/2–2/3 with 
non-toxic propylene glycol based antifreeze, Sierra © brand (Coffman Cove), or soapy 
water (alpine) with rain-roofs ~3 cm from the ground above the traps. Traps were 
emptied once every two weeks (Coffman Cove) or daily (alpine zone). Paired traps 
were 30cm apart with a plastic ruler embedded in the ground between them to act as a 
barrier to divert arthropods into the traps. As part of the Tongass sampling, BioQuip © 
collapsible Berlese funnels were used with ~ 1m2 of leaf/moss litter sifted prior to run-
ning under 40 watt bulbs for 48h. These methods resulted in 37 specimens collected. 
However, incredible effort was involved. A total of 1,136 pitfall trap and 284 Berlese 
samples were processed from 2010 and 2011 that have generated 10,218 beetle speci-

http://www.codoncode.com/aligner
http://www.codoncode.com/aligner
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mens to date. The alpine sampling involved 83 pitfall trap samples, which yielded two 
Caurinus specimens. Twenty-six Caurinus specimens were captured in pitfall traps, ten 
in Berlese funnels, and one, surprisingly, in a Lindgren funnel. Great care was taken to 
ensure pitfall trap rims were at or below the level of the ground – certainly an impor-
tant factor when trapping an animal ~ 2 mm in size.

The majority of specimens (35/37) were collected in perhumid rainforest domi-
nated by Sitka spruce (Picea sitchensis), western hemlock (Tsuga heterophylla), lodgepole 
pine (Pinus contorta var. contorta), Alaska yellow cedar (Chamaecyparis nootkatensis), 
red cedar (Thuja plicata), and red alder (Alnus rubra) (Fig. 2). Of 24 sites sampled in 

Figure 1. Sixteen sites at which Caurinus tlagu specimens were found, north end of Prince of Wales Is-
land, Alaska. Table 1 lists site and specimen data, also available online at http://arctos.database.museum/
saved/Caurinus-AK. TL = type locality.

http://arctos.database.museum/saved/Caurinus-AK
http://arctos.database.museum/saved/Caurinus-AK
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the Tongass National Forest project, Caurinus was found in 14 sites. Fifteen specimens 
were found in six of six sampled old growth sites, eleven in three of six sampled thinned 
secondary growth sites, seven in four of six sampled clear cuts, and one in one of six 
sampled unthinned secondary growth sites. One additional specimen was found in an 
ecotone next to a clear cut that was not part of the 24 structured sampling sites. The 
null hypothesis of Caurinus being equally trappable in all four habitat types: old growth, 
thinned secondary growth, unthinned secondary growth, and clear cuts, (ignoring the 
ecotone), is rejected (Chi2 = 12.59, df=3, P=0.0056). These animals are less trappable in 

Figure 2. Habitats of Caurinus tlagu A Habtiat of type locality, thinned secondary growth with 18 
ft. spacing between trees, 55.88433, -132.89734 B example of old growth habitat in which specimen 
UAM:Ento:204239 was found, 55.88602,-132.8607 C example of clearcut, a habitat type in which seven 
specimens were found, 55.872, -133.06523 D example of treeless, alpine heath – tundra in which two 
specimens were found, 55.58818, -132.88881.
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unthinned secondary growth sites than expected under the null, and more trappable in 
old growth and thinned secondary growth sites than expected under the null.

Although boreids are considered winter active insects, our projects were restricted 
to the summer months. We caught Caurinus more or less evenly throughout the period 
of sampling (mid May – mid August) (Table 1).

Results from molecular analyses

DNA sequence characteristics. The final alignment of the DNA sequences (11 Cauri-
nus sequences, 2 outgroup Boreus sequences) was 639 base pairs long with 491 constant 
sites, 21 variable but parsimony-uniformative sites, and 127 parsimony informative 
sites. Among the Caurinus sequences there were 604 constant sites and 35 parsimony 
informative sites. Of these 35 variable sites between the Caurinus species, 34 were bi-
nary with all specimens of each species sharing the same base differing from the other 
species. As expected, most (29) of these variable sites were third codon positions, with 
six variable first codon position sites, and zero variable second codon position sites. 
The null hypothesis of homogeneity of base frequencies across taxa was not rejected by 
a Chi-square test performed in PAUP*4.0b10 (Chi2=27.5, df=36, P=0.85) (Swofford 
2003). These sequences are available from Genbank (accession numbers KF282717 
through KF282727) and the aligned NEXUS and tree files are available from TreeBase 
(http://purl.org/phylo/treebase/phylows/study/TB2:S14415) under study Accession 
number 14415.

The Caurinus species are 98.5% identical in their inferred COII amino acid se-
quences (209 of 212 amino acids are identical). The three amino acid replacements are 
as follows: The 113th site of the amino acid translation is an Alanine (nonpolar) shared 
by all seven Caurinus dectes specimens but is a Threonine (polar) in all five Caurinus 
tlagu specimens; at the 114th site an Aspartic acid (acid polar) shared by all seven Cau-
rinus dectes specimens is a Asparagine (polar) in all five Caurinus tlagu specimens; and 
at the 148th site an Isoleucine (nonpolar) shared by all seven Caurinus dectes specimens 
is a Valine (nonpolar) in all five Caurinus tlagu specimens.

All seven C. dectes share identical COII nucleotide sequences whereas only three of 
the C. tlagu share identical sequences, the fourth C. tlagu differs at one site (0.156% 
divergent) from the other three C. tlagu. The two Caurinus species are 5.44% divergent 
from each other (uncorrected “p” distance). The two outgroup species are 3.9% diver-
gent from each other, and 21% (B. hyemalis) to 20% (B. westwoodi) divergent from 
Caurinus. The COII GenBank record of C. dectes (AF424001.1) is 21.7% divergent 
from the seven C. dectes we sequenced. Using the parameter values from the Garli 
analysis (see below) to set the HKY+G model in PAUP*4.0b10 allowed the estimation 
of distances corrected for multiple hits: the two Caurinus species are 7.17% divergent 
from each other. The two outgroup species are 5.6% divergent from each other, and 
106.7% (B. hyemalis) to 103.5% (B. westwoodi) divergent from Caurinus.

http://purl.org/phylo/treebase/phylows/study/TB2:S14415
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Bayesian Analysis. Tracer reported auto-correlation times of 1027 and 1015 for 
the two runs with Effective Sample Sizes for all parameters of each run above 7000 
(with samples from both runs combined, the ESS of each parameter was above 15,000). 
Parameter estimates of both runs combined were as follows: the harmonic mean of the 
estimated marginal likelihood was –1515.7, tree length 0.692, the transition/transver-
sion rate ratio (kappa) 6.59, pi(A) 0.356, pi(C) 0.151, pi(G) 0.102, and pi(T) 0.391 
with the alpha shape parameter at 0.258.

Garli Analysis. The 1000 bootstrap replicate analysis resulted in similarly strong 
branch support values as the Bayesian analysis (Fig. 3). One hundred non-bootstrap 
replicates were completed, the best tree of which was found in 96 of the searches 
and was identical in topology to the Bayesian tree (Fig. 3) with a -lnL of 1476.75, 
tree length of 0.858, and parameter values of: K parameter 8.789, ti/tv 3.321, pi(A) 
0.3596, pi(C) 0.1481, pi(G) 0.0991, and pi(T) 0.3933 with the alpha shape parameter 
at 0.1733.

Both the Bayesian and maximum likelihood analyses found strong support for 
reciprocal monophyly of both Caurinus species (Fig. 3).

Figure 3. Inferred phylogeny from Bayesian analysis. Each terminal is a single specimen with the UAM 
cryovial barcode of its DNA extraction indicated by a six digit number. Branch support is indicated as 
estimated posterior probability from the Bayesian analysis first and maximum-likelihood bootstrap per-
centages second. Branch lengths are proportional to the number of substitutions per site as reconstructed 
by MrBayes 3.2. Specimen 242224 is the holotype of Caurinus tlagu http://arctos.database.museum/guid/
UAM:Ento:142986. The remaining three C. tlagu specimens correspond to the following paratypes in Ta-
ble 1: 242222 (UAM:Ento:135818), 242225 (UAM:Ento:159119), and 242226 (UAM:Ento:154335).

http://arctos.database.museum/guid/UAM:Ento:142986
http://arctos.database.museum/guid/UAM:Ento:142986
http://arctos.database.museum/guid/UAM:Ento:135818
http://arctos.database.museum/guid/UAM:Ento:159119
http://arctos.database.museum/guid/UAM:Ento:154335
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systematics

Caurinus tlagu Sikes & Stockbridge, sp. n.
urn:lsid:zoobank.org:act:BFFF780A-737D-4187-8539-32270D80D4C5
http://species-id.net/wiki/Caurinus_tlagu

Holotype. Male (in UAM), here designated, labeled “USA: Alaska, Prince of Wales 
Is. Hatchery Ck.4, 30 May-14 June 2010, 55.88433°N 132.89734°W ± 26m, 82m 
elev., thinned secondary growth with 18 ft. spacing between trees, pitfall 3, J. Stock-
bridge, C. Bickford” , / “HOLOTYPE Caurinus tlagu Sikes & Stockbridge 2013 
UAM:Ento:142986” [red paper]. doi: 10.7299/X7GH9J4M

Paratypes. 36 Specimens (Table 1). The following 17 paratypes will be deposited in 
the collections indicated: male UAM:Ento:159146, female UAM:Ento:142985, female 
UAM:Ento:235025 (CAS); male UAM:Ento:229945, female UAM:Ento:235024, 
female UAM:Ento:229942 (OSAC); male UAM:Ento:235026, female 
UAM:Ento:203239, female UAM:Ento:203011 (PMJ); male UAM:Ento:167053, 
female UAM:Ento:229944, female UAM:Ento:235023 (SEMC); male 
UAM:Ento:217990, female UAM:Ento:221708, female UAM:Ento:159120 
(USNM); male UAM:Ento:229943, female UAM:Ento:230091 (MTEC), and the 19 
remaining in UAM.

Type Locality. USA: Alaska, Prince of Wales Is. Hatchery Ck, 55.88433°N 
132.89734°W ± 26m, 82m elev. (Fig. 1, 2A).

Measurements. Restricted to specimens with retracted genitalia (3 males, 10 fe-
males), length, min. – max., mean ± SD : male 1.58–2.02, 1.74 ± 0.24 mm, female 
1.64 – 2.00, 1.79 ± 0.13 mm.

Diagnosis. Circumference of eye of males comprises 31-35 (n=3) ommatidia (C. 
dectes males have 38–39, n=3). Scanning electron microscope-level resolution is re-
quired to obtain reliable counts (Fig. 4). Female 8th sterna without a median notch 
(n=10), or with a shallow median notch (n=5) (Fig. 5A,C, 6C,D). Caurinus dectes 
females have a shallow median notch or a pronounced median notch (Fig. 5B, see also 
Russell [1979b] fig. 10). This is visible at 40× and higher magnification.

Description. Body length 1.5–2.3 mm, flea-like in lateral view, color reddish 
brown, sparsely pubescent, strongly sclerotized (Fig. 6). Rostrum absent or reduced. 
Clypeolabral suture present. Clypeus divided into post and anteclypeus. Penultimate 
maxillary palpomere enlarged and club shaped. Antennal insertion lateral, widely sepa-
rated. Ocelli absent. Antennae with sixteen antennomeres and a single countersunk 
sensilla on antennomeres 4, 5, and 6 (Fig. 7). Mandible with two subapical teeth 
(Fig. 6B). Male forewings extend to end of first abdominal segment, with six bristles 
(Fig. 8A), hindwings absent. Female forewings pad-like, hindwings absent. Tarsi five 
segmented, tarsal claws present. Pilosity absent. Abdomen widest at segments 4 and 5, 
segments 2-6 fused, annular. Male 8th tergum and sternum not fused. Male 9th ter-
gum and sternum not fused. Genitalia normally concealed in both sexes. Male gono-
styles flattened, deeply incised (Fig. 8B).

http://zoobank.org/?lsid=urn:lsid:zoobank.org:act:BFFF780A-737D-4187-8539-32270D80D4C5
http://species-id.net/wiki/Caurinus_tlagu
http://arctos.database.museum/guid/UAM:Ento:142986
http://dx.doi.org/10.7299/X7GH9J4M
http://arctos.database.museum/guid/UAM:Ento:159146
http://arctos.database.museum/guid/UAM:Ento:142985
http://arctos.database.museum/guid/UAM:Ento:235025
http://arctos.database.museum/guid/UAM:Ento:229945
http://arctos.database.museum/guid/UAM:Ento:235024
http://arctos.database.museum/guid/UAM:Ento:229942
http://arctos.database.museum/guid/UAM:Ento:235026
http://arctos.database.museum/guid/UAM:Ento:203239
http://arctos.database.museum/guid/UAM:Ento:203011
http://arctos.database.museum/guid/UAM:Ento:167053
http://arctos.database.museum/guid/UAM:Ento:229944
http://arctos.database.museum/guid/UAM:Ento:235023
http://arctos.database.museum/guid/UAM:Ento:217990
http://arctos.database.museum/guid/UAM:Ento:221708
http://arctos.database.museum/guid/UAM:Ento:159120
http://arctos.database.museum/guid/UAM:Ento:229943
http://arctos.database.museum/guid/UAM:Ento:230091
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Figure 4. Eye of A male Caurinus dectes (UAM:Ento:230088) showing 38 ommatidia around circumfer-
ence of right eye, dorsal is to the left, and B male Caurnius tlagu (UAM:Ento:202344) showing 35 om-
matidia around circumference of left eye, dorsal is to the right. Scale bar = 50 µm.

Figure 5. A ventral view of female Caurinus tlagu (UAM:Ento:203239) showing 8th sternum with shal-
low median emargination / notch, scale bar = 500 µm B ventral view of abdomen of female Caurinus 
dectes (UAM:Ento:228458) showing 8th sternum with a pronounced notch, scale bar = 200 µm C ventral 
view of abdomen of female Caurinus tlagu (UAM:Ento:203011) showing 8th sternum with shallow emar-
gination / notch, scale bar = 200 µm.

http://arctos.database.museum/guid/UAM:Ento:230088
http://arctos.database.museum/guid/UAM:Ento:202344
http://arctos.database.museum/guid/UAM:Ento:203239
http://arctos.database.museum/guid/UAM:Ento:228458
http://arctos.database.museum/guid/UAM:Ento:203011
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Variation. One male (UAM:Ento:231726) has 7 bristles on its right wing, as a 
result of a very small extra basal bristle, and six on its left.

Geographic Distribution and Habitat. This species is only known from the 
northern half of Prince of Wales Island within a region about 45 km in size (Fig. 1). It 
was collected in forest habitat of various stages: old growth, secondary growth (thinned 
and unthinned), and young clear cuts; in addition to two specimens caught in alpine 
heath habitat and one in an ecotone of clearcut / secondary forest. The species is not 
restricted to lowland forests, nor to old growth forests.

Etymology. “Tlagu,” pronounced “tlu-gu,” is derived from the Alaska Native tribal 
language Tlingit meaning “ancient, forever” (Crippen 2013) or “old, from the past” 
(Edwards 2009). Bierhorst (1985) provided this elaboration: “Among the Tlingit, for 
example, there are two kinds of stories, tlagu (of the long ago) and ch’kalnik (it really 
happened).” We name this species in honor of the place it occurs, its people, and his-
tory, in addition to the apparent great age of the genus Caurinus.

Figure 6. Female Caurinus tlagu (UAM:Ento:159119) that had been cleared in KOH. A lateral view 
(broken abdomen), scale bar = 2 mm B face, scale bar = 0.5 mm C dorsal view, scale bar = 2 mm D ventral 
view, scale bar = 0.5 mm.

http://arctos.database.museum/guid/UAM:Ento:231726
http://arctos.database.museum/guid/UAM:Ento:159119
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Discussion

Diagnostic characters were not easily found. These species are very similar phenotypically. 
The use of ommatidia counts around the circumference of the eyes of males (females we 
examined overlapped in these counts) is certainly not an ideal character because it is limit-
ed to one sex and requires SEM imaging to obtain accurate counts. In part because of this 
difficulty, and the rarity of specimens, our sample sizes for the assessment of this character 
are suboptimal. Despite these small sample sizes (n=3 for each species) the means differ 
significantly based on an unpaired, two-tailed student’s t-test (p = 0.0142). We hope that 
ongoing morphological study of the Mecoptera by Rolf Beutel and others (e.g. Beutel et 
al. 2008) will better document variation between and within these Caurinus species.

During our examination of characters we compared both species for the paired cu-
puliform and countersunk antennal sensilla described by Beutel et al. (2008, fig. 3D) as 
occurring on the distal part of antennomeres 3 and 4. We found these on antennomer-
es 4, 5, and 6 (Fig. 7) but could not find them on antennomere 3 of either species. Also, 
we found the countersunk sensillum but not the cupuliform sensillum. We studied 5 
specimens of C. dectes and 5 of C. tlagu, 3 males and 2 females of each, and were able to 
see sensilla on 2 female C. dectes and 1 male and 2 female C. tlagu but on no others. A 
shorter type of setae with a thicker apex is present near the countersunk sensilla (Fig. 7) 
which were also visible on those specimens on which we did not find sensilla. This lack 
of confirmation is likely due to the fixed positioning of the specimens for SEM imaging 
hiding the sensilla from view, although infraspecific variation and absence cannot yet 
be eliminated as explanations. The lack of sensilla on antennomere 3 of C. dectes raises 
the possibility that there are multiple species under the name C. dectes.

We examined the gonostyles of the males (Fig. 8B) for diagnostic characters. These 
complex structures may still hold diagnostic potential. In particular, the apex of the 

Figure 7. Base of Caurinus antenna showing sensilla on antenomeres 4, 5, and 6. A female Caurinus 
dectes (UAM:Ento:230088), B female C. tlagu (UAM:Ento:203237); sen = sensilla, scale bars = 20 µm.

http://arctos.database.museum/guid/UAM:Ento:230088
http://arctos.database.museum/guid/UAM:Ento:203237
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gonostyle’s setose basal tooth appeared tapered in C. tlagu and truncate in C. dectes. 
However, we were not able to confirm this state was constant in each species. The shape 
of the upper blade and the pattern of scale-like ridges on the upper blade also appeared 
to differ. Further study indicated these differences were probably due to differences in 
the available angles of viewing within the SEM.

We do not know the explanation for the very large COII difference (21.7%) seen 
between the GenBank C. dectes record and our own sequences of seven C. dectes speci-
mens. Both samples were made by the same collector, and author of the species, L. 
Russell, from the type locality. The GenBank record for the C. dectes COII is 4.5% 
different from that of the GenBank record for Panorpa debilis (AF424023.1) from the 
same study (Whiting 2002) which suggests possible contamination or data mixup. 
Given the ambiguity of the GenBank record’s accuracy we decided to exclude it from 
our analyses.

The two specimens recovered from the treeless alpine tundra site appear to violate 
characterizations of Caurinus being a forest associated lineage. However, C. dectes is 
often recovered from forested and open rocky sites with the common moss Rhytidi-
adelphus loreus, which represented 20% of the total vegetation at the alpine site (K. 
LaBounty pers. com.). That C. tlagu occurs in clear-cuts and secondary growth sites 
suggests it is not a habitat specialist. However, within the secondary growth sites in 
which C. tlagu was found, it was significantly more common in thinned sites (n= 11) 
than in unthinned (n=1). The former have been opened by the Forest Service program 
TWYGS (Tongass Wide Young Growth Studies) in which the trees have been thinned 
to encourage old-growth conditions whereas the latter habitats are closed-canopy and 
dark due to the overcrowding of even-aged trees. This does raise questions about the 
feeding and breeding ecology of C. tlagu. Russell (1979b, 1982) documented C. dectes 
as a specialist on epiphytic and terrestrial leafy liverworts (Jungermanniales). We lack 

Figure 8. SEM images of male Caurinus tlagu (UAM:Ento:204239), scale bars = 100 µm A dorsal view 
showing wings B everted genitalia showing paired gonostyles, oblique lateral view.

http://arctos.database.museum/guid/UAM:Ento:204239
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adequate data on the bryophyte communities of the lowland forested sites to assess 
whether C. tlagu shows the same bryophyte associations as C. dectes. In particular, 
seven specimens (19% of our total catch) were found in recently deforested clear cuts, 
which are likely to have highly disturbed bryophyte communities.

Another notable difference between these Caurinus species may be their phenol-
ogy. Russell (1982) describes adult C. dectes as primarily active during the winter (Oc-
tober – April), but reappearing in unseasonably wet, cool weather during the summer. 
This contrasts with our findings of summer presence of adult C. tlagu. Of course, C. 
tlagu could also be active year-round but our sampling regime would fail to detect 
anything but summer activity.

Various plausible scenarios exist to explain the 1,059 km range disjunction and 
presumed allopatric speciation within this genus of wingless mecopterans. Either or 
both populations could be the result of ancient (paleoendemism) or recent (neoend-
emism) dispersal from the other population or elsewhere (now extinct, or as yet un-
found). Such dispersal could be as simple as the ancient transport of Caurinus-laden 
bryophytes by a bird. Given the genetic divergence between the populations, human 
transport is unlikely because it would be too recent. Alternatively, and we think more 
likely, both populations may be relicts of an ancient, and much larger population, with 
subsequent intervening extinction (paleoendemism). A multi-locus population genet-
ics analysis with incorporation of data regarding the region’s geological history would 
be needed to test these alternatives. Finally, these animals are not easily found and 
undetected populations may occur in intervening British Columbia.

Prince of Wales Island was mostly buried under an ice sheet during the maximum 
of the late Wisconsin glaciation 26,000 to 13,000 14C years BP (Carrara et al. 2007) 
and had been repeatedly buried by ice during the Pleistocene. However, considerable 
biological and geological evidence suggests that ice-free refugia may have existed dur-
ing this time, allowing many diverse taxa to continue to evolve in relative isolation, and 
re-seed the region after deglaciation (Carrara et al. 2007). Of 108 mammal species or 
subspecies occurring in southeastern Alaska, 27 are endemic to the area (Cook et al. 
2001). The known locations of C. tlagu are in regions that were reconstructed as under 
ice by Carrara et al. (2007, fig. 3). Post deglaciation dispersal to these sites from ice-free 
refugia is the most likely explanation. This suggests, and it would be likely regardless, 
that C. tlagu is more widely distributed than we have documented.

Despite their strong phenotypic similarity, the weight of the evidence supports 
the conclusion that these separate populations are not conspecific. Their mtDNA se-
quences being 7.17% divergent (corrected for multiple hits) suggests they have been 
isolated for probably less than 10 million years (Klicka and Zink 1997, Papadopoulou 
et al. 2010). Regardless, they have probably been isolated for longer than Boreus west-
woodi and Boreus hyemalis have been isolated from each other. This degree of separation 
eliminates a late Pleistocene (100,000–250,000 YBP) speciation event hypothesis. The 
corrected genetic distances between Boreus and Caurinus (over 103%), indicate the 
COII gene is fully saturated with multiple hits at this level of comparison, and sup-
port the hypothesis of Russell (1979b) that Caurinus is a lineage of great age and not 
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an example of relatively recent evolutionary reversal that would make the Boreinae 
paraphyletic.

This suggests the split between the genus Caurinus and the remaining boreids 
likely predates the oldest confirmed boreid fossil, Palaeoboreus zherichini Sukatsheva 
& Rasnitsyn, of the Late Jurassic (Grimaldi and Engel 2005) which appears to be a 
boreine due to its size and external ovipositor, although it lacks the produced rostrum 
typical of extant species (Russell pers. com.). If confirmed, such a great age (>145 Ma) 
for a genus of two extant species would make the lineage an evolutionary relict and 
its species certainly deserving of conservation attention (Habel and Assmann 2010, 
Naskrecki 2011).
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Addendum

During 16–17 May 2013, Loren Russell, the author of C. dectes and authority on the 
ecology of the genus, joined us on Prince of Wales to collect and study C. tlagu, and 
show us how to target its host bryophyte. It took us two years (2010 and 2011) to col-
lect 37 C. tlagu specimens using three structured sampling methods at 24 sites. In a 
few hours of collecting, L. Russell was able to collect over a dozen C. tlagu and taught 
us how to brush them from one of their preferred hosts (Scapania bolanderi). A video 
of L. Russell showing this method is available at https://vimeo.com/68819818 and a 
second video showing C. tlagu hopping is available at https://vimeo.com/68819819. 
Russell also alerted us to an earlier, ecological study that documented Caurinus from 
the Maybeso Experimental Forest on Prince of Wales Island (LeSage et al. 2005). We 
were able to confirm that voucher specimens of Caurinus from this 2005 study are 
deposited in the Michigan State University collection.

https://vimeo.com/68819818
https://vimeo.com/68819819
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MUNICIPALITY OF SKAGWAY, ALASKA 
RESOLUTION NO. 19-32R 

 

Proposed by: Mayor Cremata 
Attorney Review: 10/16/2019 
Vote:  5 Aye 0 Nay 1 Absent 

A RESOLUTION OF THE MUNICIPALITY OF SKAGWAY, ALASKA EXPRESSING 
THE MUNICIPALITY OF SKAGWAY’S SUPPORT FOR ALTERNATIVE 1 OF THE 
DRAFT ENVIRONMENTAL IMPACT STATEMENT FOR THE MANAGEMENT OF 
INVENTORIED ROADLESS AREAS WITHIN THE TONGASS NATIONAL FOREST. 
 
WHEREAS, the community of Skagway is highly dependent on tourism as its main 
economic driver; and  
 
WHEREAS, tourism in Skagway, the Inside Passage, and the broader region of 
Southeast Alaska is dependent on maintaining pristine, wild landscapes of the 
surrounding coastal temperate rainforest and the iconic wildlife it supports; and  
 
WHEREAS, in 2001, the U.S. Department of Agriculture (USDA) finalized a management 
plan for the Tongass National Forest, which includes the National Roadless Area 
Conservation Rule (Roadless Rule) in response to disappearing wildlands and a road 
maintenance backlog of $8.4 billion; and 
 
WHERES, the intent of the Roadless Rule was to protect the social, economic, and 
ecological values and characteristics of inventoried roadless areas from road construction 
and reconstruction and certain timber harvest activities; and 
 
WHEREAS, at the time of promulgation in 2001, the Roadless Rule had the most 
extensive public involvement of any rulemaking process in the history of federal 
rulemaking, generating over 1.6 million comments, the vast majority of which supported 
the creation of a strong national policy protecting roadless areas; and 
 
WHEREAS, inventoried roadless areas provide large, relatively undisturbed blocks of 
important habitat for a variety of terrestrial and aquatic wildlife and plants; contribute to 
healthy watersheds and clean drinking water; and provide extensive opportunities for 
outdoor recreation and tourism; and 
 
WHEREAS, the Roadless Rule protects some of the last remaining tracts of old-growth 
forest habitat in the Tongass that contribute to the absorption of global warming pollution 
and protect native animal species that rely on them; and 
 
WHEREAS, roadless areas support subsistence lifestyles through hunting and fishing, 
and support outdoor recreation and tourism industries; and 
 
WHEREAS, the Roadless Rule contains a variety of exceptions that allow roadbuilding 
for community access, hydropower projects, utility connectors, and other economic 
development projects when they serve a legitimate public interest; and 
 
WHEREAS, protection of these roadless areas in the Tongass National Forest is of local 
and national importance; and 
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Abstract

We investigated habitat selection using single- and mixed-scale modeling at 2 spatial scales, stand and home range, by the only known population of American

martens (Martes americana) remaining in the historical range of the Humboldt subspecies (M. a. humboldtensis) in California, USA. During 2000 and 2001, we

sampled a 12 × 14 grid with 2-km spacing, using 2 sooted track plates at each grid point. We detected martens at 26 of the 159 grid points. We used resource selection

probability functions and an information-theoretic method to model habitat at detection locations. At the stand scale, martens selected conifer-dominated stands w

dense, spatially extensive shrub cover (�̄ = 74% cover, SE = 4) in the oldest developmental stage. At the home-range scale, martens selected the largest available

patches (�̄ = 181 ha, SE = 14) of old-growth, old-growth and late-mature, or serpentine habitat. Mixed-scale models revealed that habitat characteristics from both

scales best explained marten occurrence compared to one scale alone. Dense, spatially extensive shrub cover is a key habitat element for martens in coastal forests.

Dense shrubs provide refuge from predators, cover for prey, and may also deter larger-bodied competitors. Managers can increase the likelihood of marten populati

persistence and encourage expansion in coastal forests by maintaining and restoring late-mature and old-growth, conifer-dominated forests with dense shrub cover

large, contiguous patches.
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Original Article

Spatially Explicit Analysis of Contributions of
a Regional Conservation Strategy Toward
Sustaining Northern Goshawk Habitat

WINSTON P. SMITH,1 Institute of Arctic Biology, University of Alaska, Fairbanks, 2571-3 Douglas Highway, Juneau, AK 99801, USA

ABSTRACT Setting aside habitat is a common strategy to maintain viable wildlife populations, but
underlying assumptions or effectiveness are rarely evaluated. The Tongass National Forest prioritized habitat
management for sensitive species in Southeast Alaska’s rainforest, and standards and guidelines were
established for northern goshawks (Accipiter gentilis). I used guidelines from other portions of its range
and data from Southeast Alaska, USA, to evaluate the conservation strategy. I used published data and nests
from this study to define choice habitats; published juvenile movements and female use areas were used to
estimate an ‘‘average’’ post-fledging area and female breeding range, respectively. I used nest-tree locations
(n ¼ 136) to delineate corresponding virtual post-fledging areas and female home ranges, within which I
calculated acreage of 4 cover-type and 4 land-use categories. About 30% of nests had >51% of post-fledging
areas in choice habitat; 60% of nests had >51% in unsecure (unprotected from development) land-use
designations, whereas 16% had>51% in a protected old-growth designation. The female range was similar to
post-fledging areas, but the proportions predominantly (>75%) available for development (land use that
modifies landscapes) or with 26–50% of total area in choice habitat were larger than post-fledging areas, and
half as many nests had >51% of area in choice habitat. Among cover types, choice habitat averaged 39.4% of
the post-fledging area. These findings increase uncertainty about conservation measures contributing
sufficient habitat to sustain well-distributed, viable populations of northern goshawks throughout
Southeast Alaska and demonstrate the need and feasibility of evaluating assumptions of conservation plans.
� 2013 The Wildlife Society.

KEY WORDS Accipiter gentilis, conservation strategy, land-use planning, northern goshawk, population viability,
southeastern Alaska, temperate rainforest.

Maintaining biological diversity, especially viability of endem-
ic organisms, continues to rank high among land-manage-
ment issues on public (Possingham et al. 1993, Szaro and
Johnston 1996, Iverson and René 1997, Smith and Zollner
2005) and private lands (Lindenmayer and Possingham 1996)
because wildlife species are valued by many segments of
society (Naess 1986, Catton and Mighetto 1998) and because
persistence of indigenous wildlife populations at ‘‘ecologically
effective’’ densities (sensu Soulé et al. 2003, p. 1,239) is a
crucial component of healthy ecosystems (Pimm 1991,
Petchey 2000, Pyare and Berger 2003, Soulé et al. 2003).
Loss or fragmentation of habitats due to human activity are
directly associated with the rapid decay of ecological and
evolutionary diversity worldwide (Pereira et al. 2004, Reed
2004). Undoubtedly, global demands for natural resources will
continue to increase and land managers will experience greater
and more complex challenges to safeguarding ecosystem func-
tions (Costanza et al. 1997, Newton and Freyfogle 2005).

In Southeast Alaska, USA, the Tongass National Forest
responded to challenges of sustaining viable and widely

distributed wildlife populations across the planning area
by developing a comprehensive, regional conservation
plan. The 1997 Tongass Land and Resource Management
Plan established a system of small, medium, and large
reserves to provide large areas of protected, intact old-growth
forest and site-specific standards and guidelines to manage
locally important habitat for sensitive species (U.S. Forest
Service 1997). A fundamental assumption was that lands
managed for timber production would contribute little to-
ward maintaining well-distributed and viable populations
(U.S. Forest Service 1997: appendix N); rather, reserves
and other protected lands would provide sufficient habitat
to sustain indigenous wildlife (Iverson and René 1997).

Setting aside essential habitat is a common strategy to
maintain indigenous wildlife in modified landscapes, but
the underlying assumptions or the effectiveness of such
strategies are rarely evaluated (Smith et al. 2011).
Although land-use or conservation plans typically stipulate
long-term effectiveness monitoring of framework elements
and specific measures (U.S. Forest Service 1997: chapter 6),
the costs required to do so often are prohibitive, and
thus monitoring plans rarely are fully implemented (Patla
2005, Smith et al. 2011). More importantly, irreparable
negative impacts can occur before long-term monitoring
uncovers flaws in the underlying conceptual framework, or
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in deficiencies in the implementation of specific management
guidelines or conservation measures (Smith et al. 2011).
However, Smith and Person (2007) demonstrated the feasi-
bility and value of evaluating elements and assumptions of
the underlying theoretical framework of a regional conser-
vation plan.

The northern goshawk (Accipiter gentilis) in Southeast
Alaska received special consideration as a ‘‘sensitive species’’
in the revised forest plan (U.S. Forest Service 1997, pp. 4–
89), in part because of concerns over the viability of endemic
Queen Charlotte goshawk (A. g. laingi) populations (Iverson
et al. 1996, Iverson and René 1997, U.S. Fish and Wildlife
Service 2007). Standards and guidelines for forest manage-
ment actions were established using important ecological
aspects of this species’ biology (Iverson et al. 1996). The
1997 standard and guidelines specific to goshawk reproduc-
tion stipulated that managers should ‘‘preserve nesting habi-
tat around all confirmed and probable nest sites’’ (U.S. Forest
Service 1997, pp. 4–89) and included several criteria for
identifying nest sites and guidance related to achieving
this objective.

Much of the science used to develop the Tongass standards
and guidelines and policy for managing habitat for northern
goshawks was based on studies conducted elsewhere because
local information was largely unavailable (Iverson et al.
1996). Since 1997, however, considerable effort has yielded
valuable empirical data about the life history, ecology, and
habitat needs of northern goshawks in Southeast Alaska,
especially during the breeding season (Flatten et al. 2001,
Lewis et al. 2006). In addition, there have been numerous
studies and reviews completed throughout its range
(Penteriani 2002, Andersen et al. 2005, Greenwald et al.
2005, Boal et al. 2006). Moreover, reviews and studies in
British Columbia, Canada, have substantially increased our
knowledge about goshawks in temperate rainforests (Cooper
and Stevens 2000; McClaren et al. 2002, 2003, 2005; Mahon
and Doyle 2005, Doyle 2006).

In western North America, the breeding home ranges of
northern goshawks often are represented as a hierarchical
sequence of 3 areas (Andersen et al. 2005), all of which need
to be considered simultaneously in land-use planning or
mitigation (Reynolds et al. 2006, Northern Goshawk
Accipiter gentilis laingi Recovery Team 2008): 1) nest area,
2) post-fledging (family) area, and 3) foraging area. Nest
areas provide alternate nest trees, roost trees, prey-plucking
posts, and serve as centers of essential breeding behaviors
or life-history events (Reynolds et al. 1992, 2006). Post-
fledging areas surround active nest trees and represent the
core-use area of an adult female and of young goshawks after
fledging but before becoming independent of adults and
dispersing (Kennedy et al. 1994). McClaren et al. (2005)
suggested the biological role of post-fledging areas and
nest areas are similar and therefore it is useful to consider
them as one functional component. Regardless, the habitat
composition (i.e., overstory) of post-fledging areas should
be similar to nest areas (Reynolds et al. 2008). Foraging
areas comprise the majority of northern goshawk breeding
home ranges and are especially important for adults provid-

ing food to young and for juveniles prior to natal
dispersal. Adults may have foraging areas that are a consid-
erable distance from nests and may change their foraging
areas seasonally or from 1 year to the next (Titus et al.
1994). Foraging areas generally are large (�2,000 ha)
but vary among localities and according to individual
experience, hunting efficiency, food requirements (brood
size), and availability of food within home ranges
(Kennedy et al. 1994). Also, the combined home range of
male and female pairs can be substantially larger than that of
individual birds (Boal et al. 2003). The most imminent
threats to breeding populations are loss or fragmentation
of nesting and foraging habitat, especially reductions in prey
diversity and availability (Reynolds et al. 1992, 2006, 2008;
Finn et al. 2002, McGrath et al. 2003, Salafsky et al. 2007,
Northern Goshawk Accipiter gentilis laingi Recovery Team
2008).

Despite a substantial increase in knowledge since the
revision of the 1997 Tongass Land and Resource
Management Plan, the implications of those new insights
to goshawk conservation and land-use policies in Southeast
Alaska have not been rigorously examined. In particular, it is
unclear whether a system of old-growth reserves designed
explicitly for other wildlife species and protection of gos-
hawk nest trees in landscapes intensively managed for timber
(clearcut logging) would provide sufficient habitat to sustain
breeding populations of the northern goshawk across the
planning area (Finn et al. 2002). The purpose of this study is
to evaluate the underlying framework and assumptions of
the Tongass conservation strategy to sustain well-distribut-
ed, breeding populations of a species whose home range
encompasses entire watersheds and whose life history in
Southeast Alaska appears to require vast amounts of old-
forest habitat (Iverson et al. 1996). To accomplish this, I
undertook a spatially explicit analysis that quantified con-
tributions of the 1997 Tongass conservation strategy
toward sustaining suitable habitat in 2 essential components
of northern goshawk breeding pairs’ home ranges: post-
fledging area and breeding home range of females.
Specific objectives were to 1) use the findings of habitat-
use analyses from Southeast Alaska (Iverson et al. 1996) in
conjunction with the observed habitat composition of nest
sites to identify choice habitat for nest areas; 2) use juvenile
post-fledging movements to estimate the radii of circular,
virtual post-fledging areas and broader landscapes repre-
sented by the median 90% minimum convex polygons
breeding home range (‘‘use areas,’’ Iverson et al. 1996) of
females; 3) quantify contributions (total acreage) of the
Tongass conservation elements to conserving secure (pro-
tected from development) habitat in projected goshawk
post-fledging area and female breeding home ranges; 4)
compare the cover-type composition of virtual post-fledging
areas with the observed composition of nest sites in
Southeast Alaska and to published recommendations for
post-fledging area composition (Reynolds et al. 1992,
2006, 2008); and 5) classify projected northern goshawk
post-fledging and breeding home ranges according to the
extent (percentage categories) that the habitat composition
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approached recommended guidelines or the observed per-
centages of habitat types among nest sites in Southeast
Alaska.

STUDY AREA

The Tongass National Forest encompassed about 95% of
southeastern Alaska; this included the Alexander
Archipelago with thousands of islands, and a narrow main-
land region that extended from Dixon Entrance (548300N
latitude) to the Malaspina Glacier (598450N latitude; U.S.
Forest Service 1997). The Tongass was unique among na-
tional forests in several ways (Everest et al. 1997), including a
dynamic geological history, naturally fragmented and isolat-
ed landscapes, and extraordinary environmental complexity
(MacDonald and Cook 1996).

Southeastern Alaska had glaciated mountain ranges and
fjords, and a cool, wet (200- to 600-cm precipitation) mari-
time climate with mean monthly temperatures ranging from
138 C in July to 18 C in January (Searby 1968). About
4 million ha (60%) was forestland (U.S. Forest Service
1997), of which 2.2 million ha was productive forests
(Julin and Caouette 1997). Coniferous rainforest dominated
the landscape from shoreline to about 600 m elevation, with
approximately 90% of productive forests in Sitka spruce
(Picea sitchensis)—western hemlock (Tsuga heterophylla) for-
ests, which typically are the old-growth forests of upland
sites; remaining areas were alpine, muskeg, or riparian
(Hutchinson and LaBau 1974). Unmanaged forests typically
had a multi-layered overstory of uneven-aged trees, domi-
nant trees that generally were >300 years old, and extensive,
structurally diverse understories (Ver Hoef et al. 1988).
These forests varied in structure from ‘‘scrub’’ or low-volume
communities of short (<10 m), small (<0.5-m diam) trees
with open canopies and dense, shrubby understories on
poorly drained sites (peatland), to highly productive sites
that supported high-volume stands with a closed canopy; tall
(>60 m), large (>3-m diam) trees; and a predominantly
herbaceous understory (Harris and Farr 1974, Alaback
1982). The Tsuga–Picea forest type constitutes most of the
closed-canopy forests in the region (Alaback 1982). It was
spatially heterogeneous at a fine scale—<1 ha (Schoen et al.
1984)—and typically occurred on low elevation, well-drained
sites, frequently as a mosaic with muskegs (Neiland 1971).
The primary disturbance was wind, with infrequent (100–
200 yr) catastrophic windstorms blowing down tens to hun-
dreds of hectares of old-growth rainforest, which produced
relatively homogeneous, naturally regenerated second
growth with dense canopies (i.e., wind-originated stands;
Nowacki and Kramer 1998). More frequent, but less severe,
windstorms blow down one or a few trees, which produces
gap-phase old-growth stands with more fine-scale heteroge-
neity and much larger and older trees (Alaback 1982).

METHODS

Discerning Post-Fledging Area Habitat
I used the 2003 geographic information system (GIS)
database of northern goshawk nest-tree locations obtained

during 1989–2003 from annual surveys of nests conducted by
the Tongass National Forest, Alaska Department of Fish and
Game, and U.S. Fish and Wildlife Service (Flatten et al.
2001). Some nests were found by tracking radiocollared
goshawks, coincidentally while conducting other fieldwork
(e.g., timber sale surveys), or from reports by individuals
recreating on the National Forest (Iverson et al. 1996). I
updated the 2003 database with new nest trees obtained from
surveys conducted through July 2005 by the Tongass
National Forest and cooperators. Because many goshawk
nests were located during timber-sale surveys or layout
(Iverson et al. 1996), the relative amount of high- and
medium-volume old growth distributed among land-use
designations might have been biased toward the
Development category (lands available for timber production
and other uses that modify landscapes) as compared with a
random sample collected across the region (Daw et al. 1998).
However, Schempf et al. (1996) used standardized protocols
to survey 724 points within 62 plots across 67 km2 of roadless
areas in Southeast Alaska. They recorded responses from
only a single adult goshawk and concluded that the much
lower (order of magnitude) detection rate (compared with
similar surveys in other portions of this species’ range) sug-
gested a low density and widely dispersed goshawk popula-
tion across the sampling area.

The desired condition of a post-fledging area is habitat
composition similar to the nest area (Reynolds et al. 1992,
McClaren et al. 2005). Therefore, I identified habitat for
post-fledging areas by averaging the composition of cover
types (e.g., old-growth forest, muskeg, managed forest)
within nest areas of previously occupied nest sites in the
region. Post-fledging area habitat was delineated according
to the findings of an analysis of habitat selection during the
breeding season that compared the proportion of radiotelem-
etry locations in each habitat type with the proportion that
each corresponding habitat type comprised in ‘‘use areas’’
represented by 100% minimum convex polygons (Iverson
et al. 1996). During the breeding season, goshawks selected
high-volume (forest-wide mean � 95% CI ¼ 201.5 �
4.7 m3/ha) and medium-volume (146.2 � 4.5 m3/ha) strata
old-growth forests (Julin and Caouette 1997). Mature saw-
timber (75- to 150-yr second growth), low-volume
(91.5 � 4.5 m3/ha), and scrub forests (<76 m3/ha) received
much less use, which did not differ from that expected
according to availability; clearcut (approx. 0–40 yr) and
non-forest cover types were avoided. Because nest areas
typically are 10- to 12-ha areas immediately surrounding
the nest site (Reynolds 1983; Reynolds et al. 1992, 1994), I
used a 10.5-ha nest area to accomplish English GIS queries.

To discern available vegetation community types compris-
ing goshawk habitat, I overlaid the location of each nest tree
on a 2003 Tongass National Forest data layer of forest stand
volume and totaled the area within each polygon that rep-
resented a unique volume strata of old-growth forest (low,
medium, high). I summed total area of each stratum to
determine relative composition of a nest area, centered on
the nest tree, and to determine the frequency distribution of
nest areas by low-, medium-, or high-volume old-growth
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forest. Because the vast majority of second-growth was <50
years old (Barbour et al. 2005), mature sawtimber repre-
sented a very small (approx. 1%) component of the forested
landscape. Scrub forests are peatlands with little or no forest
canopy (Harris and Farr 1974). None of the 136 nests were in
sawtimber or scrub forests. Therefore, I assumed that medi-
um- or high-volume old-growth forests provided the resour-
ces needed by northern goshawks during the breeding season
based on the previous findings of habitat selection (Iverson
et al. 1996) and because nest trees were invariably in medi-
um- or high-volume old-growth stands.

Composition of Virtual Areas

To determine contributions of the Tongass conservation
strategy toward meeting breeding-season habitat objectives,
I estimated the size of a post-fledging area in Southeast
Alaska according to concepts in Kennedy et al. (1994),
the behavior of post-fledged juveniles (Kenward et al.
1993), and published data on juvenile movements during
the post-fledging period (Iverson et al. 1996). I used 1,600 m
to estimate the average limit of all movements of post-
fledged juveniles because this was assumed to be the distance
that defined when juveniles were undertaking post-fledging
movements (Kenward et al. 1993) and because 23 of 28
juvenile goshawks monitored with radiotelemetry in
Southeast Alaska moved �1,600 m (Iverson et al. 1996). I
then used this estimate of distance moved during the post-
fledging period as the radius of circular areas centered on a
nest to represent an ‘‘average post-fledging area.’’ I used the
median home range (90% mononuclear probability polygon;
Iverson et al. 1996) of adult females during the breeding
season (21 km2) to delineate broader landscapes that com-
prised essential foraging habitat (Reynolds et al. 1992, 2006,
2008). Because goshawk males typically do most of the
hunting during the nesting period (Kenward 1982), this
approach assumes that the male’s breeding-season range,
which averaged about 50% larger than females, did not differ
substantially in habitat composition. I overlaid each nest’s
virtual post-fledging area and breeding home range on GIS
layers of cover types and land-use designations based on
stand volume and management history. The area within
each polygon that represented a unique land-use description
was summed to determine relative composition of 4 land-use
categories: Development—lands available for timber pro-
duction and other uses that modify landscapes; Non-
National Forest lands; Natural Setting—lands that maintain
a natural setting, such as wild and scenic rivers and remote
recreational areas; and Old Growth—protected old-growth
forests. The same procedure was used to determine compo-
sition of 4 cover types: Habitat—high or medium-volume
old-growth forests; Low—low-volume old-growth forests;
Clearcut—all lands harvested between 1954 and 2005; Non-
forest—all lands that do not support productive forests (Julin
and Caouette 1997). The extent to which the female home
range and post-fledging area differed in composition served
as a metric of landscape heterogeneity that also provided
insights about the sensitivity of this analysis to sampling error
and the likelihood that habitat composition of male breeding

ranges differed from females. Results are presented as sepa-
rate summaries of average land-use designation or cover-type
composition for post-fledging areas and seasonal home
ranges.

RESULTS

Nest Area and Habitat
I determined habitat used by goshawks for the post-fledging
area analysis using the habitat composition of 136 nest areas
across the Tongass National Forest: overall, 100% of the nest
trees were in productive (low-, medium-, or high-volume)
old-growth forests, which comprised 66.1% (SD ¼ 0.05) of
goshawk nest areas. The remainder of nest areas was in scrub
forests (fens), non-forested areas (muskegs), or regeneration
stands following clearcut logging. A total of 58 nest areas
primarily (>50%) consisted of high-volume old growth; 57
and 15 nest areas primarily consisted of medium- and low-
volume old growth, respectively. Six nest areas did not
contain any old-growth forest; according to notes in the
database file, those nest trees were located in portions of
the forest that were clearcut-logged after a breeding pair had
selected a nest tree. If nest trees on clearcut sites or near a
natural feature creating an abrupt forest edge (e.g., shoreline)
were excluded (n ¼ 11), mean proportion of productive old-
growth forest in nest areas was 0.712 (SD ¼ 0.041). The
mean proportions of volume strata in the remaining
nest areas (n ¼ 125) were 0.097 (SD ¼ 0.025), 0.283
(SD ¼ 0.039), and 0.289 (SD ¼ 0.039) for low-, medi-
um-, and high-volume forests, respectively. Based on the
habitat at 125 nest sites and within corresponding nest areas
and on the findings of a previous habitat selection study
(Iverson et al. 1996), I refer to medium- or high-volume old
growth in virtual areas below as ‘‘choice habitat.’’

Land-Use Designation and Habitat Composition of
Virtual Areas
The composition of land-use designations of an average
post-fledging area contained a relatively large proportion
of Development (land uses that modify landscapes) lands,
with >30% of all nest areas having >91% of the post-
fledging area as lands available for timber production
(Fig. 1a; Appendix A). Cover-type composition of post-
fledging areas contained a relatively large proportion of
non-forest cover types (Fig. 1b). About 30% of the nests
had >51% (i.e., 51–75%, 76–90%, or >90%) of the corre-
sponding post-fledging area in medium- or high-volume old
growth (choice habitat); 51% of nests had 26–50% of the
post-fledging area in choice habitat. Most (60%) of this
choice habitat was in the Development land-use designation
or Non-National Forest designation (Fig. 1a); 16% of the
nests had>51% of the post-fledging area in the Old-Growth
land-use designation, with the remainder in Natural Setting.
Across all nest areas, the Old-Growth land-use designation
averaged 14.8% (100 ha; SE ¼ 4.6) of the total post-fledg-
ing area acreage. Development, Non-National Forest, and
Natural Setting averaged 41.1% (278 ha; SE ¼ 7.6), 13.5%
(91 ha; SE ¼ 4.6), and 27.2% (184 ha; SE ¼ 6.9), respec-
tively. Among cover types, choice habitat averaged 39.4%
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(266 ha; SE ¼ 9.3) of the post-fledging area; low volume
forest, clearcut, and non-forest lands averaged 8.3% (56 ha;
SE ¼ 2.6), 3.9% (27 ha; SE ¼ 1.5), and 45.0% (304 ha;
SE ¼ 10.3), respectively.

Similar results were obtained from an analysis of the female
breeding home range, but with 3 notable differences. The
percentage of this broader landscape that consisted predom-
inantly (>75%) of lands available for development was great-
er than in post-fledging areas (Fig. 2a; Appendix A). The
percentage of the total area with 26–50% of the total area in
choice habitat also increased in comparison with the post-
fledging area, whereas about half as many nests had�51% of
this broader landscape in choice habitat as compared with the
post-fledging area (Fig. 2b).

DISCUSSION

The 1997 Tongass Land and Resource Management Plan
included multiple conservation measures to maintain habitat,

with a goal of sustaining viable and widely distributed pop-
ulations of indigenous wildlife throughout the planning area.
Although some elements of the 1997 Tongass Land and
Resource Management Plan have undergone revision, the
wildlife conservation strategy remains largely unchanged
(Smith et al. 2011). Individual species, such as the northern
goshawk, received specific conservation measures to reduce
viability risks (Iverson et al. 1996). According to the conser-
vation assessment, implementation of the 1997 Tongass
Land and Resource Management Plan for 100 years would
result in ‘‘a moderately high likelihood of providing the
amount and distribution of habitats to sustain long-term
well distributed viable populations of goshawks throughout
the Tongass’’ (U.S. Forest Service 1997: appendix N38).
This long-term projection, an inherent assumption of the
conservation strategy, was based on analyses at multiple
spatial scales (U.S. Forest Service 1997). This study used
contributions of various elements of the conservation strategy
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Figure 1. Mean percent occurrence of relative frequency (%) categories of
land-use designations (a) and cover types (b) in 136 virtual northern goshawk
(Accipiter gentilis) post-fledging areas (800 ha) in Southeast Alaska, USA.
Total area was calculated from an estimate of the average post-fledgling
movements (1,600 m), which served as radius of a circular area.
Development ¼ lands available for timber production and other uses that
modify landscapes; NNF ¼ non–national forestlands; Natural ¼ lands that
maintain a natural setting, such as wild and scenic rivers and remote recrea-
tional areas; and OG ¼ protected old-growth forests. Cover types:
Habitat ¼ high- or medium-volume old-growth forests; Low ¼ low-
volume old-growth forests; clearcut ¼ all lands harvested between 1954
and 2005; Non-forest ¼ all lands that do not support productive forests
(Julin and Caouette 1997).
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Figure 2. Mean percent occurrence of relative frequency (%) categories of
land-use designations (a) and cover types (b) in virtual female breeding home
ranges (2,100 ha) encircling 136 northern goshawk (Accipiter gentilis) nest
sites in Southeast Alaska, USA. Total area was calculated from an estimate of
goshawk movements (2,600 m), which served as radius of a circular area.
Land-use designations: Development ¼ lands available for timber produc-
tion and other uses that modify landscapes; NNF ¼ Non-National Forest
Lands; Natural ¼ lands that maintain a natural setting, such as wild and
scenic rivers and remote recreational areas; and OG ¼ protected old-growth
forests. Cover types: Habitat ¼ high- or medium-volume old-growth for-
ests; Low ¼ low-volume old-growth forests; clearcut ¼ all lands harvested
between 1954 and 2005; Non-forest ¼ all lands that do not support forests
(Julin and Caouette 1997).
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to biological components of the breeding range centered on
specific nest sites. This approach allowed an examination of
the underlying assumption that the 1997 Tongass Land and
Resource Management Plan provides habitat needed to sus-
tain breeding populations of goshawks across the planning
area. Productive old-growth forests unavailable for timber
harvest were used frequently by northern goshawks and ‘‘thus
the contribution of these habitats must be included in an
assessment of overall risk to sustainability of goshawk habi-
tat’’ (U.S. Forest Service 1997: appendix N38).

Standards and guidelines prescribed for protection of gos-
hawk nest areas (40 ha) in Southeast Alaska are unlikely to
meet breeding-season habitat objectives established for gos-
hawk populations elsewhere (Reynolds et al. 1992,
McClaren et al. 2005). The expectation that, in landscapes
managed intensively for timber products, habitat contributed
by other elements of the Tongass conservation strategy (e.g.,
old-growth reserves) will mitigate this deficiency was not
supported by my analysis. An ideal northern goshawk home
range consists entirely of older forests with small, dispersed
openings (Reynolds et al. 2006, 2008). Guidelines for the
composition of post-fledging areas stipulate that ‘‘the major-
ity (60%)’’ of a post-fledging area should be in forest of older
age classes (Reynolds et al. 1992, p. 23), which continues to
be corroborated by further study in other portions of this
species’ range (Daw and DeStefano 2001), including tem-
perate rainforests (McClaren et al. 2005). In my study, nest
areas averaged 71% productive old growth; 58% of the nest
area consisted of medium- or high-volume old growth.
Before logging, landscapes across Southeast Alaska likely
were similar in composition to current nest areas (U.S.
Forest Service 1997). At the time of my study, only about
one-third of 136 virtual post-fledging areas contained >51%
choice habitat. More importantly, the average composition
of ‘‘unsecure’’ (i.e., Development or Non-National Forest
land-use designations) habitat was 55%, and 60% of all post-
fledging areas consisted of >51% unsecure habitat.
Regardless of whether I compare these results with guide-
lines from the southwestern United States or the habitat at
nest sites and in nest areas of Southeast Alaska (i.e., desired
future condition of goshawk post-fledging areas; Reynolds
et al. 2008), the observed composition of post-fledging areas
was less than the minimum recommended or desired amount
of habitat.

This conclusion differs from a general forest-wide habitat
availability assessment (i.e., not linked to specific goshawk
nest sites) based on analyses at multiple spatial scales (U.S.
Forest Service 1997: appendix N43). I believe the disparity
can be explained by differences in scale and biological rele-
vance (i.e., linked to specific life-history needs; Reynolds
et al. 2006) of analyses between this study and previous
analyses (Iverson et al. 1996, U.S. Forest Service 1997:
appendix N38). Some of the analyses cited in the summary
appraisal were at a regional scale (forest-wide) and spatially
neutral. For example, the conclusion that 95% of the north-
ern goshawk range in the region has a high likelihood of
sustaining habitat because 93% of the forests would have
<47% of productive old-growth harvested over the planning

horizon provides little spatially explicit information about
breeding-season habitat, especially for populations occurring
on islands. Also, results of stand-level analyses cited in the
summary largely focused on aspects of forest management
that were not immediately relevant to the life-history needs
of breeding pairs. Conclusions that only a small percentage of
nest areas examined had experienced any logging or that only
a small proportion of nest areas were harvested says little
about breeding-season habitat or resources available to
breeding pairs, especially across the broader landscape.
Intermediate-scale analyses and protective measures, such
as limiting total harvest to �33% of a watershed during
the planning horizon (effectively a 300-yr rotation), are
spatially explicit and potentially have biological relevance
(i.e., approximate size of goshawk home ranges).
However, management guidelines not explicitly coupled to
northern goshawk breeding ranges or life history are at risk of
not meeting habitat needs of individual breeding pairs
(Reynolds et al. 2006, Northern Goshawk Accipiter gentilis
laingi Recovery Team 2008).

At the time of the summary assessment (U.S. Forest
Service 1997), about 5% (35/678) of the watersheds exceeded
the stipulated threshold of total harvest, with 33–47% of the
total available productive old-growth forests already har-
vested; 26 of those (74%) were concentrated in one
Biogeographic Province (North Prince of Wales Island).
The assessment acknowledged the higher risks of exceeding
watershed thresholds of total harvest, especially across North
Prince of Wales Island, but assumed that large reserves in
those landscapes would mitigate the habitat loss from exces-
sive timber harvest. The findings of this study suggest that
contributions of old-growth reserves and other conservation
elements (e.g., riparian or shoreline buffers) might not miti-
gate the cumulative habitat loss in intensively managed
landscapes. This conclusion is supported by evidence on
nearby islands that extensive loss and fragmentation of habi-
tat from clearcut logging contributed to population declines
of Queen Charlotte goshawks (Doyle 2006).

The threshold composition of suitable habitat to ensure
successful breeding by goshawks in Southeast Alaska is
unknown. To gain this knowledge requires extensive moni-
toring and research that chronicles reproductive histories of
individual breeding pairs and links fitness to nesting habitat
condition (Patla 2005, Reynolds et al. 2005, Salafsky et al.
2007). Still, the findings of this study increase uncertainty
that northern goshawk breeding-season habitat objectives
are being met in managed landscapes of Southeast Alaska.
Two lines of reasoning support this conclusion.

First, spatially explicit analyses of contributions to northern
goshawk breeding-season habitat revealed that conservation
measures of the Tongass Land and Resource Management
Plan contribute about half the secure habitat recommended
for post-fledging areas of breeding pairs in the southern
portion of this species range (Reynolds et al. 1992) and
was less than half the relative amount of habitat documented
in nest areas in Southeast Alaska. A similar conclusion was
obtained for the broader landscape (21 km2) that surrounded
each nest. This is because much of the habitat across the

654 Wildlife Society Bulletin � 37(3)



landscape has been clearcut-logged and half the remaining
choice habitat is in the Development land-use designation
available for timber harvest. The potential for second-growth
stands to become useable habitat (mature sawtimber) over
the Tongass planning horizon is limited because unmanaged
second growth typically requires �300 years following dis-
turbance to develop old-forest features (Nowacki and
Kramer 1998). Active management can hasten the develop-
ment of old-forest condition, but pre- and commercial thin-
ning has occurred in only about 30% of 267,000 ha that have
been harvested across the region (Barbour et al. 2005).

Secondly, guidelines developed for northern goshawk pop-
ulations in the southwestern United States may underesti-
mate habitat needed by breeding pairs in Southeast Alaska. A
critical consideration in conserving habitat to support breed-
ing populations is sufficient habitat to sustain prey resources
(Reynolds et al. 2006; Salafsky et al. 2005, 2007). Despite
possible differences in life history or ecology across the range
of northern goshawks, the nesting and foraging habitat of
successful breeding pairs must support adequate prey pop-
ulations. In Southeast Alaska, the predominant (frequency
and biomass) prey items during the breeding season (Lewis
et al. 2006) are bird and mammal species that are most
abundant, or occur exclusively, in productive old-growth
forests (Iverson et al. 1996, Russell 1999; Smith et al.
2001, 2004, 2005). Consider further that the mammal fauna
of Southeast Alaska is depauperate (MacDonald and Cook
1996); few mammal species exclusively occur in low-volume
or managed forests of Southeast Alaska (Smith et al. 2001,
Smith and Nichols 2004); and the structure of dense second-
growth stands effectively renders prey unavailable to foraging
goshawks (Beier and Drennan 1997). Avian communities in
managed forests include few, if any, additional prey for
northern goshawks (Smith et al. 2001). Thus, breeding pairs
in managed landscapes of Southeast Alaska likely rely almost
entirely on productive old-growth forests as foraging and
nesting habitat. That breeding pairs in managed landscapes
of Southeast Alaska depend on productive old-growth for-
ests to meet life-history needs was reflected in the findings of
compositional analyses and radiotelemetry studies, both of
which determined that northern goshawks strongly selected
medium- and high-volume old-growth forests and avoided
recently managed or non-forested habitats (Iverson et al.
1996).

PLANNING AND MANAGEMENT
IMPLICATIONS

Management guidelines for northern goshawks in the south-
western United States recommend active management of the
entire planning area to regenerate forests as well as provide
nesting and foraging habitat. Despite insufficient local in-
formation to prescribe the design of a reserve-based approach
to sustain northern goshawks, a hierarchical system of habitat
reserves became the cornerstone of the TLMP wildlife con-
servation strategy to sustain viable and well-distributed pop-
ulations across Southeast Alaska. This was to a large part a
result of having to consider the risk to viability of multiple
species for which there was more theoretical or empirical

evidence that habitat reserves would sustain viable popula-
tions. Because additional conservation measures were incor-
porated at multiple spatial scales in the 1997 TLMP to
provide sufficient nesting and foraging habitat for northern
goshawks, the conservation strategy for northern goshawks
in southeastern Alaska became a composite of conservation
measures superimposed on a conceptual framework devel-
oped for other vertebrate species of concern.

More importantly, the 1997 TLMP did not incorporate the
concepts of nest area, post-fledging area, and foraging area
habitat management that underpin the current paradigm of
conservation planning to sustain viable populations of north-
ern goshawks across a significant portion of its range.
However, applying these concepts to temperate rainforests
and to a planning area that differs markedly in natural
history, forest type, landscape structure, and management
history requires a thorough understanding of differences and
similarities in goshawk behavior and ecology among regions.
Still, managing for uncertainty and avoiding the risk of
trending the population downward can be improved by using
biological concepts applied elsewhere to sustain northern
goshawk habitat and populations throughout southeastern
Alaska. The nuances of local ecological variability and sub-
sequent refinement of management guidelines can be uncov-
ered with additional field study. Meanwhile, biologists and
land managers may want to consider ecological consequences
to northern goshawk populations (and associated ecological
communities) of potential habitat deficiencies in managed
landscapes across the region. Planners and managers may
want to revisit assumptions that current standards and guide-
lines and other conservation measures provide sufficient
breeding season habitat to sustain viable and widely distrib-
uted goshawk populations. In the interim, project planning
and land use management can be used to increase the longer-
term security of preferred habitat (e.g., deferred harvest) or
improve (e.g., thinning) marginal or unsuitable habitat in
managed landscapes, especially across the North Prince of
Wales Island Biogeographic Province.

Conservation plans rely on setting aside essential habitat to
assure viability of indigenous wildlife communities in inten-
sively developed landscapes. More often than not, little local
information exists upon which to develop a sound conceptual
framework or identify effective conservation measures. Thus,
land-use planning frequently relies on biological data from
other regions or incorporates multiple assumptions, many of
which lack an underlying empirical or theoretical foundation.
Determining the effectiveness of a conservation strategy is a
daunting task, requiring long-term habitat and wildlife pop-
ulation monitoring. However, shorter term evaluations are
possible and desirable to scrutinize underlying assumptions,
identify deficiencies, refine elements and procedures, and
prevent irreparable negative effects, should a conservation
plan depend on long-term monitoring.
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Appendix A. Percentage of relative frequency (%) classes of 4 land-use designations (LUD) and 4 cover types in 2 types of ecological areas encircling 136
northern goshawk (Accipiter gentilis) nest sites in Southeast Alaska, USA. The radius of the post-fledging area (PFA) is based on the average movement
(1,600 m) and the radius of the broader landscape is based on the average use area (90% mononuclear probability polygon) of radiocollared adult female goshawks
during the breeding season (Iverson et al. 1996).

Ecological areas LUD composition (%) Cover-type composition (%)

Percentage categories Development NNF Natural OG Habitata Low-volume old growth Clearcut Nonproductive forest

PFA
0–5 46 75 52 71 1 46 68 1
6–25 5 4 9 7 18 47 29 13
26–50 7 4 15 6 51 7 3 47
51–75 7 13 4 8 23 0 0 33
76–90 4 1 2 1 7 0 0 6
>90 32 3 17 7 0 0 0 1

Total 100 100 100 100 100 100 100 100
Home range

0–5 37 74 38 56 1 46 68 0
6–25 6 7 19 21 19 54 30 7
26–50 13 9 17 14 63 1 2 35
51–75 10 9 7 7 15 0 0 50
76–90 13 1 4 1 3 0 0 7
>90 21 1 15 1 0 0 0 0

Total 100 100 100 100 100 100 100 100

a Medium- or high-volume strata old-growth rainforest (Iverson et al. 1996).
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A fundamental aspect of successfully incorporating and applying relevant knowledge to 
a complex process is considering the source (and thus the credibility) of the information. 
As the member of the team of Pacific Northwest Research Station Scientists assigned 
to review and analyze all information used to address wildlife viability issues for the 
1997 TLMP, I contributed directly to the initial conceptual framework and subsequent 
species-specific elements that became the 1997 TLMP Wildlife Conservation Strategy 
(WCS). Over the 15 years that followed, I designed and implemented experimental 
research testing fundamental, underlying assumptions of the TLMP Conservation 
Strategy and other conservation measures specific to several select wildlife species 
including Northern Goshawk. The findings of this research were presented at scientific 
conferences and published in numerous articles in national and international peer-
reviewed journals. Therefore, I submit that the following comments represent a unique 
understanding and perspective reflecting both the direct knowledge and experience 
gained through developing the TLMP WCS and the extensive, comprehensive, credible 
science experience and knowledge gained through studying select indicator species of 
the coastal rainforest ecosystem of Southeast Alaska. Accompanying this document is 
my Curriculum Vitae, which details the relevant experience and scientific publications. 
 
 
Forest Planning Fundamentals 
 
Given the complex, interdependent relationship between the Wildlife Conservation 
Strategy (WCS) and other elements of the Tongass Land and Resources Management 
Plan (TLMP) designed to conserve wildlife viability (Iverson and Rene 1997), any effort 
to amend the 1997 Land and Resource Management Plan (USDA Forest Service 1997) 
without a comprehensive analysis of the conservation strategy is fundamentally flawed. 
This is particularly problematic when such changes propose to continue logging old-
growth forests or undertakes timber harvests (as opposed to science-based habitat 
management) in conservation elements, such as buffers. Consider further the reality 
that the multiple elements included in the 1997 TLMP to sustain biological diversity 
across the planning area were designed in the spatially explicit context of specific 
prescriptions regarding ownership, land-use designations (LUD), watershed restrictions 
(e.g., total harvest thresholds), old-growth reserve designations, and future land 
management activities (e.g., thinning). That is, each part of the 1997 TLMP was 
inexorably linked to all other components, and thus a piecemeal effort to revise portions 
of the forest plan (i.e., amending one portion of the Forest Plan in isolation, ignoring 
implications to other components) without a comprehensive analysis of the remaining 
components not only raises uncertainty about the credibility of the revised portions of 
the forest plan, it compromises the integrity of those essential components (such as the 
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WCS) that were not adequately analyzed. Consider further that there is no credible 
science that supports the supposition that the 1997 Wildlife Conservation Strategy is 
working as intended. Moreover, recent credible science does not support inherent 
fundamental assumptions of the 1997 TLMP Conservation Strategy (Smith 2007, 2013, 
Smith et al. 2011).  
 
 
Role of Science in Forest Planning 
 
In 1997 a landmark publication established precedence and a new paradigm for using 
the best available science in developing the 1997 Tongass Forest Plan (Everest et al. 
1997), which subsequently was applied generally across the Forest Service in the 
development, revision, or amendment of forest plans. An essential prerequisite of this 
approach is to review and consider the most current, available, credible science. An 
explicit expectation of this new paradigm is that the Forest Plan explicitly acknowledges 
when prescribed policy or management is not consistent with the best available science 
(Everest et al 1997). Yet, a review of the citations listed in the draft EIS reveals that 
much of the relevant science regarding northern flying squirrels has presumably not 
been considered, as it is not cited in the text. Also, some references cited in the text 
(example: Smith et al 2005, page 3-233; Flaherty et al. 2010, page 3-259) are not 
included or properly cited (Smith et al. 2011, page 3-259 refers to a different publication 
than Smith et al. 2011, page 3-487) in References. Needless to say, it is difficult (if not 
impossible) to fulfill the expectations of using the best science to guide the management 
of national forests if the best available science has not been properly researched, 
documented, or assimilated. Indeed, only 2 of my 19 relevant publications (see 
accompanying CV) are cited in the references of the Draft EIS (USDA Forest Service 
2015). Where publications have been cited, it is not clear whether the Forest Service 
has selected policy or management consistent with the science, a stipulation of the new 
paradigm for developing forest plans (Everest et al 1997). In some instances, suggested 
mitigations will not resolve the deficiencies described in the referenced publication or 
the findings of the research were ignored, or the corresponding narratives were 
misleading with respect to the implications of the findings or the need for mitigation 
(Smith et al. 2011 on page 3-233, paragraph 2). In this example, the findings uncover 
specific deficiencies and uncertainties in the ability of the Tongass Wildlife Conservation 
Strategy to function as intended, with compelling, credible (i.e., published in peer-
reviewed journals) scientific evidence contradicting assumptions to sustain northern 
flying squirrels (Smith et al. 2011), essential prey of northern goshawks (Smith 2007). 
Clearly, further logging of old-growth forest or timber harvest (as opposed to habitat 
management) in second-growth forest of conservation elements, (e.g., buffers) will 
increase the disparity between conditions supported by the best available science and 
management actions as well as increase the risk to wildlife viability, including goshawks.      
 
 
Northern Goshawk Breeding Season Ecology and Habitat  
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The northern goshawk in Southeast Alaska received special consideration as a 
“sensitive species” in the revised forest plan (USDA Forest Service 1997:4–89), in part 
because of concerns over the viability of endemic Queen Charlotte goshawk (Iverson et 
al. 1996, Iverson and René 1997, U.S. Fish and Wildlife Service 2007). To manage 
northern goshawk habitat, three critical spatial components of the nesting home range 
have been characterized: nest area, post-fledging family area (PFA), and foraging area 
(Reynolds et al. 1992). Although the conceptual framework for managing goshawk 
habitat largely was developed for forests of the Southwestern Region of the U.S. Forest 
Service, it is expected that these concepts apply elsewhere because its life history is 
similar throughout its range in North America (Squires and Reynolds 1997). 
Management recommendations developed from research in northern Arizona have 
been adopted by the Forest Service in Arizona, New Mexico, and Utah (Smith 2013). 
Managing habitat according to this paradigm is based on the species’ biology, ecology, 
and use of space, and included the ecology of its primary prey (Reynolds et al. 1992). 
 
Elements of breeding home range. – Suitable nest area habitat is critical for successful 
reproduction of goshawks. Nest areas are used more than1 year and may be used 
intermittently for decades. Many goshawk pairs have multiple (2 - 8) nest areas 
(Reynolds et al. 1992).  Previously occupied nest areas are important for maintaining 
breeding populations of goshawks because they contain the habitat elements suitable 
for nesting.  Nest areas typically have unique vegetation structures, include multiple 
nests and nest trees in one or more forest stands and are associated with specific 
landform features. In coniferous forests of the Southwest, boundaries of nest areas are 
determined by observing the behavior of the breeding pair, movements and other 
behaviors of newly fledged young, and the locations of prey plucking areas and roosts 
(Reynolds et al. 1982).  Size and shape of nest areas are influenced by topography and 
depend on the availability of suitable patches of dense, large trees (Reynolds 1983).  
Furthermore, it was recommended that the breeding home range of each goshawk pair 
should include at least 3 nest areas and at least 3 replacement nest areas (i.e., stands 
with vegetative structural and landform features of nest areas; Reynolds et al. 1992).  
 
Post-fledging family areas (Reynolds et al. 1992) are portions of the breeding home 
range used by adults and juveniles during the period after young leave the nest until 
they are no longer dependent on the breeding pair for food. The desired PFA encircles 
the nesting area, may include a diversity of forest conditions, but largely resembles the 
nest area in vegetation structure (Reynolds et al. 1992).  The desired PFA affords 
young goshawks cover from predators and foraging habitat with sufficient prey to 
sustain them as they develop hunting skills prior to dispersal. Desired forests within 
PFAs should have overstories with at least 50% canopy cover and well-developed herb 
and shrub understories, as well as key habitat features essential to the life histories of 
goshawk prey species (Reynolds et al. 1992). Desired PFAs in southwestern coniferous 
forests encompass 420 acres (not including the acres for suitable and replacement nest 
areas), the acreage of a circle drawn from a radius equal to the mean size of the ‘female 
core area’ that included her nest and the movements of juveniles before dispersing.  
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Foraging habitat. -  Features of preferred foraging habitat are not well known because 
goshawk home ranges are large and varied in composition, and because this spatial 
and habitat component of goshawk home ranges has received the least amount of 
study (Reynolds et al. 1992). The desired foraging habitat will support an abundant and 
diverse community of prey species. For many forest biomes this often occurs within 
landscapes in which there is a mosaic of various seral stages, which provides habitat for 
multiple prey species requiring a wide range of forest conditions. Managing habitat in 
these forest biomes requires an uneven-aged silvicultural system, which produces a 
mosaic of different-aged stands that were selectively harvested and produce structurally 
complex vegetation profiles rather than regeneration harvest, such as clearcuts, that 
remove the entire canopy and result in a single, uniform and dense canopy for decades 
following harvest (Nowacki and Kramer 1997). Evidence from radio-telemetry studies in 
southeastern Alaska suggests goshawks prefer foraging in late-seral forest (Iverson et 
al. 1996). In Southeast Alaska, almost all prey species occur in late-seral forests (Smith 
2013), but goshawk preference of older forests is likely related to vegetative structural 
features that affect its ability to maneuver and catch prey (Reynolds et al. 1992). 
 
 
TLMP Conservation Strategy 
 
The conservation strategy developed for northern goshawks in the 1997 TLMP was 
fundamentally flawed from the outset (Smith 2004, Smith 2013). The most obvious 
shortcoming was the dependence on a network of old-growth reserves and other old-
growth set asides in a matrix of cumulative, intensive, regeneration harvest (i.e., 
clearcut logging) to provide sufficient breeding season habitat (Smith 2013). Although 
the network of old-growth reserves and old-growth set asides (i.e., Old Growth LUD, 
riparian buffers, shoreline buffers) provide substantial old-growth forest habitat across 
managed landscapes, the size and spatial configuration of OGRs and set asides were 
not designed to accommodate the hierarchical structure and spatial scale of northern 
goshawk breeding ranges (Reynolds et al. 1992, Iverson et al. 1996, Iverson and René 
1997, Smith 2013). Furthermore, the assumption that there would be ample habitat with 
breeding pairs to sustain viable goshawk populations in non-developmental LUDs was 
not supported by an extensive systematic survey of breeding goshawks in wilderness 
and roadless areas of Southeast Alaska (Schempf et al. 1996, Smith 2013). Moreover, 
a network of old-growth reserves has never been implemented or developed as a 
conceptual framework to sustain viable populations of northern goshawks (Smith 2004, 
2013, Reynolds et al. 1992, 2006). Indeed, the recommended paradigm for managing 
goshawk habitat on national forests in the southern portions of its range (where prey 
communities flourish in early seral forests) is active management of the entire 
landscape (Reynolds et al. 1992), albeit more selective and much less expansive than 
complete removal of the overstory across thousands of acres of clearcuts on POW and 
other targeted islands (USDA Forest Service 1992, Smith et al. 2011).  
 
Standards and guidelines for forest management actions were established purportedly 
using important ecological aspects of this species’ biology (Iverson et al. 1996, Iverson 
and René 1997). At the landscape scale, guidelines were included to limit the amount 
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(%) of logging that could occur in each watershed in select Biogeographic Provinces. 
Like many conservation measures (USDA Forest Service 1997: Appendix N), however, 
these guidelines were spatially inexplicit with respect to known goshawk breeding pairs 
or territories. That is, guidelines are generally applied across the planning area with little 
explicit consideration of special areas, needs, or landscape context. Not all watersheds 
are equal with regard to contributions to the habitat needs of goshawk breeding pairs. 
For example, watersheds near OGRs or other old-growth set asides may be more (or 
less) valuable than watersheds in a more heavily managed matrix. Regardless, 
conservation measures generally applied Tongass wide may or may not benefit 
targeted wildlife populations (Iverson and René 1997). 
 
Some conservation measures were spatially explicit. For example, the standard and 
guidelines specific to goshawk reproduction stipulated that managers should “preserve 
nesting habitat [100 acres] around all confirmed and probable nest sites” (U.S. Forest 
Service 1997:4–89) and included several criteria for identifying nest sites and guidance 
related to achieving this objective. However, 100-acres around a nest tree does not 
provide sufficient nest and post-fledging area habitat in northern Arizona, where 
breeding ranges are smaller (Reynolds et al. 1992) than in Southeast Alaska (Iverson et 
al. 1996). Moreover, in managed landscapes the conservation strategy did not include 
guidelines to ensure the coincidence of OGRs or other old-growth set asides and nest 
tree buffers to achieve the necessary habitat to support a breeding pair (Smith 2013).    
 
 
Synopsis of New Credible Science  
 
There was little local science with which to develop the Tongass standards and 
guidelines and policy for managing habitat for northern goshawks in Southeast Alaska 
as most studies had been conducted elsewhere and information was largely unavailable 
(Iverson et al. 1996). Since 1997, however, considerable effort has yielded valuable 
empirical data about the life history, ecology, and habitat needs of northern goshawks in 
Southeast Alaska, especially during the breeding season (Smith 2013). Also, there have 
been numerous studies and reviews completed throughout its range (Boal et al. 2006, 
Morrison 2006). Moreover, reviews and studies in British Columbia have substantially 
increased our knowledge about goshawks in temperate rainforests (Doyle 2006).  
 
In western North America, breeding home ranges of goshawks often are represented as 
a hierarchy of 3 areas, all of which need to be considered simultaneously in land-use 
planning or mitigation (Reynolds et al. 2006, Northern Goshawk Accipiter gentilis laingi 
Recovery Team 2008): 1) nest area, 2) post-fledging area (PFA), and 3) foraging area. 
Nest areas provide alternate nest trees, roost trees, prey plucking posts, and serve as 
centers of essential breeding behaviors or life-history events (Reynolds et al. 1992, 
2006). PFAs surround active nest trees and represent the core-use area of an adult 
female and of young goshawks after fledging but before becoming independent of 
adults and dispersing. Moreover, the biological role of post-fledging areas and nest 
areas are similar and therefore it is useful to consider them as one functional 
component (Smith 2013). Regardless, the habitat composition (i.e., overstory) of post-
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fledging areas should be similar to nest areas (Reynolds et al. 2008). Foraging areas 
comprise the majority of northern goshawk breeding home ranges and are especially 
important for adults providing food to young and for juveniles prior to natal dispersal. 
The most imminent threats to breeding populations are loss or fragmentation of nesting 
and foraging habitat, especially reductions in prey diversity and availability (Reynolds et 
al. 1992, 2006, 2008; Northern Goshawk Accipiter gentilis laingi Recovery Team 2008). 
 
 
Spatially Explicit Analysis of Contributions of Conservation Strategy Toward 
Sustaining Northern Goshawk Habitat  
  
Despite a substantial increase in knowledge since the revision of the 1997 Tongass 
Land and Resource Management Plan, the implications of those new insights to 
goshawk conservation and land-use policies in Southeast Alaska had not until recently 
been rigorously examined. In particular, it is unclear whether a system of old-growth 
reserves designed explicitly for other wildlife species plus protection of goshawk nest 
trees in landscapes intensively managed for timber (clearcut logging) would provide 
sufficient habitat to sustain breeding populations of the northern goshawk across the 
planning area (Smith 2013). 
 
Smith (2013) conducted a spatially explicit analysis of habitat used and available to 
breeding pairs at 136 nests across the Tongass National Forest. Overall, 100% of the 
nest trees were in productive (low-, medium-, or high-volume) old-growth forests, which 
comprised 66.1% of goshawk nest areas. The remainder of nest areas was in scrub 
forests (fens), non-forested areas (muskegs), or regeneration stands following clearcut 
logging. A total of 58 nest areas primarily (more than 50%) consisted of high-volume old 
growth; 57 and 15 nest areas primarily consisted of medium- and low-volume old 
growth, respectively. Six nest areas did not contain any old-growth forest; according to 
notes in the database file, those nest trees were located in portions of the forest that 
were clearcut-logged after a breeding pair had selected a nest tree. If nest trees on 
clearcut sites or near a natural feature creating an abrupt forest edge (e.g., shoreline) 
were excluded (n = 11), mean proportion of productive old-growth forest in nest areas 
was 0.712. The mean proportions of volume strata in the remaining nest areas (n = 125) 
were 0.097, 0.283, and 0.289 for low-, medium-, and high-volume forests, respectively. 
Based on the habitat at 125 nest sites and within corresponding nest areas and on the 
findings of a previous habitat selection study (Iverson et al. 1996), Smith (2013) referred 
to medium- or high-volume old growth in virtual areas below as ‘choice habitat.’ 
 
Land-use Designation and Habitat Composition of Virtual Areas 
 
The composition of land-use designations of an average post-fledging area contained a 
relatively large proportion of Development (land uses that modify landscapes) lands, 
with more than 30% of all nest areas having more than 91% of the post-fledging area as 
lands available for timber production (Fig. 1a; Appendix A Smith 2013). Cover-type 
composition of post-fledging areas contained a relatively large proportion of non-forest 
cover types (Fig. 1b; Smith 2013). About 30% of the nests had greater than 51% (i.e., 
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51–75%, 76–90%, or greater than 90%) of the corresponding post-fledging area in 
medium- or high-volume old growth (choice habitat); 51% of nests had 26–50% of the 
post-fledging area in choice habitat. Most (60%) of this choice habitat was in the 
Development land-use designation or Non–National Forest designation (Fig. 1a, Smith 
2013); 16% of the nests had more than 51% of the post-fledging area in the Old-Growth 
land-use designation, with the remainder in Natural Setting. Across all nest areas, the 
Old-Growth land-use designation averaged 14.8% (250 acres) of the total post-fledging 
area acreage. Development, Non–National Forest, and Natural Setting averaged 41.1% 
(690 acres), 13.5% (222 acres), and 27.2% (455 acres), respectively. Among cover 
types, choice habitat averaged 39.4% (655 acres) of the post-fledging area; low volume 
forest, clearcut, and non-forest lands averaged 8.3% (140 acres), 3.9% (65 acres), and 
45.0% (655 acres), respectively. 
Similar results were obtained from an analysis of the female breeding home range, but 
with 3 notable differences. The percentage of this broader landscape that consisted 
predominantly (more than 75%) of lands available for development was greater than in 
post-fledging areas (Fig. 2a; Appendix A Smith 2013). The percentage of the total area 
with 26–50% of the total area in choice habitat also increased in comparison with the 
post-fledging area, whereas about half as many nests had at least 51% of this broader 
landscape in choice habitat as compared with the post-fledging area (Fig. 2b, Smith 
2013).  
 
According to the conservation assessment (Iverson et al 1996), implementation of the 
1997 Tongass Land and Resource Management Plan for 100 years would result in “a 
moderately high likelihood of providing the amount and distribution of habitats to sustain 
long-term well distributed viable populations of goshawks throughout the Tongass” (U.S. 
Forest Service 1997:appendix N38). This long-term projection, an inherent assumption 
of the conservation strategy, was based on analyses at multiple spatial scales (U.S. 
Forest Service 1997). This study by Smith (2013) used contributions of various 
elements of the conservation strategy to biological components of the breeding range 
centered on specific nest sites. This approach allowed an examination of the underlying 
assumption that the 1997 Tongass Land and Resource Management Plan provides 
habitat needed to sustain breeding populations of goshawks across the planning area. 
Productive old-growth forests unavailable for timber harvest were used frequently by 
northern goshawks and “thus the contribution of these habitats must be included in an 
assessment of overall risk to sustainability of goshawk habitat” (U.S. Forest Service 
1997:appendix N38).  
 
Standards and guidelines prescribed for protection of goshawk nest areas (40 ha) in 
Southeast Alaska are unlikely to meet breeding-season habitat objectives established 
for goshawk populations elsewhere (Reynolds et al. 1992). The expectation that, in 
landscapes managed intensively for timber products, habitat contributed by other 
elements of the Tongass conservation strategy (e.g., old-growth reserves) will mitigate 
this deficiency was not supported by Smith’s analysis. An ideal northern goshawk home 
range consists entirely of older forests with small, dispersed openings (Reynolds et al. 
2006, 2008). Guidelines for the composition of post-fledging areas stipulate that “the 
majority (60%)” of a post-fledging area should be in forest of older age classes 
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(Reynolds et al. 1992:23), which continues to be corroborated by further study in other 
portions of this species’ range, including temperate rainforests (Smith 2013). In the 
Smith (2013) study, nest areas averaged 71% productive old growth; 58% of the nest 
area consisted of medium- or high-volume old growth. Before logging, landscapes 
across Southeast Alaska likely were similar in composition to current nest areas (U.S. 
Forest Service 1997). At the time of this study, only about one-third of 136 virtual post-
fledging areas contained more than 51% choice habitat. More importantly, the average 
composition of ‘unsecure’ (i.e., Development or Non–National Forest land-use 
designations) habitat was 55%, and 60% of all post-fledging areas consisted of more 
than 51% unsecure habitat. Regardless of whether you compare these results with 
guidelines from the southwestern United States (Reynolds et al 1992) or the habitat at 
nest sites and in nest areas of Southeast Alaska (i.e., desired future condition of 
goshawk post-fledging areas; Reynolds et al. 2008) recorded in this study, the observed 
composition of post-fledging areas was less than the minimum recommended or desired 
amount of habitat (Smith 2013). 
 
This conclusion differs from a general forest-wide habitat availability assessment (i.e., 
not explicitly linked to specific goshawk nest sites) based on analyses at multiple spatial 
scales (U.S. Forest Service 1997:appendix N43). The disparity can be explained by 
differences in scale and biological relevance (i.e., linked to specific life-history needs; 
Reynolds et al. 2006) of analyses between this study and previous analyses (Iverson et 
al. 1996, U.S. Forest Service 1997:appendix N38). Some of the analyses cited in the 
summary appraisal were at a regional scale (forest-wide) and spatially inexplicit. For 
example, the conclusion that 95% of the northern goshawk range in the region has a 
high likelihood of sustaining habitat because 93% of the forests would have less than 
47% of productive old-growth harvested over the planning horizon provides little 
spatially explicit information about breeding-season habitat, especially for populations 
occurring on islands. Also, results of stand-level analyses cited in the summary largely 
focused on aspects of forest management that were not immediately relevant to the life-
history needs of breeding pairs. Conclusions that only a small percentage of nest areas 
examined had experienced any logging or that only a small proportion of nest areas 
were harvested says little about breeding-season habitat or resources available to 
breeding pairs, especially across the broader landscape. Intermediate-scale analyses 
and protective measures, such as limiting total harvest to no more than 33% of a 
watershed during the planning horizon (effectively a 300-yr rotation), are spatially 
explicit and potentially have biological relevance (i.e., approximate size of goshawk 
home ranges). However, management guidelines not explicitly coupled to northern 
goshawk breeding ranges or life history are at risk of not meeting habitat needs of 
individual breeding pairs (Reynolds et al. 2006, Northern Goshawk Accipiter gentilis 
laingi Recovery Team 2008).  
 
At the time of the summary assessment (U.S. Forest Service 1997), about 5% (35/678) 
of the watersheds exceeded the stipulated threshold of total harvest, with 33–47% of 
the total available productive old-growth forests already harvested; 26 of those (74%) 
were concentrated in one Biogeographic Province (North Prince of Wales Island). 
Further logging on POW or in other portions of the Tongass where watersheds already 
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exceed these thresholds will increase the disparity between existing harvests and 
threshold guidelines and increase the number of watersheds that exceed the threshold. 
The assessment acknowledged the higher risks of exceeding watershed thresholds of 
total harvest, especially across North Prince of Wales Island, but assumed that large 
reserves in those landscapes would mitigate the habitat loss from excessive timber 
harvest. The findings of this study clearly demonstrate that contributions of old-growth 
reserves and other conservation elements (e.g., riparian or shoreline buffers) might not 
mitigate the cumulative habitat loss in intensively managed landscapes. This conclusion 
is supported by evidence on nearby islands that extensive loss and fragmentation of 
habitat from clearcut logging contributed to population declines of Queen Charlotte 
goshawks (Doyle 2006). 
 
The findings of these analyses increase uncertainty that northern goshawk breeding-
season habitat objectives are being met in managed landscapes of Southeast Alaska. 
Two lines of reasoning support this conclusion. First, spatially explicit analyses of 
contributions to northern goshawk breeding-season habitat revealed that conservation 
measures of the Tongass Land and Resource Management Plan contribute about half 
the secure habitat recommended for post-fledging areas of breeding pairs in the 
southern portion of this species range (Reynolds et al. 1992) and was less than half the 
relative amount of habitat documented in nest areas in Southeast Alaska. A similar 
conclusion was obtained for the broader landscape (21 km2) that surrounded each nest. 
This is because much of the habitat across the landscape has been clearcut-logged and 
half the remaining choice habitat is in the Development land-use designation available 
for timber harvest. The potential for second-growth stands to become useable habitat 
over the Tongass planning horizon is limited because unmanaged second growth 
typically requires at least 300 years following disturbance to develop old-forest features 
(Nowacki and Kramer 1998). Appropriate (science-based) active management targeting 
habitat improvement can hasten the development of old-forest condition, but pre- and 
commercial thinning has occurred in only about 30% of 267,000 ha that have been 
harvested across the region (USDA Forest Service 2003). 
 
Secondly, guidelines developed for northern goshawk populations in the southwestern 
United States may underestimate habitat needed by breeding pairs in Southeast 
Alaska. A critical consideration in conserving habitat to support breeding populations is 
sufficient habitat to sustain prey resources (Reynolds et al. 2006). Despite possible 
differences in life history or ecology across the range of northern goshawks, the nesting 
and foraging habitat of successful breeding pairs must support adequate prey 
populations. In Southeast Alaska, the predominant (frequency and biomass) prey items 
during the breeding season (Lewis et al. 2006) are bird and mammal species that are 
most abundant, or occur exclusively, in productive old-growth forests (Iverson et al. 
1996,Smith et al. 2001, 2004, 2005). Consider further that the mammal fauna of 
Southeast Alaska is depauperate (Smith 2005); few mammal species exclusively occur 
in low-volume or managed forests of Southeast Alaska (Smith et al. 2001, Smith and 
Nichols 2004); and the structure of dense second-growth stands effectively renders prey 
unavailable to foraging goshawks (Reynolds et al 1992, 2006). Avian communities in 
managed forests include few, if any, additional prey for northern goshawks (Smith et al. 
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2001). Thus, breeding pairs in managed landscapes of Southeast Alaska likely rely 
almost entirely on productive old-growth forests as foraging and nesting habitat. That 
breeding pairs in managed landscapes of Southeast Alaska depend on productive old-
growth forests to meet life-history needs was reflected in the findings of compositional 
analyses and radio-telemetry studies, both of which determined that northern goshawks 
strongly selected medium- and high-volume old-growth forests, and avoided recently 
managed or non-forested habitats (Iverson et al. 1996). 
 
 
Summary and Conclusions 
 
Management guidelines for northern goshawks in other portions of its range in the 
United States do not include a network of old-growth reserves in intensively managed 
landscapes. Rather, in other forest biomes where prey communities also occur in early 
seral forests, a mixture of even- and uneven-aged silvicultural prescriptions are used 
such that the landscapes are a mosaic of different aged stands, predominated by 
mature forests to provides ample nest area and post-fledging are habitat. Despite 
insufficient local information to prescribe the design of a reserve-based approach to 
sustain northern goshawks, a hierarchical system of habitat reserves became the 
cornerstone of the TLMP wildlife conservation strategy to sustain viable and well-
distributed populations across Southeast Alaska. This was to a large part a result of 
having to consider the risk to viability of multiple species for which there was more 
theoretical or empirical evidence that habitat reserves would sustain viable populations. 
Because additional conservation measures were incorporated at multiple spatial scales 
in the 1997 TLMP to provide sufficient nesting and foraging habitat for northern 
goshawks, the conservation strategy for northern goshawks in southeastern Alaska 
became a composite of conservation measures superimposed on a conceptual 
framework developed for other vertebrate species of concern.  
  
More importantly, the 1997 TLMP did not incorporate the concepts of nest area, post-
fledging area, and foraging area habitat management that underpin the current 
paradigm of conservation planning to sustain viable populations of northern goshawks 
across a significant portion of its range. Managing for uncertainty and avoiding the risk 
of trending the population downward can be improved by using biological concepts 
applied elsewhere to sustain northern goshawk habitat and populations throughout 
southeastern Alaska. The nuances of local ecological variability and subsequent 
refinement of management guidelines can be uncovered with additional field study. 
Meanwhile, biologists and land managers are prudent to consider ecological 
consequences to northern goshawk populations (and ecological communities) of 
potential habitat deficiencies in managed landscapes across the region.   
 
Specifically, planners and managers may want to revisit assumptions that current 
standards and guidelines and other conservation measures provide sufficient breeding 
season habitat to sustain viable and widely distributed goshawk populations. In the 
interim, project planning and land use management can be used to increase the longer-
term security of preferred habitat (e.g., deferred harvest) by preventing any further 



 

11 
	

harvest of old-growth forest, especially in watersheds that approach or exceed 
established thresholds. Further loss of old-growth forests or inappropriate management 
of second-growth stands (i.e., timber harvest rather than science-based habitat 
management), especially in existing riparian buffers or other conservation elements, will 
increase the risk to viability of northern goshawks in multiple ways: reduce nesting 
habitat; reduce post-fledging area habitat, reduce foraging habitat and reduce prey 
species on which breeding pairs depend, most notably red squirrels, flying squirrels, 
blue or spruce grouse, and jay and crow populations. Alternatively, science based 
thinning of second-growth stands can hasten second growth toward breeding habitat 
and will benefit goshawks directly and indirectly. Therefore, any forest plan amendment 
or revision that proposes to continue the harvest of old-growth forest or impose 
clearcuts in buffers or other conservation elements without including a comprehensive 
analysis of the Wildlife Conservation Strategy is imprudent and irresponsible as it 
ignores the best available credible science. 
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THE NORTHERN FLYING SQUIRREL AS AN INDICATOR SPECIES OF
TEMPERATE RAIN FOREST: TEST OF AN HYPOTHESIS
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Abstract. Management indicator species (MIS) often are selected because their life
history and demographics are thought to reflect a suite of ecosystem conditions that are
too difficult or costly to measure directly. The northern flying squirrel (Glaucomys sabrinus)
has been proposed as an MIS of temperate rain forest of southeastern Alaska based on
previous studies in the Pacific Northwest that demonstrated its habitat is multi-factorial,
i.e., an emergent property of old-growth forest. We evaluated the suitability of flying
squirrels as MIS in temperate rain forests of Alaska by modeling seasonal (spring, autumn)
microhabitat use with stepwise logistic regression (SLR) using either individual habitat
variables (n 5 26) or multivariate habitat ‘‘factors,’’ which were linear combinations of
individual habitat variables generated from factor analysis. We compared the efficacy of
single variable vs. multivariate factor models in explaining variation in microhabitat use
to test the hypothesis that the habitat of flying squirrels in southeastern Alaska was an
emergent property of old-growth rain forest. The underlying premise was that if factors
were more thorough in explaining microhabitat use, the habitat of flying squirrels was
multifactorial; that is, it consisted of multiple late-seral forest attributes occurring coin-
cidentally at usable spatial scales (e.g., home range). SLR models with multivariate factors
performed poorer in predicting capture sites than models of individual habitat variables.
Two variables, density of large (.74 cm dbh) trees and understory cover of Vaccinium,
explained much of the variation in microhabitat use. We conclude that the habitat of G.
sabrinus in southeastern Alaska does not reflect emergent properties of old-growth forest
in southeastern Alaska and hypothesize that this pattern may be related to regional ecological
differences that facilitate a more general lifestyle than populations in the Pacific Northwest.
Furthermore, the effectiveness of Glaucomys sabrinus as an MIS in north temperate rain
forest is suspect, illustrating that regional differences in ecology of a species warrant caution
when considering the suitability of MIS among geographic areas.

Key words: density; Glaucomys sabrinus griseifrons; logistic regression; microhabitat use; north-
ern flying squirrel; old growth; southeastern Alaska; temperate rain forest.

INTRODUCTION

Whether land management planning (e.g., habitat
conservation plans; Loehle et al. 2002) will facilitate
a long-term goal of maintaining biological diversity is
foremost among many issues challenging forest man-
agers today (Szaro and Johnston 1996). The recent shift
from single-species management toward consideration
of ecological communities signifies an increasing ap-
preciation for maintaining functional relationships and
processes in forested ecosystems (Carey and Curtis
1996, Willson 1996, Williams et al. 2002). However,
the value of species with unique life histories and eco-
logical attributes, or significant community relation-
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ships, should not be ignored (Carey 1991, 1995,
Schmitz et al. 2000, Soulé et al. 2003). Some species
have relatively complex life histories and their habitat
is multi-factorial; their presence indicates the presence
of complex habitat conditions, such as old-growth for-
ests (Carey et al. 1999, Carey 2000a). Others have
evolved keystone roles linked to fundamental processes
(Maser et al. 1978, Willson et al. 1998). Equally im-
portant are interspecific relationships, such as com-
petitive (e.g., Smith 1981) or predator–prey interac-
tions (e.g., Carey et al. 1992, Soulé et al. 2003). Cas-
cading effects to vertebrate assemblages of losing spe-
cies that play keystone roles or have complex life
histories can be substantial, including a reduction of
ecosystem stability or resiliency through a loss of ad-
ditional species or diminished ecosystem function
(Borrvall et al. 2000, Schmitz et al. 2000).

Regardless of whether the focus is ecosystem pro-
cesses or multi-species relationships within commu-
nities, challenges of managing forest ecosystems are
intensified by the fact that many vertebrates of late-
seral forests are habitat or trophic specialists and thus
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are sensitive to cumulative disturbance (Carey 1991,
1995, Laurance 1991, Patton 1992, Lomolino and Per-
ault 2000). Nowhere has the challenge of sustainable
management of multiple forest values been more evi-
dent recently than in landscapes of western North
America, especially the Pacific Northwest, where sev-
eral wildlife species apparently achieve their highest
densities in old-growth coniferous forests (Forsman et
al. 1984, Carey 1989, Huff et al. 1992). Extensive mod-
ification of old-growth forests has generated much con-
cern over biological diversity (Szaro and Johnston
1996, Carey 1998, 2000a, b), especially the viability
of late-seral habitat specialists (Forest Ecosystem Man-
agement Assessment Team 1993, Everest et al. 1997).
Add to this the practical challenges and less than stellar
accomplishments of single-species management, and
the prospect of maintaining biological diversity in man-
aged forests is disappointing (Simberloff 1998).

Ecosystem management recently emerged as a
broad-scale ecological paradigm for maintaining bio-
logical diversity across federal (Rauscher 1999) and
many industrial forests (Loehle et al. 2002), largely
because of both theoretical and empirical strengths over
managing single species (Simberloff 1998). However,
there are many practical challenges to maintaining the
ecological and functional integrity of entire water-
sheds, not the least of which is monitoring a myriad
of ecosystem elements and processes (Landres et al.
1988, Niemi et al. 1997, Simberloff 1998). Because
monitoring ecosystems is problematical, managers
have selected surrogates, most notably ‘‘indicator’’
species, to assess environmental conditions or evaluate
the response of forest ecosystems to external pertur-
bations (Simberloff 1998). The concept of indicator
species is not novel (Hall and Grinnell 1919), but its
prominence in natural resource management emerged
during the mid-1970s and mid-1980s, when its appli-
cation became formally integrated into procedures used
by the USDI Fish and Wildlife Service (U.S. Depart-
ment of Interior 1980) and USDA Forest Service. Reg-
ulations pursuant to the National Forest Management
Act of 1976 (Code of Federal Regulations 1985) re-
quire that National Forests incorporate management in-
dicator species (MIS) in effects analyses of manage-
ment plan alternatives during forest planning (e.g.,
Tongass National Forest; Everest et al. 1997).

Criteria for selecting MIS may vary according to
management goals, but typically species whose pop-
ulations are thought to reflect the ‘‘health’’ of an eco-
system are primary candidates (Landres et al. 1988,
Simberloff 1998). In practical terms, ecosystem health
represents a myriad of habitat attributes and processes,
which often are too difficult or costly to measure. Ac-
cordingly, species with complex life histories are good
MIS candidates, particularly in forest ecosystems, be-
cause healthy populations of these taxa are thought to
indicate that many facets of ecosystem condition exist
(Carey 2000a).

The northern flying squirrel (Glaucomys sabrinus)
has been proposed as an MIS for north temperate rain
forests because its populations become increasingly
abundant with increasing forest complexity (horizontal
and vertical heterogeneity in vegetation and structural
features) in the Pacific Northwest (Carey et al. 1999,
Carey 2001) and elsewhere (Weigl et al. 1992). Den-
sities of flying squirrels were more abundant in old-
growth and complex young forests than conventionally
managed stands in a variety of coniferous forests across
the Pacific Northwest (Carey et al. 1992, Carey 1995,
Waters and Zabel 1995, Witt 1992; but see Rosenberg
and Anthony 1992, Ransome and Sullivan 2003). Its
life history reputedly is linked to numerous attributes
of old forest (Carey 1989, 1995, Carey et al. 1992,
Waters and Zabel 1995, Witt 1992).

In the Pacific Northwest, G. sabrinus density and
microhabitat use have been correlated with vegetative
and structural attributes that are common among forest
types across several locations (Carey et al. 1999). How-
ever, no single habitat variable or group of habitat at-
tributes thoroughly explained variation across geo-
graphic areas. Rather, the relationship between habitat
and flying squirrel abundance appears to be multifac-
torial—a consequence of increasing synergism among
habitat elements as forests develop and additional key
habitat elements coincide at spatial scales that facilitate
inclusion within a flying squirrel’s home range (Carey
et al. 1999, Carey 2000a). Habitat conditions that con-
sistently explained variation in squirrel activity (i.e.,
captures) within stands, and differences in abundance
among stands, were forest attributes such as ‘‘deca-
dence’’ (prevalence of dying, dead, or decaying trees),
which were habitat ‘‘factors’’ that incorporated unique
ecological information from multiple variables (Carey
et al. 1999:54).

In southeastern Alaska, temperate coniferous rain
forests have many structural attributes that reflect the
coastal coniferous forests of the Pacific Northwest
(e.g., large trees and snags, coarse woody debris; Carey
et al. 1999) and are similar in plant composition. Glau-
comys sabrinus is one of two arboreal rodents that oc-
cur throughout most of the region (MacDonald and
Cook 1996), and its life history was believed to be
similar to populations in the Pacific Northwest (Suring
1993). Mean densities of flying squirrels are compa-
rable to (or higher than) those reported for mesic or
wet coniferous forests of California, Washington, and
Oregon (Smith et al. 2003, Smith and Nichols 2003),
but little is known about its habitat relations in south-
eastern Alaska, particularly correlates of microhabitat
use and density (Bakker and Hastings 2002, Smith et
al. 2004). A thorough understanding of the demography
and habitat relations of G. sabrinus is fundamental to
determining its suitability as an MIS of temperate rain
forests (Carey et al. 1999, Carey 2000a, Jorgensen
2002, Morris 2003, Simberloff 1998).
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The purpose of this study was to evaluate the suit-
ability of G. sabrinus as an MIS of temperate rain forest
through a quantitative analysis of its habitat relations
in southeastern Alaska. Specifically, we asked whether
the habitat of G. sabrinus in southeastern Alaska was
an emergent property of old-growth rain forests by
comparing the efficacy of models developed from in-
dividual variables vs. multivariate factors to test the
hypothesis that its habitat is multifactorial (Carey et
al. 1999). If the optimal habitat of G. sabrinus is mul-
tifactorial, then multivariate habitat factors should
more thoroughly explain variation in microhabitat use
than individual habitat variables (Carey 2000a).

METHODS

Study area

Southeastern Alaska has a cool, wet (200–600 cm
precipitation) maritime climate with mean monthly
temperatures ranging from 138C in July to 18C in Jan-
uary (Searby 1968). The region is unique with numer-
ous naturally fragmented landscapes, a dynamic geo-
logical history (MacDonald and Cook 1996), and coast-
al temperate coniferous rain forest (Alaback 1982, Har-
ris and Farr 1974). The rain forest is distributed among
islands of the Alexander Archipelago or isolated along
the narrow mainland by mountains and ice fields. To-
pography, geology, climate, and other environmental
features create a variety of isolated habitats; spatial
heterogeneity occurs at multiple spatial scales in a man-
ner rarely found elsewhere. Fragmentation of natural
forest habitats has increased markedly since the middle
of the 20th century because of land use; most notably
from extensive clearcut logging (50% of low elevation,
old-growth forest on some islands) throughout the re-
gion (USDA Forest Service 1997, Smith and Nichols
2003).

We studied populations of Glaucomys sabrinus gris-
eifrons in the north-central region of Prince of Wales
Island (558429–558489 N, 1328479–1328529 W; Smith
and Nichols 2003) in the two dominant forest habitats:
upland old-growth (upland–OG) and peatland–scrub/
mixed-conifer forests (peatland–MC). Upland old
growth is represented by several plant associations of
western hemlock (Tsuga heterophylla)–Sitka spruce
(Picea sitchensis) forests (DeMeo et al. 1992) and to
a lesser extent red cedar (Thuja plicata) and yellow
cedar (Chamaecyparis nootkatensis). The Tsuga–Picea
forest type (upland–OG) constitutes most of the closed-
canopy forests in the region (Alaback 1982). Upland–
OG stands are highly productive forests that support
high volumes (.400 m3/ha) of timber with a closed
canopy of tall (.60 m), large (#2.5 m diameter) trees,
and a mostly herbaceous understory (Harris and Farr
1974, Alaback 1982, DeMeo et al. 1992). It is spatially
heterogeneous at a scale of ,1 ha (Schoen et al. 1984)
and usually occurs on low elevation, well-drained sites,
frequently as a mosaic with muskegs (Neiland 1971).

Overstory dominants include Sitka spruce and western
hemlock. Dense patches of blueberry (Vaccinium spp.)
typically dominate the understory. These sites have an
uneven-aged, multi-layered overstory, dominant trees
generally .300 years old, and extensive structurally
diverse understories (Ver Hoef et al. 1988, Hanley and
Brady 1997).

Peatland–MC habitat differs markedly from upland–
OG in many ways, not the least of which is the patch-
iness of dense forest canopy cover, which is a conse-
quent of highly varied soil composition and moisture
gradient (Neiland 1971). It is additionally heteroge-
neous at a scale of tens of meters, a complex of open
to sparsely-canopied muskegs intermixed with patches
of mixed-conifer vegetation that occur on gently slop-
ing, elevated accretions of better drained, mineral soil
(Neiland 1971, DeMeo et al. 1992). Conifer vegetation
includes yellow cedar, red cedar, western hemlock,
mountain hemlock (Tsuga mertensiana), and shore pine
(Pinus contorta var. contorta). Understory vegetation
varies considerably. Open areas with little overstory
typically are comprised of a mixture of herbaceous and
woody species, including sedges, grasses, skunk cab-
bage (Lysichitum americanum), and Labrador tea (Led-
um glandulosum); blueberry dominates areas with
well-developed overstories.

These forest habitats overlapped appreciably in plant
composition and structural features, but differed sub-
stantially in intermediate scale (,100 m) spatial het-
erogeneity, especially with respect to amount and dis-
tribution of large live and dead trees, coarse woody
debris, woody shrubs, and canopy closure. We chose
these habitats because they represent end points of a
natural continuum of forest cover and productivity, and
reflect the range of conditions in temperate rain forest
of southeastern Alaska.

Sampling flying squirrels and habitat variables

A more thorough description of our study sites on
Prince of Wales Island, southeastern Alaska, and trap-
ping protocols can be found in Smith and Nichols
(2003). Each habitat replicate was a 13-ha grid with a
10 3 10 array of trap stations spaced at 40-m intervals.
Two live traps were placed at each of 100 stations: one
was attached at a height of 1.5 m to the bole of the
largest tree within 5 m of the grid station, and a second
was placed on or near the ground (e.g., on a log) within
2 m of the tree supporting the other trap. We trapped
each site once during early spring (March–April) and
once during early autumn (September–October) during
1998–2000 because we wanted density estimates from
periods during the year when populations were ex-
pected to be at their lowest (i.e., immediately following
winter) and when population levels were expected to
be at their highest (i.e., weaning has occurred but ju-
veniles had not dispersed; Carey 1991, Villa et al.
1999). During a trapping session, grids usually were
operated for 14 days, an initial 6-day marking period,
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TABLE 1. Habitat features measured within study grids where trap stations were centers of a 20-m circular plot in upland
old-growth western hemlock (Tsuga heterophylla)–Sitka spruce (Picea sitchensis) forests and peatland–scrub/mixed-conifer
forests, Prince of Wales Island, southeastern Alaska, 1999–2000.

Habitat variable Description

Vacc1 percent cover of Vaccinium #0.3 m tall
Vacc4.5 percent cover of Vaccinium between 0.3 m and 1.5 m tall
Decid1 percent cover of deciduous shrubs (except Vaccinium) #0.3 m tall
Decid4.5 percent cover of deciduous shrubs (except Vaccinium) between 0.3 m and 1.5 m tall
Conifer1 percent cover of conifer seedlings #0.3 m tall
Conifer4.5 percent cover of conifer saplings between 0.3 m and 1.5 m tall
Moss percent cover of moss
Herb percent cover of herbaceous vegetation #1.5 m tall
Wood percent cover of downed wood $1 m long and ,25 cm midpoint diameter
Water percent cover of surface water
Decay I volume (m3)/m2 of downed wood $10 cm midpoint diameter and $1 m long in decay class I†
Decay II volume (m3)/m2 of downed wood $10 cm midpoint diameter and $1 m long in decay class

II†
Decay III volume (m3)/m2 of downed wood $10 cm midpoint diameter and $1 m long in decay class

III†
Decay IV volume (m3)/m2 of downed wood $10 cm midpoint diameter and $1 m long in decay class

IV†
Decay V volume (m3)/m2 of downed wood $10 cm midpoint diameter and $1 m long in decay class

V†
Stumps density of stumps
Tree74 density of trees .1.5 m tall and .74 cm dbh
Tree50–74 density of trees .1.5 m tall and 50–74 cm dbh
Tree10–49 density of trees .1.5 m tall and 10–49 cm dbh
Tree5–10 density of trees .1.5 m tall and 5–10 cm dbh
Soft snag74 density of snags .1.5 m tall and .74 cm dbh with ,2% of limbs $30 cm remaining
Soft snag50–74 density of snags .1.5 m tall and 50–74 cm dbh with ,2% of limbs $30 cm remaining
Soft snag10–49 density of snags .1.5 m tall and 10–49 cm dbh with ,2% of limbs $30 cm remaining
Hard snag74 density of snags .1.5 m tall and .74 cm dbh with $2% of limbs $30 cm remaining
Hard snag50–74 density of snags .1.5 m tall and 50–74 cm dbh with $2% of limbs $30 cm remaining
Hard snag10–49 density of snags .1.5 m tall and 10–49 cm dbh with $2% of limbs $30 cm remaining

Notes: Stumps are defined as the bases of topped-off dead trees between 0.3 m and 5 m tall; snags are standing dead trees
.1.5 m tall.

† Decay classes according to Fogel et al. (1973), as modified by Sollins (1982).

a two-day period when traps were closed to allow an-
imals to recover from trap-related stress, and another
six-day recapture period.

We measured 26 vegetative and structural variables
at trap stations where squirrels were captured and at
every third trap station without a capture (Rosenberg
and Anthony 1992, Carey et al. 1999, Smith et al.
2004). Variables included understory vegetation, mids-
tory and overstory composition and structure, and vol-
ume and decay class (Fogel et al. 1973, Sollins 1982)
of downed wood (See Table 1 for a description of var-
iables and acronyms). Understory variables were es-
timated (percentage cover) in 1 3 1 m subplots placed
at trap stations and at distances of 4 and 7 m from trap
stations in the four cardinal directions (nine subplots
per station). Mean values of the nine subplots were
used to describe the understory at each trap station.

Statistical analysis and habitat modeling

Previously (Smith et al. 2004), we used stepwise
logistic regression (SLR) to develop explanatory mod-
els to relate individual habitat variables to flying squir-
rel captures among 600 trap stations (six 10 3 10 grids,
i.e., three replicates each of upland–OG and peatland–
MC habitats). Trap stations were categorized as either
having captured a squirrel (realized habitat) or not (un-

realized habitat; Carey et al. 1999). A dichotomous
response was used because of anticipated problems
with model convergence when the likelihood of cap-
turing an animal is greatly skewed toward a single re-
sponse level (e.g., zero captures; Stokes et al. 1995);
and because there was little ecological justification for
delineating distinct categories for multiple captures,
especially differentiating between microsites with one
vs. two captures (Smith et al. 2004).

SLR models of habitat variables allowed us to ex-
amine correlates of habitat use relative to individual
vegetative and structural characteristics. Here we ex-
pand on that analysis by comparing those results with
SLR models of habitat ‘‘factors,’’ which are indepen-
dent linear combinations of individual habitat variables
generated from factor analysis. We used factor analysis
to generate multivariate habitat factors (Carey et al.
1999) from the 26 measured vegetative and structural
variables (Table 1). Factor analysis uses predictive data
(i.e., 26 variables) and creates ‘‘factors’’ using corre-
lation matrices. The first factor accounts for a certain
amount of the variance in the original variables, where-
as the second is created based on the highest correlation
to the original variables after accounting for variation
explained by the first factor, and so on. We used VAR-
IMAX rotation within PROC FACTOR (SAS Institute
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TABLE 2. Stepwise logistic regression models of habitat variables correlated with flying squir-
rel (Glaucomys sabrinus griseifrons) microhabitat use in peatland–scrub/mixed-conifer (peat-
land–MC) and old-growth western hemlock/Sitka spruce rain forest (upland–OG) during
spring and autumn 1998–2000, Prince of Wales Island.

Model Variable

Chi-
square
test (P)

Parameter
estimate
(1 SE)

Odds ratio†
(95% CI)

Model
goodness
of fit‡ (P)

Spring
Peatland–MC Vacc4.5 0.001 0.035 (0.01) 1.4 (1.1–1.8) 0.23

Tree74 0.007 0.098 (0.04) 2.7 (1.3–6.8)
Upland–OG Water 0.005 20.087 (0.04) 0.4 (0.2–0.8) 0.60

Autumn
Peatland–MC Tree74 0.003 0.283 (0.12) 16.9 (2.8–615.5) 0.85

Vacc1 0.029 0.064 (0.03) 1.9 (1.1–3.5)
Upland–OG Herb 0.013 20.040 (0.02) 0.7 (0.5–1.0) 0.30

Soft10–49 0.034 0.017 (0.01) 1.2 (1.1–1.4)
Tree10–49 0.014 20.003 (0.01) 1.0 (0.9–1.0)
Hard50–74 0.045 0.083 (0.04) 2.3 (1.1–5.7)

Notes: Data are from Smith et al. (2004). See Table 1 for a description of habitat variables.
† Effect of a 10-unit increase in the value of the variable (e.g., percent cover) on the prob-

ability of capture (SAS Institute 2000).
‡ Results of Hosmer and Lemeshow test (SAS Institute 2000), reported as the probability

(P) that the model will be improved by an additional habitat variable.

2000) to rotate factors to obtain new uncorrelated (or-
thogonal) variables, and visual inspection of ‘‘scree
plots’’ to identify factors used in subsequent modeling
efforts (Cody and Smith 1997:257). Factor loadings
(correlation of a factor with the 26 variables) provided
insights into ecological interpretation of orthogonal
habitat factors. Coefficients from a correlation matrix
were used to determine the extent to which habitat
variables were potentially redundant in explaining var-
iation in the response variable because of multicolli-
nearity among habitat variables (i.e., highly correlated;
Zar 1999). This information was used to develop mod-
els through an evaluation of variable selection in SLR
and an interpretation of factor loadings following factor
analysis.

SLR models of microhabitat use were developed for
both habitats during two seasons from individual var-
iables and from multivariate habitat factors. Individual
variables or factors were entered into a model if the P
# 0.25, but were retained only if P # 0.05. For each
correlate in the final logistic regression models, we
computed confidence intervals on the odds ratios,
which were based on the profile likelihood (Stokes et
al. 1995, SAS Institute 2000). Thus, odds-ratio esti-
mates were interpreted as the odds of capturing a flying
squirrel given a specified unit increase or decrease in
the habitat parameter (e.g., density of trees per ha) after
being adjusted for the effects of other habitat elements
in the model.

If the life history of northern flying squirrels is com-
plex and linked to multiple old forest features (and thus
a suitable management indicator species), we expected
the SLR models with multivariate factors to perform
better in predicting microhabitat use than models with
individual habitat variables. To compare the efficacy
of models developed from individual variables vs. mul-

tivariate factors, we quantified their performance in
predicting captures among trap stations. We used prior
probabilities (i.e., proportion of traps that captured
squirrels) for each habitat 3 season combination to
generate classification tables within PROC LOGISTIC.
We compared the success rate of variable vs. factor-
based models in correctly predicting capture sites, non-
capture sites, and all trap stations. We used the Hosmer
and Lemeshow test to evaluate the suitability of models
derived using variables vs. factors, and examined sev-
eral measures of goodness-of-fit (e.g., C statistic, R2)
to evaluate the association of predicted probabilities
and observed responses (SAS Institute 2000).

RESULTS

Logistic regression: habitat variables

Four (i.e., two habitats 3 two seasons) significant
logistic regression models of microhabitat use were
produced from individual variables (Table 2). The mod-
els varied between habitats, and between seasons with-
in habitats, in number and type of habitat variables.
Density of large (.74 cm dbh) live trees was a sig-
nificant variable in both spring and autumn models of
peatland–mixed conifer (MC). The ecological impact
of varying density of large trees on habitat use was
substantial, especially during autumn when increasing
the mean value of the predictor variable by 10 trees/
ha (from a mean of 2 trees/ha to 12 trees/ha in peatland–
MC) increased the odds of capturing a squirrel by a
factor of 17. In upland–old-growth (OG), water was
the only significant variable during spring and it was
inversely related to the likelihood of capturing a squir-
rel. According to the odds ratio, an increase in mean
percent surface water of 10% reduced the odds of cap-
turing a squirrel by a factor of 2.5 (1.0/0.4). The autumn
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TABLE 3. Multivariate factors and factor loadings ($0.40)
generated with factor analysis (SAS 2000) from 26 habitat
variables measured in peatland–scrub/mixed-conifer (peat-
land–MC) and old-growth western hemlock/Sitka spruce
rain forest (upland–OG) during 1999–2000, Prince of
Wales Island.

Factor

Peatland–scrub/
mixed conifer

Variable Loading

Old-growth western
hemlock/Sitka spruce

Variable Loading

1 Vacc4.5 0.761 Tree5–10 0.675
Herb 20.744 Tree10–49 0.664
Tree10–49 0.645 Hard10–49 0.411
Water 20.615 Soft10–49 0.410
Soft10–49 0.581
Vacc1 0.573
Stump 0.534
Moss 0.524
Decid4.5 20.468
Hard10–49 20.417

2 Decay V 0.622 Wood 0.687
Tree74 0.607 Moss 20.602
Decid1 20.574 Vacc4.5 20.503
Tree50–74 0.567
Soft50–74 0.523
Hard74 0.445
Conif1 20.416

3 Herb 20.507
Vacc1 0.499
Water 20.480
Decid4.5 20.416
Vacc4.5 0.409

Note: See Table 1 for a description of habitat variables.

TABLE 4. Stepwise logistic regression models of multivariate habitat factors correlated with
flying squirrel microhabitat use in peatland–scrub/mixed-conifer (peatland–MC) and old-
growth western hemlock/Sitka spruce rain forest (upland–OG) during spring and autumn
1998–2000, Prince of Wales Island.

Model Factor†
Chi-square

test (P)

Parameter
estimate
(1 SE)

Odds ratio‡
(95% CI)

Model
goodness
of fit§ (P)

Spring
Peatland–MC 2 0.0023 0.480 (0.16) 1.6 (1.2–2.3) 0.78
Upland–OG N/A

Autumn
Peatland–MC 2 0.0212 0.426 (0.19) 1.5 (1.1–2.3) 0.26
Upland–OG 3 ,0.0001 0.726 (0.20) 2.1 (1.4–3.1) 0.98

Note: N/A denotes no significant model.
† Orthogonal, multivariate factors from factor analysis of habitat variables. For peatland–

MC, factor 2 is density of large trees and snags; for upland–OG, factor 3 is understory com-
position and structure (mostly Vaccinium cover).

‡ Effect of a one-unit increase in the value of the variable (e.g., percent cover) on the
probability of capture (SAS Institute 2000).

§ Results of Hosmer and Lemeshow test (SAS Institute 2000), reported as the probability
(P) that the model will be improved by an additional habitat variable.

upland–OG model included four habitat variables, but
only density of hard snags 50–74 cm dbh and herb
cover had notable ecological effects on microhabitat
use. Squirrel captures were positively correlated with
density of hard snags, whereas the odds of capturing
a squirrel decreased with increasing herb cover (Table 2).

Logistic regression: multivariate habitat factors

Factor analysis produced two factors for peatland–
MC and three factors for upland–OG (Table 3). Three

significant SLR models were obtained with multivar-
iate habitat factors; there was no significant model for
upland–OG during spring (Table 4). Factor 2 was cor-
related with habitat use in peatland–MC during both
seasons, whereas factor 3 was a correlate of autumn
squirrel captures in upland–OG. Factor 2 represented
habitat space with more large trees and snags and de-
cayed down wood, but less shrub and seedling cover.
A unit increase in factor 2 increased the odds of cap-
turing flying squirrels during spring and autumn by a
multiple of 1.6 and 1.5, respectively. Factor 3 captured
variation in habitat space associated with more Vac-
cinium cover and less deciduous shrub cover, herb cov-
er, and free water. A unit increase in factor 3 increased
the odds of capturing a flying squirrel by a multiple of
2.1.

Model performance: habitat variables vs.
multivariate factors

The percentage of sites correctly predicted varied
seasonally and between habitats for both types of mod-
els (Table 5). For variable-based models, the percentage
of microsites classified correctly ranged from 62.1% to
85.0%. Sensitivity (percentage of capture sites cor-
rectly classified) and specificity (percentage of non-
capture sites correctly classified) ranged between
61.4% and 100%, and 0% and 62.7%, respectively.
With the exception of upland–OG model during au-
tumn, which performed best in predicting sites that
captured flying squirrels, about one-third of the trap
stations were incorrectly classified as capture sites.
Neither autumn model misclassified a capture site (i.e.,
sensitivity 5 100%); however, a relatively large num-
ber of capture sites were misclassified (false negatives)
with spring models (Table 5). The percentage of mi-
crosites that were correctly classified with factor-based
models was 49.9–69.5%. Sensitivity and specificity
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TABLE 5. Performance of logistic regression models of habitat variables (‘‘Variable’’ columns) and multivariate factors
(‘‘Factor’’ columns) in predicting flying squirrel microhabitat use in peatland–scrub/mixed-conifer (peatland–MC) and old-
growth western hemlock/Sitka spruce rain forest (upland–OG) spring and autumn 1998–2000, Prince of Wales Island.

Model
Probability
level (%)

Correct (%)

Variable Factor

Sensitivity (%)

Variable Factor

Specificity (%)

Variable Factor

False positive
(%)

Variable Factor

False negative
(%)

Variable Factor

Spring
Peatland–MC 51 62.1 54.9 61.4 40.4 62.7 70.0 36.8 41.7 39.0 47.0
Upland–OG† 64 65.6 99.4 5.6 34.8 16.8

Autumn
Peatland–MC 70 70.0 49.9 100 41.0 0 70.6 30.0 23.5 ‡ 66.1
Upland–OG 85 85.0 69.5 100 72.2 0 54.1 15.0 10.1 ‡ 74.5

Notes: ‘‘Probability level’’ is the expected probability of a capture, which is based on the observed or prior probability.
(For consistency within this paper, these values are reported as percentages instead of proportions.) ‘‘Correct’’ is the fraction
of trap stations that were correctly classified. ‘‘Sensitivity’’ is the fraction of capture sites that were correctly classified.
‘‘Specificity’’ is the fraction of noncapture sites that were correctly classified. ‘‘False positive’’ is the fraction of trap stations
predicted to capture an animal that were incorrectly classified as a capture site. ‘‘False negative’’ is the fraction of trap
stations predicted to not be a capture site that were incorrectly classified as a noncapture site.

† There was no significant (P . 0.05) model of multivariate factors for upland–OG during spring.
‡ Rate was not computable.

were 40.4–72.2% and 54.1–70.6%, respectively. The
autumn upland–OG model performed best in pre-
dicting the percentage of sites that captured a squir-
rel and the percentage of capture sites classified cor-
rectly.

DISCUSSION

Models of microhabitat use

The overall performance of single habitat variables
in predicting microhabitat use was better than habitat
models constructed with multivariate factors. The per-
centage of trap stations correctly classified was con-
sistently higher with variable-based models than mod-
els developed from multivariate factors, which, except
for upland–old-growth (upland–OG) during autumn,
did not depart appreciably from 50%. These results
differ markedly from patterns of habitat use reported
for flying squirrel populations in the Pacific Northwest
(Carey et al. 1999), which can vary considerably across
geographic areas (Smith et al. 2003).

Carey et al. (1999) quantified habitat use at two
scales: microhabitat use within, and density among, 19
natural and managed forest stands that represented
three seral stages and spanned the range of variation
in closed canopy forests in the Coast Range of south-
western Oregon. From their analyses within individual
stands, they observed that only multivariate habitat fac-
tors consistently explained variation in flying squirrel
captures among microhabitats. Four multivariate fac-
tors correctly classified 60% of points (i.e., trap sta-
tions) according to flying squirrel use. Additionally,
multivariate factors such as decadence, habitat breadth,
and moisture–temperature gradient values (MGV) ex-
plained substantially more variation in squirrel carry-
ing capacity (i.e., maximum density) across stands than
individual variables (Carey et al. 1999). That they also
observed a significant relationship between flying

squirrel density and habitat factors among stands dem-
onstrated that multivariate factors explained habitat use
at multiple spatial scales (microhabitat and stand level)
across a relatively broad range of forest conditions.
Drawing also on the findings of studies conducted else-
where in Oregon and in Washington (Carey 1989, 1991,
1995), they concluded that flying squirrel habitat in the
Pacific Northwest is an emergent property of old-
growth forest.

We tested their hypothesis by examining whether
there was evidence from modeling flying squirrel cap-
tures among microhabitats that the habitat of flying
squirrels in southeastern Alaska was multifactorial.
That our study differed from Carey et al. (1999) in
number and types of habitats investigated does not limit
the value of comparing correlates of microhabitat use
within old-growth stands between regions. Indeed, the
causal mechanisms underlying variation in the abun-
dance of flying squirrels among forest habitats likely
is linked to resource availability at the scale of indi-
vidual home ranges (Morris 1984, 1987). Number of
quality macrohabitats (i.e., home ranges) determines
the carrying capacity of larger habitat patches (forest
stands). Still, the fact that we did not include managed
stands in our analysis likely diminished our ability to
identify specific limiting habitat features of younger,
less complex forests, particularly those that emerge as
significant correlates of density among managed and
unmanaged habitats. But, this should not have hindered
our ability to identify emergent factors of old growth
forests, particularly with the inclusion and replication
of peatland–mixed-conifer (MC) habitats, as we used
similar procedures to ask similar questions in similar
habitats. Upland–OG and peatland–MC are near op-
posite ends of a wide range of variation in canopy
cover, plant species composition, and vertical and hor-
izontal structure (Harris and Farr 1974, Neiland 1971).
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Within peatland–MC alone, there is substantial varia-
tion in the density and distribution of forest canopy, in
the size (height and diameter) and density of live trees
and snags, and in the amount and distribution of
downed woody material (Smith et al. 2004). We believe
that habitats in our study overlapped much of the range
of forest conditions in southwestern Oregon, including
managed stands. More importantly, the differences in
habitat use we report between studies were apparent
within individual stands across a range of forest con-
ditions. That we did not observe ecologically signifi-
cant variation in habitat use correlated with multivar-
iate factors suggest that the habitat of Glaucomys sa-
brinus in southeastern Alaska is not an emergent prop-
erty of old growth.

An alternative explanation for the differences we re-
port is that northern flying squirrels in southeastern
Alaska may differ ecologically in important ways from
populations across the Pacific Northwest. One marked
difference in habitat relations between regions was the
significance of decadence (especially coarse woody de-
bris), which was the single most important factor ex-
plaining flying squirrel habitat use and density in the
Pacific Northwest (Carey et al. 1999). The association
of flying squirrel populations in Oregon with decadence
largely may be a function of their dependence on truf-
fles, i.e., hypogeous ectomycorrhizal fungi (Carey et
al. 1999). Many truffle species are directly correlated
with old forest attributes, such as coarse woody debris
and decayed, downed wood (Amaranthus et al. 1994,
Smith et al. 2000, 2002). Furthermore, the most con-
sistent predictor of flying squirrel density across the
Pacific Northwest has been frequency or abundance of
hypogeous sporocarps (i.e., truffles; Waters and Zabel
1995, Carey et al. 1999, Pyare and Longland 2002).

Equally striking was the significance of habitat
breadth and moisture–temperature gradient values
(MGV) in southwestern Oregon, which together with
decadence, explained 70% of the variation in flying
squirrel carrying capacity (Carey et al. 1999). Habitat
breadth and MGV apparently reflect ecologically sig-
nificant gradients and variability within and among
stands that influence arboreal rodent communities, in-
cluding the abundance of northern flying squirrel pop-
ulations (Carey 1991, 1995, 1996, Carey et al. 1999).
In turn, the composition and diversity of arboreal ro-
dent communities likely has shaped the habitat rela-
tions of flying squirrel populations in western conif-
erous forests (Carey 1989, 1991, 1996, Carey et al.
1999, Smith et al. 2003). Within arboreal rodent com-
munities of the Pacific Northwest, interactions among
resources and among species sharing resources may
have created an ecological environment where popu-
lations frequently are not limited by a single factor and
their life histories are linked to multiple resources (Ca-
rey 1989, 1991, 1996, Carey et al. 1999). That flying
squirrel microhabitat use and relative abundance
among habitats in the Pacific Northwest are linked to

a suite of old forest features may have as much to do
with the composition of small mammal communities
as the specific life history traits of local populations
(Carey et al. 1999).

In temperate rain forests of southeast Alaska, the
community structure of arboreal rodents, and the diet
of northern flying squirrels (although not mutually ex-
clusive), may be sufficiently different to facilitate a
more general lifestyle. In southeast Alaska, northern
flying squirrels rely less on truffles, and their diet in-
cludes a greater diversity of food items than popula-
tions in California, Oregon, or Idaho (Maser et al. 1986,
Rosentreter et al. 1997, Carey et al. 1999, Waters et al.
2000, Pyare et al. 2002). The less specialized diet may
reflect greater opportunities to use a broader range of
rain forest habitats because of less interspecific com-
petition (Carey 1991, 1996, 2000a, 2001, Carey et al.
1999). Several investigators have noted the significance
of diet in influencing the habitat relations of flying
squirrels (Waters and Zabel 1995, Rosentreter et al.
1997, Carey et al. 1999, Pyare and Longland 2002), or
their role in forest communities (Maser et al. 1978,
1986, Maser and Maser 1988, Waters et al. 2000). Diet
and competitive release were proposed as factors con-
tributing to differences in population density between
the Pacific Northwest and southeastern Alaska (Smith
and Nichols 2003).

Flying squirrels as a management
indicator species (MIS)

The assumption that the northern flying squirrel is a
good MIS of north temperate rain forest was not sup-
ported by our study. Glaucomys sabrinus was proposed
as an MIS of the Tongass National Forest (USDA For-
est Service 1997), the largest contiguous temperate rain
forest in the northern hemisphere, because its popu-
lations were thought to indicate conditions of late-seral
coniferous forests. This assumption was based on the
notion that the ecology of G. sabrinus in southeastern
Alaska is similar to populations in the Pacific North-
west (Suring 1993), which ostensibly have a complex
life history that is linked to a suite of old forest char-
acteristics (Carey et al. 1999, Carey 2000a). North tem-
perate rain forests have many attributes that parallel
mesic coniferous forests in the Pacific Northwest and
the expectation is that habitat relations of flying squirrel
populations in southeastern Alaska are similar to pop-
ulations in the Pacific Northwest (Suring 1993).

We found little empirical support for the hypothesis
that the habitat of Glaucomys sabrinus in southeastern
Alaska is an emergent property of old-growth forest.
Rather, variation in microhabitat use largely was ex-
plained by a few individual habitat variables and mul-
tivariate habitat factors contributed essentially no
unique ecological information. This conclusion is sup-
ported further by the findings of Smith et al. (2004)
that variation in flying squirrel density among forest
stands (spring and autumn) was attributable to indi-
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vidual habitat variables, some of which (e.g., large
trees) were key correlates of microhabitat use in our
study. Furthermore, we believe there are ecological dif-
ferences between regions, particularly in diet and in-
terspecific relations (Pyare et al. 2002, Smith and Nich-
ols 2003, Smith et al. 2004) that are sufficient to explain
why the habitat of flying squirrels in temperate rain
forest is not multifactorial.

What remain unclear are implications of apparent
ecological differences to questions about the suitability
of northern flying squirrels as an MIS in temperate rain
forest. If the habitat of G. sabrinus in southeastern
Alaska is not multifactorial, does that limit its utility
as an MIS? Or, might there be other aspects of its life
history or ecology that renders it an effective MIS?
Evidence from our study demonstrated that large stand-
ing live and dead trees were ecologically significant
correlates of flying squirrel habitat use and density.
Large trees and snags also may be crucial or limiting
resources for a multitude of species in temperate rain
forest, particularly cavity nesters (Hughes 1985, Zar-
nowitz and Manuwal 1985, Joy 2000) or species whose
food resources are more abundant with larger trees
(e.g., tree squirrels; Smith et al. 2003). But if this were
true, large trees and snags likely would be more useful
indicators of rain forest communities because they are
easier to measure than flying squirrels. Still, land man-
agers may choose to monitor flying squirrels in south-
eastern Alaska because their populations are correlated
with large trees and snags and because of concerns over
the viability of endemic populations (Smith and Nich-
ols 2003). Threatened, endangered, or sensitive status
increases the impetus and value of monitoring MIS
populations (Simberloff 1998).

There are ecological attributes other than multifac-
torial habitat that render species suitable as indicators
of biological diversity or ecosystem health (Landres et
al. 1988, Simberloff 1998, Carey 2000a). Flying squir-
rels may have a keystone role in rain forests of south-
eastern Alaska. In the Pacific Northwest, flying squir-
rels are important prey for old-growth-associated pred-
ators (Carey et al. 1992, 1999), including small car-
nivores (e.g., American marten, Martes americana) and
raptors, and are the primary prey of the northern spotted
owl (Strix occidentalis occidentalis). In turn, flying
squirrels eat sporocarps and disseminate spores of ec-
tomycorrhizal fungi (Maser et al. 1978, 1985, 1986,
Forsman et al. 1984, Maser and Maser 1988, Carey
1995, Carey et al. 1999), which are essential symbionts
of dominant conifers (e.g., Douglas-fir, Pseudotsuga
menziesii). However, G. sabrinus in southeastern Alas-
ka depends much less on truffles than populations in
the Pacific Northwest (Pyare et al. 2002) and there are
no known predators that rely on flying squirrels as prey
(e.g., Flynn and Schumacher 2001, Lewis 2001). Still,
the low diversity of small mammals in southeastern
Alaska (MacDonald and Cook 1996) may increase the
importance of flying squirrels as prey for raptors or

small carnivores, or as disseminators of fungal spores
or other reproductive propagules (Bruner et al. 2001).

Alternatively, flying squirrels may be good indica-
tors of processes that are important for conservation
planning. A fundamental assumption of the wildlife
conservation strategy for the Tongass National Forest
is that populations of old-growth reserves will be able
to freely interact through dispersal. Thus, widely dis-
tributed breeding populations of flying squirrels across
the planning area may be a good indicator of landscape
permeability (sensu Singleton et al. 2002) in inten-
sively managed landscapes, where successful dispersal
of arboreal rodents with limited vagility likely serve
as a good benchmark of functional connectivity (Se-
lonen and Hanski 2003).

Perhaps the more important question is whether the
expectation of using single species to reflect the health
or integrity of an ecosystem is realistic (Simberloff
1998). Although the concept of an indicator species
has been around for nearly a century and in common
use by researchers and land managers for at least three
decades, rigorous analyses of this concept have pro-
duced few positive examples of its utility (Lawler et
al. 2003). More often than not, investigations have
failed to support the underlying assumption of a cor-
relation between the indicator species and the organ-
isms, habitat or, processes it represents (Mannan et al.
1984, Szaro 1986, Niemi et al. 1997, Rolstad et al.
2002). A fundamental issue is that frequently there is
little agreement over what the indicator is supposed to
indicate (Simberloff 1998), or that the goals and ob-
jectives are poorly defined (Landres et al. 1988). Even
then, selecting the best indicator species often is not
intuitive or well founded in science or knowledge of
natural history. More importantly, there is the recog-
nition that managing for one species almost always
conflicts with management of other species (Landres
et al. 1988, Simberloff 1998).

Several alternatives to MIS have been proposed (e.g.,
flagship, umbrella, or keystone species), all of which
have unique nuances. Of these, keystone species seems
to have the most promise (Simberloff 1998). However,
identifying keystone species and associated mecha-
nisms that have wide-ranging impacts on communities
and ecosystems is no small task. Furthermore, even
when good species are identified, using keystone spe-
cies in conservation planning (like MIS) is not exempt
from the shortcomings of relying on a single species
to represent the response of entire biological commu-
nities to perturbation (Simberloff 1998).

Alternatively, some investigators have proposed
more comprehensive approaches including the use of
multiple species to monitor communities at the ecore-
gional scale (Manley et al. 2004), or combining the
monitoring of habitat and multiple species across broad
scales (Niemi et al. 1997). Regardless, a critical feature
of an effective monitoring program is ensuring that the
measures of future desirable condition correlate with
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the ecological indicators that have been selected. For
MIS, this means knowing the biology of the species
(Landres et al. 1988, Simberloff 1998) and requires
quantitative documentation of habitat associations (Jor-
gensen 2002, Morris 2003). Simply assuming that a
species will be a suitable indicator of desired ecological
conditions because it reputedly functions in that role
in a similar ecosystem elsewhere can be misleading,
counterproductive, and costly.
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The Tongass 77 (T77), also known as the “Salmon Forest” Proposal, 
designates key watersheds in Southeast Alaska for permanent protec-
tion to safeguard the most important salmonid habitat across the 
region that is currently open to development status. The proposal is 
based on a scientific assessment of Southeast Alaska’s Coastal Forests 
and Mountains Ecoregion (Schoen and Dovichin 2007). The assess-
ment resulted in a habitat ranking system for six salmonid species as 
well as other values. Top watersheds were identified in each of the 14 
biogeographic provinces in Southeast Alaska that are not in legislatively 
protected status, based on combined values for the six anadromous fish 
species, plus related habitat quality indicators such as old-growth forest, 
bear and deer habitat, and estuaries.

Salmon were selected as a focal species for forest management because 
spawning and rearing salmon are widely distributed in streams and rivers 
throughout Southeast Alaska and because these fish play a fundamental 
role in the ecology of coastal, freshwater, and terrestrial systems. Salmon 
are keystone species because they transfer marine-derived nutrients 
into the terrestrial and freshwater ecosystems, and many terrestrial and 
freshwater species and ecological processes are inextricably connected 
to salmon (Willson and Halupka 1995). 

The project assessed top watersheds for each biogeographic province in 
order to account for the unique island biogeography of different areas of 
the Tongass. The Tongass 77 are therefore a dispersed network of sites 
identified at the whole watershed scale, employing both a “single large” 
and “several small” reserve design at the province or ecoregion scale, 
respectively. This land management strategy is analogous to preserving 
an ecological investment portfolio (Schindler et al. 2010). The proposal 
will permanently protect top watersheds in Southeast Alaska.

TONGASS 77 WATERSHEDS
Melanie Smith

The Tongass 77 proposal includes all of the top-ranking (i.e. #1) water-
sheds within all 14 of the biogeographic provinces in Southeast Alaska 
not under permanent protection, based on values for all six fish species 
and related habitat conservation targets. Also included in the Tongass 77 
are the #1 ranking watersheds for the six individual fish species assessed, 
as well as the highest ranking watersheds for all salmonids combined. 
Salmonid species included: 

•  King (Chinook) salmon (Oncorhynchus tshawytscha)
•  Red (sockeye) salmon (O. nerka)
•  Silver (coho) salmon (O. kisutch)
•  Pink (humpy) salmon (O. gorbuscha)
•  Chum (dog) salmon (O. keta)
•  Steelhead trout (O. mykiss)

In addition to including valuable fish habitat, the proposal is supplemented 
with watersheds that capture other biological values in order to ensure 
the region will sustain a viable ecosystem. The Tongass 77 captures 
the #1 ranking watershed in each province for the following ecosystem 
components, which are highly correlated with healthy salmon habitat:

• Estuaries (highly important anadromous fish habitat)
• Riparian large-tree old growth (nutrient exchange, large woody 

debris, cold water refuge, erosion stability)
• Black and brown bear (Ursus americanus and U. arctos) summer 

habitat (correlated with salmon concentration areas)
• Sitka black-tailed deer (Odocoileus hemionus sitkensis) wintering 

habitat (indicative of healthy upland forest at the watershed scale)
• Marbled Murrelet (Brachyramphus marmoratus) nesting habitat 

(an ecological link between old-growth forest and the marine 
ecosystem).

ECOLOGICAL ATLAS OF SOUTHEAST ALASKA
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Waterfall Bay (Dall Island) is one of the Tongass 77 watersheds.
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The proposal included all identified top-ranked watersheds in 
Southeast Alaska, except those: already protected, in non-federal 
ownership, actively managed for other values (such as urban recre-
ation, experimental forest, or active timber sale), or lacking public 
support (for example, the strong landowner opposition to protecting 
the Taku, which is the top salmon watershed in all of Southeast Alaska). 
In addition to the #1 watersheds, the proposal included several carefully 
chosen individual watersheds deemed important through additional 
review by scientists and fishermen. Additional watersheds met one or 
more of the following criteria:

• Based on all salmonid values combined, fell within the top 10% 
of watersheds in Southeast Alaska (without the biogeographic 
province filter)

• Based on all (salmonid and other) habitat correlates combined, fell 
within the top 10% of watersheds in Southeast Alaska (without the 
biogeographic province filter)

• Fell within the top five watersheds for a biogeographic province
• Identified as a Tier 1 watershed based on ecological optimization 

modeling as described by Albert and Schoen (2007). Tier 1 water-
sheds fall within the top 25% of each biogeographic province, using 
an evaluation of the smallest footprint to achieve the highest value 
for the combination of all salmonid and other habitat correlates 
combined

• ADFG data indicated exceptional salmon production and/or 
diversity.

The Tongass 77 proposal was based on several years of rigorous data 
collection, scientific analysis, and modeling, combined with local 
knowledge of the highest productivity areas. The proposal therefore 
captures the most important places in Southeast Alaska’s Tongass 
National Forest for ensuring the long-term existence and health of the 
Southeast Alaska ecosystem and salmon fishery.

CONSERVATION ISSUES
The Tongass 77 Watersheds make up the most ecologically important 
but unprotected 1.89 million ac (764,855 ha) of the 17 million ac 
(6,879,656 ha) Tongass National Forest. Conservation of whole 
watersheds maintains ecological processes and local habitat diversity 
(Lertzman and MacKinnon 2013). Including key watersheds across 

ECOLOGICAL ATLAS OF SOUTHEAST ALASKA HUMAN USES

provinces ensures well-distributed, high-quality habitat that will sustain 
population viability and ecosystem integrity across Southeast Alaska. 
The Tongass 77 includes both intact and developed watersheds, 
in order to capture those watersheds most important to ensuring 
long-term viability of the region as a salmon forest. 

Four of the T77 watersheds have changed status since the proposal 
was developed. In 2015, the National Defense Reauthorization Act 
included a provision for the transfer of lands to Sealaska Corporation. 
To the dismay of conservation groups, that land transfer included 
Nutkwa Inlet, one of the T77 watersheds proposed for LUD II designa-
tion. At the same time, however, three other watersheds were placed 
into LUD II status as part of the Sealaska deal. Those were Lovelace 
Creek, Lake Kushneahin, and Sarkar Lakes. 

Currently Southeast Alaska has a $1 billion fishing industry that 
supports 7,000 jobs, and a $1 billion tourism and recreation industry 
which supports another 10,000 jobs. The same watersheds that support 
ecological values also contribute to Southeast Alaska’s economic 
vitality. Trout Unlimited and Audubon Alaska recommend permanent 
protection for the remaining Tongass 77 watersheds to continue these 
opportunities for future generations.

MAPPING METHODS
The Tongass 77 watersheds are based on the collection of spatial data 
generated by Audubon Alaska and TNC for the Conservation Assessment 
and Resource Synthesis for the Coastal Forests and Mountains Ecoregion 
(Schoen and Dovichin 2007), as well as scientific research and local 
knowledge from fishermen collected by Trout Unlimited. 

More specific information about mapping methods for each focal 
resource appears in the summaries for Estuaries, Productive Old 
Growth, Anadromous Fish Species Richness, King Salmon, Red 
Salmon, Silver Salmon, Pink Salmon, Chum Salmon, Marbled Murrelet, 
Sitka Black-tailed Deer, Black and Brown Bears, and Conservation 
Area Design.

MAP DATA SOURCES
• Tongass 77 watersheds: Trout Unlimited and Audubon Alaska 

(2015).
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Tongass 77 Watersheds
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1. Trout Unlimited and Audubon Alaska 2015.
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Transferred to Sealaska Corporation

Code Name
90 Katzehin River
260 Eagle/ Herbert River
570 Gilbert Bay
590 Lower Speel River
610 Whiting River
790 Port Houghton Salt Chuck
840 Sandborn Canal
900 Farragut Bay – South Arm
1960 Chicken Creek
2010 Neka Bay
2240 Upper Tenakee Inlet
2250 Little Goose Flats
2260 Goose Flats
2280 Long Bay
2290 Seal Bay
2310 Saltery Bay
2320 Crab Bay
2430 Sitkoh Bay
2440 Sitkoh Lake
2800 Deep Bay
2810 Ushk Bay
2870 Fish Bay
2920 Rodman Bay
2930 Appleton Cove
2940 Saook Bay
2950 Lake Eva
2990 Nakwasina River
3050 Sea Lion Cove
3080 Mount Edgecumbe
3090 Krestof Sound
3140 Kelp Bay – South Arm
3230 Salmon Lake
3500 Redoubt Lake
3660 Situk River
3710 Ahrnklin River Estuary
3720 Ahrnklin River
4000 Security Bay
4180 Kuiu Salt Lagoon
4200 Port Camden
4210 Kadake Creek
4270 Big John Bay
4280 Rocky Pass
4290 Irish Lakes
4300 Lovelace Creek
4310 Lake Kushneahin
4320 Totem Bay
4350 Lower Castle River

Code Name
4360 Upper Castle River
4660 Streets Lake
4670 Mosman Inlet
4680 Burnett Inlet
4790 Thoms Lake
5110 Harding River
5140 North Bradfield River
5190 Little Lake Eagle
5541 Sarkar Lakes
5730 Sweetwater Lake
6420 Sea Otter Harbor
6460 Devil Cove
6470 Welcome Cove
6480 Waterfall Bay
6590 Essowah Lake
6750 Sunny Cove
6780 Chomondeley – South Arm
6840 Moira Sound – Dickman 
6850 Nutkwa Inlet
6920 Moira Sound – South Arm
7040 Nichols Bay
7090 Union Bay
7160 Helm Bay
7170 Granite Creek
7180 Upper Vixen
7190 Port Stewart
7200 Vixen Inlet
7220 Spacious Bay
7240 Yes Bay
7270 Reflection Lake

The Tongass 77 Watersheds1

Converted to LUD II

Priority Watershed (developed area)

Priority Watershed (intact area)

The Tongass 77, also known as the Salmon 
Forest Proposal, identifies key watersheds in 
Southeast Alaska for permanent protection. 
Conservation designation for these areas 
would safeguard top fish watersheds plus 
related habitat quality indicators such as 
old-growth forest, bear and deer habitat, 
and estuaries. The proposal is based 
on a scientific assessment of resource 
values (the Audubon-TNC Conservation 
Area Design), as well as expert review 
and watershed selection by commercial 
fishermen. These areas are proposed for 
permanent protection to ensure healthy fish 
and wildlife populations into the future.

Map 7.10: Tongass 77 Watersheds

Ecological Atlas of Southeast Alaska
Tongass 77 Watersheds

Map 7.10: Tongass 77 Watersheds
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Alaska Regional 
Climate Projections

Who We Are
SNAP 8  - The Scenarios Network for Alaska 
Planning is a network linking university researchers 
with communities and resource managers. Through 
collaborative partnerships involving data sharing, 
research, modeling, and interpretation of model 
results, SNAP addresses some of the complex 
challenges of adapting to future conditions. 
CES 8  - The Cooperative Extension Service was 
established by the US Congress as the educational 
outreach component of the national land grant 
university system—in Alaska, the University of 
Alaska Fairbanks. They conduct research and provide 
educational outreach statewide. 
ACCAP 8  - The mission of the Alaska Center for 
Climate and Policy is to assess the socio-economic 
and biophysical impacts of climate variability in 
Alaska, make this information available to local and 
regional decision-makers, and improve the ability of 
Alaskans to adapt to a changing climate.

Planning for Change

Background
Alaskans are faced with many new challenges, including 
high energy costs and the impacts of climate change. 
Rising energy costs have impacted the costs of food 
and other services as well as fuel prices. Changes 
in temperature and moisture can trigger profound 
landscape-level changes such as sea level rise; changing 
patterns of storms, flooding, or fire; and different 
migration routes, breeding patterns, or survivorship of 
fish and wildlife. 

Everyone—from engineers to wildlife managers 
to farmers—will need to take economic change, social 
change, and climate change into account when planning 
for the future, in order to avoid costly mistakes. Planning 
requires objective analysis—including clear explanations 
of the uncertainty inherent in all forms of forecasting. 
Together, SNAP, ACCAP, and CES can provide a 
variety of services that may help you in meeting your 
community planning needs. 

 Scenarios Network for Alaska Planning

SNAP

SNAP climate projections
As a starting point, SNAP offers statewide maps of 
temperature and precipitation projections, and basic 
data for 353 communities. These projections are based 
on global models used by the Intergovernmental Panel 
on Climate Change (IPCC), using a moderate scenario 
(A1B). Results from the five models that perform most 
accurately in Alaska and other northern regions were 
downscaled using local data.

Climate Change by Region

Introduction
The following graphs are provided as examples of climate 
change projections for communities around the state. 
Each graph shows mean monthly temperatures (°F) or 
mean monthly precipitation (inches) for three periods: 
1961–1990 (actual historical data), 2041–2050, and 
2091–2100 (projections). Note that graph scales differ by 
region.

Statewide trends
In general, temperatures and precipitation are expected 
to increase across all regions. Temperature increases are 
predicted for every month, and increases are expected 
to continue throughout the century. The growing season 
is likely to increase statewide. Note that precipitation 
alone does not predict ecosystem moisture limitations. 
Increased plant growth and increased evaporation due to 

The University of Alaska is an AA/EEO employer and educational institution.



higher temperatures may more than offset the additional 
precipitation, resulting in overall drying of soils.

Uncertainty
While values are based on the best available models, 
they are estimates only. There is variation among the five 
models used, and annual variation within each model. 
In general, uncertainty is higher for precipitation than 
for temperature, particularly for dry regions where small 
differences can represent large percentage changes. 
Interpretation of the impacts of temperature and 
precipitation change adds additional uncertainty.

North Slope and Northwest coast
For some coastal communities, erosion is by far the most 
pressing issue. Loss of sea-ice and thawing of frozen 
ground along coastlines allows for greater wind and 
water erosion, especially during severe storms. Warming 
oceans and melting glaciers increase ocean volume, 
causing sea level rise.

Loss of sea-ice and other climate shifts are 
also changing habitat for arctic species, impacting 
subsistence activities.

Significant temperature change is predicted, 
particularly in fall and winter months. Note that in 
Barrow, June temperatures are projected to rise only 
2–3° this century, but October-March temperatures are 
projected to increase by 20–25°

Warmer temperatures and a longer growing season 
are already causing an increase in shrub cover in the 
tundra, and higher evapotranspiration is likely to cause 
drying of some soils and wetlands. Thunderstorms may 
also become more frequent. Shrub cover, drying, and 
lightning together may result in higher fire incidence.

Warmer winter temperatures and lower water 
availability may impact the manner in which heavy 
industry can operate on the North Slope.

Interior

In central Alaska, changes in fire patterns are likely 
to have significant impacts on ecosystems. Fires may 
become more frequent and more intense due to drying 
soils. Note that little or no increase in precipitation 
is expected in spring (May), and that shorter winters 
may mean less snowpack even with higher overall 
precipitation.

Winter temperatures are projected to increase by 
as much as 15° by 2100. Insect outbreaks may spread 
north into the boreal forest as winter conditions become 
warmer, since cold winters are often the population-
limiting factor for insects such as the spruce bark beetle.

Permafrost is currently discontinuous in the Interior. 
With increased temperatures, permafrost thaw may 
affect roads, pipelines, buildings, and other infrastructure.



A significantly longer growing season may have a 
positive impact on agriculture in the Interior, allowing for 
longer-season crops and reduced need for greenhouses. 
However, this more favorable growing environment may 
also allow for more invasive plants to enter the region. 
The migration of spruce northward and upward in 
elevation and lodgepole pine into the Interior is likely.

South Central
In south central Alaska, warming temperatures and 
associated drought stress may increase invasive species 
and other species shifts, including the incidence of 
insect outbreaks. Warmer weather, drying, and insect-
killed trees may also increase the incidence and severity 
of forest fire. 

Note that mean temperatures in Kenai are projected 
to rise from well below freezing in November and March 
to slightly above freezing, with corresponding increases 
in December-February. Shorter milder winters may 
allow for greater survival of pest species that have been 
naturally excluded previously, as was the case with recent 
bark beetle outbreaks in this region.

Species shifts may negatively impact ecosystem 
function and subsistence activities. However, longer 
growing seasons and milder winters may expand the 
agricultural potential of this region, allowing greater 

success for long-season annual crops as well as for fruit 
trees and other perennials.

In coastal areas, storm severity may increase, with 
associated risks from flooding and erosion.

Southeast

Changing ocean temperature, invasive species, erosion 
and storms may impact the fishing industry in southeast 
Alaska. However, since fisheries in other parts of the 
world may be impacted also, it is hard to predict the 
relative competitiveness of Alaska fisheries.

Tourism is a major source of revenue in southeast 
Alaska, and longer and warmer summers may benefit this 
industry. However, our models predict relatively modest 
increases in temperatures during the May-September 
season, and larger changes from October to April.

Although high precipitation has generally prevented 
forest fire from being a major driver in southeast Alaska 
in the past, warming and drying of soils may increase fire 
risk over the coming decades.

Our models suggest that below-freezing temperatures 
and snowfall will become increasingly rare in this 
region, at least at low elevations. Note that mean winter 
temperatures in Petersburg are projected to rise from 
below freezing to well above freezing in the next few 
decades.



Southwest/Aleutians
Increased incidence and severity of storms are likely 

to be of concern in Southwest Alaska. 
As a result of sea level rise and storm surges, erosion 

may also be a problem. However, because these coastal 
areas are historically free of sea ice they will probably not 
experience the more extreme erosion of more northern 
regions.

In many parts of the Aleutians, decreased (or 
completely absent) snowfall may occur as mean winter 
temperature rise above freezing. Lack of hard frost may 
also drive species shifts and allow invasive species to 
encroach, although more remote islands may be less 
susceptible than other parts of the state due to the effects 
of island biogeography. In fact, it’s possible that in some 
cases species shifts may not occur as rapidly as needed to 
keep up with changing climate conditions.

Tree line will continue to move westward as wet 
tundra areas dry and become occupied by the westward 
movement of the boreal forest.

Warming ocean temperatures are altering the 
Bering Sea ecosystem, impacting fish, marine mammals, 
and birds.

Additional Information

Sample questions
The group(s) most suited to assist with each question are 
noted in italics.

How can we make a difference in our future given the  8
realities that we face? SNAP, CES, ACCAP
What are the simplest and most cost effective  8
community changes that will improve quality of life, 
given current and future energy needs and climate 
conditions? SNAP, CES, ACCAP
What are the specific climate projections for our  8
community? SNAP
How might we develop a sustainable community  8
woodlot program to reduce fossil fuel use? Can we 
get carbon credits for such a program? CES
Are there economically viable products that we can  8
produce and sell to a larger market? CES
How might climate change impact natural resources,  8
businesses, and infrastructure in our community? 
SNAP
Are there energy programs available?  8 CES
Can we develop an educational program to raise  8
climate change awareness and engage students in 
monitoring impacts? CES, SNAP, ACCAP
Can our community monitor the efficacy of emission  8
reduction efforts? CES
Can we do more to grow our own food and become  8
more self-sufficient? CES

Contact Us
To learn more about Alaska climate projections and  8
how your agency or community can become a SNAP 
collaborator, visit the SNAP website: www.snap.uaf.
edu or contact: Dr. Nancy Fresco: ffnlf@uaf.edu (907) 
474-2405 
For additional information about climate change  8
in Alaska, visit the ACCAP website: www.uaf.edu/
accap or contact Dr. Sarah Trainor: accap@uaf.edu 
phone: (907) 474-7878 
For more information about Cooperative Extension  8
services through the University of Alaska Fairbanks: 
www.alaska.edu/uaf/ces
Valuable additional information can be found at the  8
Alaska Climate Change Strategy web site:  
www.climatechange.alaska.gov

SNRAS Pub. No. MP 2009-04
School of Natural Resources &  

Agricultural Sciences 
PO Box 752700, Fairbanks AK 99775-7200
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Rate of tree carbon accumulation increases
continuously with tree size
N. L. Stephenson1, A. J. Das1, R. Condit2, S. E. Russo3, P. J. Baker4, N. G. Beckman3{, D. A. Coomes5, E. R. Lines6, W. K. Morris7,
N. Rüger2,8{, E. Álvarez9, C. Blundo10, S. Bunyavejchewin11, G. Chuyong12, S. J. Davies13, Á. Duque14, C. N. Ewango15, O. Flores16,
J. F. Franklin17, H. R. Grau10, Z. Hao18, M. E. Harmon19, S. P. Hubbell2,20, D. Kenfack13, Y. Lin21, J.-R. Makana15, A. Malizia10,
L. R. Malizia22, R. J. Pabst19, N. Pongpattananurak23, S.-H. Su24, I-F. Sun25, S. Tan26, D. Thomas27, P. J. van Mantgem28, X. Wang18,
S. K. Wiser29 & M. A. Zavala30

Forests are major components of the global carbon cycle, providing
substantial feedback to atmospheric greenhouse gas concentrations1.
Our ability to understand and predict changes in the forest carbon
cycle—particularly net primary productivity and carbon storage—
increasingly relies on models that represent biological processes
across several scales of biological organization, from tree leaves to
forest stands2,3. Yet, despite advances in our understanding of pro-
ductivity at the scales of leaves and stands, no consensus exists about
the nature of productivity at the scale of the individual tree4–7, in
part because we lack a broad empirical assessment of whether rates
of absolute tree mass growth (and thus carbon accumulation) decrease,
remain constant, or increase as trees increase in size and age. Here we
present a global analysis of 403 tropical and temperate tree species,
showing that for most species mass growth rate increases continu-
ously with tree size. Thus, large, old trees do not act simply as se-
nescent carbon reservoirs but actively fix large amounts of carbon
compared to smaller trees; at the extreme, a single big tree can add
the same amount of carbon to the forest within a year as is contained
in an entire mid-sized tree. The apparent paradoxes of individual
tree growth increasing with tree size despite declining leaf-level8–10

and stand-level10 productivity can be explained, respectively, by
increases in a tree’s total leaf area that outpace declines in produc-
tivity per unit of leaf area and, among other factors, age-related
reductions in population density. Our results resolve conflicting
assumptions about the nature of tree growth, inform efforts to under-
tand and model forest carbon dynamics, and have additional impli-
cations for theories of resource allocation11 and plant senescence12.

A widely held assumption is that after an initial period of increasing
growth, the mass growth rate of individual trees declines with increas-
ing tree size4,5,13–16. Although the results of a few single-species studies
have been consistent with this assumption15, the bulk of evidence cited
in support of declining growth is not based on measurements of indi-
vidual tree mass growth. Instead, much of the cited evidence documents
either the well-known age-related decline in net primary productivity
(hereafter ‘productivity’) of even-aged forest stands10 (in which the trees
are all of a similar age) or size-related declines in the rate of mass gain per

unit leaf area (or unit leaf mass)8–10, with the implicit assumption that
declines at these scales must also apply at the scale of the individual tree.
Declining tree growth is also sometimes inferred from life-history theory
to be a necessary corollary of increasing resource allocation to reproduc-
tion11,16. On the other hand, metabolic scaling theory predicts that mass
growth rate should increase continuously with tree size6, and this pre-
diction has also received empirical support from a few site-specific
studies6,7. Thus, we are confronted with two conflicting generalizations
about the fundamental nature of tree growth, but lack a global assess-
ment that would allow us to distinguish clearly between them.

To fill this gap, we conducted a global analysis in which we directly
estimated mass growth rates from repeated measurements of 673,046
trees belonging to 403 tropical, subtropical and temperate tree species,
spanning every forested continent. Tree growth rate was modelled as a
function of log(tree mass) using piecewise regression, where the inde-
pendent variable was divided into one to four bins. Conjoined line
segments were fitted across the bins (Fig. 1).

For all continents, aboveground tree mass growth rates (and, hence,
rates of carbon gain) for most species increased continuously with tree
mass (size) (Fig. 2). The rate of mass gain increased with tree mass in
each model bin for 87% of species, and increased in the bin that included
the largest trees for 97% of species; the majority of increases were sta-
tistically significant (Table 1, Extended Data Fig. 1 and Supplementary
Table 1). Even when we restricted our analysis to species achieving the
largest sizes (maximum trunk diameter .100 cm; 33% of species), 94%
had increasing mass growth rates in the bin that included the largest
trees. We found no clear taxonomic or geographic patterns among the
3% of species with declining growth rates in their largest trees, although
the small number of these species (thirteen) hampers inference. Declin-
ing species included both angiosperms and gymnosperms in seven of
the 76 families in our study; most of the seven families had only one or
two declining species and no family was dominated by declining spe-
cies (Supplementary Table 1).

When we log-transformed mass growth rate in addition to tree mass,
the resulting model fits were generally linear, as predicted by metabolic
scaling theory6 (Extended Data Fig. 2). Similar to the results of our main

1US Geological Survey, Western Ecological Research Center, Three Rivers, California 93271, USA. 2Smithsonian Tropical Research Institute, Apartado 0843-03092, Balboa, Republic of Panama. 3School of
Biological Sciences, University of Nebraska, Lincoln, Nebraska 68588, USA. 4Department of Forest and Ecosystem Science, University of Melbourne, Victoria 3121, Australia. 5Department of Plant Sciences,
University of Cambridge, Cambridge CB2 3EA, UK. 6Department of Geography, University College London, London WC1E 6BT, UK. 7School of Botany, University of Melbourne, Victoria 3010, Australia.
8Spezielle Botanik und Funktionelle Biodiversität, Universität Leipzig, 04103 Leipzig, Germany. 9Jardı́n Botánico de Medellı́n, Calle 73, No. 51D-14, Medellı́n, Colombia. 10Instituto de Ecologı́a Regional,
Universidad Nacional de Tucumán, 4107 Yerba Buena, Tucumán, Argentina. 11Research Office, Department of National Parks, Wildlife and Plant Conservation, Bangkok 10900, Thailand. 12Department of
Botany and Plant Physiology, Buea, Southwest Province, Cameroon. 13Smithsonian Institution Global Earth Observatory—Center for Tropical Forest Science, Smithsonian Institution, PO Box 37012,
Washington, DC 20013, USA. 14Universidad Nacional de Colombia, Departamento de Ciencias Forestales, Medellı́n, Colombia. 15Wildlife Conservation Society, Kinshasa/Gombe, Democratic Republic of
the Congo. 16Unité Mixte de Recherche—Peuplements Végétaux et Bioagresseurs en Milieu Tropical, Université de la Réunion/CIRAD, 97410 Saint Pierre, France. 17School of Environmental and Forest
Sciences, University of Washington, Seattle, Washington 98195, USA. 18State Key Laboratory of Forest and Soil Ecology, Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110164,
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analysis using untransformed growth, of the 381 log-transformed spe-
cies analysed (see Methods), the log-transformed growth rate increased
in the bin containing the largest trees for 96% of species.

In absolute terms, trees 100 cm in trunk diameter typically add from
10 kg to 200 kg of aboveground dry mass each year (depending on species),
averaging 103 kg per year. This is nearly three times the rate for trees of
the same species at 50 cm in diameter, and is the mass equivalent to
adding an entirely new tree of 10–20 cm in diameter to the forest each
year. Our findings further indicate that the extraordinary growth recently
reported in an intensive study of large Eucalyptus regnans and Sequoia
sempervirens7, which included some of the world’s most massive indi-
vidual trees, is not a phenomenon limited to a few unusual species. Rather,
rapid growth in giant trees is the global norm, and can exceed 600 kg
per year in the largest individuals (Fig. 3).

Our data set included many natural and unmanaged forests in which
the growth of smaller trees was probably reduced by asymmetric com-
petition with larger trees. To explore the effects of competition, we cal-
culated mass growth rates for 41 North American and European species
that had published equations for diameter growth rate in the absence of
competition. We found that, even in the absence of competition, 85%
of the species had mass growth rates that increased continuously with tree
size (Extended Data Fig. 3), with growth curves closely resembling those
in Fig. 2. Thus, our finding of increasing growth not only has broad
generality across species, continents and forest biomes (tropical, subtropical
and temperate), it appears to hold regardless of competitive environment.

Importantly, our finding of continuously increasing growth is com-
patible with the two classes of observations most often cited as evidence
of declining, rather than increasing, individual tree growth: with increas-
ing tree size and age, productivity usually declines at the scales of both
tree organs (leaves) and tree populations (even-aged forest stands).

First, although growth efficiency (tree mass growth per unit leaf area
or leaf mass) often declines with increasing tree size8–10, empirical
observations and metabolic scaling theory both indicate that, on aver-
age, total tree leaf mass increases as the square of trunk diameter17,18. A
typical tree that experiences a tenfold increase in diameter will therefore
undergo a roughly 100-fold increase in total leaf mass and a 50–100-fold
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Figure 1 | Example model fits for tree mass growth rates. The species shown
are the angiosperm species (Lecomtedoxa klaineana, Cameroon, 142 trees) (a)
and gymnosperm species (Picea sitchensis, USA, 409 trees) (b) in our data
set that had the most massive trees (defined as those with the greatest
cumulative aboveground dry mass in their five most massive trees). Each point
represents a single tree; the solid red lines represent best fits selected by our
model; and the dashed red lines indicate one standard deviation around the
predicted values.
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Figure 2 | Aboveground mass growth rates for the 403 tree species, by
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increase in total leaf area (depending on size-related increases in leaf
mass per unit leaf area19,20). Parallel changes in growth efficiency can
range from a modest increase (such as in stands where small trees are
suppressed by large trees)21 to as much as a tenfold decline22, with most
changes falling in between8,9,19,22. At one extreme, the net effect of a low
(50-fold) increase in leaf area combined with a large (tenfold) decline in
growth efficiency would still yield a fivefold increase in individual tree
mass growth rate; the opposite extreme would yield roughly a 100-fold
increase. Our calculated 52-fold greater average mass growth rate of
trees 100 cm in diameter compared to those 10 cm in diameter falls
within this range. Thus, although growth efficiency often declines with
increasing tree size, increases in a tree’s total leaf area are sufficient to
overcome this decline and cause whole-tree carbon accumulation rate
to increase.

Second, our findings are similarly compatible with the well-known
age-related decline in productivity at the scale of even-aged forest stands.
Although a review of mechanisms is beyond the scope of this paper10,23,
several factors (including the interplay of changing growth efficiency
and tree dominance hierarchies24) can contribute to declining produc-
tivity at the stand scale. We highlight the fact that increasing individual
tree growth rate does not automatically result in increasing stand pro-
ductivity because tree mortality can drive orders-of-magnitude reduc-
tions in population density25,26. That is, even though the large trees in
older, even-aged stands may be growing more rapidly, such stands
have fewer trees. Tree population dynamics, especially mortality, can
thus be a significant contributor to declining productivity at the scale of
the forest stand23.

For a large majority of species, our findings support metabolic scal-
ing theory’s qualitative prediction of continuously increasing growth

at the scale of individual trees6, with several implications. For example,
life-history theory often assumes that tradeoffs between plant growth
and reproduction are substantial11. Contrary to some expectations11,16,
our results indicate that for most tree species size-related changes in
reproductive allocation are insufficient to drive long-term declines in
growth rates6. Additionally, declining growth is sometimes considered
to be a defining feature of plant senescence12. Our findings are thus rele-
vant to understanding the nature and prevalence of senescence in the
life history of perennial plants27.

Finally, our results are relevant to understanding and predicting
forest feedbacks to the terrestrial carbon cycle and global climate system1–3.
These feedbacks will be influenced by the effects of climatic, land-use
and other environmental changes on the size-specific growth rates and
size structure of tree populations—effects that are already being observed
in forests28,29. The rapid growth of large trees indicates that, relative to
their numbers, they could play a disproportionately important role in
these feedbacks30. For example, in our western USA old-growth forest
plots, trees .100 cm in diameter comprised 6% of trees, yet contrib-
uted 33% of the annual forest mass growth. Mechanistic models of the
forest carbon cycle will depend on accurate representation of produc-
tivity across several scales of biological organization, including calibra-
tion and validation against continuously increasing carbon accumulation
rates at the scale of individual trees.

METHODS SUMMARY
We estimated aboveground dry mass growth rates from consecutive diameter mea-
surements of tree trunks—typically measured every five to ten years—from long-
term monitoring plots. Analyses were restricted to trees with trunk diameter
$10 cm, and to species having $40 trees in total and $15 trees with trunk diameter
$30 cm. Maximum trunk diameters ranged from 38 cm to 270 cm among species,
averaging 92 cm. We converted each diameter measurement (plus an accompany-
ing height measurement for 16% of species) to aboveground dry mass, M, using
published allometric equations. We estimated tree growth rate as G 5DM/Dt and
modelled G as a function of log(M) for each species using piecewise regression. The
independent variable log(M) was divided into bins and a separate line segment was
fitted to G versus log(M) in each bin so that the line segments met at the bin divi-
sions. Bin divisions were not assigned a priori, but were fitted by the model sepa-
rately for each species. We fitted models with 1, 2, 3 and 4 bins, and selected the
model receiving the most support by Akaike’s Information Criterion for each
species. Our approach thus makes no assumptions about the shape of the rela-
tionship between G and log(M), and can accommodate increasing, decreasing or
hump-shaped relationships. Parameters were fitted with a Gibbs sampler based on
Metropolis updates, producing credible intervals for model parameters and growth
rates at any diameter; uninformative priors were used for all parameters. We tested
extensively for bias, and found no evidence that our results were influenced by
model fits failing to detect a final growth decline in the largest trees, possible biases
introduced by the 47% of species for which we combined data from several plots, or
possible biases introduced by allometric equations (Extended Data Figs 4 and 5).

Online Content Any additional Methods, Extended Data display items and Source
Data are available in the online version of the paper; references unique to these
sections appear only in the online paper.
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METHODS
Data. We required that forest monitoring plots provided unbiased samples of all
living trees within the plot boundaries, and that the trees had undergone two trunk
diameter measurements separated by at least one year. Some plots sampled min-
imally disturbed old (all-aged) forest, whereas others, particularly those associated
with national inventories, sampled forest stands regardless of past management
history. Plots are described in the references cited in Supplementary Table 1.

Our raw data were consecutive measurements of trunk diameter, D, with most
measurements taken 5 to 10 years apart (range, 1–29 years). D was measured at a
standard height on the trunk (usually 1.3–1.4 m above ground level), consistent
across measurements for a tree. Allometric equations for 16% of species required, in
addition to consecutive measurements of D, consecutive measurements of tree height.

We excluded trees exhibiting extreme diameter growth, defined as trunks where
D increased by $40 mm yr21 or that shrank by $12s, where s is the standard
deviation of the D measurement error, s 5 0.9036 1 0.006214D (refs 31, 32); out-
liers of these magnitudes were almost certainly due to error. By being so liberal in
allowing negative growth anomalies, we erred on the side of reducing our ability
to detect increases in tree mass growth rate. Using other exclusion values yielded
similar results, as did a second approach to handling error in which we reanalysed
a subset of our models using a Bayesian method that estimates growth rates after
accounting for error, based on independent plot-specific data quantifying mea-
surement error33.

To standardize minimum D among data sets, we analysed only trees with D $ 10 cm
at the first census. To ensure adequate samples of trees spanning a broad range of
sizes, we restricted analyses to species having both $40 trees in total and also $15
trees with D $ 30 cm at the first census. This left us with 673,046 trees belonging to
403 tropical and temperate species in 76 families, spanning twelve countries and all
forested continents (Supplementary Table 1). Maximum trunk diameters ranged
from 38 cm to 270 cm among species, and averaged 92 cm.
Estimating tree mass. To estimate each tree’s aboveground dry mass, M, we used
published allometric equations relating M to D (or for 16% of species, relating M to
D and tree height). Some equations were species-specific and others were specific
to higher taxonomic levels or forest types, described in the references in Supplemen-
tary Table 1. The single tropical moist forest equation of ref. 34 was applied to most
tropical species, whereas most temperate species had unique species-specific equa-
tions. Most allometric equations are broadly similar, relating log(M) to log(D)
linearly, or nearly linearly—a familiar relationship in allometric scaling of both
animals and plants35. Equations can show a variety of differences in detail, how-
ever, with some adding log(D) squared and cubed terms. All equations make use of
the wood density of individual species, but when wood density was not available for
a given species we used mean wood density for a genus or family36.

Using a single, average allometry for most tropical species, and mean wood den-
sity for a genus or family for several species, limits the accuracy of our estimates of
M. However, because we treat each species separately, it makes no difference whether
our absolute M estimates are more accurate in some species than in others, only
that they are consistent within a species and therefore accurately reveal whether
mass growth rates increase or decrease with tree size.

For two regions—Spain and the western USA—allometric equations estimated
mass only for a tree’s main stem rather than all aboveground parts, including
branches and leaves. But because leaf and stem masses are positively correlated
and their growth rates are expected to scale isometrically both within and among
species18,37,38, results from these two regions should not alter our qualitative con-
clusions. Confirming this, the percentage of species with increasing stem mass
growth rate in the last bin for Spain and the western USA (93.4% of 61 species) was
similar to that from the remainder of regions (97.4% of 342 species) (P 5 0.12,
Fisher’s exact test).
Modelling mass growth rate. We sought a modelling approach that made no
assumptions about the shape of the relationship between aboveground dry mass
growth rate, G, and aboveground dry mass, M, and that could accommodate
monotonically increasing, monotonically decreasing, or hump-shaped relation-
ships. We therefore chose to model G as a function of log(M) using piecewise linear
regression. The range of the x axis, X 5 log(M), is divided into a series of bins, and
within each bin G is fitted as a function of X by linear regression. The position of
the bins is adaptive: it is fitted along with the regression terms. Regression lines are
required to meet at the boundary between bins. For a single model-fitting run the
number of bins, B, is fixed. For example, if B 5 2, there are four parameters to be
fitted for a single species: the location of the boundary between bins, X1; the slope
of the regression in the first bin, S1; the slope in the second bin, S2; and an intercept
term. Those four parameters completely define the model. In general, there are 2B
parameters for B bins.

Growth rates, while approximately normally distributed, were heteroskedastic,
with the variance increasing with mass (Fig. 1), so an additional model was needed
for the standard deviation of G, sG, as a function of log(M). The increase of sG

with log(M) was clearly not linear, so we used a three-parameter model:

sG~k for log Mð Þvdð Þ

sG~azblog Mð Þ (for log Mð Þ§d)

where the intercept a is determined by the values of k, d and b. Thus sG was
constant for smaller values of log(M) (below the cutoff d), then increased linearly
for larger log(M) (Fig. 1). The parameters k, d and b were estimated along with the
parameters of the growth model.

Parameters of both the growth and standard deviation models were estimated in
a Bayesian framework using the likelihood of observing growth rates given model
predictions and the estimated standard deviation of the Gaussian error function. A
Markov chain Monte Carlo chain of parameter estimates was created using a Gibbs
sampler with a Metropolis update39,40 written in the programming language R
(ref. 41) (a tutorial and the computer code are available through http://ctfs.arnarb.
harvard.edu/Public/CTFSRPackage/files/tutorials/growthfitAnalysis). The sampler
works by updating each of the parameters in sequence, holding other parameters
fixed while the relevant likelihood function is used to locate the target parameter’s
next value. The step size used in the updates was adjusted adaptively through the
runs, allowing more rapid convergence40. The final Markov chain Monte Carlo
chain describes the posterior distribution for each model parameter, the error, and
was then used to estimate the posterior distribution of growth rates as estimated
from the model. Priors on model parameters were uniform over an unlimited
range, whereas the parameters describing the standard deviation were restricted
to .0. Bin boundaries, Xi, were constrained as follows: (1) boundaries could only
fall within the range of X, (2) each bin contained at least five trees, and (3) no bin
spanned less than 10% of the range of X. The last two restrictions prevented the
bins from collapsing to very narrow ranges of X in which the fitted slope might take
absurd extremes.

We chose piecewise regression over other alternatives for modelling G as a
function of M for two main reasons. First, the linear regression slopes within each
bin provide precise statistical tests of whether G increases or decreases with X,
based on credible intervals of the slope parameters. Second, with adaptive bin
positions, the function is completely flexible in allowing changes in slope at any
point in the X range, with no influence of any one bin on the others. In contrast, in
parametric models where a single function defines the relationship across all X, the
shape of the curve at low X can (and indeed must) influence the shape at high X,
hindering statistical inference about changes in tree growth at large size.

We used log(M) as our predictor because within a species M has a highly non-
Gaussian distribution, with many small trees and only a few very large trees, includ-
ing some large outliers. In contrast, we did not log-transform our dependent variable
G so that we could retain values of G # 0 that are often recorded in very slowly
growing trees, for which diameter change over a short measurement interval can be
on a par with diameter measurement error.

For each species, models with 1, 2, 3 and 4 bins were fitted. Of these four models,
the model receiving the greatest weight of evidence by Akaike Information Criterion
(AIC) was selected. AIC is defined as the log-likelihood of the best-fitting model,
penalized by twice the number of parameters. Given that adding one more bin to a
model meant two more parameters, the model with an extra bin had to improve the
log-likelihood by 4 to be considered a better model42.
Assessing model fits. To determine whether our approach might have failed to
reveal a final growth decline within the few largest trees of the various species, we
calculated mass growth rate residuals for the single most massive individual tree
of each species. For 52% of the 403 species, growth of the most massive tree was
underestimated by our model fits (for example, Fig. 1a); for 48% it was overestimated
(for example, Fig. 1b). These proportions were indistinguishable from 50% (P 5 0.55,
binomial test), as would be expected for unbiased model fits. Furthermore, the
mean residual (observed minus predicted) mass growth rate of these most massive
trees, 10.006 Mg yr21, was statistically indistinguishable from zero (P 5 0.29, two-
tailed t-test). We conclude that our model fits accurately represent growth trends
up through, and including, the most massive trees.
Effects of combined data. To achieve sample sizes adequate for analysis, for some
species we combined data from several different forest plots, potentially intro-
ducing a source of bias: if the largest trees of a species disproportionately occur on
productive sites, the increase in mass growth rate with tree size could be exagger-
ated. This might occur because trees on less-productive sites—presumably the sites
having the slowest-growing trees within any given size class—could be under-
represented in the largest size classes. We assessed this possibility in two ways.

First, our conclusions remained unchanged when we compared results for the
53% of species that came uniquely from single large plots with those of the 47% of
species whose data were combined across several plots. Proportions of species with
increasing mass growth rates in the last bin were indistinguishable between the two
groups (97.6% and 95.8%, respectively; P 5 0.40, Fisher’s exact test). Additionally,

LETTER RESEARCH

Macmillan Publishers Limited. All rights reserved©2014

http://ctfs.arnarb.harvard.edu/Public/CTFSRPackage/files/tutorials/growthfitAnalysis
http://ctfs.arnarb.harvard.edu/Public/CTFSRPackage/files/tutorials/growthfitAnalysis


the shapes and magnitudes of the growth curves for Africa and Asia, where data
for each species came uniquely from single large plots, were similar to those of
Australasia, Europe and North America, where data for each species were combined
across several plots (Table 1, Fig. 2 and Extended Data Fig. 2). (Data from Central
and South America were from both single and combined plots, depending on
species.)

Second, for a subset of combined-data species we compared two sets of model
fits: (1) using all available plots (that is, the analyses we present in the main text),
and (2) using only plots that contained massive trees—those in the top 5% of mass
for a species. To maximize our ability to detect differences, we limited these analyses
to species with large numbers of trees found in a large number of plots, dispersed
widely across a broad geographic region. We therefore analysed the twelve Spanish
species that each had more than 10,000 individual trees (Supplementary Table 1),
found in 34,580 plots distributed across Spain. Massive trees occurred in 6,588
(19%) of the 34,580 plots. We found no substantial differences between the two
analyses. When all 34,580 plots were analysed, ten of the twelve species showed
increasing growth in the last bin, and seven showed increasing growth across all
bins; when only the 6,588 plots containing the most massive trees were analysed,
the corresponding numbers were eleven and nine. Model fits for the two groups
were nearly indistinguishable in shape and magnitude across the range of tree masses.
We thus found no evidence that the potential for growth differences among plots
influenced our conclusions.
Effects of possible allometric biases. For some species, the maximum trunk dia-
meter D in our data sets exceeded the maximum used to calibrate the species’ allo-
metric equation. In such cases our estimates of M extrapolate beyond the fitted
allometry and could therefore be subject to bias. For 336 of our 403 species we were
able to determine D of the largest tree that had been used in calibrating the associated
allometric equations. Of those 336 species, 74% (dominated by tropical species)
had no trees in our data set with D exceeding that used in calibrating the allometric
equations, with the remaining 26% (dominated by temperate species) having at
least one tree with D exceeding that used in calibration. The percentage of species
with increasing G in the last bin for the first group (98.0%) was indistinguishable
from that of the second group (96.6%) (P 5 0.44, Fisher’s exact test). Thus, our
finding of increasing G with tree size is not affected by the minority of species that
have at least one tree exceeding the maximum value of D used to calibrate their
associated allometric equations.

A bias that could inflate the rate at which G increases with tree size could arise if
allometric equations systematically underestimate M for small trees or overestimate
M for large trees43. For a subset of our study species we obtained the raw data—
consisting of measured values of D and M for individual trees—needed to calibrate
allometric equations, allowing us to determine whether the particular form of those
species’ allometric equations was prone to bias, and if so, the potential consequences
of that bias.

To assess the potential for allometric bias for the majority (58%) of species
in our data set—those that used the empirical moist tropical forest equation of
ref. 34—we reanalysed the data provided by ref. 34. The data were from 1,504
harvested trees representing 60 families and 184 genera, with D ranging from 5 cm
to 156 cm; the associated allometric equation relates log(M) to a third-order poly-
nomial of log(D). Because the regression of M on D was fitted on a log–log scale,
this and subsequent equations include a correction of exp[(RSE)2/2] for the error
in back-transformation, where RSE is the residual standard error from the statist-
ical model44. Residuals of M for the equation revealed no evident biases (Extended
Data Fig. 4a), suggesting that we should expect little (if any) systematic size-related
biases in our estimates of G for the 58% of our species that used this equation.

Our simplest form of allometric equation—applied to 22% of our species—was
log(M) 5 a 1 blog(D), where a and b are taxon-specific constants. For nine of our
species that used equations of this form (all from the temperate western USA:
Abies amabilis, A. concolor, A. procera, Pinus lambertiana, Pinus ponderosa, Picea
sitchensis, Pseudotsuga menziesii, Tsuga heterophylla and T. mertensiana) we had
values of both D and M for a total of 1,358 individual trees, allowing us to fit
species-specific allometric equations of the form log(M) 5 a 1 blog(D) and then
assess them for bias. Residual plots showed a tendency to overestimate M for the
largest trees (Extended Data Fig. 4b), with the possible consequence of inflating
estimates of G for the largest relative to the smallest trees of these species.

To determine whether this bias was likely to alter our qualitative conclusion that
G increases with tree size, we created a new set of allometric relations between D
and M —one for each of the nine species—using the same piecewise linear regres-
sion approach we used to model G as a function of M. However, because our goal
was to eliminate bias rather than seek the most parsimonious model, we fixed the
number of bins at four, with the locations of boundaries between the bins being
fitted by the model. Our new allometry using piecewise regressions led to predic-
tions of M with no apparent bias relative to D (Extended Data Fig. 4c). This new,
unbiased allometry gave the same qualitative results as our original, simple allometry

regarding the relationship between G and M: for all nine species, G increased in the
bin containing the largest trees, regardless of the allometry used (Extended Data
Fig. 5). We conclude that any bias associated with the minority of our species that
used the simple allometric equation form was unlikely to affect our broad conclu-
sion that G increases with tree size in a majority of tree species.

As a final assessment, we compared our results to those of a recent study of
E. regnans and S. sempervirens, in which M and G had been calculated from inten-
sive measurements of aboveground portions of trees without the use of standard
allometric equations7. Specifically, in two consecutive years 36 trees of different
sizes and ages were climbed, trunk diameters were systematically measured at several
heights, branch diameters and lengths were measured (with subsets of foliage and
branches destructively sampled to determine mass relationships), wood densities
were determined and ring widths from increment cores were used to supplement
measured diameter growth increments. The authors used these measurements to
calculate M for each of the trees in each of the two consecutive years, and G as the
difference in M between the two years7. E. regnans and S. sempervirens are the
world’s tallest angiosperm and gymnosperm species, respectively, so the data set
was dominated by exceptionally large trees; most had M $ 20 Mg, and M of some
individuals exceeded that of the most massive trees in our own data set (which
lacked E. regnans and S. sempervirens). We therefore compared E. regnans and
S. sempervirens to the 58 species in our data set that had at least one individual
with M $ 20 Mg. Sample sizes for E. regnans and S. sempervirens—15 and 21 trees,
respectively—fell below our required $40 trees for fitting piecewise linear regres-
sions, so we simply plotted data points for individual E. regnans and S. sempervirens
along with the piecewise regressions that we had already fitted for our 58 compar-
ison species (Fig. 3).

As reported by ref. 7, G increased with M for both E. regnans and S. sempervirens,
up to and including some of the most massive individual trees on the Earth (Fig. 3).
Within the zone of overlapping M between the two data sets, G values for indi-
vidual E. regnans and S. sempervirens trees fell almost entirely within the ranges of
the piecewise regressions we had fitted for our 58 comparison species. We take
these observations as a further indication that our results, produced using standard
allometric equations, accurately reflect broad relationships between M and G.
Fitting log–log models. To model log(G) as a function of log(M), we used the
binning approach that we used in our primary analysis of mass growth rate (described
earlier). However, in log-transforming growth we dropped trees with G # 0. Because
negative growth rates become more extreme with increasing tree size, dropping
them could introduce a bias towards increasing growth rates. Log-transformation
additionally resulted in skewed growth rate residuals. Dropping trees with G # 0
caused several species to fall below our threshold sample size, reducing the total
number of species analysed to 381 (Extended Data Fig. 2).
Growth in the absence of competition. We obtained published equations for 41
North American and European species, in 46 species-site combinations, relating
species-specific tree diameter growth rates to trunk diameter D and to neighbour-
hood competition45–49. Setting neighbourhood competition to zero gave us equa-
tions describing estimated annual D growth as a function of D in the absence of
competition. Starting at D0 5 10 cm, we sequentially (1) calculated annual D growth
for a tree of size Dt, (2) added this amount to Dt to determine Dt 1 1, (3) used an
appropriate taxon-specific allometric equation to calculate the associated tree
masses Mt and Mt11, and (iv) calculated tree mass growth rate Gt of a tree of mass
Mt in the absence of competition as Mt 1 1 2 Mt. For each of the five species that
had separate growth analyses available from two different sites, we required that
mass growth rate increased continuously with tree size at both sites for the species
to be considered to have a continuously increasing mass growth rate. North American
and European allometries were taken from refs 17 and 50, respectively, with pre-
ference given to allometric equations based on power functions of tree diameter,
large numbers of sampled trees, and trees spanning a broad range of diameters. For
the 47% of European species for which ref. 50 had no equations meeting our
criteria, we used the best-matched (by species or genus) equations from ref. 17.
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Extended Data Figure 1 | Summary of model fits for tree mass growth rates.
Bars show the percentage of species with mass growth rates that increase with
tree mass for each bin; black shading indicates percentage significant at
P # 0.05. Tree masses increase with bin number. a, Species fitted with one bin
(165 species); b, Species fitted with two bins (139 species); c, Species fitted with
three bins (56 species); and d, Species fitted with four bins (43 species).
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Extended Data Figure 2 | Log–log model fits of mass growth rates for 381
tree species, by continent. Trees with growth rates # 0 were dropped from the
analysis, reducing the number of species meeting our threshold sample size
for analysis. a, Africa (33 species); b, Asia (123 species); c, Australasia

(22 species); d, Central and South America (73 species); e, Europe (41 species);
and f, North America (89 species). Trunk diameters are approximate values for
reference, based on the average diameters of trees of a given mass.
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Extended Data Figure 3 | Aboveground mass growth rates for 41 tree
species in the absence of competition. The ‘1’ or ‘2’ symbol preceding each
species code indicates, respectively, species with mass growth rates that
increased continuously with tree size or species with mass growth rates that
declined in the largest trees. Sources of the diameter growth equations used to
calculate mass growth were: a, ref. 45; b, ref. 46; c, ref. 48; d, ref. 47; and e, ref. 49.
ABAM, Abies amabilis; ABBA, Abies balsamea; ABCO, Abies concolor; ABLA,
Abies lasiocarpa; ABMA, Abies magnifica; ACRU, Acer rubrum; ACSA, Acer
saccharum; BEAL, Betula alleghaniensis; BELE, Betula lenta; BEPA, Betula
papyrifera; CADE, Calocedrus decurrens; CASA, Castanea sativa; FAGR, Fagus
grandifolia; FASY, Fagus sylvatica; FRAM, Fraxinus americana; JUTH,

Juniperus thurifera; PIAB, Picea abies; PICO, Pinus contorta; PIHA, Pinus
halepensis; PIHY, Picea hybrid (a complex of Picea glauca, P. sitchensis and
P. engelmannii); PILA, Pinus lambertiana; PINI, Pinus nigra; PIPINA, Pinus
pinaster; PIPINE, Pinus pinea; PIRU, Picea rubens; PIST, Pinus strobus; PISY,
Pinus sylvestris; PIUN, Pinus uncinata; POBA, Populus balsamifera ssp.
trichocarpa; POTR, Populus tremuloides; PRSE, Prunus serotina; QUFA,
Quercus faginea; QUIL, Quercus ilex; QUPE, Quercus petraea; QUPY, Quercus
pyrenaica; QURO, Quercus robar; QURU, Quercus rubra; QUSU, Quercus
suber; THPL, Thuja plicata; TSCA, Tsuga canadensis; and TSHE, Tsuga
heterophylla.
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Extended Data Figure 4 | Residuals of predicted minus observed tree mass.
a, The allometric equation for moist tropical forests34—used for the majority of
tree species—shows no evident systematic bias in predicted aboveground dry
mass, M, relative to trunk diameter (n 5 1,504 trees). b, In contrast, our
simplest form of allometric equation—used for 22% of our species and here
applied to nine temperate species—shows an apparent bias towards
overestimating M for large trees (n 5 1,358 trees). c, New allometries that
we created for the nine temperate species removed the apparent bias in
predicted M.
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Extended Data Figure 5 | Estimated mass growth rates of the nine
temperate species of Extended Data Fig. 4. Growth was estimated using the
simplest form of allometric model [log(M) 5 a 1 blog(D)] (a) and our
allometric models fitted with piecewise linear regression (b). Regardless of the
allometric model form, all nine species show increasing G in the largest trees.
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Abstract

Phylogeographic patterns were used to assess intraspecific diversification of American
martens (

 

Martes americana

 

). Within martens, two morphological groups (

 

americana

 

 and

 

caurina

 

) have been recognized, though the level of distinction between them has been
debated. We examined mitochondrial cytochrome 

 

b

 

 gene haplotypes from 680 martens to
explore the colonization history of the Pacific Northwest and found two clades that corre-
spond to the morphological groups. The widespread 

 

americana

 

 clade extends from interior
Alaska south to Montana and eastward to Newfoundland and New England (i.e. north-
western, north-central and northeastern North America). The 

 

caurina

 

 clade occurs in west-
ern North America, minimally extending from Admiralty Island (southeastern Alaska)
south to Oregon and Wyoming. Our data indicated two colonization events for the Pacific
Northwest (one by members of each clade) and were consistent with the persistence of popu-
lations throughout past glacial periods in eastern and western refugia. Due to vegetational
and geological history following the past deglaciation, we hypothesize that martens of the

 

caurina

 

 clade spread along the North Pacific Coast, and into southeastern Alaska, earlier
than martens of the 

 

americana

 

 clade. Mismatch distributions for the 

 

americana

 

 clade were
indicative of populations that recently experienced demographic expansion, while mis-
match distributions for the 

 

caurina

 

 clade suggested that populations were at equilibrium.
These clades are reciprocally monophyletic and distinctive (interclade divergence ranged
from 2.5 to 3.0% (uncorrected 

 

p

 

), whereas, intraclade divergence was < 0.7%), and two
regions of sympatry have been identified. Genetic signatures of past admixture in hybrid
zones may have been extinguished during subsequent glacial periods when ranges con-
tracted. This recurrent pattern of relatively restricted western, or Pacific coastal, lineages
and more widespread eastern, or interior continental, lineages exists across broad taxo-
nomic groups and suggests a shared biogeographical history.
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Introduction

 

Our understanding of the dynamics of past movements
and colonization of organisms traditionally has relied on

the fossil record. Information on distributions gleaned
from mammalian fossils is generally limited to taxonomic
units at or above the level of species because sample sizes
are seldom large enough to characterize geographical
variation within species. However, molecular analyses
applied within the framework of phylogeography (Avise
1994; Avise & Hamrick 1996) are providing further insight
into the history of range expansions and contractions of
many species (e.g. Wooding & Ward 1997; Bernatchez &
Wilson 1998; Conroy & Cook 2000). DNA sequences have
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been crucial in identifying lines of descent both at the
intra- and interpopulation levels (e.g. Gilbert 

 

et al

 

. 1990;
Craighead 

 

et al

 

. 1995), reconstructing colonization histor-
ies (Wooding & Ward 1997), and even exploring tem-
poral variation in effective population size (Rogers &
Harpending 1992; Rogers 1995; Schneider & Excoffier
1999). Molecular (and morphological) studies of extant
species, in combination with palaeoecology, may provide
opportunities to test hypotheses related to the effects
of dramatic fluctuations during Pleistocene ice ages on
genetic diversity in extant populations (Hewitt 1996).

Morphological analyses of recent specimens (Wright
1953; Anderson 1970; Giannico & Nagorsen 1989) and fos-
sils (Graham & Graham 1994) have investigated the history
and taxonomy of American martens, 

 

Martes americana

 

.
Although 14 subspecies of 

 

M

 

. 

 

americana

 

 have been
described (Hall 1981), these are traditionally placed in two
morphologically distinct groups (

 

americana

 

 and 

 

caurina

 

).
The 

 

americana

 

 group is distributed from Montana and
Idaho northward to Alaska and eastward to the Atlantic
Coast, while the 

 

caurina

 

 group is described from parts of
the West Coast (California to British Columbia), Wyoming,
Montana and Idaho (Fig. 1, inset map; Wright 1953; Hall
1981; Carr & Hicks 1997).

Although several studies (e.g. Merriam 1890; Anderson
1970; Hall 1981; Clark 

 

et al

 

. 1987; Carr & Hicks 1997) have
corroborated the separation of 

 

M

 

. 

 

americana

 

 into these two
groups, the level of distinctiveness between them has been
debated. Originally described as distinctive species based
on morphology (Merriam 1890), Wright (1953) reports
intergradation between the groups and suggests they were
conspecific. Molecular data from Carr & Hicks (1997) com-
pares the divergence of these two groups to that of three
Palearctic species of 

 

Martes

 

. Because levels of divergence
are as great between the 

 

americana

 

 and 

 

caurina

 

 clades as
levels are among these Palearctic species, Carr & Hicks
(1997) conclude that 

 

americana

 

 and 

 

caurina

 

 should be recogn-
ized as distinct species, 

 

Martes americana

 

 and 

 

M

 

. 

 

caurina

 

.
We expand on this work by documenting the extent of
geographical variation in the mitochondrial cytochrome 

 

b

 

(cyt 

 

b

 

) gene across populations of this species from the
Pacific Northwest. We place a particular focus on south-
eastern Alaska, where secondary contact between these
groups has been hypothesized (Giannico & Nagorsen 1989).

Southeastern Alaska is a heterogeneous landscape
that encompasses the vast Alexander Archipelago (2000+
islands) and adjacent mainland with deep fjords, gla-
ciers, temperate rainforest and alpine habitats. These
features and a dynamic glacial history during the Pleis-
tocene have contributed to a highly fragmented flora and
fauna. Numerous nominal species and subspecies are
endemic to the region (MacDonald & Cook 1996; Cook
& MacDonald 2001). Phylogeographic investigations
have revealed distinct evolutionary lineages of ermine

(

 

Mustela erminea

 

; Fleming & Cook 2002), dusky shrew
(

 

Sorex monticolus

 

; Demboski 

 

et al

 

. 1999), brown bear (

 

Ursus
arctos

 

; Talbot & Shields 1996), black bear (

 

U

 

. 

 

americanus

 

;
Stone & Cook 2000) and long-tailed voles (

 

Microtus
longicaudus

 

; Conroy & Cook 2000). This high degree of
endemism and diversity of lineages suggests a complex
colonization history for deglaciated areas within the Pacific
Northwest (Cook 

 

et al

 

. 2001).
The existence of ice-free refugia during full glacial

advances in the Pacific Northwest has been debated (e.g.
Demboski 

 

et al

 

. 1999). During the past glaciation, the Cor-
dilleran Ice Sheet, in combination with portions of the Lau-
rentide Ice Sheet, covered most of southeastern Alaska,
Yukon Territory and British Columbia (Cowan 1989). The
large number of coastal endemic taxa combined with
molecular and palaeontological investigations of plants,
insects, fish and mammals suggest, however, that portions
of the Alexander Archipelago of southeastern Alaska
and Haida Gwaii (Queen Charlotte islands) of British
Columbia may have remained devoid of ice (Kavanaugh
1980; Warner 

 

et al

 

. 1982; Heusser 1989; O’Reilly 

 

et al

 

. 1993;
Heaton 

 

et al

 

. 1996; Byun 

 

et al

 

. 1997). The high degree of
endemism and repeated pattern of intraspecific lineage
diversity across taxa of the North Pacific Coast may be the
result of the persistence of refugial populations in these
ice-free areas (palaeoendemic), or secondary contact of
populations that have recently expanded into the region
(neoendemic). Thus far, fossils of purported palaeoendemics
that span the periods of glacial maxima have not been
identified (Heusser 1989).

Some investigators suggest that other species have
tracked the northern expansion of forests into previously
glaciated regions of North America following the Pleis-
tocene. We examined genetic differentiation of North
American martens to elucidate the colonization history of
this medium-sized carnivore and to compare this data set
with a growing body of evidence for common phylo-
geographic history across forest-associated species in the
Pacific Northwest.

 

Materials and methods

 

DNA extractions, polymerase chain reaction and 
sequencing of the cytochrome 

 

b

 

 gene

 

DNA was extracted from marten tissues (heart, kidney,
liver, spleen, skeletal muscle, skin, or blood) archived
in the Alaska Frozen Tissue Collection of the University
of Alaska Museum (AFTC). Methods for extracting,
amplifying and sequencing DNA, and aligning sequences
were carried out according to Lessa & Cook (1998) unless
otherwise noted. Amplifications were in 50 

 

µ

 

L volumes
containing 1.5 m

 

m

 

 MgCl

 

2

 

, 0.02 m

 

m

 

 of each dNTP, 1.0 

 

µ

 

m

 

 of
each primer, 1.25 units of Perkin-Elmer Ampli

 

Taq

 

 DNA
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polymerase, Perkin-Elmer 10

 

×

 

 polymerase chain reaction
(PCR) buffer and 1–100 ng whole genomic DNA. The
mitochondrial (mt) marker, cyt 

 

b

 

, was amplified using
a Perkin-Elmer GeneAmp PCR System 2400 with the
following PCR conditions: one cycle of 94 

 

°

 

C for 45 s,
followed by 35 cycles of denaturation at 94 

 

°

 

C for 10 s,
annealing at 45 

 

°

 

C for 15 s, and an extension at 72 

 

°

 

C for
45 s, followed by one cycle of 72 

 

°

 

C for 3 min. Negative
controls were included in each PCR experiment. The
following primer pairs amplified cyt 

 

b

 

: MVZ4 and 5, 14 and

23, 16 and Marten37 (Table 1). Both forward and reverse
strands were sequenced for each individual.

A total of 680 American martens were examined. Partial
cyt 

 

b

 

 sequences [441 base pairs (bp) using primers MVZ16/
Marten37; corresponding to sites 14498–14938 of 

 

Mus mus-
culus

 

; Bibb 

 

et al

 

. 1981] were generated from 151 

 

Martes
americana

 

, complete cyt 

 

b

 

 sequences (1140 bp; correspond-
ing to sites 14139–15282 of 

 

Mus musculus

 

; Bibb 

 

et al

 

. 1981)
were generated from 30 

 

Μ

 

. americana

 

, and restriction
fragment length polymorphism (RFLP) profiles were

Fig. 1 Distribution of mitochondrial clades of American martens (Martes americana) in southeastern Alaska. Numbers in parentheses
indicate sample sizes for locations analysed. Inset map shows the North American distribution of martens modified from Hall (1981) and
plots sample localities from this study, Carr & Hicks (1997) and Hosoda et al. (1997). ! and " represent marten samples belonging to the
americana and caurina clades, respectively.
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determined for the remaining 499 individuals (Appendix
I). All DNA sequences were deposited in GenBank under
accession numbers: AF154964–74, AF268272–4, AF448237–
8, AY121187–93, and AY121195–AY121352. Complete cyt 

 

b

 

sequences were generated from one European pine marten
(

 

M

 

. 

 

martes

 

; GenBank AF448239) and one sable (

 

M

 

. 

 

zibellina

 

;
GenBank AF448244) and used as outgroups.

 

Population level analyses —

 

 

 

441-bp cyt 

 

b

 

 (

 

n

 

 = 181)

 

All population level analyses were carried out using the
441-bp sequence fragments of cyt 

 

b

 

 for 181 martens and the
software package 

 

arlequin

 

 (version 2.0; Schneider 

 

et al

 

.
2000). A minimum spanning tree (Kruskal 1956; Rohlf 1973)
was constructed to display relationships among unique
haplotypes. Analysis of molecular variance (

 

amova

 

) estim-
ated levels of population structure at different geographical
scales (Excoffier 

 

et al

 

. 1992). Nucleotide diversity (

 

π

 

 

 

±

 

 SD)
and haplotype diversity (

 

h

 

) were calculated for each
population and clade, according to the formulae of Nei
(1987). Mismatch distribution analyses (Schneider &
Excoffier 1999) were performed for each clade to test for
signatures of past population expansions. A sequence
divergence estimate was calculated between individuals
of the 

 

americana

 

 and 

 

caurina

 

 clades, according to Wilson

 

et al

 

. (1985). This method calculated a corrected average
pairwise difference between individuals of the 

 

americana

 

and 

 

caurina

 

 clades, 

 

p

 

AB(net)

 

, by subtracting the average
pairwise differences within populations (

 

p

 

A

 

 and 

 

p

 

B

 

) from
the average pairwise difference between individuals of the
two clades (

 

p

 

AB

 

); therefore, 

 

p

 

AB(net)

 

 = 

 

p

 

AB

 

 

 

−

 

 0.5(

 

p

 

A

 

 + 

 

p

 

B

 

).

 

Phylogenetic analyses — 1140-bp cyt 

 

b

 

 (

 

n

 

 = 30)

 

Complete cyt 

 

b

 

 sequences were compared among 14
martens from southeastern Alaska (two mainland and
12 island samples), one from interior Alaska, seven from
British Columbia (three mainland and four island
samples), four from Montana, two from Oregon and two
from Wyoming (Appendix I). Identical sequences for
individuals from the same locality were removed resulting
in a reduced data set of 22 sequences.

Relationships among sequences were examined using
Phylogenetic Analysis Using Parsimony (

 

paup

 

*, version

4.0b3a; Swofford 1999). Phylogenetic trees were constructed
using maximum parsimony (unweighted and transition/
transversion weighting of 1/2, 1/5 and 1/10), maximum-
likelihood, and neighbour-joining (Kimura two-parameter
model of evolution; unweighted and transition/transver-
sion weighting of 1/2, 1/5 and 1/10) methods. All searches
produced trees with similar topologies therefore only the
unweighted maximum parsimony analysis is shown. A
strict consensus tree was generated from the four equally
parsimonious trees that were constructed with a branch-
and-bound search. Decay indices (Bremer 1988), reported
as absolute number of steps, were computed using

 

TreeRot

 

 (Sorenson 1996) for 100 bootstrap replicates, with
maximum parsimony heuristic searches. Statistical sup-
port for the nodes of the strict consensus tree was assessed
using the bootstrap (1000 replicates; Felsenstein 1985).

 

RFLP profiles (

 

n

 

 = 499)

 

We used RFLP analysis to document the geographical
extent of the 

 

americana

 

 and 

 

caurina

 

 groups in the Pacific
Northwest. A restriction enzyme (

 

Nla

 

III) that differentially
digested PCR products from individuals of the americana
and caurina clades was determined using 

 

dna strider

 

 1.2
(written by C. Marck). A portion (approximately 830 bp)
of the 3

 

′

 

 end of the cyt 

 

b

 

 gene and flanking region was
amplified, using primers Marten37 and MVZ14, from 16
martens of known mt clades. A mixture of 9.0 

 

µ

 

L PCR
product, 1.0 

 

µ

 

L New England Biolabs 10

 

×

 

 buffer4, 0.10 

 

µ

 

L
bovine serum albumin (10 mg/mL) and 0.2 

 

µ

 

L 

 

Nla

 

III
restriction enzyme (2 units) was placed in a 37 

 

°

 

C incubator
for 2–3 h. DNA fragments were visualized on a 1.5% agarose
gel stained with ethidium bromide. After RFLP banding
patterns were established for the divergent clades, we
screened an additional 499 martens to determine clade
profiles across 25 localities (Appendix I). Positive controls
were included in each RFLP digestion.

 

Results

 

Population level analyses — 441-bp cyt 

 

b (n = 181)

A minimum spanning tree (Fig. 2a) displays relationships
among the 16 haplotypes (Table 2). Of the 27 populations,

  

  

Primer Sequence (5′ to 3′) Reference

MVZ4 GCAGCCCCTCAGAATGATATTTGTCCTC Smith & Patton (1993)
MVZ5 CGAAGCTTGATATGAAAAACCATCGTTG Smith & Patton (1993)
MVZ14 GGTCTTCATCTYHGGYTTACAAGAC Smith & Patton (1993)
MVZ23 TACTCTTCCTCCACGAAACJGGNTC Smith & Patton (1993)
MVZ16 AAATAGGAARTATCAYTCTGGTTTRAT Smith & Patton (1993)
Marten37 TATATATACCCCGAAACATGGA Demboski et al. (1999)

Table 1 Sequences and associated refer-
ences for primers used to amplify the
mitochondrial cytochrome b gene
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13 were characterized by a single haplotype, while 14 were
represented by multiple haplotypes (Table 3). Haplotypes
differed from common haplotypes by one or two nucleotide
changes with the exception of a division of nine steps
between the americana and caurina clades (Fig. 2a). The
americana and caurina clades had nine and seven haplo-
types, respectively (Fig. 2 and Table 3). amova results con-
firmed the distinctive americana–caurina split with 88.9%
of the variation accounted for between populations of
the two clades. Only 7.9% of the variation was partitioned
among populations within clades, and 3.2% of the varia-
tion was found within populations.

Two haplotypes from the americana clade (A1 and A2)
were widespread throughout the mainland and many of
the islands of the Alexander Archipelago (Table 3). A third
haplotype from the americana clade (A3) was found in
northern British Columbia, and the mainland and four
islands of southeastern Alaska. All other haplotypes from
the americana clade were unique to a single population and
differed from either A1 or A2 by one nucleotide (Fig. 2).
Haplotypes from the caurina clade were less widespread
and more restricted to individual populations (Table 3). Of

the seven populations possessing caurina haplotypes, five
had unique haplotypes (Table 3).

Of the 27 populations, 20 are represented by only ameri-
cana haplotypes, five populations are characterized by only
caurina haplotypes, and two populations are represented
by both americana and caurina haplotypes. Not surprisingly,
nucleotide diversity (π) is highest for these two latter
populations (Montana and Kuiu Island, southeastern
Alaska; Table 3). Several populations had low or no nucle-
otide diversity (Table 3). Overall haplotype diversity (h)
was 0.83 but ranged from 0.00 to 1.00 for individual popu-
lations (Table 3).

The mismatch distribution of observed number of
differences between pairs of haplotypes was unimodal for
the americana clade, possibly suggesting that members of
this clade have recently passed through a demographic
expansion (Rogers & Harpending 1992). However, the
mismatch distribution for the caurina clade was bimodal —
an indication of demographic equilibrium. At the 95%
confidence level, ranges for ancestral (θ0) and current (θ1)
theta values did not overlap for the americana clade
(θ0 = 0.000–1.019; θ1 = 6.357–4830.938). Similarly, but less

Fig. 2 (a) Minimum spanning tree showing
relationships among American marten
haplotypes. The circle size is proportional
to the frequency of the haplotype (see
Table 3 for specific values). Slash marks
indicate the number of nucleotide
substitutions found between haplotypes. No
slash marks present indicates that a single
substitution separates haplotypes. Haplo-
types A1–A9 and C10–C16 are designated
as belonging to the americana and caurina
clades, respectively. These designations are
based on the substantial division between
the two clades of nine steps and analyses
summarized in Fig. 3. (b) Map of western
North America with the minimum span-
ning tree including haplotypes from the
americana clade (see Table 3 for specific
locations). Minimum spanning trees are
overlaid upon the current distribution of
marten (Hall 1981) with light and dark grey
representing the americana and caurina
clades, respectively. Haplotypes A1 and A2
were widespread throughout the mainland
and many of the islands of the Alexander
Archipelago. Circle size is not proportional
to the frequency of the haplotypes. (c) Map
of western North America with the mini-
mum spanning tree including haplotypes
from the caurina clade (see Table 3 for
specific locations). Circle size is not propor-
tional to the frequency of the haplotypes.
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disparately, θ0 and θ1 estimates for the caurina clade did not
overlap (θ0 = 0.000–1.679; θ1 = 2.755–4669.431). These results
indicated that populations within the clades have expanded
in the recent past, particularly within the americana
clade. However, these analyses may be confounded by
the limited levels of intraclade variation (maximum of
four nucleotide differences between the most distant
haplotypes within each clade).

The corrected average pairwise difference between
individuals of the americana and caurina clades was 10.4
nucleotides (or 2.4%). If we assume a divergence rate of
2.5% per million years per pair of clades, as in Carr & Hicks
(1997) and Carr & Hughes (1993), then individuals of the
americana and caurina clades diverged approximately 1
million years ago. However, this estimate is imprecise
due to the method of calibration and other sources of error
(see Stone & Cook, 2002).

Phylogenetic analyses — 1140-bp cyt b (n = 30)

Base composition (A = 28.0%, C = 31.0%, G = 14.5%, T =
26.5%) for cyt b was consistent with that of other mammals
(e.g. Irwin et al. 1991; Talbot & Shields 1996; Stone & Cook
2000). A linear relationship (R2 = 0.945) between third-
position transitions and uncorrected p distances calculated
for the genus Martes (data not shown) indicated that
saturation has not been attained.

Four equally parsimonious trees (112 steps with 65
informative characters) displayed two reciprocally mono-
phyletic clades corresponding to the americana and caurina

morphological groups. Two subclades within the caurina
clade (Fig. 3) were also apparent. Divergence between
clades ranged from 2.5 to 3.0% (uncorrected p), whereas,
intraclade divergence was < 0.5% and < 0.7% for the amer-
icana and caurina clades, respectively.

For the complete cyt b gene, 27 nucleotide sites (26
transitions and one transversion) differed between the
americana and caurina clades (five first-position, two
second-position and 20 third-position transitions). The
single transversion (third-position) did not result in an
amino acid change; however, three of the transitions (one
first-position and both second-position) coded for differ-
ent amino acids. All three amino acid differences corre-
sponded to hypervariable residues previously identified in
a cyt b model (Irwin et al. 1991).

Four nucleotide sites differed between the two subclades
within caurina (one first- and three third-position transi-
tions). Three third-position transitions were synonymous,
whereas, the first-position transition resulted in an amino
acid change. This nonsynonymous change occurred in the
trans-membranous region of the protein. These results
were expected for PCR amplifications of genuine mt cyt b
(as opposed to a nuclear pseudogene).

RFLP profiles (n = 499)

Restriction enzyme digestion of the amplified fragment of
cyt b from martens of the caurina clade resulted in three
smaller fragments; whereas, fragments from martens of the
americana clade remained uncut and, therefore, maintained

Table 2 Condensed dot matrix displaying variable sites of the mtDNA cytochrome b gene in 181 American martens (Martes americana)
  

  

Haplotype

Nucleotide position

438 445 447 468 477 480 528 565 569 576 577 585 603 618 713 722 732 770 777 783 792

A1 T T G C T T G A C A G T C T T T A C C A G
A2 · · · · · · · · · · · · · · · · · T · · ·
A3 · · · · · · · · · · · · · · · · · T T · ·
A4 · · · · · · · · · · A · · · · · · · · · ·
A5 C · · · · · · · · · · · · · · · · T · · ·
A6 · · · · · · · · · · · · · · · · · T · · A
A7 · · · · · · · · · · · · · · · C · · · · ·
A8 · · · · · · · · · · · · · · · C · T · · ·
A9 · · · · C · · · · · · · · · · · · T · · ·
C10 · C A · C C · · T G · A T · C · · T · G A
C11 · C A T · C · · T G · A T · C · · T · G A
C12 · C A · · C · · T G · A T · C · · · · G A
C13 · C A · · C · · T G · A T · C · · T · G A
C14 · C A · · C A G T G · A T · C · · T · G A
C15 · C A · · C A G T G · A T C C · · T · G A
C16 · C A · · C A G T G · A T · C · G T · G A

Haplotype names are shown on the left, and nucleotide positions are displayed at the top with position 1 representing the first nucleotide 
of the gene. Dots within the matrix represent identical nucleotides to the reference sequence. Haplotypes A1–A9 and C10–C16 are 
designated as belong to the americana and caurina clades, respectively. These designations are based on analyses summarized in Figs 2 and 3.
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Table 3 Population locations, number of haplotypes (H#), nucleotide diversity (π ± SD), haplotype diversity (h), frequency of haplotypes, and sample sizes (n) for mtDNA cytochrome b
variation in American martens (Martes americana)
  

  

Population H# π ± SD h

Frequency of haplotype

americana haplotypes caurina haplotypes

A1 A2 A3 A4 A5 A6 A7 A8 A9 C10 C11 C12 C13 C14 C15 C16 n

Interior Alaska 3 0.0013 ± 0.0013 0.51 7 2 · 1 · · · · · · · · · · · · 10
South-central Alaska 3 0.0018 ± 0.0018 0.70 · 3 · · 1 1 · · · · · · · · · · 5
Northern British Columbia 3 0.0023 ± 0.0021 0.70 3 1 1 · · · · · · · · · · · · · 5
Central British Columbia 2 0.0014 ± 0.0014 0.60 3 3 · · · · · · · · · · · · · · 6
Montana 4 0.0197 ± 0.0138 1.00 1 1 · · · · · · · · · · 1 · · 1 4
Yakutat, SE AK 1 0.0000 ± 0.0000 0.00 · 5 · · · · · · · · · · · · · · 5
Glacier Bay, SE AK 2 0.0011 ± 0.0014 0.50 3 · · · · · 1 · · · · · · · · · 4
KatzehinRiver, SE AK 1 0.0000 ± 0.0000 0.00 · 5 · · · · · · · · · · · · · · 5
Juneau, SE AK 2 0.0014 ± 0.0015 0.60 3 2 · · · · · · · · · · · · · · 5
Thomas Bay, SE AK 3 0.0023 ± 0.0021 0.70 1 1 3 · · · · · · · · · · · · · 5
Cleveland Peninsula, SE AK 3 0.0023 ± 0.0021 0.70 3 1 · · · · · 1 · · · · · · · · 5
Chichagof I., SE AK 3 0.0013 ± 0.0012 0.51 1 10 · · · · · · 4 · · · · · · · 15
Baranof I., SE AK 1 0.0000 ± 0.0000 0.00 · · 10 · · · · · · · · · · · · · 10
Kruzof I., SE AK 1 0.0000 ± 0.0000 0.00 · · 5 · · · · · · · · · · · · · 5
Partofshikof I., SE AK 1 0.0000 ± 0.0000 0.00 · · 2 · · · · · · · · · · · · · 2
Kupreanof I., SE AK 1 0.0000 ± 0.0000 0.00 · 2 · · · · · · · · · · · · · · 2
Mitkof I., SE AK 2 0.0014 ± 0.0015 0.60 3 2 · · · · · · · · · · · · · · 5
Woewodski I., SE AK 1 0.0000 ± 0.0000 1.00 1 · · · · · · · · · · · · · · · 1
Kuiu I., SE AK 4 0.0144 ± 0.0079 0.67 5 3 3 · · · · · · 12 · · · · · · 23
Revillagigedo I., SE AK 1 0.0000 ± 0.0000 0.00 5 · · · · · · · · · · · · · · · 5
Prince of Wales I., SE AK 2 0.0008 ± 0.0010 0.35 8 2 · · · · · · · · · · · · · · 10
Kosciusko I., SE AK 1 0.0000 ± 0.0000 0.00 5 · · · · · · · · · · · · · · · 5
Admiralty I., SE AK 1 0.0000 ± 0.0000 0.00 · · · · · · · · · · 21 · · · · · 21
Graham I., B.C. 1 0.0000 ± 0.0000 0.00 · · · · · · · · · · · 5 · · · · 5
Vancouver I., B.C. 1 0.0000 ± 0.0000 0.00 · · · · · · · · · · · · 2 · · · 2
Oregon 1 0.0000 ± 0.0000 0.00 · · · · · · · · · · · · · 6 · · 6
Wyoming 2 0.0009 ± 0.0012 0.40 · · · · · · · · · · · · · 4 1 · 5
americana clade 10 0.0021 ± 0.0016 0.69 52 43 24 1 1 1 1 1 4 0 0 0 0 0 0 0 128
caurina clade 6 0.0041 ± 0.0027 0.76 0 0 0 0 0 0 0 0 0 12 21 5 3 10 1 1 53
Total 16 0.0125 ± 0.0067 0.83 52 43 24 1 1 1 1 1 4 12 21 5 3 10 1 1 181

Haplotypes A1–A9 and C10–C16 are designated as belong to the americana and caurina clades, respectively. These designations are based on analyses summarized in Figs 2 and 3.
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only a single fragment. RFLP analysis identified 413
americana and 86 caurina haplotypes (Appendix I). These
larger sample sizes allowed us to map more confidently the
spatial extent of these two clades (Fig. 1). The widespread
americana extends from interior Alaska south to Montana
and eastward to Newfoundland and New England. The
eastern distribution of americana is based on the work of
Carr & Hicks (1997) and Hosoda et al. (1997). The caurina
clade minimally extends from Admiralty Island, south-
eastern Alaska south to Oregon and Wyoming (Fig. 1, inset
map). Two regions of sympatry were identified, Montana
and Kuiu Island, southeastern Alaska. Northern Montana
samples (n = 11) consisted of strictly americana haplotypes;
whereas, southern Montana samples were comprised of
two americana haplotypes and 12 caurina haplotypes.
Samples from Kuiu Island consisted of 33 americana and 22
caurina haplotypes.

Discussion

Glacial refugia and intraspecific differentiation

Mengel (1964) proposed that vicariant events, due to
repeated glaciations during the Pleistocene, initiated
speciation in North American warblers (Parulidae). This
idea has been extended to several forest-associated species,
including northern flying squirrels (Glaucomys sabrinus),
tree squirrels (Tamiasciurus douglasii, T. hudsonicus), south-
ern red-backed voles (Clethrionomys gapperi), black bears
(Ursus americanus), and chickadees [Poecile (Parus) hudsonica,

P. rufescens] (Wooding & Ward 1997; Arbogast & Kenagy
2001; Cook et al. 2001). A recurrent pattern of relatively
restricted western, or Pacific coastal, lineages and more
widespread eastern, or interior continental lineages, exists
across broad taxonomic groups and suggests a shared
biogeographical history.

American martens also show two distinct clades in west-
ern North America. Bootstrap support and decay indices
highly supported the recognition of distinct clades (Fig. 3),
and a total of 88.9% of the molecular variation is partitioned
between populations of the populations of the americana
and caurina clades, americana and caurina. These results cor-
roborate and expand the findings of Carr & Hicks (1997). The
americana and caurina clades differed by 2.5–3.0% (uncor-
rected p) overall sequence variation with intraclade variation
< 0.7%. This level of variation reflects approximately 1 million
years since divergence. We hypothesize that this divergence
was accumulated through allopatry spanning several glacial
cycles, as has been proposed for several taxa (Klicka & Zink
1997; Avise & Walker 1998; Avise et al. 1998).

Wooding & Ward (1997) propose that the existence of
eastern and western forest refugia in North America dur-
ing past glacial advances would account for two highly
divergent clades of black bears. During much of the last
120 000 years, they contend these segregated forests formed
a barrier to dispersal for other forest-associated species.
While ice sheets were receding, eastern forests apparently
expanded more rapidly than western forests (Williams
et al. 1993), and therefore, populations representing the
eastern clade of black bears expanded more extensively

Fig. 3 Strict consensus tree of four equally
parsimonious trees (length = 112 steps;
CI = 0.9107; RI = 0.9669) generated from
complete cytochrome b gene sequences
of American martens (Martes americana)
with a branch-and-bound search. Branch
lengths are shown above branches, and
Bremer decay indices/bootstrap values
are below branches. GenBank accession
numbers are in parentheses after taxon
names.
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across northern North America than populations repres-
enting the western clade.

American martens show a pattern of sequence diver-
gence and geographical diversification similar to that of
black bears (Wooding & Ward 1997; Stone & Cook 2000),
with relatively large interclade and small intraclade
differences. Two morphologically defined groups of
martens correspond to the reciprocally monophyletic
clades identified with genetic analyses. Similarly, the
distribution of late Pleistocene–late Holocene fossil records
of martens also supports the hypothesis of separate
forest refugia since the last (Wisconsin) glaciation (Fig. 4).
Furthermore, the phylogeographic pattern in martens is
consistent with Hoffmann’s idea that taxa from large refu-
gia in southeastern North America expanded into a larger
area after the past glaciation than did taxa from smaller
western refugia (Hoffmann 1985).

Broad correspondence in sequence divergence and
geographical distribution of eastern and western clades in
martens, black bears and other taxa (e.g. Glaucomys sabri-
nus, Arbogast 1998; Parus hudsonicus and P. rufescens, Gill
et al. 1993; Dendroica coronata and D. auduboni, Bermingham
et al. 1992) implicates similar vicariant events. Although we
cannot effectively address the rate or timing of movement
of these taxa at this time, these data suggest comparable

colonization routes across diverse taxonomic units. Several
taxa tend to overlap spatially (Clementsian manner) as
opposed to exhibiting independent colonizations (Gleaso-
nian), a pattern also found for some North American
rodents (Riddle 1996). These concordant phylogeographic
patterns seem to falsify the suggestion of Graham et al.
(1996; p. 1605) that ‘species that make up mammal commu-
nities in the contiguous United States have responded
to late Quaternary environmental fluctuations in a
Gleasonian manner.’

Relatively high sequence divergence indicated that
vicariance between the two clades extended deeper than
the last glaciation as suggested for other carnivores (e.g.
5.0% control region variation = 3.3% cyt b variation for
black bears = 1.8 ± 0.8 million years since divergence,
Wooding & Ward 1997; Stone & Cook 2000) and many
other taxa (Klicka & Zink 1997; Avise et al. 1998). Estimates
of divergence may be heavily influenced, however, by
a variety of factors such as levels of ancestral poly-
morphisms (Edwards & Beerli 2000). Populations of the
divergent clades may have come into secondary contact
multiple times over the past million years during inter-
glacial periods (e.g. Leonard et al. 2000), but we detected
no genetic signature of past contact (e.g. individuals with
divergent americana mitochondrial DNA located in west-
ern United States). Limited genetic admixture, occurring
during the repeated northward expansions of these popu-
lations during interglacial periods, may have been elimin-
ated by subsequent population retractions during glacial
advances (Hewitt 1996).

Within the americana clade, little to no geographical
structure was present among populations (Table 3, Figs 2
and 3). Three haplotypes (A1–3) were relatively wide-
spread and occurred at high frequencies; whereas, the
remaining six americana haplotypes (A4–9) were each
found only in one population and occurred in low frequen-
cies (Table 3, Fig. 2b). The unimodal mismatch distribution
for this clade was indicative of a population that experi-
enced demographic expansion (Rogers & Harpending
1992). Ancestral (θ0) and current (θ1) theta values were also
consistent with expansion in the recent past.

Within caurina, several haplotypes were confined to
single populations (Table 3, Figs 2c and 3). Within this
clade (Fig. 3), subclade divergence apparently was initi-
ated by the mid-Pleistocene during separation into distinc-
tive refugial populations in western North America. The
slight variation within each subclade (Fig. 3) may reflect
divergence since the last glaciation. Our data were con-
sistent with a glacial refugium along the North Pacific
Coast; however, if hypotheses regarding the locations of
refugia are to be critically tested with genetic data, more
extensive sampling from throughout the range of the
caurina clade should be investigated with multiple
independent loci.

Fig. 4 Figure modified from Graham & Graham (1994) of fossil
records of American martens, Martes americana, from (a) late
Pleistocene, (b) early/middle Holocene, and (c) late Holocene.
Fossil records are overlaid upon the current distribution of marten
(Hall 1981) with light and dark grey representing the americana
and caurina clades, respectively. Lines encircle fossil records
hypothesized to belong to the americana clade in eastern and the
caurina clade in western North America.
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The mismatch distribution for the caurina clade was
bimodal — more indicative of a population at demographic
equilibrium. However, ancestral (θ0) and current (θ1) theta
values indicated that this population may have expanded
in the recent past. Again, we caution that the mismatch
analysis is highly confounded by the limited levels of
intraclade variation found in the cyt b gene. Additional
molecular data from more rapidly evolving portions of
DNA (e.g. mitochondrial DNA control region) are needed
to test these findings.

Colonization history of a forest-associated mammal and 
contact zones

The close relationship of martens with late-successional
forests has been compared to that of spotted owls (Strix
occidentalis) and red-cockaded woodpeckers (Picoides
borealis) (Thomas et al. 1988; Thompson 1991). Dependence
of martens on overhead tree cover and an associated
complex ground structure (Buskirk & Powell 1994) is
consistent with an expected correspondence between its
range expansion and that of forests. Lodgepole pine, Pinus
contorta, was established as early as 10 500 years before
present (bp) along the southeastern Alaskan coast, but
establishment on the inland (eastern) side of the Coast
Mountain Range did not occur until about 2300 bp (Peteet
1991). Mathewes (1989) and Fedje & Josenhans (2000)
suggest the arrival of coniferous trees as early as 12 200 bp
to the coastal region just south of southeastern Alaska
(Haida Gwaii of British Columbia). The coastal corridor
may have been broader due to a lower sea level at that time
(Barrie et al. 1993; Fedje and Josenhans 2000). Because we
expected a general correlation between range expansion
of vegetation and associated animals (Hewitt 1996), the
ice-free, coastal corridor may have served as a route for
forest-associated species, such as martens, to colonize the
coast from a southerly refugial population (MacDonald &
Cook 1996).

Due to this forest association and the geographical prox-
imity of purported western forest refugia to the North
Pacific Coast, we hypothesize that the individuals belong-
ing to the caurina (coastal) clade colonized along the North
Pacific Coast (including southeastern Alaska) earlier than
individuals from the more widespread americana clade (see
Fig. 4C). We suspect that individuals representing the
americana clade colonized the coastal region during the
Holocene when recession of the Cordilleran Ice Sheet
would have allowed western movement through low
elevation passes and rivers that transect the Coast Range.

Individuals of the caurina clade extend northward to
Admiralty Island, and are not found in interior Alaska.
This pattern is repeated among several forest-associated
taxa (MacDonald & Cook 1996). The Pacific coastal, or
western, clade is often restricted to the coast and does not

extend farther north than southeastern Alaska but the inter-
ior continental, or eastern, clade projects across northern
North America into interior Alaska (see Cook et al. 2001
and Arbogast & Kenagy 2001 for examples). This common
pattern among several taxa suggests that similar forces
have shaped current distributions, such as barriers to
dispersal north of southeastern Alaska. Alternatively, the
pattern may be due to competition among individuals of
the two clades, whereby, individuals from one clade are
able to outcompete individuals from another clade under
certain ecological circumstances. These are suppositions
and should be investigated with future work.

Admiralty, Kuiu and Graham (Haida Gwaii) islands
supported only caurina haplotypes (Table 3 and Fig. 3)
suggesting that these populations have been isolated.
Although haplotypes were unique, differentiation was
minimal (one or two mutations) suggesting differentia-
tion within the Holocene and supporting Giannico &
Nagorsen’s (1989) idea that the distinct phenotype of
martens from Haida Gwaii (Queen Charlotte islands) evolved
very recently. Martens carrying americana haplotypes
apparently followed the westward progression of the east-
ern refugial forest. This colonization could have resulted in
the shared occurrence of americana haplotypes on the main-
land and near-shore islands (Table 3 and Figs 2b and 3).

The limited distribution of the caurina clade to several
islands may be partially the result of genetic swamping of
this clade elsewhere by the americana clade following its
later arrival to the coast. When gene flow is relatively high
between two taxa, interbreeding may cause outbreeding
depression or even extinction via hybridization or genetic
assimilation (Ellstrand 1992). Extensive sampling in south-
eastern Alaska revealed only one region of contact, Kuiu
Island, and we suspect this area was colonized recently by
individuals of the americana clade as a result of island
hopping across Mitkof and Kupreanof islands (peninsular
effect) due to shallow water channels (Fig. 1). Other
typically mainland species show a similar distribution
(MacDonald & Cook 1996). Possible introgression and/or
genetic swamping of caurina by americana individuals
should be investigated using a combination of mitochon-
drial and nuclear markers, and possibly an experimental
breeding programme. Individuals of the caurina clade may
persist on Admiralty, Graham (Haida Gwaii) and Vancou-
ver because these islands are sufficiently isolated from
individuals of the americana clade. Only one other region of
contact, southern Montana, was revealed in this study,
though that contact zone presumably extends from Montana
northwest through British Columbia (also see Wright 1953).

Human introductions of martens

In the 1930s, introductions of martens were made by the
Alaska Game Commission to Baranof and Prince of Wales
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islands followed by the introduction of martens to
Chichagof Island during 1949–52. These transplantations
were made without knowledge of the underlying
morphological and genetic variation that exists across the
region (Elkins & Nelson 1954; Burris & McKnight 1973;
MacDonald & Cook 1996). Marten populations were
thought to not exist on these islands before introductions,
but this presumption was questioned due to the rapid
increase in numbers on Prince of Wales Island following
transplantation (Elkins & Nelson 1954). Extensive sampling
of these introduced populations (e.g. Chichagof Island,
n = 117) suggested that the individuals representing the
americana clade had been the sole source of these intro-
ductions. Giannico & Nagorsen’s (1989) morphological
assessment of samples from Baranof and Chichagof islands
indicated that these populations belong to the americana
clade. Our data corroborated their findings. However,
contrary to their conclusion that americana was found
exclusively throughout the region, our extensive sampling
indicated that some individuals (martens from Admiralty
Island and some martens from Kuiu Island) also belong to
the caurina clade.

Our analyses provided no indication that martens
existed on Chichagof, Baranof, or Prince of Wales islands
prior to introductions, but this conclusion may be prem-
ature because it was derived from a mitochondrial gene that
may not effectively detect genetic swamping. Additional
nuclear markers should be used to test this hypothesis
(see for example, Paetkau et al. 1998). If the islands were
naturally colonized first by individuals of the caurina clade,
perhaps when sea levels were lower at the end of the
Pleistocene, then the persistent populations of caurina on
Admiralty and Kuiu islands may be remnants of a previ-
ously widespread clade across the archipelago. Although
the disjunct distribution of the caurina clade (i.e. caurina on
Admiralty and Kuiu islands) may conversely appear to be
the result of introductions, we doubt this is the case
because both populations have fixed, unique haplotypes
unlike those from documented population introductions
on Chichagof and Baranof islands.

The genetic substructure, displayed by marten popu-
lations along the North Pacific Coast, is consistent with
independent colonizations of the region by representatives
of the two divergent clades. These data further exemplify
the need to develop a historical framework for the biota of
a region through extensive sampling, if we are to hope to
effectively understand and manage the complexities asso-
ciated with environmental change (Wilson 2000).
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Appendix I 

Collection locations, clade profiles, molecular methods used and voucher number for Martes americana specimens
  

Locality* Clade Method(s)† Alaska Frozen Tissue Collection number

Chichagof Island, SE AK americana full cyt b 10755–6
Chichagof Island, SE AK americana 441-bp cyt b 10758–60, 14524–6, 14540, 14550, 14553, 19996–7, 30673–4
Chichagof Island, SE AK americana R 10761–2, 14495–512, 14514–42, 14544–75, 15999, 16000, 

16067–70, 19889–97, 19964–74, 19996–8
Baranof Island, SE AK americana 441-bp cyt b 19902–3, 19907, 19916, 19918, 19934, 19975–8
Baranof Island, SE AK
Kruzof Island, SE AK

americana 
americana

R
441-bp cyt b

19908–11, 19917, 19919–22, 19926, 19929–33, 19935–6
19904–6, 19913, 19923

Kruzof Island, SE AK americana R 19914–5, 19924–5, 19927, 24019–20
Partofshikof Island, SE AK americana 441-bp cyt b 19912, 19928
Kupreanof Island, SE AK americana 441-bp cyt b 10823, 16027
Kupreanof Island, SE AK americana R 20074, 20081, 24440, 24442–4, 24448, 24498–9, 24527–30, 

24533, 24539–43, 24550–4
Mitkof Island, SE AK americana full cyt b 10829–30, 10832
Mitkof Island, SE AK americana 441-bp cyt b 10831, 14475
Mitkof Island, SE AK americana R 14476–90, 14492–4, 16028–32, 16034–53, 16057, 

19937–40, 19947–61
Woewodski Island, SE AK americana 441-bp cyt b 10822
Woewodski Island, SE AK americana R 20075–6, 24416–7
Kuiu Island, SE AK americana full cyt b 17541
Kuiu Island, SE AK americana 441-bp cyt b 17534, 17536–9, 17543, 17546, 17549, 17551, 19888
Kuiu Island, SE AK americana R 24471, 24473–4, 25302, 25304–6, 25310–15, 25318, 25324–6, 

25328–9, 25332–4
Prince of Wales Island, SE AK americana 441-bp cyt b 10665–8, 10670, 10673, 10678–9, 10684–5
Prince of Wales Island, SE AK americana R 14629–32, 15903, 15909–12, 15917–8, 15924–6, 15940, 15942, 

15948, 15977, 15980, 15997
Kosciusko Island, SE AK americana 441-bp cyt b 15904–8
Revillagigedo Island, SE AK americana full cyt b 10707–8
Revillagigedo Island, SE AK americana 441-bp cyt b 10709, 10711–2
Revillagigedo Island, SE AK americana R 10690–4, 10710, 10713–5, 10721–2, 10724, 10726–7, 

14634–5, 14639–43
Yakutat, SE AK americana full cyt b 10769
Yakutat, SE AK americana 441-b cyt b 10770–3
Yakutat, SE AK americana R 10774–89, 24454
Glacier Bay, SE AK americana 441-bp cyt b 10848–51, 14628
Glacier Bay, SE AK americana R 19990
KatzehinRiver, SE AK americana 441-bp cyt b 14591–5
KatzehinRiver, SE AK americana R 14592
Juneau, SE AK americana full cyt b 14952
Juneau, SE AK americana 441-bp cyt b 14954, 14956–7
Juneau, SE AK americana R 10763–6, 10833, 10852–3, 14951, 14953, 14955, 14958–65, 

19962–3, 20063, 20065, 20068, 20070
Thomas Bay, SE AK americana 441-bp cyt b 19941–5
Thomas Bay, SE AK americana R 19946, 20071–3, 20077–80, 24500–6
Cleveland Peninsula, SE AK americana 441-bp cyt b 10695–9
Cleveland Peninsula, SE AK americana R 10700–6, 10717, 14653–7, 14659–64, 14666–7, 14669
Interior Alaska americana full cyt b 53
Interior Alaska americana 441-bp cyt b 50–2, 54, 144, 146, 148, 30671–2
Interior Alaska americana R 24601–15, 24627, 24629, 24631–2, 24636–46
South-central Alaska americana 441-bp cyt b 14111–2, 14114–6
South-central Alaska americana R 13559
northern BC americana full cyt b 16004
northern BC americana 441-bp cyt b 16005–8
northern BC americana R 16007
central BC americana full cyt b 16010, 16020
central BC americana 441-bp cyt b 16009, 16014–5, 16019
central BC americana R 16011–3, 16016–8, 16021–3, 16026, 16033, 20612
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northern Montana americana full cyt b 23185
northern Montana americana R 23180–2, 23185–92
southern Montana americana full cyt b 23183
southern Montana americana R 23183–4
Admiralty Island, SE AK caurina full cyt b 14470, 14972
Admiralty Island, SE AK caurina 441-bp cyt b 14973, 16063, 16073–4, 16076–81, 19898–901, 19979–82, 19993
Admiralty Island, SE AK caurina R 19983–8, 19994–5, 20069, 24424–37, 24439, 24464–7
Kuiu Island, SE AK caurina full cyt b 17533, 17552
Kuiu Island, SE AK caurina 441-bp cyt b 17535, 17540, 17542, 17544–5, 17547–8, 17550, 17553, 19887
Kuiu Island, SE AK caurina R 24472, 25301, 25303, 25307, 25309, 25316, 25319, 25321, 

25327, 25330
Graham Island, Haida Gwaii, BC caurina full cyt b 20601, 20604
Graham Island, Haida Gwaii, BC caurina 441-bp cyt b 20603, 20605–6
Graham Island, Haida Gwaii, BC caurina R 20602, 20607–11
Vancouver Island, BC caurina full cyt b 24477–8
Vancouver Island, BC caurina R 24475–8, 24479–97
southern Montana caurina full cyt b 23169, 23171
southern Montana caurina R 23168–79
Oregon caurina full cyt b 15936–7
Oregon caurina 441-bp cyt b 15931, 15935, 15938–9
Oregon caurina R 15941, 19543, 15945–7, 15950–5
Wyoming caurina full cyt b 20613–4
Wyoming caurina 441-bp cyt b 20615–7

*SE AK = southeastern Alaska; BC = British Columbia.
†Automated sequencing of the complete mitochondrial cytochrome b gene (full cyt b), partial cytochrome b gene (441-bp cyt b) or screening 
with a restriction enzyme digestion (R).

Locality* Clade Method(s)† Alaska Frozen Tissue Collection number

Appendix I Continued
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CHANNEL INSTABILITY IN A STRIP-MINED BASIN 

by Andrew J. Miller, Associate Professor, University of Maryland Baltimore County, Baltimore, Maryland, and 
Hydrologist, U.S. Geological Survey, Reston, Virginia 

ABSTRACT 

Smoky Creek, a tributary (draiuage area = 85 km’) of the New River in the Cumberkand Plateau of eastern Tennessee, 
dmius one of the most heavily strip-mined basins of its size io the eastern U.S. Strip mining has caused radical increases in 
sediment yield, including a large increase in the supply of ccarse sediment to the channel system. Patterns of geomorphic 
adjustment to these changes have been variable along its length; channel instability occurs primarily at major deposition zones 
below tributary contluences or at channel bends, and these sites of aggradation are marked by slope breaks on the longitudinal 
profile. A 50~year record of change at one such location documents the downstream propagation of a wave of instability. 
Mart of the bar growth and bank erosion camed in conjunction with h~creased strip-mine activity after 1968, with a 
maximum bank retreat of 50 m between 1971 and 1983. Other deposition zones are occupied ty vegetated barrwland 
mmplexes that have remained in the same position since 1938. Some of these may have formed during a previous phase 
of channel instability caused by logging iu the Smoky Creek basin t&vat 1912 and 1929. 

INTRODUCTION 

Surface mining has long been recognized as a significant form of landscape disturbance with potentially serious downstream 
hnpacts, particularly in mountain envimnments. Inundation of fluvial systems by coarse sediment derived from mine spoils 
leads to aggmdation, gravel-bar formation, channel widening, local steepening of channel gradiems and onset of braiding, as 
well as accumulation of coarse sediment on adjacent flood plains (Gilbert, 1917; Collier, 1970; Osterkamp and others, 1984). 
Reduced infiltration capacities may lead to flashier hydrologic responses during rainfall events and increased peak discharge; 
where increased sediment transport capacity of the resulting flow exceeds the increase in sediment supplied to the channel 
system, channel widening may be accompanied by stream entrenchment rather than aggradation (Graf, 1979; 
Touysinhthiphonexay and Gardner, 1984). 

Study area 

Smoky Creek (drainage area = 85 km’) is a tributary of the New River, which in turn drains into the Cumtxrland River and 
is located in the Cumhxland Plateau of northeastern Tennessee (fig.1). Xx Smoky Creek basii is underlain by flat-lying 
Pennsylvanian shales with intercalated siltstones, sandstones, and axI beds (Avery and Luther, 1970). Where coal seams crop 
out on mountain slopes they are subject to surface 01 strip mining along the slope contour, creating benches and spoil banks 
that may alter hydrologic response of the land surface and contribute large amountS of sediment in headwater basins. 
Mountain slopes in the region typic+ are steep, averaging from 20 to 60 percent. Local relief from the channel to the basin 
divide is approximately 350 m and total basin relief is atout 603 m. 

Hvdmlow and Sediment vield 

Average daily discharge for the period of record (1976-1983) at the gage on Smoky Creek at Hembree (drainage area = 44.5 
km’) was 1.3 m3/s and the average value of annual peak discharge was 91.5 m3/s. Because the longest stream gage record 
in the Smoky Creek basin extends only fmm 1975 to 1983, hydrologic effects of strip mining must be inferred from other 
regional studies. Paired-basin studies indicate higher peak diiharge and shorter lag times for the rising limb of the 
hydmgraph in mined basins as compared with ““mined basins (McCabe, 1970; Minear and Tschantz, 1974; Curtis, 1972, 
1979). These results are consistent with a reduction of infiltration capacity in the basin. An additional study of paired basins 
in the Cumberland Plateau of Kentucky (Bryan and Hewlett, 1981) suggested that mining caused an increase in the runoff 
emsivity index of Williams (1972). 

Published comparisons of mined and unmined basins in eastern Kentucky and northeastern Tennessee indicate that suspended 
sediment yields are higher in the mined basins by factors ranging from 50 to 200 (Collier, 1970; Osterkamp and others, 1984). 
Comparisons tabulated for this paper, including three locations in the Smoky Creek basin, indicate that suspended sediment 
yields in the mined basins are at least an order of magnitude greater than in the unmined basins (table 1). 

Movement of tractive load also increases as a result of strip mining. This fraction of the total sediment load is not generally 
documented by routine suspended-sediment sampling but it plays a critical role in promoting ted aggradation, bar formation, 
and channel instability. Traction load accounts for at least 8 percent (65 t/km2) and possibly as much as 10 to 15 percent 
of the total sediment discharge from the upper Smoky Creek basin (Osterkamp and others, 1984). An estimated 52 percent 
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THE SMOKY CREEK BASIN 

(Hembree gage) 

Figure 1. Location map of Smoky Creek basin with cartoon of valley floor showing major sites of deposition 
Light shaded area 9” location map shows extent of active, abandoned, and reclaimed snip mines as of March 1983. 
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of the traction load is cosl, indicating that mine spoil is the dominant sediient souxe. Because of its lmver density, the coal 
fraction of the tracdve load moves through the Smoky Creek basin more rapidly than the coarse rock debris. 

Sand-use history 

Mining activity began in the early 1940’s. The percent of basin area in active, abandoned, or reclaimed strip mines increased 
from less than 1% in 1941 to ne&y 15% by 1983, with most of the increase oxwing between 1%8 and 1979. Mining 
practices probably were less considerate of envimnmental consequences prior to passage of the federal Surface Mining 
Control and Reclamation Act of 1977 than atienvard, and thus would have generated more sediment per unit area of 
disturbed land. However, because of the lag time involved in flushing sediment out of the system, an immediate reduction 
in sediment load would not be expected even if the passage of the 1977 law caused a rapid change in management practices. 

Only about 23 percent of basin area is devoted to 
agriculture, and this figure has not changed significantiy Table 1. cnlnpati” al sediment yields 

selected Streams fmom the cllrntedand Plateau Of Te”“es.% 
over the last several decades. Prior to the onset of strip 
mining there was a period of timber barvexing in thk Basin Drainage area 
earlier pan of this century; there are no statistics on W’) 

sediment yield 
Oh? 

exactly how much of the timber in the basii was cut. Unmined 
The typical pattern followed by loggers in this part of west Fork obey R; II*. Alpine 298 13 
Tennessee in the early years of this century was to cut all Clear Fork nr. RObbillS 704 32 
of the marketable timber as rapidly as passihk. Steep crabapple ck Dr. la Follette 2.8 M 
skid roads were built to haul the lumber down the 
mountain; another common practice called “J-logging” m 
invohzd construction of a chute that would allow large Nnv R. at New River 989 348 
trains of logs to slide downslope along a bed of peeled smoky CL. at Hembree 44.5 758 
logs, with a log landing at the bottom of the slope to Bilk Bra”& (Vib. to SIX&y) 1.7 415 
absorb the impact. Slash debris left behind on the slopes shack ck pib. to Smoky) 5.1 494 
often burned down to the mineral soil within a year after 
logging, leading to accelerated soil erosion (Donald Todd, resident of Wartburg, Tennessee, personal communication, 1990). 
Thus there is a strong likelihood that timber cutting in the Smoky Creek basin was associated with rapid erosion and large 
sediment yields. Large-scale timber harvesting apparently came to an end in the 1920’s; after a major flood in 1929, the 
branch of the Tennessee Railroad used to carry timber out of the basin fell into disuse (Ianier, 1968). 

CHANNEL MORPHOLOGY 

Smoky Creek occupies a narrow valley bounded by steep bedrock walls. Valley-floor width typically is less than 300 m and 
at some locations is less than 50 m. As Smoky Creek is constrained by its narrow valley from the free meandering pattern 
typical of many alluvial rivers, hs channel pattern consists of a series of straight reaches alternating with short meandering 
reaches that usually coincide with a change in valley orientation or with a tributary confluence immediately upstream. Most 
of the meandering reaches include only one or two meander bends, and in many instances the concave bank of one or both 
bends abuts a bedrock wall. A pool-riffle sequence with a thalweg that meanders past alternating lateral bars is typical of the 
straight reaches. Channel instability occurs primarily at meander bends and is characterized by accumulation of large gravel 
bars, bank erosion and channel widening, and formation of anabranching channels that frequently shift location. 

For the purpwes of this paper, major areas of sediment deposition and storage along Smoky Creek are assigned to two 
categories. Large active gravel bars are mostly unvegetated or colonized by woody plants no more than a few years old and 
are characterized by evidence of ongoing aggradation, lateral migration, or irregular episodes of cutting and tilling in response 
to sediment transport by annual high flow. Surficial sediment is dominated by gravel but may include sand lenses; coal 
fragments are common and often occur in pockets or lenses, due to hydraulic sorting. Vegetated bar/island complexes are 
larger geomorphic features, typically consisting of multiple bars and islands covered by woody vegetation including mature 
trees; they are separated by anabranching channels, and individual bars or islands are frequently dissected by shallow overflow 
channels. Tbe entire complex is inset at an elevation slightly lower than the main valley floor and at or above the highest 
elevation on nearby active gravel bars, and is bounded by a scarp leading up to the main level. Evidence of deposition during 
frequent high flow events is wmmon but lew pervasive than on the active bars, and recent deposits are dominated by sand. 

Major deposition sites are located dmvnstream of every tributary confluence shown (fig.1) with the exception of Little 
Brimstone Creek. In addition, a couple of the bariiiland complexes are located about halfway between tributary confluences. 
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lh”s the spatial pattern of deposition is influenced by kxal hydraulic conditions along the channel, as well as by loCatiOnS Of 
major sediment wwces. Virtualiy a” of the large act&e bars are found in close prtimity to larger vegetated bars and islands. 
Downsveam of point S o” fig.1 there are no major bars or bar/island complexes. 

Loneitudinal ~roflle 

Average channel gradient along the reach illustrated in 
tig.2 is about 0.004. llz longitudinal watersurface 
profile of Smoky Creek at base flow is strongly 
stepped. ‘lIvea? of the four tributaty junctions along 
the surveyed portion of the channel downstream of 
point E are. awciated with a sharp break in slope - 
(figs.l,2), which ca” be attributed to bed aggmdation 5 
where a” influx of coarse sediment lwaliy exceeds the 
transport capacity of the “xii” channel. The channel 

E 

gradient along reaches occupied by bar-island 
complexes generally is steeper than along the straight 
reaches imnwxliateiy upstream or downstream. For 
barMind reaches shown in fig.1 (other than R-5, 
where the gradient was altered with a bulldmer two Distance downstream, in meters 
years before the 1985 survey), the ratios of gradient 
along the reach to gradient along the adjacent Figure 2. Longihxlinal water-surface profile of Smoky Creek at low flow. 
upstream and downstream reaches averaee 29 and - Reference c&t locations are indicated in fig. 1. Pmfde of Ications E-T 
3.6, respenively. surveyed &ust 1985; profile of locations i-0 surveyed July 1988. 

Cross-section characteristics 

Of 10 monumented sections 
established in 1981 along the main 
channel of Smoky Creek, 7 were 
established at locations where the 
channel was straight, the top of the 
bank was reasonably welldetined, 
and the section was “early 
trapezoidal. Three sections were 
established at locations with active 
gravel bars. Bankfull channel 
width at the straight sections 
ranged from 15 to 25 m and for 6 
of the 7 sections the ratio of width 
to bankfull depth ranged from 9.1 
t” 12.4 (the ratio at the seventh 
section was 22.8). Bankfull width 
at the bar sites ranged from 30 t” 
70 m and width/depth ratio ranged 
from 12.5 to 28.5. Repeat surveys 
over a period of several years 
indicated much greater year-@-year 
variation and greater cumulatiie 
change at the cross-sections 
wcupied by gravel bars than at the 
sites along straight reaches. 

Bed surface material at alI of these crosssections was a mixture of gravel, mbbles, and boulders. Bed matrix is dominated 
by gravel in all oses, most banks are composed primarily of silty sand, but sane are mixtwes of gravel and sand (table 2). 
Average coal content of samples from mined basins is lower in the bed material than in the .bank sediments, but is quite 
variable in both cases; field observations indicate that its distribution on bars and in bank materials is patchy. 

Sediments exposed on bar surfaces are composed primarily of gravel, but spatial patterns on individual bars are heterogeneous 
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owing to the combined influences of microtopography and vegetation on local patterns of erosion and deposition at high flow. 
Dcndrogcomorphic evidence obtained at several sites indicates vertical accumulation rat&s up to about 30 cn@r and lateral 
migration rates up to 1 “I&T during periods without major floods (B.A. Bryan and CR. Hupp, U.S. Geological Su~ey, written 
mmmunicatio”, 1988). Field observations at the nxxt active site along Smoky Creek indicate m&urn bank erosion on the 
order of 10 m in a single year (fig. 3-z), with vertical bar growth of up to 0.5 “I. 

DEVELOPMENT OF A BAR/ISLAND COMPLEX 

A 50year record of channel change at one site affected by recent bar growth and bank erosion was obtained using digital 
photogrammetrlc tccbniqucs (Miller, 1986). The observed series of changes may save as a” analogue to explain development 
of vegetated bariiiland complexes elsewhere along the channel. The study site extends atout 650 m downstream from the 
contluence with Bowling Branch. The sequence of changes, beginning with the earliest available aerial photographs, ls 
illustrated in fig. 3. Arcal extent of channel bars is not strictly comparable bctwccn dates, as the amount of the bed exposed 
to view varies with water level from one date to another. Ncvcrthelcss the shifting location of the major bars and the overall 
trend toward channel widening associated with progressive growth of the bar complex is clearly show”. Maximum bank 
retreat of 50 “I occurred bchvcc” 1971 and 1983 (figs. 3d,e). 

‘Ihe sequence of changes illustrates the downstream propagation of a wave of instability. In the summer of 1983, the property 
owner attempted to reclaim his land by scraping gravel out of the main series of bars and pushing it against the right bank, 
straightening the tank line. Although thii stabilized the right bank temporarily, by 1987 the fill material was again being 
eroded. In addition the wave of instability had migrated around the bend and an entire new meander wavelentb was 
superimpwed on a previously straight section of the channel (fig. 3f). Field mcasurcmcnts made along the right bank 
following conversations with the property owner during sununer 1987 indicated that bank retreat of up to 10 m had occurred 
during spring 1987 at location 1 in fig. 3f. 

The patter” of channel evolution at this site is heavily influenced by the role of vegetation in stabilizing bar surfaces and 
trapping fine sediment on the higher parts of bars. Rapid vertical accretion at sites of dense vegetation growth on the inner 
part of a bar can cause annealing of part of the bar to the fled plain. By 1987 the old bank line that formed the inner 
margin of the bar complex along the left side of the channel in 1983 (figs 3c,f) was obscured by sediment accretion and 
vegetation growth and was very diftiieult to locate in the field. The cut bank that was visible when the site was visited in 1987 
was c”t into a vegetated surface that had accrcted upward almost to the floodplain level since 1983. Extrapolation of 
deposition patterns observed between 1938 and 1989 suggests that as the wave of instability passes, bars and b&Island 
complexes will anneal to banks. Tbii process results in a bottomland mosaic with scafps separating the younger from the older 
deposits ln some cases and with no relief across the contact in other cases. The complex, episodic evolution of the flood plain 
would only be evident through detailed stratigraphic analysis or comparison of historical aerial photography. 

Relation to stria-mine activity 

Measured changes in channel width and in the position of the wave of instability indicate tit the period of bar growth, 
acccleratcd bank erosion, and rapid downstream propagation of disturbance at the study site was contemporaneous with the 
increase in extent of upstream strip mining (fig. 4). The property owner claims that the hydrologic response of Smoky Creek 
during rainfall events has changed ova the past several decades, with the creek rising more rapidly than it did in the past, 
overbank flow and sedimentation occurring more frequently, pools filling with gravel, and a general reduction in water depth. 
All of thii is consistent with the evidence presented here. The anmunt of oxl deposited on bar surfacw throughout the reach 
implies that strip mining has been the source of the sediment. Although there have been several large tlocds during the period 
of rapid bar growth and channel widening, one or two catastrophic events cannot acwunt for the changes observed at this 
site; incremental changes have occwred during each time period for which information ca” be obtained. 

CHANNEL INSTABILITY AT OTHER LOCATIONS 

Dendrochronological evidence from three other active gravel bars along Smoky Creek also indicates that rapid bar growth 
has occurred during the past three decades, coinciding with the period of rapidly increasing mining activity (B.A Bryan and 
C.R. Hupp, U.S. Geological Survey, written communication, 1988). At two of these locations, the stratigraphic sequence 
exposed in an eroding bank provides evidence that coarse sediments generated ty mining activity ha? become annealed to 
the bank and incorporated in the flocrd plain. 

A typical composite sequence bawd on observations of both profiles (at locations C and H in fig. 1) has the following 
characteristics: 0.15 to 0.45 m of brown fine sand, with organic litter at the surfxe and disseminated coal fragments; 0.6-0.9 
m of wbbbes and gravel, embedded in a matrix of brown sandy loam with abundant coal fragments up to cobble size; 0.3 m 
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Figure 3. Channel changes on Smoky Creek downstream of Bowling Branch, 1938 - 1987. 
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of lmizontaliy laminated sands and clays, with coal fragments in the sandy laminae; 0.15 m of gravel, cobbles, and coal 
fragments embedded in a sand matrix. The entire sequence is underlain by channel gravels at the base of the bank. 

Fxcavatlon of mot collars of buried trees 
and wunting of rings from tilt sprouts of 
trees affected by flood damage indicates 
that the upper coal-rich cobble-gravel layer 
at one of these sitea was deposited after 
1958 and may have been deposited during 
a large flood that occurred in 1977 (B..4 
Bryan and C.R. Hupp, U.S. Geological 
Survey, written communication, 1988). In 
both locations the coal-rich, pwriy sated 
deposits underlie a hummocky vegetated 
surface laterally and verticaliy inset against 
a flwd plain or low terrace that is 0.5-1.5 
m higher. Cut-bank exposures of tbe 
alluvium underlying this higher, older 
surface typically reveal a basal layer of 
channel gravels overlain by a finiog- 
kp-,d sequence of structureless silty 

In the absence of additional evidence one 
might reasonabiy conclude that the inset 
deposits arc representative of vegetated 
barKsland complexes along the length of 
Smoky Creek, and that most of the major 
deposition features have formed during 
the period since strip mining began. 
However, sediments underlying some 
vegetated islands are better sorted and 
contain much less mat than modem 
sediments, suggesting deposition before 
strio minine. began. Some of the trees 

Figure4. Comparison of channel changes at site dowweeam of Bowling 
Branch with historical trend in pacent of basin area in ship mines. 

gr&g oniege&d islands and bars are too old (up to &I years, with some large rotting stumps that could not be dated 
but are probably older) to have germinated on a surface formed after strip mining began. Several of the vegetated barfiland 
complexes (as well as the large active gravel bar upstream of location J in fig. 1) are visible in aerial photographs taken in 
1938 at the same locations that they occupy today. 

At several locations along the channel of Smoky Creek there is a grey clayey sand, full of organic litter and wood fragments, 
overlying the basal channel deposits and underlying the silty sand that predate intensive strip mining. Large logs observed 
protruding from this layer clearly were buried in place rather than being pushed up against the base of the bank Similar 
deposits can be observed forming today at locations where a muddy gravel mixed with leaf litter and wood fragments 
progrades into a deep pool or eddy along a low-gradient reach of the channeL At present there is no conclusive evidence 
to date the layer found at the base of the bank; but it seems plausible to attribute its formation to the period of timber 
cutting that occurred after 1912 and came to an end in 1929. ‘Ibis would have been the mat signiticant episode of lamlscapc 
disturbance to affect the Smoky Creek basin prior to the introduction of strip mining. Individuals who witnwed the impacts 
of logging in other nearby basins have commented on the tremendous amount of soil erosion that occurred on the steep 
mountain slopes and on the large amount of organic debris that accumulated in stream channels. 

The implication of this obsavation is that some of the vegetated barfisland complexes may have formed during an 
aggmdational phase associated with the period of timber cutting, and that these assumed a faiily stable configuration following 
the end of the logging operation and prior to the onsct of strip mining. The vegetated bar/island complcxcs cover a much 
larger area than the large gravel bars that are presentty active; thus, if they arc attributable to a previous episode of erosive 
land use, that episode may have had an even greater net impact on the morphology of Smoky Creek than the more recent 
episode of strip mining. Altemativciy, mmc of thevegetated bar/island complexes may be attributable to natural causes; stable 
patterns of istands separated by anastomcsing channels may have formed at some locations along Smoky Creek before human 
activity played a significant role in altering the system. Further investigations of bank stmtigraphy arc needed in order to test 
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this hypothesis. 

SUMMARY 

Strip mining in the Smoky Creek basin has had a major impact on basin hydrology, sediment yield, and channel form. Along 
the main channel of Smoky Creek, these impacts include aggradation of the bed and fill@ of pools with gravel. Evidence 
of channel widening and instability is most prominent in distinct depositional zones that form below tributary junctions or at 
channel bends. A 50.year record of channel change at ooc of these sites shows that a wave of instability propagated 
downstream from the initial location of a channel bar present in 1938 (fig. 3a), and the timing of major adjustments appears 
to be lhked to the lnacasc in strip-mice aetlvlty l?om the 1960’s through the early 1980’s. Bar surfaces colonized by 
vegetation experienced rapid vertical accretion and in some cases were annealed to the bank within a few years. Viewing this 
sequence of events as an aualogue, it is likely that the flood plain in some arcas is a patchwork assembled through a series 
of disncte epiwdca of erosion and secretion. 

Most bf the large active gravel bars arc found in association with vegetated bar~lalaad complcxca, which have hummoeky 
surfaces and arc laterally and vertically iosct against a higher flood plain or low terrace. Cut bank cxpxwes on some of these 
gcomorphie features reveal stratigraphic evidence of rapid aeeumulation of coarse sediment during the period siucc intensive 
coal mining began. There ls also evidence indicating that large bars and channel islands were present before strip mining 
began. Some of these may bc attributable to bed aggradation and channel instability during the period of timber cutting 
between 1912 and 1929. 
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STABILITY ANALYSIS. OF NONCONNAH CREEK, MEMPHIS, TN 

By Jerry W. Webb & David P. Berretta, U.S. Army Corps of Engineers, Memphis, 
TN and William A. Thomas, Waterways Experiment Station, Vicksburg, MS 

INTRODUCTION 

Purnose and Scope of the Study 

The Nonconnah Creek Drainage Basin includes portions of Shelby and Fayette 
Counties in southwest Tennessee, and portions of Desoto and Marshall Counties 
in northwest Mississippi. Approximately one-half of Memphis, Tennessee, is 
located within this drainage basin which is one of the fastest urbanizing 
areas in western Tennessee. The basin is approximately 32 miles long, 8 miles 
wide, and generally rectangular in shape. The total drainage area of Noncon- 
nah Creek is 117,000 acres (183.1 square miles). The stream slope is approxi- 
mately 5 feet per mile with topography varying from gently rolling hills and 
ridges in the upland areas, to moderately wide valleys. This report describes 
the results of sedimentation and stability analysis performed during the 
evaluation of flood control alternatives. The design procedure and rationale 
for the design of this project are typical of most flood control projects with 
the exception of the high degree of protection that the existing channel 
provides. Special key issues that were of interest in this project include 
protective measures, water surface profile stability, and approach and exit 
channels. The proposed channel improvements have been designed using the 
guidance provided in ER 1110-2-1405 which states: 

"The hydraulic design of a local flood protection project must result in a 
safe, efficient, reliable, and cost effective project with appropriate consid- 
eration of environmental and social aspects." 

Physical Settinq 

Historically, Nonconnah Creek was a natural meandering stream, but commercial 
activities and increasing urbanization resulted in drastic changes in the 
streams configuration. The existing channel is rather narrow and deep and is 
bedded in sand or gravel throughout the study reaches. The banks are predomi- 
nantly clay or silt, occasionally intermixed with a strata of sand. The upper 
reaches of Nonconnah Creek were modified by local interests over 50 years ago. 
Little is known as to the stability of the channel immediately following the 
channel improvements. Aerial photographs taken in 1958 show that a rather 
artificial looking channel had been cut through the meander traces even though 
the area south of Nonconnah Creek was practically undeveloped. At this time 
there were 15 bridges between the mouth and Winchester Road which consequently 
locked in the channel alignment. More recent aerial photographs show no trace 
of historical meander patterns and prove that the basin has urbanized at a 
rapid rate. Two areas, one located downstream of Perkins Road (Mile 11.53) and 
the other located downstream of Mt. Moriah Road (Mile 12.59), were extensively 
excavated for commercial development in the floodplain. Other locations have 
served to support mining operations. Although the stream was, and continues 
to be, highly disturbed by commercial activities, a low flow channel has 
formed alternate bars indicating a tendency to reestablish a meander pattern. 
In the early 1980's. the local governments began an extensive bridge monitor- 
ing and rehabilitation program after the catastrophic failure of one bridge 
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facility. Improvements consisted of riprap and ~gabion channel and bank pro- 
tection around bridge facilities. These improvement nbtonly are protecting 
the facilities, but are also serving as grade control structures. 

STUDY APPROACH 

This study utilizes a staged sedimentation study approach similar to the 
descriptions in EM 1110-2-4000. During the early stages of project formula- 
tion, there was little or no sediment data. Since the channel and floodplain 
have been so dramatically disturbed, calibration bf a numerical model was not 
possible, and an initial sediment impact assessment was performed. Based on 
the results of that analysis and information gathered during the hydraulic 
studies, protective measures were designed for all structural components of 
the project. Subsequent to submission of the Phase II GDM, reviewing authori- 
ties required a detailed sedimentation study., The following paragraphs dis- 
cuss available data, methodology, and results of both levels of the analysis. 

Initial Assessment 

Available Data during Initial Assessment 

Data necessary for conducting the sedimentation study were of three types: 
geometric, sediment, and hydrologic. Visual inspections of the Nonconnah 
Creek basin also aided in the sediment study. 

The geometric data consisted of channel cross sections which were obtained 
from field surveys. Analysis of aerial photographs, quadrangle maps, and 
proposed channel improvements were also used. From this data, bed profiles and 
channel alignments were obtained. 

Sediment data consisted of the channel bed composition, the strata underlying 
the bed material, and the inflowing sediment load. Due to commercial activi- 
ties throughout the basin, no bed samples were taken. Visual inspections were 
used in determining the bed composition. The existing bed consists of sands 
and gravels throughout the study reaches. Twenty-nine channel borings and 
associated grain size distribution curves were used to define the underlying 
strata and bed material. 

The hydrologic data included extensive land use studies which indicated that 
the total basin is currently 43 percent urbanized with a projected increase to 
66 percent by the year 2043. The basin area below John's Creek (Mile 11.94) 
is approximately 7% percent urbanized with a projected increase to 97 percent 
by the year 2043. The study area was modeled using the HEC-1 Flood Hydrograph 
computer package as part of the hydrologic and hydraulic analyses. The hydro- 
logic studies estimate that these future projected increases in urbanization 
will increase the loo-year discharge by approximately 20 percent. For this 
level of study, the hypothetical discharges for a 2-year frequency event were 
multiplied by a range of ratios (25, 50, and 75 percent) to better evaluate 
in-bank flows under normal, daily conditions. These discharges were input 
into the hydraulic model to determine variables needed in this evaluation. 
Observed 24 hour rainfall from 1977 to 1986 was used in estimating the number 
Of events per year that could be expected for a estimated discharge. 
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General Procedures Adopted in Initial Assessment 

The following discussion addresses the initial assessment of channel stability 
with respect to the existing conditions and the recommended improvements. The 
stability analysis performed includes a qualitative and relative quantitative 
evaluation of potential problems and betterments resulting from proposed 
channel improvements. Representative channel reaches with respect to hydrau- 
lic characteristics wsre designated along Nonconnah Creek. Hydraulic, hydro- 
logic, and geometric data were extracted from the HEC-1 and HEC-2 computer 
models for the 2-year frequency event and several lesser flows including 
ratios of 25, 50, and 75 percent. Average reach parameters were determined 
from actual parameters of the cross sections thru that reach. The total bed- 
material load for each reach for the different events was estimated using 
Toffaleti's Method as included in the Waterways Experiment Station (WES) 
program HOg26, Corps Library for Hydraulic Design. 

Results of Initial Assessment 

The degree and location of channel aggradation and/or degradation and overall 
channel stability were evaluated by comparing the sediment transport for 
existing conditions with that under the proposed plan of improvement. The 
sediment transport capability derived from Toffaleti's Method was computed for 
each reach of channel for the a-year frequency event and several more frequent 
events. These results present a snapshot of deposition and erosion rates and 
were used to estimate relative rates of scour and deposition (i.e. not long 
term volumes). Table 1 presents the results of the analysis. 

Table 1 
HATE OF SCOUR AND DEPOSITION 

Stream Mile 
From To 

(au.1 (mi.) 
0.29 2.35 
2.65 3.14 
3.23 4.32 
4.35 5.54 
5.62 6.86 
6.90 7.63 
7.70 8.09 
8.18 10.35 

10.46 11.44 
11.50 11.94 
12.02 12.46 
12.63 14.37 
14.46 15.53 
15.62 17.25 
17.37 21.01 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 

Existino Conditions 
gQgg Deoosition 

( fthr) (ft/yr) 

0.3-0.6 
1.9-4.5 
0.0-0.6 0.0-1.8 
1.8-2.9 

0.3-0.5 
2.5-5.0 

1.2-3.2 
0.4-1.0 

0.7-1.5 
4.7-9.3 

0.3-0.9 
0.0-0.2 0.0-0.1 
0.3-0.6 
0.2-0.4 

---- ---- 

ImDroved Conditions 
Scour DeDOSitiOn 

(ft/yr) (fthr) 

0.0-1.9 0.0-0.4 
0.0-2.1 0.0-2.1 
0.0-0.2 0.0-0.1 
0.0-1.2 0.0-1.3 
0.1-0.6 
0.0-1.2 0.0-1.2 
0.0-1.2 0.0-0.2 
0.2-0.5 

1.2-1.8 
7.9-12.7 

0.7-1.3 
0.0-0.1 0.0-0.2 
0.3-0.9 
0.3-0.7 

----- ------ 

Based on historic information and field observations, the results in Table 1 
give a good indication of existing conditions. Reaches 13 thru 15 have not 
experienced significant modifications over the past several years. Reach 12 
has oscillatory tendencies; aggrading under certain flow conditions, and 
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degrading under other flow conditions. Reach 11 is a depositional reach and 
has been an active borrow area. Reach 10 is a very dynamic reach with active 
bank caving and erosion. This reach is critical in that commercial develop- 
ment has been allowed to encroach to topbank and Johns Creek, the major tribu- 
tary , enters Nonconnah Creek in this reach and aggravates the problem. In 
August 1987, Reach 10 was extensively modified by a local developer. The 
channel bottom width was approximately doubled and the side slopes improved. 
The developer has implemented some bank stabilization measures. Reach 9 is 
also a depositional reach and has been an active borrow area. Reach 8 shows 
signs of instability through channel widening and bank caving. Reach 7 exhib- 
its depositional tendencies which is substantiated by current dredging opera- 
tions that have gone on for several years. Reaches 3 thru 6 show the same 
scouring and/or depositional tendencies as previously explained. Reaches 1 
and 2 are located in the Mississippi River backwater areas. Results indicate 
headwater scouring; however, these reaches have been relatively stable over 
the past few years. 

The proposed improvements give a relative indication of conditions after the 
project is in place and identified problem areas. Most reaches develop oscil- 
latory tendencies seeking a state of quasi-equilibrium. Historic depositional 
reaches 9 and 11 will continue to follow this trend. Reach 10 shows an in- 
crease in scouring tendency which will require channel and bank stabilization., 
Otherwise, the responses to natural morphological changes would be propagated 
to reaches above and below and cause changes to their respective channel 
characteristics. The proposed improvements also recognize the need for in- 
creased channel stability around bridge structures and in certain bendways. 
Protection will be provided at all facilities as required by accepted crite- 
ria. This protection will also function as grade control of the channel. 
Bendways located between Mile 0.76 and Mile 0.94, Mile 4.77 and Mile 4.90, and 
the outlet channel for Nonconnah Pump Station will also be protected. 

Interpretation of Results of Initial Assessment 

In alluvial streams it is expected that banks will erode, sediment will be 
deposited, and floodplains and tributaries will undergo modification with 
time. The Nonconnah Creek basin in recent years has experienced rapid growth 
which has altered channel characteristics. Channel velocities are high, and 
man’s activities have caused extensive instability. The proposed improvements 
will be constructed along the existing channel alignment. The improvements 
will essentially provide a consistent drainage system to convey future flows 
through the basin. From the initial sediment impact assessment, it was deter- 
mined that impacts to the existing river morphology will consist of accentuat- 
ing the oscillatory tendencies along various reaches of the channel. 

Detailed Analytical Study 

Available Data during Detailed Studies 

Data necessary for conducting the sedimentation study were similar to the 
initial assessment and consisted of three general types: geometric, sediment, 
and hydrologic. This analysis utilized geometric data from the previous study. 

Additional sediment data was taken in April 1988 when 54 sediment samples were 
taken from the channel bed at 27 locations spaced along the 20 mile study 
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area. Two samples were taken in the dry at each location, one from near the 
water's edge and the other from the point bar deposits midway of the channel. 
Grain size distribution curves were developed for the samples. In addition, 
channel borings and associated grain size distribution curves were used to 
define the underlying strata. 

In order to develop a histogram for the detailed sediment model, rainfall - 
runoff simulations were generated using historical rainfall (1964-1987) ob- 
served at the National Weather Service Office at Memphis International Air- 
port. The procedure used involved computation of composite unit hydrographs 
from the lo-year and loo-year flood hydrographs from the HEC-1 models. Daily 
discharges were computed using the observed rainfall applied to the composite 
unit hydrograph. The computation of daily discharge uses the antecedent 
precipitation index method to compute losses. This data was reduced to 
blocked histograms using the Sediment Weighted Histogram Generator (SWHG) 
developed by the Hydrologic Engineering Center, Davis, California. The program 
processes daily discharges into representative discharges and time periods. 
Histograms were computed at four locations for existing and improved condi- 
tions using Total Water Volume as a basis for proportioning tributary inflows. 

General Procedures Adopted for Detailed Study 

The following discussion addresses the analytical approach taken during the 
detailed studies of channel stability with respect to existing conditions and 
the recommended improvements. Following the initial assessment, a sedimenta- 
tion study was performed by Mr. William A. Thomas, Hydraulics Laboratory, 
Waterways Experiment Station (WES) and personnel from Memphis District. The 
results of the study are published in Miscellaneous Paper HL-90-1 entitled 
"Nonconnah Creek Sedimentation Study Analysis Using A Numerical Modeling 
Approach," dated January 1990. These results are summarized in this section 
and serve as a basis for establishing operation and maintenance requirements 
of the project sponsors. The WES computer program, "Sedimentation in Stream 
Networks" (TABS-I) was used to investigate the adequacy of proposed channel 
invert controls by forecasting channel aggradation and degradation over the 
next 10 to 25 years. Nonconnah Creek has been disturbed too severely to 
permit the normal model confirmation. Therefore, the investigation used a 
long term runoff record developed from rainfall, and single event runoff 
hydrographs developed using HEC-1. The objective was to calculate the proba- 
ble aggradation and degradation of the stream bed profile as the creek re- 
sponded to the modeling approach. The model is unconfirmed, and consequently, 
the results do not meet standards associated with a numerical model. There- 
fore, the approach provided a theoretical treatment of the degradationlaggra- 
dation processes along Nonconnah Creek. It also provides a numerical model 
which could be confirmed if adequate field data were available. Finally, the 
approach utilized the fullest extent of present technology to study a project 
which involves mobile bed hydraulics and all the channel bed dynamics associ- 
ated with fluvial processes. 

Evaluation of Inflowing Sediment Load 

No suspended sediment measurements are available, but sands and gravels are 
the predominant sediment sizes on the bed of the existing channel. Therefore, 
sediment transport theory was used to calculate the bed material sediment 
discharge for existing conditions. These calculations require hydraulic 
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parameters plus the gradation of the bed surface. The portion of Nonconnah 
Creek upstream from Winchester Road (Mile 18.10 to Mile 20.98) was selected 
for the transport capacity calculations. The existing conditions geometry and 
n-values formed the geometric model. Four flood discharges were selected, and 
the starting elevations for the water surface profiles were taken from the 
HEC-2 model. TABS-l was used for the calculations. 

Since the bed samples from "mid-bar locations" were the most likely to have 
bean deposited during floods, they were used to describe the bed material for 
sediment transport calculations for the four selected flood discharges. 
Starting with the 2-year flood peak discharge, a zero sediment inflow was 
prescribed for the TABS-l code. The Laursen Transport function as modified by 
Madden in 1985 was used to calculate the total sand and gravel load moving in 
the model and the concentration by size class. The average transport capacity 
was calculated by averaging the 11-cross sectional values from Mile 18.10 to 
Mile 20.98. Those values were then coded as the inflow to the upstream end of 
the model and the calculation repeated for that same water discharge. After 
three iterations, the inflow was in balance with the average transport in that 
reach as shown by a zero trapping efficiency and negligible bed change at each 
cross section. That value was selected; the next water discharge was pre- 
scribed and the procedure started over. 

The sediment inflow from tributaries was assumed to be zero. This was based 
on the fact that no bars were found at the mouths of tributaries, and there 
was noticeable degradation downstream from existing drop structures on Johns 
Creek and Ten Mile Creek. There were no significant deposits within the 
concrete lined tributaries. This supported the assumption that no significant 
sediment load was being introduced by the tributaries. Also this assumption 
resulted in more erosion occurring in the model than would occur in the proto- 
type. 

Results of Detailed Analytical Study 

With respect to predicted bed surface profiles, the existing profile was 
compared to the predicted profile calculated for the end of the 24 year period 
of analysis. A degradational trend is indicated through the study limits. It 
should be noted that the lower two miles are not representative of long term 
trends because of the influence of Mississippi River backwater. For improved 
conditions, it can be shown that the recommended improvements will make the 
Nonconnah Creek channel invert more stable than it would be without the 
project. This improvement is attributed to the localized grade control pro- 
vided by the protective measures included as project features at bridges and 
pipelines. 

Most of the major tributaries that enter Nonconnah Creek have been either 
concrete lined or stabilized with some type of stone protection. A reconnais- 
sance of the major tributaries was made with a representative of the City of 
Memphis to assess the existing condition of each confluence, to discuss the 
proposed improvements along the main stem of Nonconnah Creek, and to agree on 
protection requirements. It was determined that the confluence with Days 
Creek, Mile 6.16, and Ten Mile Creek, Mile 9.46, will be protected as a part 
of the improvement to Nonconnah Creek, but no additional protection will be 
placed at other confluences. 
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Interpretation of Results of Analytical Study 

Although this study predicts a degradational trend with the project in place, 
this study supports the fact that the project will provide a more stable 
channel than will exist without the project. The calculated bed change in the 
approach channel is less than 1 foot. This is attributed to the stone prOteC- 
tion proposed at the bridge crossings for Winchester Road, Hacks Cross Road, 
and Forest Hill-Irene Road. The calculated water surface profiles show no 
appreciable base level lowering in the 3 miles of approach channel to the 
project. Nonconnah Creek empties into McKellar Lake which flows into the 
Mississippi River. Maintenance dredging is required at the mouth of Nonconnah 
Creek. From this study it can be inferred that the proposed project should 
decrease sediment outflow by 28 percent. This is a direct reduction of a 
major sediment source to the lake which should reduce maintenance dredging 
quantities for that portion of the navigation project. Within the limits of 
study, the calculated maximum amount of degradation is about the same with the 
project as without it. However, the average amount of degradation over the 
18.2 mile project length is 1.5 feet with the project and 2.0 feet without the 
project for the 24 year period of analysis. These values show that the 
project will reduce the rate of bed degradation by 25 percent. The average 
amount of aggradation is 0.25 feet without the project and 0.20 feet with the 
project for a reduction of 20 percent. 

There is every indication that degradational and aggradational trends will 
continue past the 24 year projection at no decrease in rates. In other words, 
in 50 years the average depth of degradation is expected to be 3 feet with the 
project and 4 feet without the project. Continued downcutting of the stream 
bed, either with or without the project, will eventually increase bank heights 
to produce instabilities. The project sponsor has been made aware that the 
project will not cause such a condition; however, the proposed design does not 
stabilize Nonconnah Creek to the point of preventing such a condition from 
occurring. 

PROJECT PERFORMANCE AND SAFETY RECOMMENDATIONS 

Existina and Future Stability of Project Features. 

The recommended plan of improvement to be separately implemented by the Corps 
of Engineers includes features for flood control, fish and wildlife enhance- 
ment, and recreation. Flood control is the primary project purpose, and its 
implementation is separate from the two supplemental features. Flood control 
measures include improving the lower la.2 miles of Nonconnah Creek, of which 
10.5 miles will be channel clearing and snagging only, and the remaining 7.7 
miles will be channel enlargement. This improvement will provide a loo-year 
frequency level of flood protection. 

The stream bed profile is generally degrading as evidenced by gabions, and 
other types of grade stabilization at several bridges. However, the banks 
appear remarkably stable to be so high and steep. There is evidence of bank 
failure downstream of Getwell Road where banks are wet from seepage. Else- 
where, point bars have developed indicating the reestablishment of meander 
patterns in the straight channel alignment. The sedimentation study has shown 
that the project will make the Nonconnah Creek channel invert more stable than 
it would be without the project under both existing and future hydrologic 
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conditions described above. The calculated maximum amount of degradation is 
about the same with the project as without the project. However, the average 
amount of degradation over the 18.2 mile project length is 1.5 feet with the 
project and 2.0 feet without the project for the 24-year period used in the 
analysis. Continued downcutting of the stream bed, either with or without the 
project, will eventually increase bank heights to the point of failure. 

CONCLUSIONS 

The sedimentation studies define the damage potential and potential hazard to 
life, and provide essential information for local sponsors to assess the 
functionality of the project. The requirements of RR 1110-2-1405 have been 
met and guidance provided in the EN 1110-2-4000 have been utilized in develop- 
ing the study methodology and procedure. The initial assessment was accurate 
with respect to relative trends, but was not detailed enough to fully define 
long term performance and reliability. The more detailed analytical analysis 
was considered necessary for use in establishing recommendations and/or re- 
quirements of project sponsors. Even though adequate field data could not be 
obtained to confirm the numerical model to normal standards, the study com- 
bined engineering judgment with a theoretical treatment of the degra- 
dationlaggradation processes along Nonconnah Creek. It utilized the fullest 
extent of present mobile boundary technology to study a project in which 
mobile bed hydraulics, and the channel bed dynamics associated with the fluvi- 
al processes, are expected to be highly significant during the life of the 
project. 

The model results provided the basis for establishing guidelines for operation 
and maintenance of the project which were furnished to the project sponsor. 
Provisions of the proposed operation and maintenance agreements include: 
1. A moratorium on mining until the monitoring program can establish a base- 
line condition from which future activities can be regulated. 
2. Periodic inspections of the channel and appurtenant works made by the 
local sponsor or his representative prior to the beginning of the flood season 
and immediately following each major highwater period. 
3. Preparation and submission of reports regarding the condition of the flood 
control project. 
4. The establishment of an effective monitoring program. This program should 
include the establishment of permanent ranges along Nonconnah Creek at approx- 
imately ten key locations for making periodic surveys of channel cross-sec- 
tions. This should allow comparisons of cross-sections over time to monitor 
scour and deposition, thalweg fluctuations, and changes in rating curves. 
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CHANNEL RESPONSE IN CLAY SOILS TO DOWNSTREAM MODIFICATIONS 

by Walter M. Linder, Chief, Hydrologic Engineering Branch, 
U.S. Army Corps of Engineers, Kansas City, Missouri 

ABSTRACT 

A number of streams in the Kansas City District have experienced severe degra- 
dation in the form of channel deepening and widening as a result of downstream 
channel modifications. This has resulted in loss of agricultural lands and 
damage to public utilities and transportation facilities. Channel straighten- 
ing and enlargement for purposes of flood control have been the primary 
causes. Degradation has occurred in clay soils that normally would be con- 
sidered relatively erosion resistant. This paper describes changes that have 
occurred on several streams, causes of the degradation, predictions of future 
degradation and actions taken or proposed to prevent channel deterioration. 

INTRODUCTION 

It is a well known principle of geomorphology that lowering the water surface 
or increasing the flow velocity by channel modifications can have adverse 
consequences both upstream and downstream. This principle is frequently over- 
looked or disregarded. A common error is to assume that degradation will be 
minimal if the soils in the bed and banks of the stream are predominantly 
clays. In reality, the clay soils only modify the rate and type of erosion. 
Degradation in clay soils may be somewhat slower, but it frequently creates a 
deep channel that continually widens due to bank instability and failure as 
the channel becomes deeper. 

SOLDIER CREEK 

Physical Characteristics 

Soldier Creek, a left bank tributary of the Kansas River, drains 330 square 
miles of dissected till plains in northeastern Kansas. The stream enters the 
Kansas River valley in the vicinity of Topeka, Kansas and flows along the left 
or north edge of the valley for approximately 8 miles before entering the 
Kansas River. Silver Lake Ditch, a major right bank tributary, joins Soldier 
Creek near its entrance on the Kansas River valley. A second large tributary, 
Little Soldier Creek, enters from the left bank approximately 3 miles upstream 
of Silver Lake Ditch. 

The upper 30 feet (ft.) of the Soldier Creek valley alluvium consists of lean 
to fat clays with a predominance of fat clays. Up to 30 ft. of silty sands 
and gravels underlie the clays. The average depth to the underlying sands in 
the Kansas River valley is somewhat less and averages 25 ft. The underlying 
bedrock consists of clay shales, siltstones, sandstone and limestone. 

History 

Numerous channel modifications for purposes of flood control were made in the 
lower reaches of Soldier Creek. Sometime prior to 1933 the length of the 
channel was shortened by approximately one-third in the 5-mile reach down- 
stream of its entrance on the Kansas River flood plain. This same reach of 
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channel was shortened to about 60 percent of its original length by 1950. 
Cross section surveys in 1933 and 1958 indicate this channel straightening did 
not cause significant channel changes. 

The Corps of Engineers constructed the Soldier Creek Diversion Unit between 
1957 and 1961 as part of the Topeka, Kansas, flood control project. This work 
consisted of additional channel straightening, channel enlargement and con- 
struction of levees along the lower 10 miles of the stream. The straightening 
further reduced the length of the lower Soldier Creek channel to about 50 
percent of its pre 3933 length. The junction with the Kansas River was also 
relocated farther downstream on the Kansas River. However, this did not 
result in any significant change in channel length. The modified bed slope 
was 0.00026 (1.37 ft./mi.) for the downstream first mile and flattened to 
0.00003 (0.16 ft./mi.) for the next 3 miles. The slope was steepened to 0.001 
(5.28 ft./mi.) for the next 3 miles. Bed slopes for the remaining 2.5 miles 
of the project varied from 0.0006 (3.17 ft./mi.) to a maximum of 0.001. The 
enlargement consisted of a loo-foot bottom width channel with 1V on 2H side 
slopes from the Kansas River upstream to Silver Lake Ditch. At Silver Lake 
Ditch the bottom width was narrowed to 40 ft. for the remaining 2 miles. 
Depth of the modified channel below natural ground varied from 20 to 28 ft. 
Continuous rock slope protection was provided on both sides of the modified 
channel for the lower 4.5 miles. Slope protection in the upstream portion was 
provided only at bridges and adjacent to tributary mouths. The design 
discharge was 50,000 cubic feet per second (c.f.s.1. This provided 200-year 
flood protection for over 5,000 acres of agricultural, commercial and 
residential lands. 

Channel deepening and widening started within a few years after completion of 
construction. Surveys in 1969 and 1972 showed the bottom had lowered 4 ft. 
just downstream of Silver Lake Ditch and 4 to 6 ft. near the upstream end of 
the project. Very little widening occurred in the loo-foot bottom width 
channel below Silver Lake Ditch. Upstream of Silver Lake Ditch the bottom 
width increased from 40 to between 50 and 70 ft. Degradation extended over 
4 miles upstream of the project by 1984. 

The Union Pacific Railroad parallels the right edge of the lower Big Soldier 
Creek valley for a distance of about 5 miles. The tracks then follow the 
center of the valley and cross the channel twice before leaving the valley 
about 3 miles farther upstream. Within this 8 mile reach the channel is 
adjacent to the railroad at six locations. At four of these locations channel 
degradation seriously threatens the stability of the road bed. The tracks 
also cross several small tributaries where degradation threatens the stability 
of the tributary bridges. The railroad has attempted to stabilize the channel 
slopes adjacent to the tracks with large rock and timber piling. However, 
these efforts have not been entirely successful. 

Construction of a multipurpose dam was proposed at a location just below the 
confluence of Soldier and Little Soldier Creek. This dam may have reduced 
or eliminated degradation problems on Soldier Creek. However, the project did 
not receive the required local support and it was deauthorized by the 1986 
Water Resources Development Act. 

The project sponsor has expended considerable effort in attempting to control 
degradation. This has consisted of repairing slide areas, placing heavy rock 
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and rubble toes at the base of unstable side slopes, and constructing several 
rock and rubble grade control structures under bridges and at other critical 
locations. These efforts have been quite successful in preventing degradation 
from becoming totally out of control. 

Degradation Study 

Because of concerns expressed by the project sponsor and the Union Pacific 
Railroad, a study was initiated to determine if there might be a feasible 
solution to controlling the degradation. The reach considered in the study 
extended approximately 16 miles upstream from just below the junction of 
Soldier Creek with the Kansas River valley. The study was essentially con- 
fined to the Big Soldier Creek channel since there was only a limited amount 
of data available for Little Soldier Creek. 

Bed or low water profiles plotted from cross section data showed 10 or more 
feet of degradation by 1984 in the first 6 miles upstream of Silver Lake 
Ditch. Substantial degradation extended farther upstream, but the actual 
extent was unknown because of lack of historic data. It appeared some degra- 
dation extended to the upstream railroad crossing, more than 5 miles above the 
upstream end of channel modifications. 

Several sets of cross section survey data were available for comparison at 
three locations between Silver Lake Ditch and the upstream end of the channel 
modification. These included two surveys prior to construction of the channel 
modification and two surveys after construction. A 1933 survey indicated top 
widths averaging 110 ft. with bottom widths of 10 to 15 ft. Surveys prior to 
construction of the project indicated only minor changes occurred between 1933 
and 1958. Surveys in 1969 indicated significant enlargement of the channel. 
Bottom widths had increased from 40 ft. to between 65 and 70 ft. and top 
widths from 140 to about 180 ft. 

Channel top and bottom widths were plotted against depth using cross section 
data spanning a period of years prior to and after construction. These plots 
showed a reasonably consistent relationship between the parameters. An eye 
fit upper envelope curve’was defined and used to predict probable future 
channel dimensions with continued degradation. 

The plasticity index versus liquid limit was plotted using data from previous 
soil borings obtained near the channel. Comparison of the plotted points with 
trends of erosion characteristics for fine grained cohesive soils, presented 
by Gibbs in a U.S. Bureau of Reclamation report, indicated the soils in the 
bed and banks of Soldier Creek should be quite resistant to erosion. However, 
the data also indicated expansive characteristics of the soil. This indicates 
that during low-flow periods the soils in the banks shrink and crack with 
drying, allowing removal of surface soils during the next high flow event. 
The side slopes also become unstable and slump with continued deepening 
providing more material for removal by high flows. 

Future Conditions 

A tractive force approach was tried in an attempt to determine if a future 
stable channel dimension and slope could be achieved. Tractive force versus 
discharge relationships were developed for three typical channel cross sec- 
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tions using depths and velocities derived from water surface profile compu- 
tations with and without grade control structures. The results gave a wide 
range of permissible forces indicating either a stable channel condition could 
not be obtained or the channel was already stable. Since this approach was 
inconclusive, no further attempt was made to use a tractive force method. 

A number of channel controls in the form of rock and rubble sills and valley 
wall contacts occur within the study reach. Field reconnaissance verified the 
stream either flows over a rock outcrop or there are extensive rock and gravel 
bars over a significant length of the channel at each of the valley wall 
contacts. These controls will exert a significant influence on future channel 
changes. In long reaches without controls, the channel can be expected to 
continue to degrade in an attempt to achieve a more stable condition. Some 
additional deepening will occur at locations of rock outcrops because of the 
poor quality of the rock. The channel may also continue to widen in these 
areas as one bank is generally,,free to continue eroding. 

A future bed profile was estimated considering existing bed controls, bed 
gradients prior to degradation, and channel characteristics within reaches 
between controls. Future channel dimensions were estimated using depths 
determined from the future bed profile and the relationships developed between 
channel depth and channel top and bottom widths. An estimate of future land 
loss was developed by multiplying the average increase in top width by the 
length of the study reach and converting the resulting area to acres. These 
estimates indicated that 5 to 10 feet of additional degradation could 
ultimately extend from the upstream end of the modified channel to the 
upstream end of the study reach. This would result in nearly 200 additional 
acres of land loss, failure of the railroad grade at several locations, and 
severe damage to county roads, bridges and culverts at numerous locations 
either on the main or tributary channels. 

Potential Solutions 

Solutions proposed for stabilizing the existing channel and preventing 
additional upstream degradation consist of grade control structures and bank 
protection. Two grade control structures are being considered, one located 
just below the junction of Big and Little Soldier Creeks and the other just 
below the downstream-most railroad crossing of Soldier Creek. The structure 
below the junction of Big and Little Soldier Creeks would stabilize the chan- 
nel through three county road bridges and the location of the most severe area 
of instability adjacent to the railroad. The upstream structure would prevent 
degradation from extending farther upstream. The structures would be the 
baffled chute type because of their ability to function effectively with 
additional downstream degradation. Rock revetments would be used to stabilize 
areas where the degradation is threatening the railroad and county roads and 
bridges. Implementation of these proposals will depend upon the results of 
further studies and cost sharing by a local sponsor. 

SHOAL CREEK 

History 

Shoal Creek, a right bank tributary of the Chariton River, drains 178 square 
miles of agricultural land in south central Iowa and northern Missouri. It 
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presently joins the Chariton River a few miles south of the Iowa-Missouri 
border. It previously followed a former channel of the Chariton River approx- 
imately 5 miles before joining the Chariton River which was straightened many 
years ago by local drainage districts. 

The 1965 Flood Control Act authorized the Corps of Engineers to enlarge and 
straighten the lower 2 miles of Shoal Creek to an alignment directly to the 
Chariton River. Design studies in 1966 and 1967 proposed a 20 ft. bottom 
width channel with 1V on 3H side slopes. The proposed bed grade was 0.0004 
(2.11 ft./mi.) for the upstream 2,300 feet and then steepened to 0.0014 (7.25 
ft./mile) for the remaining 9,000 feet to the Chariton River. This bed grade 
would have entered the Chariton River about 2 ft. above the flow line of that 
stream. Five soil borings were obtained along the proposed alignment. One 
boring indicated highly erodible silts, one lean clay, and the remaining three 
were heavy or fat clays. Since the proposed slope was quite steep, 
constructing a pilot channel and letting the channel further enlarge by 
erosion was considered. However, it was concluded the soils were too erosion 
resistant for a pilot channel to be effective. 

Environmental concerns related to maintaining low flows in the former Chariton 
River channel resulted in major changes to the final design. The project as 
built consisted of a 30-foot bottom width channel with 1V on 2H side slopes 
for the upstream 8,000 ft. The depth of this portion averaged about 12 ft. A 
high flow cutoff extended another 3,900 feet directly to the Chariton River. 
This high flow cutoff had a 60-foot bottom width with 1V on 2H side slopes. 
Depth below adjacent low spoil bank levees was about 10 ft. The entrance to 
the high flow cutoff was 5.5 ft. above the upstream flow line. At its down- 
stream end the invert was 10.5 ft. above the flow line of the Chariton River. 
A large structural plate pipe was placed in the right bank just upstream of 
the high flow cutoff and a small channel excavated to the former Chariton 
River channel. The higher bed elevation of the cutoff channel was intended to 
divert low flows through the pipe into the former channel of the Chariton 
River. Flows in excess of the pipe capacity would pass down the high flow 
cutoff into the Chariton River. A sheet piling and rock grade control struc- 
ture was proposed near the upstream end of the high flow cutoff. This was 
modified to a lo-foot wide, 3-foot thick layer of rock across the channel with 
the top of the rock flush with the channel bottom. A 2-foot thick layer 
extended up the side slopes. The design discharge was 3,500 c.f.s., slightly 
greater than the estimated average annual discharge. The project provided 
flood protection for 4,200 acres of farmland, most of ijhich was located in the 
Chariton River flood plain. Construction started in the spring of 1974 and 
was completed in the fall of 1975. 

Severe erosion of the high flow cutoff started in May 1975 before construction 
was complete. Erosion started at the Chariton River as a 6 to ‘I-foot high 
head cut and by July had proceeded 1,600 feet upstream. During one period, 
500 ft. of head cutting occurred in 16 days. In less than 2 years the headcut 
progressed completely through the high flow channel. Surveys in November 1980 
showed 8 to 10 ft. of degradation had occurred in the high flow channel, with 
4 to 5 ft. of degradation extending to the upstream end of the project. The 
top and bottom widths of the high flow channel had increased by about 10 ft. 
Upstream of the high flow cutoff, channel widths had increased about 25 ft. 
Erosion undermined the low flow diversion pipe to the extent that the upstream 
portion of the pipe collapsed into the channel. Severe head cutting also 
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extended up the ditches at the highway crossing the upstream end of the 
project. Recent inspections indicate the channel below the highway bridge may 
be stabilizing, as vegetation is developing on the lower channel side slopes. 
However, active erosion extends nearly one-half mile upstream of the project. 

Causes of Erosion 

Numerous reasons were given for the rapid erosion. The area where the high 
flow channel was located was swampy and the soils had a high initial moisture 
content. One opinion was that drying of the soils was accompanied by con- 
siderable shrinkage and cracking. This allowed the flow to pluck out and 
erode dry clay blocks rather than remove individual soil particles from a 
homogeneous mass. This may account for the manner in which the head cutting 
occurred. However, the basic cause was the 10.5-foot of vertical drop in bed 
grade into the Chariton River at the downstream end of the high flow channel. 
Construction of an adequate grade control structure at this location would 
have prevented the head cutting and the project would have functioned as 
intended. However, the cost of an adequate structure may have made the 
project economically infeasible. The Missouri Department of Natural Resources 
has expressed concerns over the project‘s failure to maintain flows in the 
former channel. Unfortunately there is no longer a practical or economical 
way to accomplish this. The project presently provides a far greater degree 
of flood control than originally intended, and at the present time there are 
no plans for corrective action. 

LITTLE BLUE RIVER 

Description 

The Little Blue River, a right bank tributary of the Missouri River, drains 
224 square miles of rolling terrain at the eastern edge of the Kansas City 
metropolitan area. The lower 7 miles of the stream are confined by the Mis- 
souri River bluffs on the right bank and by part of the Missouri River levees 
system on the left bank. The stream follows an ancient channel of the Mis- 
souri River for the next 6 miles upstream. The valley soils are predominately 
clays which extend to the underlying bedrock, except in the area where the 
stream follows the former Missouri River channel. In that area, the surface 
soils are underlain by sand at a depth of 16 to 28 ft. In the downstream half 
of this 6 mile reach the lower portion of the channel is located in the under- 
lying sand. 

Channel Modification 

Between 1975 and 1981 a 20-mile reach of the stream, starting from the Mis- 
souri River tieback levee, was modified to provide flood control for the 
Little Blue valley. The project was designed to contain the loo-year flood in 
conjunction with two upstream multipurpose lakes. The design discharge varied 
from 18,000 c.f.s. at the downstream end to 11,200 c.f.s. at the upstream end. 
The modified channel was also designed to minimize adverse environmental 
impacts. This was accomplished by the use of a composite channel shape con- 
sisting of a low flow channel with high flow berms 5 feet above the low flow 
channel bottom. The project sponsor has provided additional environmental 
enhancement by purchasing and maintaining a green belt or parkway along both 
sides of the modified channel for its entire length. Wherever possible, one 
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bank was left undisturbed by limiting excavation for the high flow berm to 
only one side of the existing channel. Excavation of the high flow berm was 
also switched to alternate sides. High flow channels, also 5 ft. above the 
low flow invert, were cut across existing channel loops. Sheet pile and rock 
control sills were used at the downstream ends of the high flow cutoffs to 
maintain normal flows in the natural channel and to prevent heady cutting 
through the high flow channel. Excavated low flow channel bottom widths 
varied from 30 ft. at the downstream end to 10 ft.~ at the upstream end. Side 
slopes of the low flow channel were 1V on 2H. The high flow berms varied in 
width from 10 to 40 ft. where excavated on each side of the low flow channel 
and from 25 to about 80 ft. where excavated on one side only. Xigh flow 
channel cutoffs had bottom widths varying from 50 to 80 ft. Side slopes of 
the high flow cutoffs and berms were 1V on 3.5I-l. The slope of the high flow 
channel varied between 0.00046 and 0.0007 (2.45 and 3.7 ft./mi.). The high 
flow cutoffs and the.elimination of a limited number of meander loops reduced 
the travel distance for high flows about 30 percent or from 20.4 to 14.4 
miles. 

Six sheet pile and rock grade control structures were constructed in the low 
flow channel in the lower 4 miles of the project to prevent degradation in the 
area where the channel extended into the underlying sand. Each structure 
provided a 2 foot drop in the channel flow line. Several structures also 
served to protect existing pipelines that crossed under the stream. Rock 
riprap was used on one or both side slopes of the low flow channel in the same 
reach. In areas where the sand was above the level of the high flow berm, the 
side slopes were protected with riprap, and the sand on the horizontal portion 
of the berm was covered with several feet of compacted clay. Riprap was also 
used on the side slopes of both the high and low flow channels through 
bridges. 

A reinforced concrete grade control structure was built at the upstream end of 
the modified channel to prevent upstream channel degradation. The structure 
consists of a 61-foot wide v,ertical weir with the crest 9 ft. above the up- 
stream channel flow line. A 61-foot long stilling basin downstream of the 
weir with a floor elevation 2.75 ft. below the upstream flow line and a 2.75- 
foot high end sill provides for energy dissipation. The upstream head walls 
are 29.25 ft. above the stilling basin floor and several feet above the adja- 
cent left overbank. The right head wall ties into the valley wall and a low 
berm extends ‘from the left head wall several hundred feet laterally across the 
left overbank. Flows that exceed the design capacity of the structure can by- 
pass around the left overbank and return to the downstream channel some dis- 
tance below the structure. This prevents the structure from being damaged by 
flows overtopping the headwalls and washing out the backfill adjacent to the 
basin sidewalls. A short section of expanded channel was constructed down- 
stream of the stilling basin and the side slopes adjacent to and for 200 ft. 
downstream were protected with heavy rock riprap. Ponding of water in the 
upstream channel is prevented by a 4-foot wide slot that extends from the 
center of the weir crest down to the flow line of the upstream channel. 

Project Performance 

The project has experienced several flows that approached and greatly exceed 
the design discharge. Prior to completion of the channel modification, heavy 
rains in the Kansas City area in September 1977 resulted in a discharge of 
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17,000 c.f.s. at the downstream end of the channel modification. This was 
only 1,000 c.f.s. less than the loo-year design discharge. In August 1982, 
after completion of the channel modification and prior to completion of the 
dams, the lower end of the project experienced a discharge of 42,300 c.f.s., 
nearly 10,000 c.f.s. greater than a 500-year discharge of 31,500 c.f.s. 
Damage to the project in both events was limited to minor erosion of the high 
flow berms and a few areas of bank erosion. 

The grade control structure at the upstream end of the channel modification 
has performed its intended function extremely well. There has been no degra- 
dation of the upstream channel, and the slot in the weir crest has prevented 
the formation of sediment deposits upstream of the structure. The high flows 
in 1982 nearly overtopped the structure headwalls, and a minor amount of flow 
bypassed around the berm on the left overbank. However, there was no erosion 
where overbank flows returned to the downstream channel. 

The project sponsor failed to adequately maintain the project for several 
years in the mid 1980s. For a period of about 3 years the high flow berms and 
high flow cutoff channels were not mowed. This resulted in extensive growth 
of vegetation and a significant amount of sediment deposition in some areas. 
This has caused some loss of project capacity. Failure to remove accumulated 
drift and debris in the natural channel meanders resulted in sediment deposits 
that blocked the entrances to several meanders. At these locations the low 
flow follows the high flow cutoffs. The structures at the downstream ends of 
the high flow cutoffs have prevented head cutting through the cutoffs. Some 
erosion and enlargement of the low flow channel has occurred. However, this 
has not been serious enough to be of concern. In general it can be concluded 
that the project has performed very well in providing flood control and mini- 
mizing adverse environmental impacts. 

CONCLUSIONS 

Whenever channel modifications are proposed, the designer must consider the 
potential for upstream degradation. Even though the soils are relatively 
erosion resistant, the ultimate consequences can be as severe as in the case 
of more erodible soils. The use of a composite channel shape with high flow 
berms and cutoffs can minimize adverse environmental impacts and channel 
instability within the modified reach. Care should be taken that the high 
flow berms are not so low that they are frequently inundated and thus become 
so wet that they are difficult to maintain. Grade control can prevent 
degradation within and upstream of channel modifications. 
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NAPA RIVER SEDIMENT STUDIES WORK PIAN 

By C.G. Wolff, MR. Peterson, Hydraulic Engineers, Water Engineering and Technology, Inc. Fort CoIlinS, CO, 
and M. Deering, Hydraulic Engineer, U.S. Army Corps of Engineers, Sacramento District, Sacramento, CA 

ABSTRACT 

The Napa River Flood Control Project that extends from Edgerley Island (RM 6) to Trancas Road bridge (RM 
17.3) is designed to provide 100-year flood protection, Frequent flooding in the past has caused severe 
damage to both agricultural and urban developments. A Sediment Studies Work Plan (SSWP) was 
developed to address: 1) the impact of sediment on project petformance, and 2) the impact of the project 
on the behavior of the stream system and the limits of the project’s influence on the morphology of the 
stream system. 

Under pre-project conditions, the channel within the project reach shows no signs of accelerated erosion 
even though the channel has been subjected to: 1) dredging and bend cutoffs as a result of the 
implementation of a navigation channel in 1950, and 2) sand and gravel mining. The lack of adverse channel 
response can be attributed to the erosion resistance of the channel perimeter sediments. The historical need 
for maintenance dredging of the navigation channel shows that significant aggradation problems exist in the 
lower end of the project reach, which is tidally influenced. The problems are the result of upstream channel 
degradation and high watershed sediment yield. The cause of upstream channel degradation is unknown 
but could be due to a combination of downstream channel dredging, channel maintenance activities, and 
land use changes in the watershed. The development of hillside vineyards has increased watershed 
sediment yield significantly. 

Under project conditions, cutoff of the channel bendway between RM 14.7 and RM 15.6 will increase the 
potential for degradation in the channel upstream of the cutoff, resulting in a significant increase in the 
aggradation problem downstream of the cutoff. A bed stabilization structure located upstream of the 
proposed cutoff would limit degradation in the upstream portion of the project reach and mitigate project 
impacts upstream of the project limits. 

INTRODUCTION 

Napa River, located in Napa County, California (Fig. l), has a long history of flooding that has resulted in 
severe damage to agricultural and urban developments. The Napa River Flood Control Project, as described 
in the 1975 General Design Memorandum (GDM) (COE, 1975) is designed to provide loo-year flood 
protection in the study reach (RM 6 to RM 17.3) (Fig. 2). The current plan as proposed by the Corps Of 
Engineers includes channel improvements from John F. Kennedy Memorial Park (RM 11.8) to the Trancas 
Road bridge (RM 17.3). The improvements will consist of channel excavation and setback levees and 
floodwalls from the downstream end (RM 11.6) to the confluence with Napa Creek (RM 14.7). The bendway 
between RM 14.7 and RM 15.6 will be cut off. Upstream of the proposed cutoff (RM 15.6) levees and 
floodwalls will be constructed as needed to protect developments on the west side of the river. Although 
not a part of the original flood control project as described in the 1975 GDM, channel improvements are 
proposed for Napa Creek extending from Jefferson Street to the confluence with Napa River (Fig. 3). 
Channel improvements on Napa Creek will consist of channel excavation, bridge removal and construction 
of a box culvert bypass channel. 

A Sediment Studies Work Plan (SSWP) was developed to address: 1) the impact of sediment on project 
performance, and 2) the impact of the project on the behavior of the stream system and the limits of the 
project’s influence on the morphology of the stream system. The study was divided into three phases: 1) 
field data collection and geomorphic analysis of the pre-project channel conditions, 2) sediment transport 
analysis of pre-project conditions and development of stable channel design criteria, and 3) sediment 
transport analysis and evaluation of the proposed project design wlth development of design changes 
based on project performance. The work was performed by Water Engineering &Technology, Inc. under 
contract to the U.S. Army Corps of Engineers, Sacramento District. 
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Figure 1. General location map for Napa River Flood Control Project. 
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Figure 2. Location map for study reach of Napa River, RM 6 to RM 17.3. 
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Figure 3. Project reach of Napa Creek showing location of bypass channel. 

GEOMORPHIC ANALYSIS 

Napa River has been subjected to a number of perturbations that include dredging of a navigation channel, 
bend cutoff, sand and gravel mining, channel maintenance excavation and significant changes in land use 
in the watershed. A navigation channel originally was dredged in 1950 and was followed by maintenance 
dredging in 19621963, 1961-1982 and 1968. The upstream limit of the dredging was RM 14.7. Aerial 
photographs taken in 1968 show that durfng that time, sand and gravel were removed from Napa River and 
channel maintenance work that included clearing and snagging of the channel was conducted. Accelerated 
development of the watershed for grape production has resulted in the use of steeper valley margin lands 
that have the potential to significantly increase the sediment yield from the watershed. Conservative 
estimates suggest that development of the hillside vineyards could increase the sediment delivery from these 
areas to about 59,000 tons/year. Increased sediment delivery from the watershed could increase the need 
for maintenance dredging both to permit navigation and to maintain flood protection, 

Field evidence that includes the presence of: 1) strath terraces, 2) knickzones in the bed of the channel, 
and 3) exposed bridge footings indicates that Napa River upstream of Oak Knoll bridge is degrading. Field 
evidence also indicates that some degradation has progressed upstream as far as Zinfandel Avenue bridge 
(RM 34). Total amounts of recent channel incision range from 4.5 feet to 6 feet. The presence of several 
knickaones in the channel bed between Oak Knoll Avenue bridge and Zinfandel Avenue bridge suggests that 
the degradation has been punctuated, and may not be attributed to any single event. Because active 
channel maintenance practices at numerous locations along Napa River were observed in the 1968 aerial 
photographs, several small pulses of degradation likely were activated at that time. The cause of the 
degradation could be channel dredging, sand and gravel mining, channel maintenance, tectonic uplift of the 
valley, or a combination of all possible factors. 

Degradation generally predisposes channels to bank failure and channel widening (Schumm et al., 1984; 
Harvey and Watson, 1986; Harvey and Schumm, 1987). However, field observation of Napa River indicates 
that bank erosion is not a serious problem in the study reach. The lack of bank erosion is probably due to 
the resistance of the bank materials. Bay and marsh sediments, cohesive fan margin sediments and 
cemented fanglomerates form the lower channel banks and provide considerable stability to the banks. In 
the multi-channded reach of Napa River upstream of the project reach (RM 21.5 to RM 23) cohesive bank 
materials are locally absent, which could provide a significant source of sediment for continued degradation 
in this area. Base level lowering of Milliken Creek, the result of Napa River degradation, appears to have 
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accelerated bank erosion along the lower reaches of Milliken Creek as evidenced by the large tributary 
mouth bar at the confluence. Soda Creek, Dry Creek and Conn Creek have incised in response to base 
level lowering. 

The presence of a tributary mouth bar at the confluence of Napa Creek and Napa River indicates that 
significant quantities of sediment are being transported by Napa Creek. The size of the sediment in the 
tributary bar (d 50 = 3.9 mm) appears smaller than that found in the majority of the bed, which appears to 
be well-armored. The channd banks of Napa Creek in the project area are almost completely protected. 

SEDIMENT TRANSPORT ANALYSIS OF PRE-PROJECT CONDITIONS 

An erosion and sedimentation analysis of pre-project conditions was performed to establish the baseline 
aggradation/degradation trends in the area. The analysis was performed using a sediment continuity model 
based on joint application of the Meyer-Peter, Mueller (MPM) bed load and Einstein suspended load 
equations. Armoring calculations were used to establish the limit of degradation potential. Sediment 
transport in the project reach of Napa River is complicated by tidal backwater, which results in the deposition 
of fine material (wash load) derived from upstream sources. A separate analysis of fine sediment deposition 
was performed to supplement the bed material sediment continuity analysis. 

The bed material sediment continuity analysis on Napa River showed that aggradation downstream of RM 
14.7 is the most significant problem in the project reach. The average annual bed material aggradation 
volume computed for the reach downstream of RM 14.7, the reach with historical maintenance dredging 
was 16,660 cubic yards. The aggradation problem is due largely to the effect of tidal backwater. The project 
reach upstream of RM 14.7 was shown to be near equilibrium. 

To address the deposition of fines not considered in the bed material sediment continuity analysis a relatively 
simple model was developed based on an algorithm used in the HEC-6 model (COE, 1977). The algorithm 
determines deposition above a critical shear stress as an exponential decay function of stream velocity and 
fall velocity of the sediment. The model was calibrated to historical dredge volumes using the fact that 
approximately half of the material dredged from the project reach is composed of fines. Due to the 
complexity of fine sediment deposition processes and the fact that the model was calibrated to only one data 
point (the historical dredge volumes), the use of this model as a predictive tool under project conditions is 
limited to the determination of direction of change from existing conditions. 

The sediment continuity analysis of Napa Creek showed that flooding conditions on Napa River have a 
signifkcant effect on the computed aggradation/degradation trends downstream of Peari Street. Under low 
flooding conditions on Napa River, this section of the project reach showed a significant degradation 
potential. Under high flooding conditions on Napa River, this same section showed a significant aggradation 
potential. Napa Creek upstream of Pearl Street is little affected by flooding conditions on Napa River. This 
section was shown to be slightly degradational to slightlyaggradational depending on flow conditions. Field 
evidence indicates that the bed of Napa Creek in the project is well-armored against degradation. It thus 
appears that sediment being transported in the project reach is derived from upstream sources with little 
deposition or scour of the channel bed. 

Stable Channel Desian Criteria 

A large portion of the project area is influenced by tides and the transported sediment contains a large bed 
material load component, making regime equations inappropriate for use in designing the proposed flood 
control channels on Napa River and Napa Creek. The designs should be based on goals of maintaining 
sediment transport equilibrium and ensuring that the channel banks are resistant to erosion. Because 
aggradation appears to be the biggest potential problem in the project reach of Napa River, either the 
transport rate needs to be increased or the upstream supply reduced. Tidal influence and the goals of the 
flood control project may make significant increases in transport capacity impractical. Upstream sediment 
supply can be reduced by controlling upstream channel degradation and watershed sediment supply. Since 
the project reach of Napa Creek appears to be relatively stable under project conditions, a major goal of 
the flood control channel design should be to maintain the existing sediment transport equilibrium. Since 
an armored channel bed appears to contribute to the reach stability on Napa Creek, the construction 
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process should minimize disturbances to the channel bed. If this is not possible, it may be necessary to use 
bad stabllization structures to maintain bed stability. Assurlng bank stability under project condltlons entalls 
analyzing the erosion resistance of the channel bank sediments and provldlng bank protection measures 
where the natural bank sediments are erodible. 

SEDIMENT TRANSPORT ANALYSIS OF PROJECT CONDITIONS 

The bed material sediment continuity analysis of Napa River under project conditions showed that 
degradation potential upstream of the proposed cutoff is the most significant problem associated with the 
proposed flood control plan, Maximum computed degradation depths for this area were equal to 1.3 feet 
for major storms and 0.7 feet for average annual conditions. The degradation potential upstream of the 
proposed cutoff results in a significant aggradation potential in the cutoff and bendway. Maximum 
aggradation computed in this area was equal to 3.1 feet for major storms and 2.1 feet for average annual 
conditions. Downstream of the proposed cutoff, relatively small aggradation/degradation potential was 
computed. 

The average annual bed material aggradation volume computed for the project reach of Napa River 
downstream of Third Street (the area of historical dredging activities) was computed as 8,300 cubic yards. 
This volume is signticantly less than the value of 16,600 cubic yards computed for existing conditions. The 
computed volume for project conditions does not consider the significant aggradation potential computed 
for the cutoff and bendway. When the aggradation potential in these areas is included, the total volume is 
equal to 48,000 cubic yards, much greater than that for existing conditions. This result illustrates the need 
to control degradation in the project reach upstream of the cutoff. Armoring calculations showed that 
armoring does not appear to limit computed degradation for any case analyzed because the computed 
degradation depths were less than the computed armor depths. 

Using the simple model of the fine sediment settling process calibrated for pre-project conditions, the settling 
volume for project conditions was computed as 13,900 cubic yards per year. This is approximately 30 
percent less than the 19,990 cubic yards per year computed under pre-project conditions, indicating a 
decrease in deposltion problems under project conditions. The results should be used only to indicate a 
direction of change under project conditions since the fine sediment model is a simple conceptualization 
of the actual physical processes and has been calibrated to only one data point. 

The sediment continuity analysis of Napa Creek under project conditions showed a similar trend as pre- 
project conditions, with the lower portion of the study reach being affected by flooding conditions on Napa 
River. Assuming that the armored nature of the existing channel bed will be maintained or the bed stabilized, 
the analysis was repeated by not allowing the channel bed to degrade. This analysis showed that the 
project reach of Napa Creek will be in equilibrium under these conditions. 

The bed material sediment transport analyses presented in this report assume that the project will not have 
Upstream impacts that would change sediment supply to the project area. It was shown that the only area 
wkh a significant potential for upstream impacts is the upstream end of the project reach on Napa River, 
which also would affect Milliken Creek. Bed stabilization in this area would limit upstream impacts. Although 
the water surface profile is lowered at the upstream end of Napa Creek, no upstream impacts are anticipated 
due to the armored nature of the Napa Creek bed. 

The bed material sediment transport analysis on Napa River was repeated assuming complete stabilization 
of the channel bed upstream of the proposed cutoff (RM 15.6). The results showed a significant reduction 
in the aggradation potential of the cutoff and bendway. The average annual aggradation potential of the 
project reach including the cutoff and bendway was computed as 22,100 cubic yards, significantly less than 
the 48,000 cubic yards computed wkh no upstream stabilization, 

A single bed stabilization structure located in the vicin’ky of Lincoln Avenue would limit upstream degradation 
caused by the proposed cutoff. An equilibrium slope analysis showed that the average bed slope of 0.0014 
for project reach between the cutoff and Lincoln Avenue is much greater than the equilibrium slope of 
0.00046. The average bed slope of the project reach upstream of Lincoln Avenue is equal to 0.00047, nearly 
identical to the average equilibrium slope of 0.00648 computed for this area. Assuming the channel bed 
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downstream of Lincoln Avenue degrades to the equilibrium slope, a bed stabilization structure located at 
Lincoln Avenue would be exposed on the downstream end by approximately 2 feet (This fgure ignores local 
scour). Using design charts for a sheet pile bed stabilization structure (Under, 1963) it was shown that the 
degradation downstream of the structure would have only minor effects upstream. 

CONCLUSIONS 

The following conclusions can be drawn from the Phase I investigation: 

1) 
2) 

3) 

4) 

5) 

6) 

7) 

Upstream of the project reach (RM 6 to RM 17.3) Napa River is presently degrading. 

The cause of the degradation is unknown, but it could be due to at least four factors: a) 
dredging of the navigation channel, b) sand and gravel mining, c) channel clearing and 
axcavation, d) tectonic uplift or any combination of the four factors. 

Degradation of Napa River has lowered base level for its tributaries. Milliken Creek, Dry 
Creek, Conn Creek and Soda Creek have responded by degrading. 

Field evidence and air photo analysis indicate that some degradation has progressed as far 
upstream as Zinfandel Avenue bridge (RM 34). 

The resistance of the channel perimeter sediments along the degraded reach has prevented 
the occurrence of severe bank erosion as a result of channel degradation. 

Erosion-resistant sediments are locally absent upstream of the project reach of Napa River. 
Continued channel degradation, therefore, may cause localized channel erosion and result 
in the delivery of significant quantities of sediment to the project reach. 

Napa Creek within the project area appears to be stable with an armored channel bed and 
mostly protected channel banks. 

The following conclusions can be drawn from the Phase II investigation: 

1) The project reach of Napa River has significant aggradation problems under pre-project 
conditions as manifested by the need for maintenance dredging of the navigation channel. 
These problems are the result of upstream channel degradation and high watershed 
sediment yield. 

2) The need for maintenance dredging is likely to continue under project conditions unless 
upstream sediment supply is reduced significantly. This supply can be reduced either by 
controlling upstream channel degradation through the use of bed stabilization structures or 
by controlling watershed sediment yield or both. 

3) Sediment being transported in the project reach of Napa Creek is derived from upstream 
sources with little deposition or scour of the channel bed. 

The following conclusions can be drawn from the Phase Ill investigation: 

1) The most significant aggradation/degradation related problem for the project reach of Napa 
River under project conditions is a signtiicant degradation potential upstream of the cutoff 
(RM 15.6). This degradation results in a significant aggradation problem downstream. 

2) The project reach of Napa Creek appears to be stable under project conditions, assuming 
the armored nature of the channel bed is maintained or adequate bed stabilization measures 
are implemented. 
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3) Stabiliiion of the project reach of Napa River upstream of the cutoff will reduce 
downstream aggradation problems significantly. Stabilization of this reach also will mitigate 
upstream impacts. 

4) A single bed stabilization structure located upstream of the proposed cutoff would provide 
adequate stabilization of the upstream reach. The structure could be installed at-grade using 
grouted or ungrouted rock, sheet piling or a concrete sill. 
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HYDRAULIC CHANGES IN RIVERS DUE TO NAVIGATION 

By Nani G. Bhowmik, Principal Scientist, Illinois State Water Survey, Champaign, Illinois. 

ABSTRACT 

Movement of river trafiic such as tows, barges, or recreational craft in navigable rivers and 
streams can temporarily alter the hydraulic characteristics of the river cross section. These 
changes may include bow, stern, or transverse waves; resuspension of bed sediments; 
changes in velocity structures either in close proximity to the moving vessel or within the 
water body; altered flow direction; and transport of sediment and water into side channels, 
sloughs, or backwater lakes. Beseerch is being conducted at the Illinois State Water 
Survey to determine and evaluate the changes that may accompany the movement of river 
tra& within the Upper Mississippi River System (UMBS). The UMBS extends Tom Cairo, 
Illinois, at the junction of the Mississippi River with the Ohio River, to the headwaters of 
the Mississippi River in Minnesota. The major tributary of this system is the Illinois River. 

Data were collected on waves, drawdown, sediment, and.velocities by using state-of-the-art 
equipment and instrumentation. Analysis of the data has shown that barge traffic can 
temporarily increase the concentrations of suspended sediments; that it will alter the two 
components of the velocities, the magnitudes of which are dependent upon the relative 
distances of the measuring points; and that it can generate waves and drawdown. The 
duration of the increases in suspended sediment concentrations and velocities is dependent 
on the tra6ic characteristics and ambient flow conditions of the river. It was also observed 
that flows near the shore zone can change direction as a result of the movement of loaded or 
unloaded barges. 

Physical changes associated with the river tra& may alter some biological habitats. 
Besearch on physical changes resulting from river tra3ic is geared toward determining the 
relative importance of alterations in the river environment and how they may affect the 
aquatic habitats. 

INTRODUCTION 

This paper briefly describes some of the analyses performed on the physical changes 
associated with river trafBc on the Illinois Biver. The analyses dealt primarily with 
increases in suspended sediment concentrations after the passage of barge tows at a section 
of the Illinois River. Analyses are also presented on the changes in velocity structures near 
the shore zone as the barges passed the site. The maximum configuration of a barge tow 
convoy on the Illinois River is three barges wide and five barges long. Barges are 59.5 m 
long and 10.7 m wide. Each tow is about 30.5 m long. Fully loaded barges have a draft of 
2.74 m. Thus a fully loaded 3 by 5 barge convoy will occupy a volume of water about 328 m 
by 32.1 m by 2.74 m. Normally barges move at a speed of about 1.3 to 4 m/s. In many 
instances a tow will push either a single barge or multiple barges which may or may not be 
fully loaded. An unloaded barge normally displaces about 0.61 m of water. 
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Movement of such a large body through a river channel such as the Illinois River can 
temporarily change the tlow pattern, with an associated increase in suspended sediment 
concentrations. At many locations, the Illinois River is about 250 to 275 m wide with an 
average depth of 3.6 to 4.5 m. Thus a fully loaded 3 by 5 barge convoy can occupy as much 
as 9 to 10 percent of the cross-sectional area at any time. 

BACKGROUND 

The general nature of the flow field around a barge tow or other vessel is dependent upon 
the river cross section, water depth, draft of the barge, and speed and direction of 
movement. For a typical barge-tow convoy, the flow field near the barges changes, and at 
the same time flow is accelerated below the main body of the barge. The emount of 
acceleration will be greatest when the water is shallow relative to the draft of the barges. 

The physical impacts of the movement of barge tows on the riverine environment are given 
by Bhowmik and Masumder (19901 and include velocity and pressure fields of flow around 
the vessel and through its propulsion propellers, surge, drawdown, and waves caused by the 
displacement of river flow by the vessel, surface waves, and resuspension and movement of 
sediment The magnitude of each effect depends on the size, geometry, direction, end speed 
of the vessel; the sise and shape of the channel, and the position of the vessel track within 
the channel; and the characteristics of the river bed materials and suspended sediment 
particles. 

The Illinois State Water Survey (ISWS) was involved in the Master Plan studies of 
navigation impacts for the Upper Mississippi River System. Though these studies were 
truncated in scope, valuable information was obtained and reported to the UMKBC 
(Bhowmik et al., 1981a, 1981b, 1981c, 1981d, 1982). These studies showed that barge 
trafEc can temporarily increase suspended sediment concentrations and create waves and 
drawdown. The magnitude and duration of increased sediment concentration, waves, and 
drawdown depend on the physical and dynamic characteristics of the waterway and the 
barges. 

Kes+rxh on changes in suspended sediment concentrations and turbidity resulting from 
navigation wes conducted by Johnson (1976) on the Illinois and Mississippi Rivers. He 
measured dissolved oxygen and collected water samples for suspended sediments following 
passage of commercial vessels in upper, middle, and lower reaches of the Illinois and Upper 
Mississippi Rivers. Johnson’s work showed that the tows did not increase the suspended 
sediment concentrations above those present during flood stages on the Upper Mississippi 
River. In the Illinois Kiver, some additive effect on the increase in suspended sediment 
concentrations was observed 

ISWS researchers are now conducting an investigation on the changes in velocity, 
turbulence, drawdown, waves, and suspended sediment concentrations associated with the 
movement of barge tra& in a few selected reaches of the Mississippi and Illinois Rivers. 
This investigation has been initiated as part of the environmentel monitoring of the Upper 
Mississippi River System associated with the construction of the Melvin Price Lock and 
Dam (second lock) on the Mississippi River near Alton, Illinois. Field data are being 
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collect&, and a very preliminary analysis of some of those data on suspended sediment 
concentrations and velocity changes are described in this paper. 

DATA COLLECMON 

The present project by the ISWS was initiated in late 1988, and data were collected from 
the Illinois River in 1988 and 1989. Additional data from the Mississippi River were 
collected in May 1990, and several more field trips will be ‘made during 1990 and 
subsequent years. During this time, data on physical changes due to navigation traffic will 
be collected The data presented in this article were collected from the Illinois River at 
River Mile 50.1 near McEvers Island The chennel at this location is 290 m wide and about 
4 to 5 m deep. Data on changes in suspended sediment concentrations and velocities were 
collected Corn this site. 

The suspended sediment samples were collected Corn either two or three intakes at each of 
three different locations. The water and sediment samples were pumped by vinyl tubing 
with DH-48 nozzles attached at the end of the tubes. All the samples were pumped to a 
shore station where standard suspended sediment sampling bottles were filled The 
sediment intake structures were located in a line perpendicular to the shore and at 
distances of 14, 18, and 24 m from the shore. All the nozzles were pointed upstream. The 
intakes were located 0.15 and 0.6 m above the bed at Station l(14 m Corn the shore), 0.15, 
0.6 and 1.2 m above the bed at Station 2 (18 m from the shore); and 0.15, 0.6, and 1.8 m 
above the bed at Station 3 (24 m from the shore). Background samples were collected at 20- 
minute intervals end the event sampling frequency varied from 2- to 3-minute intervals. 
Descriptions of these sampling techniques ere given by Adams and Delisio (1990). 

The velocity data were collected at four locations by using two-dimensional current meters. 
The current meters used were two 54 interoceanic velocity meters, one Marsh-McBiruey 
527 current meter, and four Marsh-McBirney 511 meters. Three MM5lls were installed on 
a vertical array to gather data on the vertical distribution and variability of the altered 
velocity changes. Velocity data were collected at l-second intervals Corn all the meters at 
all times. 

ANALYSES OF DATA 

The’ analyses of the data performed for three events for both the suspended sediment and 
velocity changes are briefly described here. The data presented here are confined to the set 
of data collected during the week of May 1619,lSSS. 

Suspended Sediment 

During the above-mentioned period, 1,700 suspended sediment samples for 10 tow passage 
events were collected (Adams and Delisio, 1990). The draft-to-depth ratio for this section of 
the river was 1.66 for a 2.74 m draft (fully loaded) and 5.96 for a 0.75 m draft (unloaded). 
The blocking factor, d&ued as the inverse of the ratio of submerged vessel cross-sectional 
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area to channel area, ranged from about SO for one empty barge to about 8.6 for a three- 
wide loaded barge for this location. 

The variability in suspended sediment concentrations during a tow passage event is 
illmtrated in figure 1. The example chosen is for the tow boat Mobil Leader, which has 
twin screws, 5,000 horsepower (3,725 lsw), and ducted or Kort nozzle propellers. It was 
pushing six-wide loaded barge with a 2.74 m draft in the upstream direction at a speed of 
3.62 m/s. The barge was sailing about 122 m from the shore. The three parts of this figure 
illustrate the changes in susnended sediment concentrations at the three stations and also 
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Figure 1. Variability in suspended sediment concentration 
due to the movement of a barge tow 

For Station 1, located 14 m from the shore, the maximum increased suspended sediment 
concentration at the 0.15 m elevation above the bed is about 10 to 12 times more than the 
ambient sediment concentration. Similarly, at the 0.6 m elevation at the same location, the 
increased concentration is about 6 to 7 times more than the ambient concentration. When 
these increases arc compared with the increases at the other two stations - Station 2 (18 
m from the shore) and Station 3 (24 m from the shore) - it will be found that these 
increases are smaller than those observed at Station 1. However, in all cases, there is a 
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distinct trend in that the increase in suspended sediment concentration near the bed at the 
$I5 m elevation is always greater than those observed at the 0.6 m, 1.2 m, or 1.8 m 
elevations. As a matter of fact, there is a vertical gradient at all the stations, where the 
increase in concentration is greatest near the bed with a gradual decrease toward the 
surface. It should be pointed out here that the top intake at all locations was about 0.76 m 
below the water surface. 

Data collected from other barge events also showed similar variability. It should also be 
mentioned that these data were in the near-shore zone, where the bed material is composed 
of 40 percent sand, 40 percent silt, and 20 percent clay. 

Velocity Data 

A substantial amount of velocity data were also collected for this project. Only two sets of 
data for a single component of velocity are described in this paper. These data were 
collected from the same site and at the same time as the sediment data. Figure 2 shows the 
net velocity changes at different locations for two events. For one event the tow was 
moving in the upstream direction, and for the other event the tow was moving in the 
downstream direction. Both the tows were moving at or near the sailing line, which was 
about 122 m Corn the shoreline. Since the velocity data were collected continuously 
throughout the whole day, it was quite easy to determine an ambient velocity at the 
sampling point both before and after the passage of the tow. These ambient velocities were 
then subtracted from the increased velocities to determine the net changes in velocities. 
These values are shown in figure 2. The component of the velocity shown in then figure is 
the one parallel to the direction of the main flow. Even thrugh all the meters sre not 
located at the same elevations at all the stations, comparisons can be made about the 
changes in velocities at various locations for the same event and also for the same time 
interval. 

When a tow Reliance with 15 barges moves upstream with an effective dra6 of 2.1 m and a 
speed of 2.63 m/s (figure 2a), the net increase in velocity at 10.6 m from the shore is higher 
than increases observed at distances of 15.3, 36.6, and 45.8 m from the shore. Moreover, 
increases at the 0.15 m elevation above the bed at distances 10.6 and 36.6 m Corn the shore 
are higher than those observed at the 0.92 m elevation above the bed at distances of 15.3 
and 45.8 m from the shore. As the barge moves upstream, it pushes water in front of it 
with an associated return tlow in the downstream direction on both sides of the barge. This 
is exactly what was observed for this case, where the net increase in flow velocity was as 
much as 0.4 m/s and the increase lasted for about 3 minutes. This figure also illustrates the 
lag in time between the maximum increases in velocities at various locations. The 
increased velocity was initially felt close to the shore before it was felt at other locations 
away from the shoreline. 

The illustration in figure 2b shows the changes in velocities at three different locations 
when the tow Illini, pushing 11 fully loaded barges, was moving in the downstream 
direction with a speed of 1.95 m/s. Again, the velocity changes shown are the net velocity 
changes obtained by subtracting the ambient velocity from the measured velocities during 
this event. 
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Figure 2. Net velocity changes due to barge movement 
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It is quite clear that the movement of this barge-tow configuration in the downstream 
direction generated return flows in the upstream direction on both sides of the barges 
between the barges and the shoreline. This return flow was strong enough to temporarily 
alter the direction of tlow at all three locations for about 3 minutes. Again, for this case 
also, the maximum increase in return velocities was observed at the 0.15 m elevation above 
the bed at distences of 10.6 m and 36.6 m from the shore. The increase in velocity at the 
0.92 m elevation above the bed at a distance 15.3 m from the shore was smaller than those 
observed at the other two stations. This figure also illustrates the fact that the changes in 
velocities are higher near the bed than away from the bed The return flow was as much as 
0.3 m/s end lasted for about 3 minutes. 

Velocity data collected from other barge events also showed similar variabilities. The other 
components of velocity perpendicular to the main flow showed that the return flow does not 
move parallel to the shoreline, that the pattern of altered velocity regime is quite complex, 
and that the resultant velocity should be considered in any further analyses even though 
the component of the velocity perallel to the shoreline is normally considered in one- 
dimensional modeling efforts. 

SUMMARY 

This paper has briefly described the changes associated with the movement of barge tra6ic 
within a restricted waterway such as the Illinois River. For such a river having a sand, silt, 
and clay bed, fully loaded barge trafBc can temporarily increase the suspended sediment 
concentrations, especially near the channel border areas. These increasesare greater near 
the bed than in the near-surface zone, and they can last tiom about 40 to 60 minutes or 
more. Similarly, ~movement of the barges can alter the velocity regime, with the maximum 
changes occurring near the bed Upstream movement of trafiic can increase the 
downstream velocity component between the barge and the shoreline. At the same time, 
barges moving downstream can temporarily reverse the flow in the upstream direction 
between the barges and the shoreline. In all these cases, the maximum increases in 
velocities were observed to occur very close to the bad 
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SEDIMENT RETARDATION AT URBAN DEVELOPMENT SITES 

By Rick Morse, Urban Soil Conservationist, and Geoff McVey, Civil Engineer, 
Morse McVey % Associates, PO Box 138, Picton NSW 2571, AUSTRALIA. 

ABSTRACT 

Many government planning and/or control agencies in Australia, are now 
strongly recommending the preparation of soil and water management plans as a 
condition of development consent on urban lands. One element of such plans 
includes delineation of structures to minimise sediment pollution to downslope 
lands and waterways, particularly during any nominated development. 

This paper reviews some of the methods and techniques currently employed in 
sediment control, especially on larger subdivisions in New South Wales (NSW). 
In particular, design criteria are discussed in terms of: addressing the 
volume of soil materials available for sediment pollution, providing for 
adequate settling time, and ensuring appropriate stability of structures. 

INTRODUCTION 

Most land degradation associated with urban development in NSW results from 
high rates of erosion by water and consequent sediment pollution to downslope 
lands and waterways. Other pollutants are often associated with the sediment, 
including nutrients, pesticides and other contaminants (Lake Illawarra 
Management Committee, 1985). 

In the past, the high rates of erosion have resulted from inappropriate 
development of urban lands through lack of a soil conservation ethic by many 
planners. Such planners have often regarded economic viability as the prin- 
ciple constraint to development and have had minimal consideration for long 
term environmental protection. 

I 
Further, soil conservation advice 
at the government level has been 
restricted largely, to providing 
urban capability information to 
only a small number of planners 
(Junor, 1989) with very little 
assistance being given to those 
required to implement soil 
conservation works on the ground. 
This has been because the Soil 
Conservation Service of NSW has 
committed very limited staff 
resources to urban matters. 

The problem seems to have 
increased markedly in recent 
years, particularly as the more 
“marginal” lands are developed 
around the principal urban 
centres of Sydney, Newcastle and 1 Fig. 1. New South Wales, Australia. 
Wollongong (figure 1). 
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However, in recent years, the general community has become far more aware of 
environmental needs. This awsreness has placed considerable pressure on 
government to the extent that in the last election in the State of Tasmania, 
the sitting government lost power principally~on environmental issues (Dodd & 
Massey, 1989). Further, many would argue that the party which won the recent 
Federal elections, won by default, with a major reason being that key 
opposition parties did not present acceptable environmental platforms - it 
suffered a 6.6 percent swing, gaining only 39.7 percent of the primary vote. 
Effects such as these have promoted an environmental awakening of our leaders, 
with many labelling themselves as “greenies” (Austin, 1990). 

Accordingly, environmental issues are now concerns of high priority and have 
resulted in the NSW Government adopting the principles of Total Catchment 
Management (TCM) (Cunningham, 1986) which aims, among other things, to ensure 
that any development is sustainable’. 

In addition, the Soil Conservation Service of NSW is currently upgrading its 
text on erosion and sediment control in urban areas (Hunt, in prep) while the 
Department of Housing is preparing a “cook book” (Dept. Housing, in prep) on 
soil and water management for use by all contractors on development sites 
under their control. The latter handbook is likely to be adopted by many 
other consent authorities in the Sydney, Newcastle and Wollongong regions. 
Further, the Lake Illawarra TCM Committee, comprising members of State and 
Local Government authorities, has prepared a set of draft guidelines on soil 
and water management for urban development sites (TCM Committee of Lake 
Illawarra, 1989) and has been adopted by three local government authorities. 

The preparation of these documents has prompted considerable debate on 
techniques for soil and water management likely to be applied in the near 
future during urban development in NSW. This paper reviews some of the 
techniques relating to sediment retardation being considered by the Department 
of Housing and reflects the requirements of the Soil Conservation Service of 
NSW (Quilty, Hunt % Hicks, 1978) and the State Pollution Control Commission 
(SPCC, 1989). 

SEDIMENT RETARDATION CRITERIA 

General Criteria 

1. Any sediment laden stormwater runoff should be filtered through a trap or 
retarding basin designed to minimise pollution to lands, waterways and 
services located further downslope on all sites where soil and water 
management plans are required with development proposals. These sites 
occur generally, where the disturbed area exceeds that shown in Table 1. 

2. Sediment trapping or retarding devices should be located to keep sediment 
as close to source as possible , and upstream of nutrient removal ponds. 

3. Sediment control measures should be installed before the construction 
program commences and be maintained in an effective condition until all 
earthwork activities are completed and the site rehabilitated. 

1 The Brundtland Beport (1987) describes "sustainable development" as developaant that meets the 
needs of present generations without cwpromising the likely needa of future generations. 
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4. 

5. 

TABLE 1 
Threshold area for need for soil and water management plans. 

Physical 
Limitations 
to Development 

Slope Grsdient 
Class 

Area of 
Disturbed 
Lands 

Low2 

Moderate3 

High* 

less than 10 percent 5 000 square metres 
above 10 percent 1 500 square metres 

all classes 300 square aetres 

all classes 100 square metres 

Trash racks should be constructed upstream of permanent retarding basins 
and wetlands which have a capacity greater than 500 m3 [17 660 ft31, and 
elsewhere as required by officers of the Department of Housing. 

Other drainage works, particularly those affecting possible erosion of 
soil and consequent pollution of trash and sediment, should be installed 
as a first step in the construction program to convey stormwater safely 
through, and away from, the site. 

Design Criteria 

With the design criteria below , sediment basins and sediment traps5 are 
categorised into one of two groups: 

(a) Type C - includes all sediment traps and those sediment basins 
(preferably dry) on lands where mire than one third of the subsoil 
particles have a diameter greater than 0.02 millimetres; and 

(b) Type F - includes only those sediment basins (always wet) on lands 
where &qq than one third of the subsoil particles have a diameter 
greater than 0.02 millimetres. 

The design criteria are as follows. 

1. Where possible, only sediment laden run-off water should enter sediment 
basins and sediment traps. 

2. Sediment basins and sediment traps should have - 

2 Limitations can be overcome using standard engineering and site management techniques. 
3 Generally, limitations can be overcome only with sgecialised ewineering and site mawzdement 

techniques. tlay contain undifferentiated pockets of land where standard methods apply. 
4 The limitationa on these lands cm overccme usina specialised, site specific engineering and 

q ana~enant methods only. 
5 Not including sediment harriers which may he placed at starwater inlets. 
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(a) capacities greater than - 

(i) Type C basins and traps - 

* the maximum volume of water that will enter in six 
minutes in a Q, ihr storm event, and 

* that indicated by the USLE and indicating the volume of 
subsoil materials likely to enter over one year when the 
vegetative cover and topsoil are removed, or 

(ii) Type Fbasins - the maximum volume of water that will enter 
in twelve minutes in a QS,ihr storm event; 

(b) storage depth, including both settling and sediment sones, of at 
least one metre [40 inches] in either basin type (does not relate 
to traps); 

(c) internal dimensions in either basin type (does not relate to traps) 
which provides - 

* maximum distance from the inlet to the outlet and at 
least twice the width, and 

* maximua surface area; 

Cd) an outlet of sufficient width so that water does not exceed 10 
centimetres (4 inches1 depth during a QS,ihr storm event; 

(e) a wall and spillway/outlet designed to withstand at least the 
erosive forces from the Qx,, tc storm event. In some situations, 
particularly where failure ‘is likely to result in severe 
degradation, substantial loss of property or be a potential danger 
to human life, it may be necessary to design for stability in a 
higher year storm event. 

3. Sediment control structures should be maintained such that: 

(i) Type C basins have - 

* sediment removed when 40 percent of their capacity is 
lost to pollution, and 

* a minimum settling zone depth of at least 0.5 metres 120 
inches] over 80 percent of the structure’s surface area: 

(ii) Type C traps have - 

* sediment removed when 40 percent of their capacity is 
lost to pollution, and 

* any straw materials replaced within 6 months and 
geofabric materials replaced within 12 months; 
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(iii) Type Fbasins - 

* are treated with gypsum (320 mg/L) whenever capacity is 
reduced by more than 20 percent by water and sediment, 
and drainage commenced 36 to 48 hours later, and 

* have sediment removed when 10 percent of capacity is lost 
to pollution. 

Any waste material should be disposed in sediment dumps where further 
pollution to downslope lands and waterways is unlikely. 

CONSTRUCTION TECHNIQUES 

NSW contractors are rarely given instructions on the methods to be used for 
construction of sediment basins or traps, providing they meet the relevant 
design criteria. However, options may be suggested. Some of these options 
are included in the comments below. 

Dewaterina Drv Sediment Basins 

Techniques for dewatering dry sediment basins commonly involve the use of 
geofabric. The use of sand or gravel as a filtering medium is not encouraged 
because it is more difficult to maintain. Geofabric is usually placed: 

(i) on the inside of gabions, 

(ii) on 50 to 75 millimetre [2 to 3 inch] aggregate (maximum 
batter gradient 1.5(H):l(V)) placed on the inside of a wall 
constructed from local rock materials, or 

(iii) around a perforated riser structure held in place with a 
light wire mesh. 

Which ever method is used, the geofabric should be replaced each alternate 
time sediment is removed from the basin to minimise the likelihood of the 
pores blocking and becoming essentially a wet basin. 

Design of Sediment Traos 

The same design criteria as above should be used for sediment trapse, 
however, calculations are not usually presented in the soil and water 
management plan for more than about one structure in five. Sufficient 
information is presented to ensure that, generally, they will achieve their 
task of mitigating sediment pollution up to the Q,,,,, storm event and not 
failing before the Q,,,,, storm event. 

Accordingly, straw bale dykes and “silt” fences should rarely be placed along 
the contour, because water will invariably run to a low point in large storm 

6 Sediment traps differ from sediment basins in that they BP* very easy and, generally, 
inexpensive to con*truct. Materials used include straw bales, geofabric attached to wire 
fences, s-fabric over straw bales, earth berms, etc. 
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events and the structure will fail. Rather, they should be placed with small 
returns at about five to thirty metres, creating a series of small sediment 
traps in line. The catchment area of each trap should be small enough so that 
Q se te does not exceed 25 litres [4 gallons] per second. This system has the 
added benefit of avoiding concentrated flows. 

Gabion Baskets in Wet Sediment Basins 

Gabion baskets are occasionally suggested for use in the walls of basins where 
a dry basin is required during the construction phase to trap sediment, and an 
artificial wetlands required once the residential phase is well established to 
trap nutrient pollutants. Figure 2 is taken from a soil and water management 
plan for urban development on a site north of Sydney (Gutteridge, Haskins & 
Davey, 19BB) and shows a diagrammatic cross section of part of a proposed 
artificial wetlands, where: 

Total Catchment Area = 3.20 ha [7.9 acl 
Average Annual rainfall = 1 070~mm [42 in 

Q J 
zotc = 1.64 m3 [58 ft I/set (tc = 5 min) 

Q 5 IhP = 0.30 m3 110.6 f?l/sec 
Disturbed catchment a&a = 0.70 ha II.72 acl 

Full storage capacity (USLE) = 250 m3 I8 830 ft31/hadisturbed 
= 175 m3 [6 180 ft31 

Full storage capacity for 6 min, QS,lhr = 108 m3 [3 810 ft3] 

Frill storage cauacity for wetlands = 328 m3 [ll 580 ft31 (3.83% average 
annual runoff - Hartigan, 1986) 

Actual Design Capacity q 484 m3 [17 100 ft31 

Fig. 2. Nutrient retarding basin. 

During the “dry” phase, only the outer layer of gabions are installed and 
lined on the upstream side with geofabric. 
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Sediment Basins, First Flush and Wetland Design 

A number of options have been suggested in the literature to mitigate sediment 
and nutrient pollution (Maryland Department of Natural Resources, 1987; 
Livingston, E.H., et al, 1988; Gutteridge, Haskins & Davey Pty Ltd, 1989). 
The example, below (figure 3) is to be constructed in Picton, NSW (Morse McVey 
& Associates, 1990) and is somewhat different. It is designed to: 

(i) trap most sediment particles coarser than 0.02 mm, 

(ii) take all trickle flows and the first flush (based on the 
first 10 millimetres LO.4 inches] of runoff), 

(iii) ensure stability of the wetlands in large storm events. 

/ , 

Fig. 3. Combined sediment and nutrient retardation basins. 

Basic design is based on similar principles to those given for figure 2. 
Additional criteria are in this instance are: 

(a) The total design capacity of the sediment basin is 920 m3 
[32 500 ft3] (of which 620 m3 [21 900 ftsl are permanent and 300 m3 
[lo 600 ft31 are temporary). The reduced level of the first flush 
discharge spillway is midway between the average flow pipe (25 
percent of Q,,,,,, ) and the system outlet. 

(b) The total design capacity of the artificial wetland is 1 350 m3 
[47 680 ft31 (3.83% of average annual runoff - 950 m3 [33 550 ft31 
are permanent and 400 m3 [I4 130 ft31 are temporary). The outlet 
is a V-Notch weir designed initially to discharge the temporary 
storage over 5 days, and, when temporary capacity is reached, to 
discharge at 25 percent of Q1,s4nr. 
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CONCLUSIONS 

Protection of the environment has become a priority matter with government 
authorities in NSW since the mid 1980s. Part of this issue is the evolution 
of the need for soil and water planning as conditions of development consent 
in urban areas, and mitigation of sediment pollution is an essential component 
of such plans. While a number of innovative systems are being installed, 
techniques for sediment control are still very much in their infancy. 
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LANDSLIDE RESPONSE TO TIMBER HARVEST IN SOUTHEAST ALASKA 

by Douglas N. Swanston, Principal Geolqgist, USDA Forest Service Pacific Northwest Research Station, 
Juneau, Alaska and Daniel A. Marion, Research Hydrologist, USDA Forest Service Southern Forest 
Experiment Station, Oxford, Mississippi. 

ABSTRACT 

Forest harvest operations in southeast Alaska have influenced both frequency and size of landslide events. 
The landslide occurrence rate in undisturbed areas over the 21-year period 1963-83 is 1.5~‘~ 
landslidwkm*&r. The occurrence rate in harvest areas over this same time period is 5.3x1Cr3 
landslidwkm?yr., 3.5 times greater. As a general role, landslides in harvest areas are significantly smaller, 
occur at lower elevations, develop on gentler gradients, and tend to travel shorter distances. 

INTRODUCTION 

Southeast Alaska is characterized by naturally steep slopes, shallow soils, and a thick, old-growth forest 
cover of western Hemlock and Sitka spruce. Climate is maritime--cool and moist--with abundant rainfall 
distributed throughout the year. Precipitation ranges from 1524 and 5080 mm a year with maximum 
accumulations in the fall (September, October, November) associated with storms crossing the north 
Pacific. Because of high soil permeabilities, slope drainage Is primarily by subsurface flow with little or no 
overland flow outside established channels. When overland flow does occur, the thick mat of forest 
vegetation is adequate to protect the mineral soil from surface erosion. During major storm periods, high 
soil moisture levels and local areas of saturation are produced on slopes, greatly increasing the unstable 
character of the surfacial materials. Under these conditions, soil mass movements (landslides) are a 
dominant process of soil erosion and sediment transport from steep mountain slopes to the valley floor 
and adjacent stream channels. This paper presents the initial results of research into how landslides in 
southeast Alaska are affected by timber harvesting. The research differs from past work in that we assess 
landslide occurrence over a much larger area (over 42,ooO km*) and evaluate a time period (1963-1983) 
during which the vast majority of timber harvesting in Southeast Alaska has occurred. 

LANDSLIDES IN THE UNDISTURBED ENVIRONMENT 

In the early 1960’s, prior to large scale harvest activities, unpublished aerial photographic studies 
(Helmers’) documented the occurrence of 1374 failures greater than 77 m3 (100 yd3) in initial failure 
volume at forested sites scattered over the Tongass National Forest south of the 59th Parallel (Figure 1). 
Failure sites older then 50 years, which were generally revegetated with alder and spruce, were not 
counted. Smaller failures abounded, but were not consistently identifiable beneath old-growth forest cover 
at the aerial photographic scales available (1:12OC!O to 1:15840), and were also excluded from the tallies. 
Within the limits of this sample, most failures occurred in unique topographic situations and appeared to 
be directly linked to initiation by temporaty water table development during high intensity storms 
(Swanston, 1969). That mass erosion has been a continuing process over much of the Holocene is 
demonstrated by the common occurrence of talus cones with buried and overturned soil profiles along the 
toe or foot-slopes of most stream valleys, and widespread occurrence of shallow linear depressions and 
headwall scarps on middle and upper slope sites. 

‘Austin E. Helmers. Unpublished data on file at USDA Forest Service, Pacific Northwest Research 
Station, Forestry Sciences Laboratory Box 20909, Juneau, Alaska 998CL?. 

10-49 



Figure l-Planimetric map of southeast 
Alaska showing location of major 
study areas. 

Of the natural (undisturbed) failures 
identified in this early survey, 87% 
were of the debris avalanche/debris 
flow type (Varnes, 1978) developed 
on open slopes or interfluves 
unassociated with active stream 
courses. Almost all of these failures 
originated as debris avalanches in 
shallow, linear depressions oriented 
perpendicular to the slope contour in 
which convergent ground water flows 
and associated prehistoric landslides 
had occurred. Released material, a 
mixture of rock, soil, organic debris, 
and entrained water was generally 
carried to the base of the slope as a 
debris flow. On reaching the 
toe-slope or valley floor, deposition 
occurred rapidly due to reduced 
gradients and the buttressing of 
intervening trees. Only about 15% of 
these debris flows reached perennial 
streams directly, because of the 
characteristically broad, flattened 
valley floors. The remaining 13% of 
natural failures were debris torrents 
(also called debris floods) (Vames, 

SOUTHEAST ALASKA ___ y3 -$ 

“GEL2 
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1978) resulting from rapid deposition of large volumes of material released from adjacent slopes into 
confining gullies and canyons during periods of storm flow. While the number of such failures was small, 
more than 34% of the debris torrents cataloged reached low gradient stream sections and caused clearly 
identifiable changes in channel morphology. Such changes included alterations in channel flow path, 
riparian area destruction adjacent to the active channel, channel aggradation, and movement and 
redistribution of large woody debris. 

CONTROLLING CHARACTERISTICS AND MANAGEMENT EFFECTS 

An early analysis of post-logging landslide activity at Hollis on Prince of Wales Island, and at Neets Bay 
and Gedney Pass on Revillagigedo Island (Bishop and Stevens, 1%2) (Figure 1) documented an 
acceleration rate 4 times the natural rate following the first clearcut harvesting on a major scale in 
southeast Alaska. Roads were restricted to stable locations on lower slopes and the valley floor in these 
areas so that road impacts did not enter into the analysis. Later work has identified controlling climatic, 
materials, and terrain characteristics and has linked increased landslide activity to alterations in ground 
water/surface water flow regimes and the destruction of stabilizing root systems due to timber harvest 
(Swanston, 1967, 1969, 1970, 1972; Wu et. al., 1979; Wu and Swanston, 1980; Sidle, 1984, 1985; Sidle and 
Swanston, 1982). Prominent among these controlling characteristics are: 

* the occurrence. of high rainfall intensity and duration zones due to the orographic effects of 
steep mountain slopes and controlled circulation of major storm cells by valley lineamenu; ” 
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. exceptional slope steepness and the presence of structural gullies and shallow linear depressions 
(old landslide tracks) which increase gravitational stresses, foster subsurface water convergence, 
and increase potential runout length; 

I strongly glaciated bedrock surfaces with an intermittent veneer of glacial till and colluvial 
debris, which control landslide location and type, and the strength or resistance of overburden 
to failure. 

INFLUENCE OF TERRAIN CHARACTERISTICS AND CURRENT MANAGEMENT PRACTICES 
ON HlLLSLOPE AND CHANNEL ALTERATIONS 

We know what these landslide processes are and how they operate. Limited quantitative data is available, 
however, on timber harvest impacts and on the magnitude of resulting slope and channel alterations in 
southeast Alaska. From 1984 to 1988, detallcd aerial photographic analyses and a field mapping program 
were instituted jointly by the USDA Forest Service Juneau Forestry Sciences Laboratory and Tongass 
National Forest _ Chatham Area to address the effects of controlling characteristics and timber harvest 
activities on where landslides occur, how they occur, and their impacts downslope from the point of 
initiation. An aerial photographic survey of landslides occurring over the last 21 years (1963-1983) in 
forested terrain on the Tongass National Forest provided region-wide data on landslide type, frequency, 
distribution, and general relationships to harvest activities. In the field, landslide failure, transport, and 
deposition zone characteristics were determined or measured at selected sites to provide more detailed 
information on size, quantity of sediment temporarily stored on the slope, and the quantity of sediment 
delivered to the valley floor and stream channel in harvested and non-harvested areas. 

Aerial Photographic Survey. 
This survey involved the location, typing, and terrain characterization of all post-1962 landslides greater 
then 77 m3 (100 yd’) in initial failure volume. The same sample restrictions as those used in the pre-1962 
study applied here because of similar photographic scales and resolution limitations. Map transfer of all 
identified failures was made to standard U.S.G.S. 15-minute quadrangle maps at a scale of 1:63360, using a 
zoom-transfer stereoscope. As part of the inventory process, slope gradient, failure zone elevation, and 
initial failure area were estimated from the aerial photos and topographic maps by use of parallax bar and 
hand scaling. Estimates were also made of slope run length (meaning the distance from failure site to 
deposition site). No estimates of the deposition area were made because of the difficulty in defining 
deposition zone boundaries ln all but the most recent failures. 

Using aerial photographs taken between 1971 and 1984, 1395 discrete landslides were identified and 
mapped. None of these landslides were identifiable on 1962 photos so that each is assumed to have 
occurred within the twenty-one-year period 1963-1983, a period which essentially bridges the development 
of large-scale clearcutting in southeast Alaska. Of this total number of landslides 103, or about 7%, 
occurred in clearcut areas or were directly associated with timber harvesting (Figure 2). Fifteen landslides 
were identified as being associated with road construction, but these are not considered further here. The 
greatest number of landslides (1277) occurred in uncut areas. If we consider these processes in terms of 
their occurrence rate per unit of land area, the response of landslides to timber harvesting is clearly 
illustrated. Using the most current data available for the Tongass National Forest’, the occurrence rate of 
natural landslides over this 20-year period (1277 landslides distributed over 41,503 km2) is 1.5 x 103 
landslides/square kilometer/year. 

?‘hese data were obtained from USDA Forest Sew& Tongass Land Management Planning Team, 8505 
Old Dairy Road, Juneau, AK 99801. Data were generated using a Geographic Information System for the 
Tongass National Forest. 
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Figure 2. Comparison of landslide occurrence in cat and uncut areas in southeast Alaska based on aerial 
photographic analysis. 

The landslide occurrence rate in harvested areas over this same time period (103 landslides distributed 
over 980 km’) is 5.3 x 103 landslides/square kilometer&x, or 3.5 times the natural rate. This agrees well 
with the acceleration rate (4 times) reported for post-logging landslide activity at Hollis, Neets Bay, and 
Gedney Pass, the first areas to undergo large-scale clearcut logging in southeast Alaska (Bishop and 
Stevens, 1962). 

On a region-wide basis, without regard to management disturbance, 77% of all landslides arc of the debris 
avalanche/debris flow type and 23% are debris torrents (Figure 3). These results differ by about 10% from 
those derived from the earlier pre-logging survey and indicate a larger number of debris torrents relative to 
debris flows occurred during the sampling period. We are unable to account for this difference, but 
timber harvesting does not appear to have had an appreciable effect since respective percentages of these 
failure types for cot and uncut areas are very similar. Seventy-five percent of all landslides identified 
occurred on slopes with gradients in excess of 34 degrees (67%) (Figure 4). a value which approximates an 
average effective angle of internal friction of many of the undisturbed, coarse-grained soils derived from 
colluvium and glacial till in southeast Alaska (Swanston, 1967, 1969, 1970). On these soil types, the 
effective angle of internal friction controls the inherent stability of the material and defines a boundary of 
critical risk above which landslides are likely to occur with any kind of disturbance. An additional 15% 
occurred on slope gradients between 26 and 33 degrees (49%-66%), a gradient range which brackets the 
lower limits of the effective angle of internal friction of these soil types (Schroeder and Swanston 1987), 
and defines a zone of potential risk requiring careful planning, layout, and engineering before any kind of 
entry. The remaining 10% of landslides were identified on lower gradient sites and probably reflect local 
zones of higher gradient undetected on the photographs or failures occurring in elevated marine clays and 
glacio-lacustrine deposits which have characteristically lower angles of internal friction. 

Figure 3. Comparison of landslide type occurrence in southeast Alaska based on aerial photographic 
analyses. Codes: ‘62 = pre-1962 survey; ‘83 = 1963-83 survey; Tor. = Debris torrent/flood; Avl. = Debris 
avalanche/flow, UC = Uncut; Cc = Clearcut. 

The majority of landslides also occur within a limited range of elevations, with 79% of all failures 
occurring within a band between 100 and 500 meters (328 to 1640 feet) (Figure 5). On these convex, 
glacially modified slopes, this range encompasses the greatest proportion of surface area and corresponds 
to the zone of steepest gradient where most failures can be expected. It also encompasses a substantial 
portion of the commercial forest land on the Forest and is subject to increasing disturbance from harvest 
entries. 
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Figure 4. Distribution of landslides by gradient 
class in southeast Alaska without regard to 
management area, based on regional aerial 
photographic analysis. 

Only 14% of all landslides occur on slopes with northerly aspects (NE, N, NW). The remaining 86% are 
initiated on warmer sites or sites controlled by the northwest-southeast structural trends of the valleys and 
ridges in southeast Alaska (sites with E, SE, S, W, and SW exposures). Such sites receive the 

Figure 5. Distribution of landslides in southeast 
Aalaska by elevation class without regard to 
management, based on regional aerial photographic 
interpretation. 

majority of the low-angle solar radiation prevalent at these latitudes and are exposed to major frontal 
weather systems moving in from the north Pacific (Figure 6). This suggests that aspect may have an 
important influence on slope stability in southeast Alaska. Constant exposure to high intensity fall storms 
provides the necessary excess water to generate temporary water tables at unstable hillslope sites. Possible 
differences in snowpack development and seasonal melting may also play a much greater role in landslide 
occurrence then previously thought by providing increased soil water levels both earlier and later in the 
year on southern aspects, and facilitating more rapid development of temporary water tables during storms. 

Only about 3% of all the failures counted reached potential anadromous stream channels, defined as 
perennial channels with no major obstructions and gradients below 12%. 

Figure 6. Association of landslide initiation sites 
with exposure along cardinal compass directions. “q,” 

q7-Jp-J 
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T-tests were used to test whether differences exist in landslide size and location characteristics at cut and 
uncut sites. Initial data analysis revealed that most distributions were not normal and that variances for 
cut and uncut groups were not equal. Therefore, approximate t statistics were calculated using unequal 
group variances and estimated degrees of freedom (SAS Institute,~ Inc., 1988). Results of these tests are 
shown in table 1. 

Nonparametric tests of the same variables yielded the same results as,did the t-tests and help to confirm 
these findings. There are significant differences in the general character of landslides in cut and uncut 
areas. Landslides in uncut areas are significantly larger, occur at higher elevations, develop on steeper 
gradients, and travel greater distances. In part, this is a reflection of more. stable conditions over broader 
areas of undisturbed slope. On undisturbed slopes with a substantial old-growth timber cover, larger or 
more intense triggering events are needed to initiate a failure, and failures tend to develop where 
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maximum stress or minimum strength conditions exist, such as where steeper slopes, shallower soils, 
greater ground water convergence, and more rapid water table developments occur. 

Field Survey 
This portion of the study involved detailed mapping and sampling of individual landslides from headwall to 
the toe to define site characteristics not interpretable from aerial photographs. Sampling was carried out 
in both cut and uncut areas and on both the northern and southern portions of the Forest in order to 
ascertain any diierences in these characteristics. Because of high management interest and logistical ease, 
sampling was concentrated in areas of active harvesting and with a well developed road network. These 
areas encompassed the east side of Chichagof Island and central and northern Prince of Wales Island. A 
total of 164 landslides were mapped, 71 in the norther portion and 93 in the southern. All of these 
landslides were of the debris flow type. 

A comparison of initial failure sires, transport distances, erosion in the transport zones, and volumes of 
deposited materials at the base of the hillslope and delivered to channels, supports the findings of the 
regional survey and indicates that landslides are larger and potentially more damaging in unloaeed portions 
of the Forest. All of these variables are signlticantly different at the 1.0% level. However, statistical 
analysis of failure zone depth clearly demonstrates that this landslide characteristic remains unaffected by 
timber harvest. A t-test comparing the two management regimes indicates that there is insufficient 
evidence available to reject the assumption that failure zone depth is the same in cut areas as in uncut 
areas (Table 1). 

Table 1. Statistical test results for comparison of landslide dimension and location characteristics, cut 
and uncut areas of the Tongass National Forest. 

Landslide Mgt. 
Feature Class 

Headwall cut 
Elevation (m) uncut 

Sample 
Size 

103 
1275 

MMt Standard t Degrees of 
Deviation Stat. Freedom 

637.0 313.0 13.14 158.5 
1088.0 547.0 

Failure Slope cut 103 33.0 9.4 7.57 1375.0 
(degrees) uncut 1275 40.0 8.5 

Failure Zone cut 103 38.0 17.5 8.53 167.7 
Length (m) uncut 1275 55.0 33.0 

Failure Zone cut 103 23.0 11.4 5.92 177.0 
Width (m) uncut 1275 31.0 22.8 

Volume of Failed cut 103 313.0 300.0 7.76 277.7 
Material (m3) uncut 1275 610.0 870.6 
Hcadwall to Toe I I cut 103 I 174.0 I 155.1 I 5.40 I 154.5 
Distance (m) uncut 1275 265.0 263.6 

Note: Data are from the 1963-1983 aerial photographic survey for all features except Failure Zone Depth 
which uses Field Survey data (see text for explanation). All t statistics have an occurrence probability of 
less then O.ooOl except for Failure Zone Depth (P = 0.74). All tests except for Failure Slope used 
unequal variance procedures and estimated degrees of freedom (SAS Institute Inc., 1988). 
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Nonparametric testS yield results which also strongly support this conclusion. Soil depths to bedrock are 
generally less then 2 m for the steep to very steep slopes where landslides most often occur in southeast 
Alaska. With the apparent lack of deep-seated mass movement processes, soil depth is probably the 
primary control of failure depths in this region. Since timber harvest does not change soil depths, it seems 
reasonable that failure depths in cut and uncut areas should not be different. Failure zone depths are 
generally less then 1.0 m, with SO% of the values falling between 0.36 m and 0.86 m. The fact that failure 
zone depth is so consistent was used in estimating erosion volumes in the aerial photographic survey. 

Along with quantitative measurements of failure and flow characteristics, notations of microtopography 
and parent material type were also made for each initiation site. In unlogeed areas, more then half of the 
landslides (58%) originated in shallow, poorly defined depressions less then 1 m deep. An additional 32% 
developed in well-defined depressions or wales 13 m deep. Such depressions are generally well drained 
and serve as major subsurface drainage paths. During storms they focus converging ground-water flows 
from upslope to create zones of local saturation and temporary water table development, a process 
identified as a major triggering mechanism for landslide+ in southeast Alaska (Swanston, 1974; Sidle, 
1985). Only a small number of deeply incised, struct&lly-controlled gullies (>3 m deep) were directly 
involved in initial failure (10% of sample). In m areas, the number of structural gullies involved in 
initial failure is substantially increased (30% of sample), possibly reflecting the increased disturbance of 
gully walls and loading of the gully floor with soil and organic debris during yarding operations. 

Eighty-eight percent of all landslides sampled in unloeeed areas occurred in shallow colluvial soils 
overlying bedrock. Only a small percentage (approximately 12%) occurred in shallow soils derived from 
glacial till. This is in sharp contrast to the landslides occurrence in m areas, where over 45% of the 
landslides occurred in soils developed over glacial till. This represents a four-fold increase in till-related 
failures at clearcut sites and indicates a substantial reduction in the stability of this material as the result 
of ground surface disturbance and overstory removal. 

CONCLUSIONS 

Timber harvesting in southeast Alaska has had a significant influence on size, frequency, and location of 
landslides. The frequency or rate of landslide occurrence in clearcut units is 3.5 times that in unlogged 
areas. Landslides in clearcuts also occur at lower slope angles and elevations than do landslides from 
uncut areas. However, landslides in clearcuts tend to be smaller, and travel shorter distances than their 
counterparts from undisturbed sites. 

Under natural, undisturbed conditions, most failures occur associated with shallow linear depressions 
ranging from l-3 m deep and are probably initiated by excess water from upslope converging into these 
depressions. Only about 10% occur in gullies. In contrast, more than 30% of landslides from clearcut 
units are initiated in gullies, probably reflecting the destabilizing effect of vegetation removal and yarding 
on gully sidewalls, and the increased accumulation of unstable debris on gully floors. The number of 
landslides occurring at sites underlain by glacial till is also substantially increased in clearcut units, 
reflecting the destruction of stabilizing root systems on these normally heavily vegetated sites. 

Three-quarters of all failures, regardless of management activity, are initiated on slope gradients of 34 
degrees or greater, a value which approximates a critical angle of stability for these hillslope soils. Eighty- 
six percent of these failures also developed on warmer, southerly aspects suggesting that aspect may 
substantially influence slope stability, possibly through its effect on hillslope water balance conditions. 
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‘DUMP CREEK: A MAN MADE ECOLOGICAL DISASTER’ 

Elizabeth Rieffenberger, Forest Hydrologist, Salmon National Forest, Salmon, Idaho, and Dan Baird, 
Branch Chief, Recreation, Range, Wildlife and Watershed, Salmon National Forest, Salmon, Idaho 

INTRODUCTION 

Placer mining for gold was an important event in the Salmon River Mountains from the late IBBO’s to the turn 
of the century. During thii time a significant placer mining operation was carried out in the Moose Creek 
drainage near Salmon, Idaho. As a course of the mining activity in the Moose Creek area a tunnel was cut 
from the Moose Creek drainage into the adjacent Dump Creek drainage for disposal of waste rock from the 
placer operation. Upstream of this tunnel a dam was constructed on Moose Creek to impound water for 
mining purposes. A commonly held belief is that a flood event occurred which breached the dam releasing 
the impounded water which flowed downstream and was diverted into the tunnel and the Dump Creek 
drainage. This created a gully which caused the waters from Upper Moose Creek to flow down Dump Creek. 
Because the area has been extensively placer mined it is impossible to determine the exact original channel 
locations prior to the water diversion. It appears that a low hydrologic divide separated the Moose Creek 
drainage from the head of the Dump Creek drainage. As a result of this water diversion channel downcutting 
and massive slope failures occurred in the Dump Creek drainage. 

Prior to the water diversion Dump Creek had a drainage area of approximately eight square miles with natural 
flows in the range of .5 to 10 cfs. In contrast Upper Moose Creek has a drainage area of approximately 25 
square miles with flow volumes ranging from several cfs to over 100 cfs during snowmett runoff. Flood events 
in excess of 400 cfs have occurred on Moose Creek. Because of its homogeneous aspect and elevation the 
snowmelt from the Upper Moose Creek drainage occurs in a relatively short period of time causing high peak 
flows. 

Dump Creek with the increased flows from Upper Moose Creek downcut through the unconsolidated 
sedimentary and volcanic materials that were found in this drainage until a deep chasm developed. Channel 
downcutting caused the side slopes to be undercut resulting in massive slope failures. In places the existing 
chasm is up to one-half mile wide and 300 feet deep. Massive slope failures deposited large volumes of 
material in the Dump Creek channel that would flush out during snowmett runoff and high intensity storms 
into the Salmon River. This material was predominately transported as suspended sediment down the Salmon 
River. The coarse bedload from the drainage formed a large alluvial fan at the mouth of Dump Creek and bar 
formations in the Salmon River below Dump Creek. As of 1974 an estimated 9 million cubic yards of material 
had been transported from Dump Creek into the Salmon River. 

MITIGATION 

One of the earliest records of an evaluation of the Dump Creek problem was a January IO, 1950 report from 
the Salmon National Forest to the Regional Forester proposing to divert the water from Dump Creek to Moose 
Creek. At that point in time the project apparently died when someone from the Regional Office in Ogden 
decided that Dump Creek waters had never flowed down Moose Creek. In 1956, the Army Corps of Engineers 
worked on removing part of the alluvial fan at the mouth of Dump Creek to widen the Salmon River channel 
in hopes of eliminating the slack water above Dump Creek to stop the ice buildup and the upstream flooding 
resulting from the ice dams. They moved 12,500 cubic yards before winter weather shut them down. Before 
they could start up in the spring high flows from Dump Creek washed out their workings and buiit up the 
alluvial fan larger than it had been before their work. After further study the Corps decided that further work 
on Dump Creek was not economically justified for flood control purposes. 

In the 1960’s the concern over Dump Creek surfaced again and a study was initiated to determine the 
watershed restoration needs for the area. Four alternatives were reviewed: (1) Diverting Moose Creek back 
into its original channel. This would entail channel and diversion dam construction. (2) Construction of drop 
structures and retaining walls in Dump Creek to control velocity and store sediment. (3) Construction of a 
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flood control reservoir to store water during periods of high runoff and slowly release it over the summer. (4) 
Diverting the water back into Moose Creek plus mechanical treatment of the slopes adjacent to the Dump 
Creek chasm to speed up slope stabilization. 

Alternative 1 to divert the water back into Moose Creek would remove the transport mechanism for carrying 
the eroded material into the Salmon River. Under this alternative the side slopes of Dump Creek would slough 
until they reached a natural angle of repose. A rough cost estimate of this alternative was $177,600 in 1968. 

Alternative 2 was considered in depth but abandoned primarily because it wasfek that it would be infeasible 
to construct structures large enough to store the anticipated sediment from the Dump Creek drainage. The 
planned sediment storage would handle only about 300,000 cubic yards of material. It was estimated that 
this would handle only about one additional foot of gully wall slough. At this time near the chasm head slabs 
of ground several hundred feet in width and IO+ feet in depth were cracking and sloughing into the chasm. 
In 1968, a rough estimate of the cost of this alternative was S4,700,000. 

Alternative 3, a flood control reservoir, was considered cost prohibitive and would flood productive timber 
lands. Also because of the extreme water level fluctuation fishing and recreation opportunities associated with 
the reservoir would be minimal. 

Aiternative 4 involved mechanical stabilization of the Dump Creek chasm in addition to water diversion. The 
cost of this alternative was never estimated because the technical feasibility of stabilizing the slopes in Dump 
Creek with heavy equipment was questioned. This was not considered a viable alternative. 

After evaluation of these four ‘action’ alternatives k was felt that Afternative 1 was the most effective and 
economically feasible alternative. At this point an indepth hydrologic study was initiated on Moose Creek to 
evaluate the stability of the existing channel to determine t t could handle the anticipated streamflows. 
Following a thorough evaluation it was determined that Moose Creek, which is primarily located in granitic 
parent materials, was stable and there was no apparent opportunity for excessive downcutting. A concern 
still existed as to what effects rediveding the water into a channel that had been conditioned to significantly 
lower flows for 70 years would have on the channel stability and flood flows. A thorough review involving 
personnel from the Forest, Regional and Washington Offices., and Research determined that the existing 
Moose Creek channel had carried higher flows in the past and would be capable of handling the increased 
flows after some channel clearing. 

In 1974, a Project Plan was completed and efforts initiated to secure funding for the Dump Creek Project. This 
proposed project consisted of the following: 

1. Construction of a water diversion structure with control gates to divert the water back into 
Moose Creek. 

2. Construction of about 6,000 feet of stream channel below the diversion structure. 

3. Vegetation removal in the historic Moose Creek channel that had encroached on the channel 
in the past 75 years. The estimated project costs in 1974 were $405,300. 

Construction of about one mile of new channel below the diversion structure was necessary because placer 
mining in this area had obliterated the original stream channel. Because of the proximity of the new channel 
to Dump Creek, about 4,000 feet of the new channel was lined with an impermeable membrane to reduce 
subsurface seepage from the new channel. The concern was that subsurface seepage might lubricate the 
unstable side slopes in the Dump Creek channel. 

Funding for the approved project was received in 1977. Starting that fall some channel clearing was inkiated 
and finished up the summer of 1978. Final engineering design was completed in the winter of 1978 and the 
project contract was awarded in September. 
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Construction acthrtties commenced in the fall of 1976 and were completed by the fall of 1979. These activities 
included construction of the diversion structure, the new channel, and the drop structures which were 
designed to control the channel gradient in the new channel. Also included in the project package was 
construction of a treated timber bridge, access road and protective fencing. 

The designed diversion structure is a small earth611 dam with a spillway and outlet works. An overflow spillway 
was designed to carry flows in excess of 600 cfs. Flows in excess of the 660 cfs, the designed 100 year flood 
flow, would flow into the Dump Creek channel. An outlet structure to release the water into the new channel 
was designed so that flows could be regulated in the new channel to condition it to increased flows over a 
several year period. 

The new channel was excavated to connect the diversion structure with the historic channel. After excavation 
the PVC liner was placed in the channel and keyed into the banks. Fifteen drop structures constructed of rock 
filled gabion baskets were placed in the new channel to control channel gradient. The drop structures were 
designed to keep the channel gradient under .5 percent in the unlined segment and .25 percent in the lined 
channel. Finally atwo foot cover of pit run material from the placer tailings was placed on the liner. The original 
design called for a sand blanket to be placed on the liner, but the manufactures felt that the rounded tailing 
materials would not puncture the liner. The final contract cost for the project was $526,063. This amount did 
not include the force account work done on channel clearing, engineering and contract administration, or the 
cost of acquisition of private land necessary to complete the project. 

In the fall of 1979 water was finally diverted into the newly constructed channel. Numerous discussions and 
consultations were held to determine what volume of flow should be released into the new channel during 
the first spring runoff. The initial proposal was to release one half of the design flow, or 300 cfs, the first year. 
This was scaled down to 130 cfs for the initial release to allow for some deposition of fines on the channel 
bottom to reduce the permeability of the channel materials covering the liner. 

Initially, several problems were observed in the newly constructed channel. There was some channel scouring 
which exposed the liner below the drop structures. Voids appeared in the gabion baskets at the drop 
structures from disintegration of the rounded, weathered rocks which were used to fill the baskets. The voids 
in the gabions were refilled with more competent rock and riprap was placed below the drop structures were 
the gabions were scouring. Eventually, the drop structures were altered to reduce the scouring action 
resulting from the hydraulic jump below the lower gabions. 

Additional channel clearing was required in the existing channel below the constructed channel following the 
water diversion. There was considerable concern over some downcutting in the channel above the tailings 
ponds. This situation was observed for several years to determine if any remedial work would be required. 
Eventually, the channel bed became armored and the downcutting ceased. 

During the high flow of 1964, a considerable volume of water was observed lowing over the dam spillway. 
At this time a review of the spillway design showed that the spiltway did not have the capacity to handle the 
design flow. An error in the choice of hydraulic equations was determined to be the cause of the inadequate 
spillway capacity. In 1988 the spillway was reconstructed by widening the weir and the cross sectional area 
of the downstream spillway. 

In retrospect it is apparent that changes in the original drop structure and spillway design would have 
prevented some of the maintenance costs experienced on this project. To date the total maintenance costs 
on the Dump Creek Project over the last ten years are approaching $100,000. Currently, all the features of 
the project are functtoning as planned and no additional major maintenance needs have been identtfied. 
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MONITORING 

The Dump Creek Project Monitoring Program was initiated in 1979 to document the prediversion cork&ions 
in the project area. Permanent photo points and transects were established at that time. Project monftorfng 
has continued since then to document the conditions since the water diversion. 

Several kerns of concern have been addressed in the monitoring program. Channel monitoring has been 
designed to assess the impacts, both beneficial and detrimental, on the Dump Creek and Moose Creek 
channels. Mass movement of the unstable banks adjacent to Dump Creek has been monitored by exten- 
siometers and convergence meters. The uppermost headcut on Dump Creek has been monitored to detect 
any upstream migration following water diversion. An other area of monitoring has been the critical section 
where the new channel and Dump Creek are the closest. This area has been monitored to detect any 
subsurface seepage from the new channel. In addition some water quality monitoring has been done to 
assess water quality changes as a resuit of the project. 

Monkoring during~1989 showed that the Moose Creek channel has adjusted to the increased flows and any 
initial downcutting which occurred in the channel below the constructed portion has stopped and for the most 
part the bed is armored and the banks are stabilizing. In the constructed portion of the channel the banks 
are revegetated and the drop structures, though now functioning more as a chute, are stable and the scouring 
below them has ceased. 

The Upper Dump Creek channel between the diversion structure and chasm has significantly stabilized. In 
this reach the downcutting was minimal, relatively speaking, and the raw banks were less than 30 feet high. 
No movement of the uppermost headcut has been detected. Trees over 15 feet tall are growing in the channel 
bottom which prior to diversion scoured to the extent that there was almost no vegetation present. The slope 
in the critical section, where the two channels are closest, has stabilized and no additional bank sloughing 
has occurred in this vicinity since the water diversion, 

Dump Creek below the waterfall where the chasm begins will continue to erode for centuries. Mass land 
movement as a result of undercut slopes will continue for an indefinite period of time. These unstable slopes 
will continue to slough until a natural angle of repose is achieved. Water from several small drainages, 
tributary to Dump Creek below the diversion, still flows down Dump Creek. However, this small volume of 
water is incapable of carrying the material once transported down Dump Creek. 

The alluvial fan at the mouth of Dump Creek has showed significant signs of stability in recent years. Prior 
to water diversion very liktle vegetation grew on the fan because peak flows braided across the fan and the 
channels were constantly changing. Now with the reduced flows a distinct channel has developed across the 
fan and riparian vegetation is rapidly establishing on the fan. 

A significant improvement in the water quaff in the Salmon River has been observed since the sediment 
loading from Dump Creek has essentially been stopped. No longer is the unmistakable sediment plume from 
Dump Creek observed every spring along the Salmon River. 
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RECLAMATIOU OF SOUTHEAST TRRRESSEE'S 
COPPER BASIR 

By Roger W. Bollinger, Manager, Reclamation Program, Tennessee Valley 
Authority, Uorris, Tennessee 

ABSTRACT 

In 1843 copper was discovered in an area of southeast Tennessee and north 
Georgia. Crude smelting (heap roasting) techniques, logging of timber for 
fuel for open-pit roasters, open range grazing, and annual burning of lesser 
vegetation saw, by the 192Os, over 23,000 acres totally denuded and another 
9.000 acres severely impacted by these activities--the largest contiguous 
denuded area in the eastern United States. Smelting resulted in high 
concentrations of sulfur dioxide (SO21 which settled into the soils 
lowering pH and further reducing any chance of natural vegetative recovery. 
Severe soil erosion and gullying resulted. Water quality in the Ocoee River 
was degraded and uses of three Tennessee Valley Authority (TVA) reservoirs 
and hydrogenerating plants have been diminished. 

Bevegetation efforts were initiated in the 1930s. Since then several 
government agencies and private companies have researched the problems and 
implemented various onsite treatments. This paper reports on efforts to 
control soil erosion through establishment of vegetative cover. For the 
first time since the environmental degradation began , a reasonable end can be 
seen. 

IRTRODUCTIOU 

Deserts: landscape commonly associated with the western United States or 
other countries. And, in its rightful place it is a thing of special beauty 
and interest. Yet, out of place, it becomes a stat-k, naked blight on the 
land and sometimes a reflection of man's follies with his natural 
environment. This is a situation I wish to present to you today, a story of 
a desert location (7)1 in the southeast corner of Tennessee known as the 
Copper Basin. 

The basin is surrounded by verdant green with an average annual rainfall of 
58 inches. Once it, too, yielded lush stands of upland hardwood and pine 
forests common to its surroundings. It was home to the Cherokee Indians who 
frequented these hills and valleys of the southern Appalachian Hountains. 
Its clear streams meandered through the basin, emptying into the Ocoee River 
on its rush through the Ocoee Gorge to the Hiwassee and Tennessee Rivers. 

The denudation of the basin lead to the single largest contiguous barren 
landscape in the eastern United States. It points to man's insensitivity to 
his natural resources, but also illustrates what man and time can change. 

%mbers in parentheses refer to references in Literature Cited. 
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It is a lesson we should learn from and apply as we become ever mindful of 
our environment and that of OUP world. 

Location 

The Copper Basin is located in a basin-like landform at the junction of the 
States of Georgia, Rorth Carolina, and Tennessee. Elevations within the 
basin range from 1,500 to 1,800 feet above sea level. The steeply rolling to 
hill-like terrain is surrounded on the north, east, and west by mountains 
ranging from 2,000 to 4,200 feet in elevation. All told, the basin covers 
about 60 square miles of the western side of Polk County, Tennessee, reaching 
southward across the Ocoee River into Fannin County, Georgia. Cherokee 
County, Rorth Carolina, forms the eastern boundary. Copperhill and Ducktown, 
Tennessee, and McCaysville, Georgia, are the largest communities found within 
the basin. 

Geology and Soils 

A limited background on the geology of the Copper Basin and specifically the 
Copper Basin/Ducktoun District places the basin in the Blue Ridge metamorphic 
province of Tennessee, Georgia, and Rorth Carolina (7). The lithology 
consists of metamorphic rocks found within the Great Smoky Group of the Ocoee 
Supergroup. The Copperhill formation, found within this group consists of 
metagraywacke, mica schists, and metaquartzite hosting nine massive sulfide 
deposits. The deposits are approximately 65 percent massive sulfides and 35 
percent gangue minerals. The mineralization is composed of approximately 60 
percent pyrrhotite, 30 percent pyrite, 4 percent chalcopyrite, 4 percent 
sphalerite, and 2 percent magnetite (14). 

Basin soils are placed in the Evard soils series. Evard soils consists of 
deep, well-drained loamy soils formed in residuum of acid crystalline rock 
cormnonly associated with low mountains and foothills. Slopes range from 
lo-40 percent. Upper horizons are brown to strongly brown in color with a 
loam to clay loam structure. It is friable with a few fine flakes of mica, 
and strongly acid. B horizons are yellowish red to red in color. also of 
clay loam; friable and very strongly acid. The even lower C horizon occurs 
as a saprolite of granite that crushes to a sandy loam, red to yellowish red 
in color. Solum thickness ranges from 30-40 inches. Depth to hard granite 
gneiss ranges from 5-12 feet. Reaction is strongly acid or very strongly 
acid throughout (14). 

The inherent colors of the Evard soils aptly reflect denuded portions of the 
basin to this day. The U.S. Soil Conservation Service (SCS), through 
personal discussions, noted they had made some efforts to estimate soil loss 
in the basin. Their estimate indicated, on average, some 4 feet of upper 
soil horizons have eroded away over the past 125 years. Only the 
yellowish-red to red subsoils typical of the lower horizons remain giving the 
basin its rich, desert-like quality. These subsoils are poor in nutrients, 
high in metals and very acid--all of which complicates restoration of 
vegetation. 
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RIRIUG AND RESULTART SRVIRORRERTAL IRPACTS 

The discovery of copper in the basin in the mid 1840s led to the start-up of 
small scale (underground) mining and smelting activities by the 1850s. As 
rail lines were laid into the basin in 1891. mining accelerated signifi- 
cantly. These early mining operations relied on a crude smelting'method 
called "heap roasting" or open burning of copper ore to purge the 
sulfur-laden impurities. 

Layers of wood cut from the surrounding countryside were alternated with 
layers of ore and then set on fire. The numerous huge piles burned 
constantly and as the metal was recovered new fires were started. This 
activity, for the most part, continued around-the-clock up to the turn of the 
century. Thick clouds of fumes and smoke lay in the basin year-in and 
year-out. At times the smoke was so thick that mule teams hauling ore or 
copper wore bells to prevent collisions (2). (7). 

As the smoke settled back to the earth, its acid nature, combining with 
generally acid soils, rainfall, and the rapid deforestation for wood to fuel 
the smelting fires, made it more and more difficult for vegetation to 
reestablish. Additionally, open range grazing of cattle and indescriminate 
burning of pastures and forests accelerated the loss of vegetation (7). (9). 
As the forest cover was removed, even stumps were uprooted to meet the insati- 
able demand for wood to fuel the smelting fires (31, (12). By 1875 no vegeta- 
tion of significance was left on a large part of the basin. Eventually, over 
50 square miles (32,000 acres) was affected with over 23,000 acres denuded. 
Vegetation on peripheral areas was badly damaged or stunted by the fumes. 

Bewer smelting processes ware adopted in 1907. This led to the recovery of 
the SO2 gases for the manufacture of sulfuric acid, thus lessening air 
pollutants. A slow but steady improvement to the basin's air quality began 
and gradually offered the first real chance to initiate revegetation efforts 
(9). 

Soil erosion was a prime result of the denudation occurring in the basin. 
TVA studies in the 1940s showed that barren lands were eroding at a rate oft 
39 acre-feet/mile2/year. This was in comparison to only 0.44 acre-feet/ 
mile2/year 11 ton/acre/year) across the rest of the Ocoee River watershed 
(13). A similar study by TVA in 1951 showed a rate of 69 acre-feet/ 
mile2/year or 1.8 times greater than the 1944 estimates (9). VNPB 
Incorporated, a consultant firm, employed by Tennessee Chemical Company (TCC) 
studied erosion rates in 1987-88 in two subwatersheds and noted similar 
findings (195 tons/acre/year) in the unreclaimed watershed (5). 

The highly mineralized soils washing into receiving streams also affects 
water quality. High levels of iron, manganese, copper, lead and zinc are 
common in waters below the basin and in portions reaching levels toxic to 
aquatic life (51, (61, (9). Sediments reduce water storage space and hamper 
electric power generation at TVA's downstream hydroelectric facilities. 
Periodic sluicing of sediments is required at the Ocoee Bo. 3 Dam to keep 
penstocks clear. The river's condition also detracts from the recreational 
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experience by the multitude of whitewater rafters and others using it (9). 
Keeping soils onsite will significantly improve the river for many purposes. 

EARLY REVNGSTATION 

Revegetation efforts began in the 1936's with the development and enhancement 
of public conservation agencies, and with the improving interest by mining 
companies, cooperative revegetation opportunities soon materialized. The 
Tennessee extension Forester, the U.S. Forest Service (USFS), and the U.S. 
Bureau of Plant Industry began small scale plantings on peripheral areas 
where some topsoil and ground cover existed (9). 

These early efforts were expanded in 1939 by TVA in a joint undertaking with 
the Tennessee Copper Company. In 1941, TVA established a Civilian 
Conservation Corps (CCC) camp which accelerated the reclamation efforts. TVA 
also set up a comprehensive research program to identify trees, grasses, and 
leguminous plants that would best adapt to these harsh conditions. While 
several plants showed possibilities, loblolly pine (Pinus taeda L.) has been 
the tree species of preference because of availability, adaptability, 
consistency in response and ultimate forest product use. Other species 
included Virginia pine (Pinus Virginiana Will.) and black locust (Robinia 
pseudoacacia L.) in gullies and on ridgetops. The grasses and legumes that 
showed promise included weeping lovegrass (Eranrostis curvula (Schrad.) Nees) 
and sericea lespedeza (Lesuedeza cuneata), (9), (12), (13). However, 
establishing ground cover did not become a standard practice until later 
periods. 

In 1945 TVA presented a report (13) to Tennessee Copper Company, suvanarizing 
years of research and outlining an overall effort to reclaim the basin. 
While a large scale reclamation effort was never implemented, the company 
continued its annual effort to hand plant tree seedlings. 

In 1954 the company employed an agricultural specialist to formally oversee 
the reclamation. Tree planting continued to be the main activity but along 
some of the wider and flatter ridgetops, legumes were seeded in with both 
pine and locust plantings. Additional research efforts with State and 
Federal agencies and Tennessee, North Carolina, and Georgia universities also 
occurred. Other plants, kudzu (Pueraria m (Willd.) Ohwi) and Japanese 
fleeceflower (Polynonum cusnidatum Sieb. and Zucc.) were tried. However, 
their use has been discontinued because of the competitive nature of kudzu 
and until more was known about the compatibility of fleeceflower with other 
plants (9), (lo), (12). 

Cities Service Company bought the operation in 1963. It not only continued 
but accelerated revegetation activities and in 1973 entered into a five-year 
research effort with the USFS's Southeastern Forest Experiment Station (3), 
(10). Studies by the SCS and the University of Tennessee's Plant Raterials 
Committee helped with revegetation recommendations and plans. Limited aerial 
seeding and fertilization was also tried (lo). The company field tested and 
adopted use of fertilizer tablets planted along with tree seedlings (1). 
Results showed greatly improved survival and early tree growth. 
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During the early 1980's the SCS carried out two significant activities. One, 
in Tennessee, was designed to maximize revegetation and surface water 
control, another reforested many of the remaining denuded lands in the 
Georgia portion of the basin (ll), (12). The Tennessee project demonstrated 
significant land grading, use of rock checkdams, hydroseeding grasses and 
legumes, using erosion control netting, and direct seeding black locust. 
Costs approached $4,000 per acre (91. The Georgia effort limited site 
preparation to deep subsoiling or "ripping" and planting superior loblolly 
pine seedlings donated by Bowater Incorporated (31, (91, (13). Fertilizer 
tablets were also set with the pines. Costs for this effort was $625 an acre. 

From the 1930's to about 1982, these activities along with volunteer 
encroachment of plants on perimeter lands saw nearly two-thirds of the basin 
reclaimed or reforested. This included the planting of some 14.5 million 
seedlings and establishment of ground cover on limited areas. Nevertheless, 
over 12,600 acres remained in need of some level of reclamation to control 
erosion and the influx of sediment and heavy metals into nearby streams. 

CURREBT RECLABATIOR 

Uew opportunities for expanded reclamation developed in 1982 with acquisition 
of the properties and facilities by TCC. Also the Blue Ridge (Georgia) Soil 
and Water Conservation District approached TVA's Board of Directors for 
assistance in reclaiming denuded lands on the Georgia side of the basin 
(11). As previously noted, this group had already established trees on these 
lands, but no ground cover had been incorporated and soils continued to erode. 
TVA's Water Quality Department offered to help fund expanded reclamation work 
in Georgia and in Tennessee if the new company owners showed interest. 

A cooperative agreement was completed with the Blue Ridge Soil and Water 
Conservation District in 1984 (11). Under this agreement, TVA would aerially 
seed and fertilize all remaining disturbed areas. The seed mixture consisted 
of an acid tolerant blend of grasses and legumes which included weeping 
lovegrass, sericea lespedeza, kobe lespedesa (LesDedeza striata). Kentucky 31 
fescue (Festuca arundinacea. Schreb.), and the tree species, black locust. 
Commercial fertilizer (19-19-19) was applied at the rate of 600 pounds/acre. 

While aerial seeding and fertilization was not a new approach, TVA's 
Reclamation and Aviation staffs had refined this approach, using helicopters, 
into a very efficient and cost-effective method for treating small, scattered 
mountainous sites in reclaiming abandoned non-coal mineral mines in western 
Uorth Carolina and southwest Virginia. It was concluded that this was the 
most feasible method for treating even larger sites where tree seedlings had 
already been established, and in situations having extensive areas of severe 
gullies and thus largely not accessible to typical ground equipment (81. 

Also during the period both the Reclamation and Water Quality Department 
staffs were meeting with TCC representatives to explore interest in 
cooperative reclamation activities. The company expressed interest in 
reforestation and establishing ground cover, but were concerned with overall 
costs. TVA pointed to the work planned for establishing ground cover in 1984 
with the Georgia group. Perhaps, TCC would want to assess the helicopter 
seeding and fertilization. Since the company had recently planted trees on a 
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32-8~~ portion of adjacent Tennessee lands, they agreed to participate. If 
results and costs were favorable the company indicated a willingness to 
extend their efforts. 

The process of testing and demonstrating techniques and encouraging the 
participation of others has long been an important element in TVA's 
approach. In this way cooperation and partnership roles have developed to 
accelerate reclamation in a number of project areas far better than a single 
entity could achieve. 

This initial effort to seed and fertilize 32 acres in Tennessee and 28 acres 
in Georgia by helicopter worked well and within the estimated costs of 
slightly over $ZOO/acre. Even though droughty,weather set in following the 
spring seeding, response of weeping lovegrass was excellent with fair 
response occurring with the other species. Response by,black locust was 
good, and, as a leguminous tree, it will add longer term nitrogen fixation 
for the previously planted pines. The fertilizer greatly benefited both the 
grasses and legumes and the established pines. Pines planted in the 
infertile basin soils typically show slow growth and the yellowish, weak 
color of chlorotic plants. Following fertilization, visible improvement in 
color and growth was readily evident. 

With these early but visible results and cost experience, TCC elected to 
become a significant partner. They agreed to undertake site preparation or 
subsoiling, to lime soils where feasible, to purchase seed and fertilizer, 
and conduct tree and shrub plantings using soil moisterisers (9). TVA agreed 
to provide its helicopter treatment capabilities, additional seed and 
fertilizer, and provide technical assistance to the company for an extended 
period, with the ultimate goal of reclaiming the remaining problem lands. 

Thus, in 1985 a new cooperative effort began. Both a spring and fall seeding 
was conducted. During the spring of 1985, 400 acres in Tennessee and 83 
acres in Georgia were treated. Another 230 acres in Tennessee were treated 
in the fall of 1985. Better results occurred during the spring planting 
periods. This has become the norm. Trees and shrub seedlings are planted 
during the late winter or early spring period. 

From 1985 through 1988 the region, including the Copper Basin, experienced 
some of the most severe droughts recorded, yet reclamation proceeded with 
very favorable results. Only in some instances was it necessary to reseed 
areas, although treated sites are refertilized about the third growing 
season. This assures that the herbaceous cover and trees are well 
established. Tbe nitrogen fixing, leguminous plants also enhances the self 
maintaining capability of the vegetative cover. 

In 1986 TVA published a report (9) that outlined the environmental problem 
associated with eroding basin lands, summarized the status of reclamation 
activities over the years, identified the remaining problem lands and 
proposed practical treatment techniques to achieve final results. The plan 
noted that 12,612 acres needed reclamation. This consisted of 2,406 acres of 
totally denuded land and 10,206 acres of partially vegetated land. Partially 
vegetated lands are those with various age class plantings of trees 
(predominately pine) but no ground cover (9). 
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In 1987, the Polk County Soil Conservation District published a cooperative 
erosion control plan in cooperation with TVA and TCC (12). In support of 
this plan the SCS prepared a proposed funding document (measure plan) to 
begin in 1990. Bowater Incorporated became a cooperator in a 1988 agreement 
with TCC whereby Bowater, under its landowner assistance program, would 
contribute approximately 150,000 improved loblolly and Virginia pine seedings 
annually. Also, in 1987, TVA's power program began contributing funds to 
this effort since reductions in sedimentation would benefit operation of 
their downstream reservoirs and hydroelectric plants. This combined effort 
is seeing significant results in reclamation with 2,435 acres treated since 
1984. Only 10,177 acres remain to be reclaimed. 

For this period, TCC committed $636,000, TVA $827.000, the Georgia Soil 
Conservation Service $52,000, the Tennessee Soil Conservation Service $28,000 
(first of five commitments) and Bowater Incorporated approximately $18,000 in 
improved tree seedlings. Cooperative expenditures total $1.56 million for an 
average cost per acre of $641. TCC is also planting species beneficial to 
wildlife. These include autumn olive (Elaeaanus umbellata Thunb.) and 
bicolor lespedeza (Lespedeaa bicolor. Turez.). 

Cooperative results are paying off. Erosion along city streets and road- 
ways in the basin is being lessened, and studies conducted by TCC's 
consultant, EWE Incorporated, speak well of controlling runoff and 
sedimentation (8-10 tons/acre/year in reclaimed watersheds) (5). While 
additional studies would be desirable to document restored ground cover, 
enhanced tree growth due to fertilization and the addition of leguminous 
plants, reductions in temperature extremes, rebuilding soil and improvements 
in aesthetics, we know from past experiences and current observations that 
these are now tangible results. The available, but limited funds, are better 
spent in achieving actual on-the-ground results. However, others may want to 
study and report on these improvements. 

sumlARY 

For nearly 150 years the Copper Basin has been a major source of sediments in 
the Ocoee River. Mining, and particularly the smelting of copper ore, was 
the culprit. With the discovery of copper in 1843 the basin underwent 
drastic changes and today still remains as a significant nonpoint source of 
pollution. However, with nearly a half century of various kinds and levels 
of reclamation, over two-thirds of the basin's 32,000 acres (50 square miles) 
is on the road to recovery. 

Once, the degraded water quality and poor aquatic habitat of the Ocoee River 
downstream was accepted because the goal of revegetating the denuded lands in 
the Copper Basin seemed unachievable. However, through cooperative efforts 
of various private companies and government agencies, control of erosion from 
the Copper Basin is now an attainable goal (4). Since 1984, 2,435 acres have 
been reclaimed leaving only 908 acres of denuded lands and 9,269 acres of 
partially vegetated lands. With continued activities and reasonable funding 
by cooperators, the job can be accomplished. 
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PLACER MINING AND SEDIMENT PROBLEMS IN INTERIOR ALASKA 

by Bruce P. Van Haveren, Supervisory Hydrologist, U.S. Bureau of Land Management, Lakewood, Colorado, 
and Adjunct Professor, Colorado School of Mines, Golden, Colorado 

INTRODUCTION 

The ~turalre.source contYicU associated with placer mining in interior Alaska havebeen well documented (USDI- 
BLM, 1988: Dworsky and Levine, 1989; Van Haveren, 1989). In this paper I explore the fluvial issues associated with 
placer mining in the Birch Creek watershed, which drains alargeportion of the Circle Mining District in interior Alaska. 
Specilically, I discuss mining-sediment relationships, stream behavior, and valley-floor stability. 

AREA DESCRIPTION 

TheBirchCreekwatershedislocatedapproximatelybehveen65and66degreesnahlatitudeandbetween 144aad 
146 degrees west longitude and has a drainage area of 557Okm2 at the Steese Highway Bridge (Pigare I). Birch Creek 
ranges in elevation from approximately lu) m at its confluence with the Yukon River to approximately 1500 m at the 
watershed divide. A sixth-order stream, Birch Creek drains about one-eighth of the total area of the Yukon- ‘faaaaa 

LIE ll? Rlli us Lldh 

guure 1. Birch Creek Watershed, Yukon Region of Interior Alaska. 
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Uplands Physiographic Provioce., which is part of the great centi plateau province Of Interior Alaska. This Region is 
a~~~gap~dch~terizedbydiscon~uousgroupsofhighermounrainsandridgec~stsofrelativelyoniformheight. 
Ridge tops vary from about 800 m to nearly 1500 m above sea level: a few summits exceed 1500 m. 

The geology is characterized by early pre-Cambti Birch Creek schist with narrow bands of Quaternary alluvium 
occupying the valleys of Biih Creek and its major tributaries. The Birch Creek schist consists of r@XyStallized 
sex&en- rocks which are very resistant to erosion. Chemical weathering do-es not readily occur in the ChatiC 
conditions of interior Alaska, particularly where permafrost exists. Weathering is primarily by freeze-thaw action. 
Metie (1937) reported that the total amooot of weathering at higher elevations is substantial and produces significant 
amoums of debris which is transported down the steep headwater valley slopes as colluviom and alluvium. 

The headwater drainage systems are overwhelmed and underpowered and cannot easily transport the material 
downstream. This fluvial incompetence is evidenced in many of the first and second order stream systems, where 
channels are choked with large sediments. Inteffluve areas are well-vegetated and quite stable: hillslope erosion is 
virtually nonexistent except on roadcuts. 

Ibis region escaped continental glaciation during the Pleistocene, but alpine glaciers were present above the 1200 
m level. Many of the headwater streams flow through wide, open valleys that are dispropxtionately large in compari- 
son to their sueam channels. Mertie (1937) believed that these underfit streams indicate a long and uninterrupted 
erosional cycle prior to the Pleistocene, accompanied perhaps by greater precipitation and stceamflow. 

Mean annual precipitation in the central portion of the basin is 260 mm with 60 to 70 percent of that coming as tin 
between June and September. Snowfall averages about 130 cm, but the moistax content is quite low. Although 
precipitationrecords;nenotavailableforthehigherelevationsinthebasin,rainfallandsnowfalltotalsprobablyincrease 
with elevation. Summers are cool and often rainy, while winters are very cold and relatively dry. A mean annual 
temperature of -9 C is responsible for the discontinuous permafrost found throughout the region. 

A mosaic of vegetation communities has developed within the Birch Creek watershed in response to climate, 
physiography, smiicial geology, soil types, permafrost occurrence, and disturbances such as fire, flooding, and human 
activity. On the lower slopes, the better-drained sites contain herbaceous plants, mosses, and lichens. Poorly-drained 
sites are characterized by alder, willow, sedge tussocks, sphagnum, and lichens. The upper slopes support deciduous 
forests, including birch on silt-loam ridges; black spruce on gender, colder, poorly drained sites, especially north-facing 
slopes; and white spruce on the drier south and west-facing slopes. 

Riparian communities include white spruce and cottonwood in the lower stream reaches and tall and low shrubs in 
the upper drainages. White spruce is the climax tree species on floodplains, while the poplar-spruce community may 
beanintermediatestage. Ripariaoshrubcommonitiesmaybetallsh~borlowshrubinform. Thetallsbrubcommunity 
includeswillowthicketsandsbmbswampsofalderandwillow. Lowshrubcommunitiesmaybedwarfbirch/ericaceo~s 
shrub bog, mixed shrub/sedge tossock bog, shrub birch/willow, and willow/gmminoid bog. Some ripariao zones are 
essentially devoid of vegetation due to placer mining. 

Soils are shallow and poorly developed. Permafrost is extensive except on south-facing slopes and in the active 
channels of perennial streams. Because of these factm, there is little water storage capacity in the soil. The muskeg 
is several centimeters deep doe to the slow rates of decomposition and is capable of storing all the precipitation from 
smaller sulrms (Reynolds et al., 1989). Evaporation rates are low and the muskeg may stay moist through- out the 
summer. This region occasionally experiences large convective storm events that can produce rainfall amooots of6 cm 
Or greater. Because of its low storage capacity, the Birch Creek watershed, particularly at higher elevations, cannot store 
rainfall of large magnitude. Prindle (1905) observed that Birch Creek was capable of rising several feet in a few hours 
following rain and then quickly receding back to normal levels. He attributed this quick hydrologic response to the 
presence of tYoz.en ground. 

Aufeis or valley ice is a phenomenon cbamcteristic of northern latitudes including Interior Alaska. Aufeis is the 
seasond aCCumdation of ice soperim~sed on the frozen surface of a stream, river, floodplain, or spring (Slaughter, 
1990). In response to hydrostatic pressure, water is forced upward through cracks io the existing ice cover and 
subsequently freezes (Kane, 1981). This process results in very thick ice deposits of large areal extent. 

Aufeis can be an important agent io fluvial geomwhic activity ifit directs stream energy toward channel formation 
and enlargement (Slaughter, 1990). Plow capacities may be reduced if large ice volornea occupy the act& channels. 
Ifthechannelistotallyoccupied byaufeisearly in thespring,flowmaybegin on topofandfiengrad&lyerodehugh 
the ice. On the other hand, aufeis may play a protective role, dissipating flow energies that would normally be d&ted 
at channel banks. According to Mertie (1937). aofeis deposits have the effect of widening valley floors because of the 
iCe acting as a channel obsmction during snowmelt runoff. Plows are either diverted around the ice tow& ch-1 
banks, initiating lateral erosion, or forced into the channel bed, initiating bed scour (Figaro 2). 
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PROBLEM DEFINITION AND ANALYSIS 

The Placer Mining Issue 

In a typical modem placer mining operation, crawler-type tractors are used to scrape away the vegetation mat and 
silt and organic layers that overlay the. valley alluvium. Coarser gravels and fractured bedrock that do not contain gold- 
bearing rocks may also be treated as overburden and piled at the pwimeter of the operation. The “pay dirt” (gold-bearing 
mat&al) is then moved by crawler tractor of front-end loader to the processing plant, where it is scrcencd and sorted to 
remove largerrocks. Avarieryofmethodsareemployedtoextract the gold from the sortedmaterial. The basic principle, 
however, is the same for all medmds. Since gold has a higher specific gravity than the material it is associated with, 
gravity and water are utilized to separate and wash the gold particles. Placer gold is sometimes referred to as “free gold” 
because it is not tied up in an ore complex. 

The separation and washing pro- 
cess-commonly called “sluicing”- re- 
sults in a large quantity of silt- and sand- 
sized material being discharged from the 
placer operation. These tine-grained 
“tailiigs” traditionally were discharged 
directly to the stream channel because the 
mines were located in the valley bottoms 
close to the placer deposits (Figore 3). 
Coarser tailings drop out of suspension 
quickly but the fmer particles continue in 
suspension and are transported down- 
stream. Both inorganic sediments and 
organic debris may wash into the swam 
channels as a result of erosion of seipped 
ground and stored overburden (Reynolds 
et al., 1989). 

Sediment Problems Defied Figure 2. Aofeis influences stream channel morphology and behavior. 

Placer mining is considered a significant sediment-producing land-use activity (Madison, 198 1). Placer mining has 
been shown to result in an increase in the sedimentation of stream channels (with sediment coming from mine operations 
as well as from roads): loss of ripariao vegetation and associated soils; elimin- ation of stream banks and floodplains, 
diversion of sh’eam channels: loss of meanders and pools; widening of channels; change in substrate; adverse changes 
in water quality; depressed aquatic inver- 
tebrate populations; and elimination of 
fwhhabitat(WeberandPost,1985;USDI- 
BLM, 1988). Resuspension of deposited 
sediments occurs at high flows, but 
bankfull flows are insufficient for re- 
moving fine sediments that settle into 
gravel substrate. A cementing process 
was observed to occur on the. channel bed 
(Weba and Post, 1985). 

Suspended sediment concentrations 
and turbidity are key conceros in Birch 
Creek, a National Wild and Scenic River. 
Tarbidities of only 5 NTU’s (nephelo- 
metric turbidity units) can decrease the 
primary productivity of shallow, clear- 
water interior Alaskan streams. Arctic 
grayling avoid water having turbidit& Figure 3. A typical placer mine in interior AIsska. 
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greater than 30 NTU’s (Lloyd et al., 1987). Reynolds et al. (1989) and Lloyd et al. (1987) agree that the EPA standard 
of SNTIJ abovenaturalconditionsisreasonable forahighlevelofptionfor stream ecosystems. TheStateof Alaska 
has applied effluent performance standards to placer mine operations. The standard for settleable solids is 0.2 ml/L. 
However, placer mines may discharge water that is still highly turbid even though it meets the set&able solids standard. 

Although turbidity may be due in part to the presence of organic material in the water, Lloyd et al. (1987) sampled 
streams in the Birch Creek drainage and reported that turbidity and suspended sediment concentration were directly 
related. Reynoldsetal. (1989)reportedthattwbiditiesinBirchCreekdwing 1982and 1983 usuallyexceeded lOOONTU, 
while turbidi!& in the confluent control stream, Twelvemile Creek, were usually less than 5 NTU. Suspended sediment 
concentrations averaged greater than 500 mgiL in Birch Creek and less than 100 mg/L in Twelvemile Creek. 

Mining and Stream Channel Stability 

The regulatory community has been concerned primarily with suspended solids and turbidity issues. Of equal 
importance is the channel instability that results from traditional mining practices. Sediment overloading leads to 
aggradation, channel widening wherever banks aie ercdible, and bar and island development (Heede, 1980). Such 
channels tend to be laterally unstable (Van Haveren and Jackson, 1986). Extreme channel instability, frequent lateral 
migmtion, and an inability to effectively convey upstream inputs of water and sediment are characteristics of these 
channels(JacksonandVanHaveren, 1984). Inextremecases,channelwideningmayleadtomulh~lefloodflowchannels 
and braiding (Heede, 1980). 

A reach of Birch Creek below a placer mine exhibits many of these. instability characteristics (Figure 4). The miner 
moved the active channel of Birch Creek to a new location in the valley. As Birch Creek cut and formed a new channel, 
alargequantityofmaterialwastransporteddownstreamanddepositedatawidespotinthevalley. Thislwalsggradation 
caused the braiding evident in the photograph. 

There are critical thresholds of stream gradient and discharge (or stream power) that if exceeded will convert an 
alluvial channel from straight to meandering and from meandering to braid&d. Valley width determines how that stream 
power is distributed. ‘Ihus. valley madieot, valley-floor width, and stream discharge will interact to determine. channel 
&am or form. According to &i;,mm 
and Beatbard (1976), thresholds of the.% 
variables may be either intrinsic (gee- 
morphic) or exhinsic (dependent on ex- 
ternal variables). An example of an ex- 
trinsic threshold would be. placer mining 
activitythatresultsinanincreaseinstream 
power. Changes in sediment transport 
capacity willwcorwithchangesinswam 
power (Phillips, 1989). 
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Achangeinsedimenttypeorloading 
may result in a change. in channel mar- 
phology and form, followed by a long 
period of chaonel instability (Schumm, 
1969). Smaller panicle sizes have been 
observed in stream teds below placer 
mines (Van Haveren, 1989) and greater 
silt-clay plus sand fractions were found in 
the bed sediments of mined basins as 
ComparedtounminedbasinsOIanMaanen 
and Solin, 1988) in interior Alaska. 

Figure 4. Channel aggmdation caused by an upsueam channel 
diversion around a mining operation. 

MANAGEMENT IMPLICATIONS 

Basin-Wide Approach 

Van Haveren (1989) suggested that a basin-wide watershed management approach be used for the Birch Creek 
watershed. A basin-wideapproachisrecommendedastheappropriateframeworkwithin whichnatmalrcsourceconflict 
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resolution should proceed (Dixon and Baster, 1986). The majority of land in the Birch Creek watershed is Federally- 
ownedandmanagedbytheU.S.BoreaaofLandManagement. TheBureaaofLandManagementmanagesplacermining 
under the 1872 General Mining Law, which provides for the exploration, development and production of mineral re- 
sources on public lands. Other laws require the Bureau to manage the lands to prevent undue and unnecessary 
environmental degradation. Inaddition,theagencyisresponsibleforthemanagementoftheBirchCreelrNationalWild 
River. TheStateofAlaskahasaresponsibilityfor managing waterqualityinalls~a~wa~rsof thestate. Forexample, 
the U. S. Environmental Protection Agency and the State of Alaska have set turbidity and settleable solids standards, 
respectively, for mine placer effluent. Although federal and state agencies have similar environmental standards and 
management goals, the degree of enforcement varies considerably. A greater consistency of enforcement is needed 
within a basin-wide context. 

Mining Impact Mitigation and Rehabilitation 

Within a region of similar climate, geology, and land use, hydrologic varia- b1e.s can be correlated with variables 
which express the geomorphic character of the drainage system (Schumm, 1969). The sensitivity of a given valley and 
stream system depends on the extent of disturbance, stream power relation- ships, flow resistance characteristics, and 
the ability of the valley-stream system to distribute and dissipate flow energies. Land-use planning, especially 
reclamation prescriptions and mining practices, could be based on valley characteristics (Hardy and Associates, 1979). 
Of particular concern is the potential for significant and long-term stream channel erosion if mined valleys are not 
stabilizedtbroughproperrcclamation. Elliott(1989)relatedv~ey-flooremsion~threegeomorphicvariables: drainage 
area, valley gradient, and valley-floor width. Narrow valleys tend to concentrate water, which increases tlow velocities 
and s!xam erosive power. Wide valleys have the ability to disperse flow energy. Valley-floor widths in the Birch Creek 
watershed are a function of drainage areabut may also be influenced by local geology, historical erosion and deposition 
processes, and aufeis formation. The objective of placer-mine rehabilitation should be m fmt stabilize disturbed upland 
sites and then to create a new stream equilibrium condition capable of supporting a viable riparian zone (Van Haveren 
and Jackson, 1986). Rehabilitation prescriptions should be based in part on the relationships between drainage area, 
valley gradient, and valley-floor width. 
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ABSTRACT 

The prevailing measures for preserving reservoir capacity in 
Taiwan are described.In general they can be classified into three 
categories,i.e.minimizing sediment deposition,maximizing sediment 
flow through a reservoir, and recovering storage capacity. 
Recently two of the measures, sluicing by desilting tunnel and 
evacuation by dredging have been demonstrated to be economically 
feasible. Hydraulic properties of these measures are elaborated 
in this paper. 

INTRODUCTION 

Most major reservoirs in the world are subject to sediment 
problems of some degree. Reservoir siltation creates major 
problems in the planning, design and operation of a h-ater 
resources system. The useful life of a reservoir may be reduced 
rapidly because of high sediment yield from its drainage basins. 
The conventional design of a dam and reservoir usually only takes 
into account the retention of sediment-laden inflow. This results 
in a rapid decrease in the storage capacity of 'the reservoir. 
Thus, in planning, designing or operating a reservoir system, the 
engineer should further consider the preventive measures to 
reduce the sediment deposits and to estimate the long-term 
usable storage capacity to be kept in the future for beneficial 
purposes of the reservoir operation. In general, these measures 
may be classified into the following three categories: 

1. Measures to minimize sediment deposit in reservoirs. 
2. Measures to maximize sediment flow through reservoirs. 
3. Measures to recover storage capacity of silted reservoirs. 

Being affected by the unfavorable upstream physical conditions 
the major reservoirs in Taiwan are all subject to sedimentation 
problems of some degree. Hence, SeVeral sedimentation free 
measures were considered or undertaken in the past. Experiences 
obtained during past century of reservoir operation will be 
briefly introduced. Two measures, namely , sluicing by desilting 
tunnel and evacuation by dredging have been used and demonstrated 
to be economically feasible means for reservoir sediment removal. 
These measures illustrated the successful application of hyper- 
concentrated flow as an aid to either gravitational or mechanical 
reservoir sediment removal. They are further elaborated herein. 

Trapping and retaining sediment by a vegetative screen,reduc- 
ing of sediment inflow by soil conservation, reducing sediement 

10-75 



flow and retaining sediment by check dams,and bypassing sediment- 
laden flows are considered to be fallen into this category . 

Soil conservation in preventing the movement of soil particles 
or preventing the transport of sediment to the reservoir include 
agricultural measures like land treatment in the watershed, and 
engineering measures like watershed structuresin upstream 
regions. 

Agricultural screening, using land treatment measures such as 
terraced fields,afforestation,grassland,has long been considered 
to be the most effective measure in preventing the sediment from 
entering reservoir or lake systems. Such screening measures, 
either naturally or artificially created at the watershed or head 
of the reservoir system,serve to filter the incoming flow, reduce 
the flow velocity and cause the sediment to deposit before it 
entering the river or reservoir system. Engineering measures 
considered to reduce the sediment inflow include: stream bank 
erosion reduction by crib dam drop structures and riprap bank 
protection; stabilization of landslides by concrete retaining 
structures and a combination of rock riprap and horizontal 
drains; reduction of road erosion by culvert installation and 
improvement and stabilization of road fills, cuts , and gutters 
by various means. These measures are considered to be standard 
practice in Taiwan. However,in spite of comprehensive sediment 
control by soil conservation using these practices in different 
fields , damages created by sediment deposition are varied and 
extensive. The coverage of these watershed treatment measures 
would be large that none of them is considered to be economically 
justifiable for a basin wide or a subbasin wide application . 
Furthermore,the effectiveness of such soil conservation practices 
for large catchment areas can not be estimated with accuracy. In 
addition to the above mentioned standard practice several other 
attempts were also tried in Taiwan. These include consolidation 
of reservoir deposits, construction of large scale check dams, 
and bypassing of sediment-laden flows by offset reservoirs. They 
are described below: 

Reservoir Bed Consolidation 
__------------------------- 
At the begining of the operation of the Coral Lake Reservoir in 
1930,the reservoir was purposely emptied once every four years 
so that the silt settled in the reservoir bed could be 
consolidated. The unit weight of the deposited fines might b? 
consolidate 9 from its original state of approximately 410 kg/m 
to 650 kg/m , however, such an increase in unit weight could not 
easily be predicted geotechnically. Furthermore this type of 
operation was not considered to be practical to cope with the 
downstream water demand. Hence,this practice was only tried twice 
since 1930 . 

Large Scale Check Dams 
_--_-------------------- 
The effects of a check dam on reducing sediment transport are, 
first, to trap sediment and diminish sediment loads flowing into 
the reservoir; and second, to raise the bed of the upstream 
channels and flatten the gully bottom, so that various types of 
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erosion are controlled or checked. Based on the statistical 
data, there are more than 850 check dams of different sizes in 
the upstream areas of 33 major reservoirs in Taiwan . However, 
their effect might be varied, and from visual observation , the 
larger the check capacity , the higher the check dam and the 
higher the checking effect would be . Examples are the check dams 
in Shihmen Reservoir,i.e. Palin Dam , a check dam of 25.0 -m in 
height, and Yishing Dam with height of 31.5-m , and Jonghua Dam 
with height of 81-m. The byproduct of these dams are the 
hydropower generation . 

Offset Reservoirs 
.-___-________-____ 
Of the different measures adopted in Taiwan, studies showed that 
offset reservoir with effective diversion intake control is the 
only solution to the sedimentation problem. To date nine out of 
the 33 major reservoirs are the offset type. Of which the Sun 
Moon Lake reservoir, built in 1935, and Coral Lake Reservoir, 
built in 1930, are representatives , 

Generally, most sediment is carried by the river flow during 
flood periods. If it is possible to construct a reservoir away 
from the main stream so that during sediment-laden flow periods 
the flow is returned to the main stream. This will permit a 
control of the inflow of sediment to the impounding off-set 
reservoir. The efficiency of bypassing the inflow sediment 
,however, is greatly affected by the design and operation of the 
diversion structures . Of the above mentioned reservoirs, the Sun 
Moon Lake is comparatively free from sediment problem because of 
its higher settlement efficiency at the diversion intake area. 
Table 1 compares the bypassing efficiency of the Sun Moon Lake 
and Coral Lake Reservoir . The ratio of the average deposit 
sediment content and the main channel sediment content for Sun 
Moon Lake Reservoir and the Coral Lake Reservoir is 1:14.2 and 
1:2.43, respectively. Apparently the Sun Moon Lake Reservoir has 
a higher bypassing efficiency of the~inflow sediment. However, as 
a side effect of this bypassing,its diversion dam,Wu-Cheih Dam, a 
gravity dam of 58 -m high was completely silted up within a six- 
year period. Thus the benefit of the offset reservoir is achieved 
at the expense of the diversion intake works. 

Table 1. Sediment bypassing efficiency of off-set reservoir 

Item Sun Moon Lake Coral Lake 

Main Watershed area K 
Reservoir Capacity 10 8‘ m3 

501 523 

Main Channel Dischar e 
Offset discharge 

log m$~~rm3/yr l,i$%:$ 
137.8 

1,391.6 

~~~~~~tSI~b~~~~tD~~~h~~~~r106 m3 7:18 
411.5 

13.4 
0.25 1.63 

Deposit/Main Flow Sediment 1:28.7 1:8.22 
Offset /Main Channel Discharge 1:2.02 1:3.38 
Deposit Sediment /Main Channel 
Sediment content 1:14.2 1:2.43 
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MAXIMIZING SEDIMENT FLOW THROUGH RESERVOIRS 

Maximizing sediment flow through reservoirs can be achieved by 
increasing the hydraulic gradient of the flow during flood season 
and releasing as much sediment as possible from the reservoir by 
making use of the sediment carrying capacity of the floods. 
Examples are lowering the dam crest or installing deep or bottom 
outlet facilities. 

Increasing Sediment Transport Capacity 
-------------------------------------- 

Hsinkueishan Dam is one of the typical examples of removing 
part of the dam structure to increase the sediment transport 
capacity of a dam system. On the Hsintein River, the reach near 
Wulai aggraded considerably due to the silting of Hsinkueishan 
Dam. At 1.8 km upstream from the dam there is a powerhouse 
named Wulai power House. Constructed initially in 1941 as a free 
overflow dam, Hsinkueishan Da with overflow crest at El.110 m , 
has a drainage area of 313 km 8, . Backwater extended 2 km upstream 
including the river reach of Wulai powerhouse to provide 
sufficient tailwater for the tailrace. In September 1948, a 
flood inundated the generator floor. In the mean time, the river 
bed near the tailrace , formed by silting behind the Hsinkueishan 
dam , was raised from its original elevation of 109.5 to 116.5 m, 
an increase of 7 m . As a result, the entire tailrace was filled 
with river deposit. 

To cope with the difficulties, the dam crest of the 
Hsinkueishan Dam was truncated some 7 m lower and the spillway 
was changed from an ungated to a gated structure in the years 
between 1949 and 1951 to provide additional storage and 
regulation. It was assumed that lowering the spillway crest 
nearly the same amount as the depth of aggradation at the 
powerhouse, would result in parallel degradation and solve the 
tailrace problems at the powerhouse. Subsequent operation of the 
modified gated spillway has verified the expected results. The 
sediment behind the dam has been flushed out because of the 
increased sediment carrying capacity of the stream and as a result 
the river bed at Wulai tailrace has been kept free from the 
backwater effect of the downstream dam. Similar operation was 
also performed at Tienlung and Wuchieh Dam. 

RECOVERY OF STORAGE 

Recovery of storage may be achieved by dredging,flushing of 
deposited sediment, and siphoning. During the 1950-th siphoning 
was tested extensively at Gen-Shan-Pei reservoir, however it was 
concluded that the effective area is localized. In order to 
increase its efficiency, a flexible pipeline is needed to connect 
to the bottom sluice . The head part of the pipe is movable so 
that sediment deposits may be reached and siphoned out by the 
water head above the outlet. 
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Dredging 
- - - - - - - - 

&silting is an expensive and frustrating operation that 
involves sluicing and subsequent removal from downstream works or 
mechanical excavation and disposal. At Shihmen Reservoir the site 
condition is favorable to dredging. The Shihmen Dam is of an 
embankment type, 133 meter in height, 360 meters in 6 ength, 
forming a reservoir whose total capacity is 316 *lO cubic 
meters. The dam was put into operation in May 1963. However , 
when the first flood brought about by typhoon Gloria hit the 
reservoir,the maximum inflow was reported to be 10,200 ems, 
almost identical to the design s illway 8 capacity of 10,900 ems. 
In that single flood ,10.5 *lO cubic meters of sediment was 
trapped in the reservoir. Succeeding surveys show that the annual 
rate of siltation has been more than three times as high as that 
estimated at the time of project design. Afterwards, the intake 
tower was reconstructed , hundreds of small scale check dams and 
three high check dams were installed, of which the highest one, 
JoBghua Dam is 81 meters high with a reservoir capacity of 12.4 * 
10 cubic meters . In spite of 
silting rate still remained as high as 2.1 *lO 

these expensive i$v;g"/yeyf., ;tz 

effect of the sediment deposit was so serious that it even 
affected the daily operation of the intake tower. Finally, a 
mechanical excavation and disposal plan was set. 

Hydraulic dredger was utilized to remove the deposited 
materials as deep as 80 meters. A submersible dredge pump with 
pumping capacity of 900 cubic meters/ hour , a suction head of 
25 meters, and power of 170 kw * 10~ * 60 Hz was used to draw the 
deposited materials. Ths suction head was enhanced with water 
jetting nozzles of 3.2 m /min flow,150 m head, and as a result of 
the powerful ejecting effect, earth and sand dredged by jetted 
water were effectively'sucked into the suction pipe. The mixture 
was then pumped ashore by a boost dredge pump with 560 Kw * 4p * 
60 Hz power. The dredging was conducted from the seriously 
affected downstream intake area. Because of the sorting action 
of the storage reservoir,the materials deposited in this part of 
the reservoir are mainly fine ones. With the vertical suction 
method, high dredging capacity was possible and the mud 
concentration could be up to 30 %. This makes the sediment 
removal by dredging economically justified. Though, from past 
five years of prototype operation, the dredging method has been 
proved to be very powerful in clearing the deposit near the 
intake area and greatly reduces the burden for reservoir 
release, the water pollution problem induced by disposal of 
dredged materials in the downstream channel is extensive. It is 
an issue that should be addressed in the near future. 

Desilting by Sluicing 
----------_---------- 

One solution to the recovery of deposited reservoir capacity 
is the hydraulic flushing of sediment deposits through low-level 
sluices. This is a practice that has been successfully applied in 
Taiwan in the past three decades. Towards the end of the water 
supply season and before the beginning of the high flow season, a 
reservoir normally retains some water; this can be used to 
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desilt the sediment deposits from the previous years. When the 
desilting sluices are opened, the water level in the reservoir 
begins to fall, and flow towards the sluices is generated. The 
reservoir can be flushed by either pressurized condition or free 
flow condition. Such an operation is being applied for reservoirs 
with fine or coarse sediments. 

Gen-Shan-Pei Reservoir is one of the typical example adopting 
desilting tunnel with fine sediments. In the southern part of 
Taiwan there are many watersheds which are characterized by their 
easily erodable mudstone formation where the sediments are fine 
in size, uniform in gradation and are easily eroded after 
saturation. Completed in 1938, Gen-Shan-Pei reservoir is one of 
the reservoirs located within this region. It is an earth dam 
30.0 meters high an g 256 meters long with an initial storage 
capacity of 6.98 *lO m3 . However, since its initial impoundment 
it has suffered from severe sedimentation problems. In 1951, 
prototype operation of the reservoir showed that quite a large 
amount of deposit materials was desilted through the intake 
tower. Hence, the proposal of constructing a new desilting tunnel 
was comprehensively studied in a hydraulic model. A 1:50 scale 
non-distorted model of the main pocket area was constructed and 
the most effective means of desilting the reservoir sediments was 
studied. Froude law was adopted to determine the model scale, and 
coal powders were used as movable bed materials. The movable bed 
material was scaled down using the particle fall velocity.It was 
found that the qualitative behavior of sediment movement near the 
existing intake area was in good agreement with the prototype . 
After the completion of the tunnel, thre-e years of prototype 
experiments were followed. Using the prototype desilting data, 
the applicability of different sediment transport parameters was 
studied and several desilting capacity equations were proposed. 
It was found with the fine sediment deposit hyper-concentrated 
flow of as high as 45% content can be expected. The proposed 
equation for the desilting capacity of the sluices was 

Cw = 847.1 (V3/gdw) -Os4' 
or 

Cw = 369.3 (Vs/w) -O"' 

where Cw = the sediment concentration, in kg/m3 
v= the flow velocity in the tunnel, in m/set 
s = the energy gradient of flow in the tunnel 
d= the depth of flow in the tunnel, in m 
w = the falling velocity of the particle, in m/set 

However,in other parts of Taiwan many rivers are characterized 
by another extreme composition of coarse sediments ranging from 
gravel to cobble. Tachia river is one of the typical examples, 
where a series of dams,from upstream to downstream, Te-chi,Chin- 
shan,Kukuan and Tien-lun were built. In this series of dams and 
reservoirs , hydraulic flushing through low-level sluices was 
applied at Kukuan and Tien-lun Dam. The problems related to their 
operation are uncertainty of desilting capacity of the sluices , 
blockage of the gates by sediments and abrasion/erosion of 
concrete structures. In order to solve these problems hydraulic 
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models were used and from the model data the desilting capacity 
of the sluice was obtained as 

Cw = 0.024 (V3/gdw)~2'66 
or 

Cw = 181.4 (Vs/w) 2'54 

The difference of desilting equation between the coarse and the 
fine sediment is considered to be due to the hydraulic properties 
of the hyper-concentrated flow, however , further studies are 
needed. 

CONCLUSIONS 

The experience gained in the last five decades of reservoir 
operation in Taiwan has been valuable and has cleared many of the 
misconceptions about the reservoir sedimentation problem. 
Recently sluicing by desilting tunnels and evacuation of sediment 
by dredging have demonstrated to have sufficient economic value. 
Both show the successful applications of hyper-concentrated flow 
for reservoir desilting either by gravity or mechanical means. 
With these experiment results‘at hand it is now possible to have 
a more realistic assessment of the sediment prevention measures 
for many reservoirs. 
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More than 885 000 km of roads have been built on US
federal lands to facilitate resource extraction, recre-

ation, and transportation (Havlick 2002) – enough to
drive to the moon and back. While these roads provide
important services, their construction and presence can
also influence the hydrology, geomorphology, and ecosys-
tem processes. They can substantially alter hillslope
hydrology by reducing soil infiltration, concentrating
water through road drainage structures, and converting
subsurface flow to surface flow (Luce 2002). Overland
flow can cause geomorphic changes, including chronic
erosion (Megahan and Kidd 1972), extended channel sys-
tems (Wemple et al. 1996), and increased risk of landslides
(Swanson and Dyrness 1975), thereby decreasing aquatic
habitat quality. Roads also influence the ecology of terres-
trial and aquatic ecosystems through direct habitat loss,
fragmentation, and associated human impacts as a result
of increased access (Wisdom et al. 2000).

Recognition of these wide-ranging effects has recently
thrust roads into the forefront of research, resulting in the

publication of books (eg Forman et al. 2003; Havlick
2002), reviews (eg Gucinski et al. 2001; Trombulak and
Frissell 2000), special journal issues (eg Conservation
Biology 14[1], Earth Surface Processes and Landforms
26[2 and 3], and Water Resources Impact 3[3]), and thou-
sands of peer-reviewed studies. Increasingly, roads are
being removed to mitigate these problems. However, to
date surprisingly little attention has been given to the
short- and long-term benefits and impacts of road
removal. Here we describe three methods of road removal,
summarize research that has been conducted, and identify
knowledge gaps and research needs in this emerging field.

� Road removal

Public and private land managers in the US and Canada
are removing roads to restore habitat connectivity and
ecosystem processes. For the purposes of this article, we
define road removal as “the physical treatment of a
roadbed to restore the form and integrity of associated
hillslopes, channels, and flood plains and their related
hydrologic, geomorphic, and ecological processes and
properties”. Road removal projects have been undertaken
for several reasons: to restrict access, increase hillslope
stability, minimize erosion, restore natural drainage pat-
terns, protect endangered plants and wildlife, and restore
aquatic and wildlife habitat.

Roads are typically built by using heavy equipment to
cut into a hillslope, with extra fill cast aside below the
road (Figure 1). Road removal essentially reverses this
process. The most common forms of road removal include
“ripping” the roadbed, restoring stream crossings, and fully
recontouring hillslopes, although a variety of techniques
have been applied on the ground (Table 1). Road ripping
involves decompacting the road surface to a depth of
30–90 cm, typically done with a bulldozer dragging a spe-
cially fitted plow over the roadbed (Figure 2). This is often
followed by the addition of soil amendments and by
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Benefits and impacts of road removal
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Road removal is being used to mitigate the physical and ecological impacts of roads and to restore both pub-
lic and private lands. Although many federal and state agencies and private landowners have created proto-
cols for road removal and priorities for restoration, research has not kept pace with the rate of removal. Some
research has been conducted on hydrologic and geomorphic restoration following road removal, but no stud-
ies have directly addressed restoring wildlife habitat. Road removal creates a short-term disturbance which
may temporarily increase sediment loss. However, long-term monitoring and initial research have shown
that road removal reduces chronic erosion and the risk of landslides. We review the hydrologic, geomorphic,
and ecological benefits and impacts of three methods of road removal, identify knowledge gaps, and propose
questions for future research, which is urgently needed to quantify how effectively road removal restores ter-
restrial, riparian, and aquatic habitat and other ecosystem processes. 
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In a nutshell:
• Road removal is being used to mitigate the impacts of roads

and restore ecosystem processes
• Preliminary research has found that road removal may tem-

porarily increase sediment loss, but reduce chronic erosion and
the risk of landslides over the long term

• More research is needed to determine if aquatic and terrestrial
habitats recover following removal
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revegetation. Treatment of stream crossings involves
removing culverts, excavating the fill down to the original
land surface, recontouring streambanks, installing chan-
nel stabilization structures, and revegetating (Figure 3). A
full recontour involves treating stream crossings, reshap-
ing the roadbed to its original slope, and revegetating the
area (Figures 4 and 5).

Revegetation of the treated road surface is an essential
component of habitat restoration, and can include nat-
ural regeneration or seeding with native or non-native
grasses, nursery-grown trees or shrubs, and transplants
from adjacent hillsides. Soil amendments, including side-
cast topsoil (soil cast aside during road construction),
mulches, biosolids (residual materials from wastewater
treatment), and fertilizers are often added to increase
nutrient cycling. Sediment control structures such as silt
fences, check dams, erosion mats, weirs, rock buttresses,
and timber cribs are often employed to reduce surface and
channel erosion and the risk of landslides immediately
following treatment.

� Research review

Road removal is an interdisciplinary endeavor requiring
broad expertise, particularly in soils, geology, geomor-

phology, engineering, hydrology, and ecol-
ogy. For example, the composition of a soil
can greatly influence the degree of water
retention and subsurface drainage of a road,
and thus the risk of erosion and landslides
and the degree of revegetation. In addition,
natural environmental factors such as land-
form features, bedrock type and composition,
vegetation, hydrological characteristics, and
climate can all have considerable effects on
erosion and runoff rates. Although many
land management agencies have created pro-
tocols outlining methods for road removal, a
thorough evaluation of the ability of this pro-
cedure to restore hydrologic, geomorphic,

and ecological processes has not yet been made.
We have gleaned much of our knowledge on road

removal from observational studies and monitoring con-
ducted by land managers in the western US. However, few
experimental studies have addressed this topic and few
published papers exist. Most studies have occurred in areas
characterized by high precipitation, highly erodable soils,
and/or steep topography. Additionally, many of the studies
have been short in duration and often do not account for
long-term variability. 

� Ripping the roadbed

Roads are compacted initially during construction and
later by vehicle traffic. This compaction limits water
movement and soil aeration, restricts root growth and
elongation, and disrupts nutrient dynamics. In severely
compacted soils, infiltration is essentially zero, and
establishing vegetation can be difficult (Luce and
Cundy 1994). Ripping has been used extensively to
increase infiltration and promote revegetation on
degraded rangelands (Wight and Siddoway 1972),
mined lands (Ashby 1997), and forest skid trails and
landings (Davis 1990). On flat and gently sloping land-
scapes, ripping is the primary method of road removal.
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Figure 1. Components of a road.
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Table 1. Different types of road closure and removal and their relative costs and impacts (modified from Bagley 1998)

Road impact and Gating Permanent traffic barriers Ripping Stream crossing Full recontour
cost consideration (boulders, berms) restoration

Fill stability problems Yes (no if not comple-
fixed? No No No mented with recontour) Yes

Long-term surface
erosion controlled? No No Yes Yes Yes

Wildlife security No (yes if gate is No (yes if barriers
improved? able to deter access) deter access) Yes Yes Yes

Cost $1000–2800 $800–1000 $400– $500–150 000 $3000– 
1200/km per crossing* 200 000/km*

* The complexity and variability of stream crossing restoration and full recontour make it easier to compare costs on a per-m3 basis.The cost of excavat-
ing in Redwood National Park ranges from $1–3.50 per m3.

Road prism

Fillslope
Fill

Road bed

Inboard ditch

Cutslope
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Studies on road ripping have been carried out in diverse
landscapes across North America, in a variety of eco-
types; this procedure has been found to reduce erosion,
improve infiltration, increase the rate of revegetation,
and discourage weed establishment (defined as non-
native invasive species).

Infiltration and erosion 

Road ripping increases infiltration and reduces erosion in
the short term, but has produced mixed results in the long
term. In the boreal forests of west-central Alberta,
Canada, ripping substantially reduced bulk density (the
mass of dry soil relative to volume) immediately following
treatment (McNabb 1994). In western Montana, Bradley
(1997) found that ripping successfully improved infiltra-
tion rates 3 months after treatment. Following a 12-year
return interval storm, Bloom (1998) concluded that rip-
ping greatly reduced landslide erosion on low-risk terrain
in northern California. 

Other studies, however, report that
ripping alone has marginal long-term
success. Luce (1997) reported that
hydraulic conductivity (a measure for
comparing infiltration capacity)
increased immediately following the
ripping of Idaho logging roads, but a
number of the roads returned to their
original bulk densities after three sim-
ulated rainfall events. Soil texture
determined the success of the treat-
ment: soils high in fine silts and clays
underwent surface sealing, while soil
settlement occurred in sandier, gran-
itic soils. Although straw mulch could
be used to treat surface sealing, it had
no effect on soil settlement (Luce
1997). In western Montana, however,
Bradley (1997) found mulch prepared
from slash (forest harvest residues)
mitigated surface sealing successfully.

Revegetation and weed invasion

Quickly establishing vegetation is a priority for any road
removal project. Vegetation is one of the first visual signs
of ecosystem recovery, and creates habitat for a variety of
animals. Ripping the road surface loosens soil and
increases infiltration capacity, improving the germination
and growth of seeded plants (Wright and Blaser 1981).
The resulting vegetative cover further protects against
erosion and maintains infiltration capacity. Revegetation
studies tested the effectiveness of different seeding tech-
niques and measured revegetation trends over time.
While results varied, incorporating soil amendments gen-
erally increased rates of revegetation.

Road sites are typically nutrient poor, and the addition
of organic matter to a ripped roadbed can greatly acceler-
ate the establishment of vegetation. Applying straw
mulch decreased erosion and increased the rate of revege-
tation in northern California (Hektner and Reed 1991)
and north-central Idaho (Stonesifer and McGowan
1999). Incorporating biosolids, an amendment rich in
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Figure 2. Ripping the roadbed, Pueblo Mountain Wilderness
Study Area, OR.
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Figure 3. Stream crossing restoration, Clearwater National
Forest, ID. 
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Figure 4. Results of full recontour, Lolo National Forest, MT.
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nutrients and organic matter, significantly increased
total vegetative cover and native plant biomass on
treated roadbeds in western Washington after 3 years of
monitoring (Bergeron 2003). Incorporating topsoil to a
ripped roadbed increased natural revegetation in north-
western Wyoming (Cotts et al. 1991) and northern
California (Hektner and Reed 1991). However, in
northern Arizona neither topsoil nor mulch increased
total plant density or cover after 14 months (Elseroad et
al. 2003). Bradley (1997) found that lopped slash com-
bined with fertilizer yielded healthy grass communities
in northwestern Montana after 12 weeks, but the effects
of fertilizer may be short-lived. For example, on restored
roadbeds in Connecticut, fertilizer only improved vege-
tation growth in the first year after application (Maynard
and Hill 1992). 

While road ripping has been shown to increase the
rate of revegetation, it may create conditions con-
ducive to weed invasion. Furthermore, soil amend-
ments may supply higher than normal levels of nitro-
gen, accelerating revegetation but favoring weeds
(Zabinski et al. 2002). Monitoring and preliminary
research, however, suggest that ripping may actually
reduce the risk of invasions, because native vegetation
is able to out-compete weeds and because ripping elim-
inates a primary vector (human access) for further inva-
sions. Moreover, locations with higher precipitation
recover faster and are less susceptible to weed invasion.
In northern California, some weeds emerged following
treatment and natural revegetation on hot dry terrain,
but very few weeds appeared in moister areas (Madej et
al. 2001). Monitoring in the lush forests of north-cen-
tral Idaho revealed few weeds following treatments
(USFS 2003). Bradley (1997) also found that weed
invasion was generally reduced following ripping in wet
sites in western Montana. 

� Restoring stream crossings

Where roads intersect streams, there is
the potential for large amounts of sedi-
ment to be released into the stream sys-
tem. If a culvert is plugged with debris,
the result is often a washout where the
streamflow overtops the road and erodes
to the original stream grade. These
washouts can then cause other down-
stream culverts to fail in a domino
effect. When a blocked culvert does not
result in a local washout, streamflow
may be diverted down the roadbed itself
or along the slope-side ditch, causing
large amounts of gully erosion along the
roadbed and hill slopes below the road.
For example, in northern California,
Best et al. (1995) recorded that only 15
stream diversions produced 64 000 mt of
sediment (about 4000 dump trucks’
worth) over a 25-year period. 

Stream crossing restoration has been used in many areas
in an effort to reduce the risk of catastrophic washouts and
associated impacts on aquatic ecosystems. Most stream
erosion occurs during times of high streamflow, and the
effectiveness of stream crossing restoration was typically
measured after a major flood event. There is potential for
local erosion immediately after the excavation of a stream
crossing, but this can be partially mitigated by using sedi-
ment traps – often straw bales placed in streams to catch
sediment (Brown 2002). The impacts of short-term sedi-
ment loss on aquatic biota have not been evaluated yet.
Channel incision and bank erosion were the most com-
mon forms of stream erosion reported, and were correlated
with stream power (velocity of water flow), the amount of
large wood in channels, the percentage of coarse material
in stream bank soils, the amount of road fill excavated,
and local geology. 

Klein (1987) monitored channel adjustments on 24
stream crossings in Redwood National Park, CA follow-
ing a 5-year return interval flood. Erosion was correlated
with stream power and inversely correlated with the per-
centage of large wood in the channel and coarse material
in streambanks. Following a 12-year return interval
storm in 1997, two researchers revisited the impacts of
stream crossing restoration in Redwood National Park.
Madej (2001) examined 207 stream crossings treated
between 1980 and 1997, and found that most treated
crossings produced very little sediment and none
resulted in diversions or debris torrents (rapid movement
of large quantities of materials downstream) (Table 2).
The amount of sediment eroded was positively corre-
lated with stream power, but was also correlated with the
size of the stream crossing (Madej 2001). After surveying
86 treated stream crossings, Bloom (1998) found that
only four crossings contributed substantial erosion (>37
m3). Five to 20 years after culvert removals, pool habitat
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Figure 5. Full recontour, Clearwater National Forest, ID.
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in excavated streams had only partially recovered
(Madej 2001b), but a riparian zone of young red alder
(Alnus rubra) was providing a closed canopy and shade
over the streams (Madej et al. 2001).

� Full road recontour 

Landslides

If a roadbed on a steep slope becomes saturated, there is
an increased risk of road-triggered landslides. Full road
recontour, the most intensive form of road removal,
includes treatment of the road segments between stream
crossings, and is often employed to reduce the risk of
landslides. Most landslides occur during periods of high
rainfall and, like stream crossing restoration, the success
of the treatments are gauged following a flood event. Full
road recontour has been used effectively to reduce land-
slides in northern California (Bloom 1998; Madej 2001),
western Washington (Harr and Nichols 1993), coastal
Oregon (Cloyd and Musser 1997), and north-central
Idaho (McClelland et al. 1997; USFS 2003). Important
factors determining the risk of failure following treatment
include hillslope position and history of landslides.

In Redwood National Park, where full recontour was
first introduced, a 12-year return interval storm in 1997
provided the opportunity to measure the effectiveness of
two decades of road removal. Most treated roads produced
very little sediment. Eighty percent of the road reaches
had no detectable (> 2 m3) landslide erosion following
treatment (Madej 2001). Untreated roads produced four
times as much erosion as treated roads, mostly in the form
of landslides (Bloom 1998; Madej 2001; Figure 6). Both

Bloom (1998) and Madej (2001) reported that hillslope
position (as a surrogate for hillslope steepness and the
amount of surface and subsurface water present) was an
important factor in determining treatment success.
Although treatments dramatically reduced sediment loss
from upper- and middle-slope roads (< 40% gradient),
steep lower-slope roads continued to have high failure
rates, no matter what treatments were used. 

The Clearwater National Forest in north-central Idaho
experienced a 50-year return interval flood in the winter
of 1995/1996. A rain-on-snow event triggered more than
900 landslides on highly erodible granitic soils, half of
which were attributed to roads (McClelland et al. 1997).
Ten kilometers of roads were recontoured prior to the
storm. Although ten landslides would have been predicted
in McClelland’s model prior to recontouring, no land-
slides occurred on the treated roads (McClelland et al.
1997). To date, over 700 km of roads have been removed
from this forest with only seven landslides observed, four
of which were in areas of historic or pre-existing landslides
(USFS 2003). However, the Clearwater has not experi-
enced a serious flood event since then, and a further test of
the effectiveness of the road treatments has not occurred. 

Chronic erosion

Although most full road recontour studies have only
examined landslide events following floods, the reduc-
tion of chronic erosion is also a goal of many road
removal projects. Chronic erosion from roads can greatly
reduce an aquatic system’s integrity, and in some cases
can be the sole source of sediment input. A short-term
problem with road removal is that following a road
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Table 2. Sediment loss on treated and untreated stream crossings in northern California

Treated or Hillslope Mean (median) Mean percentage (median) Storm recurrence Source
untreated position erosion rate (m3)* of excavated fill interval (yrs)

Treated All 27 (11) – 5 Klein (1987)

Treated Lower 97 (69) 11 (5) 12 Bloom (1998)

Treated Middle/upper 79 (11) 10 (1) 12 Bloom (1998)

Treated All 50 (17) 8 (3) 12 Madej (2001)

Treated All 15 2 2–5 Pacific Watershed
Associates
(unpublished)

Treated All 42 (4) 3 (1) 2–5 Six Rivers National
Forest (unpublished)

Untreated Lower 115 – 12 Bloom (1998)

Untreated Middle/upper 180 _ 12 Bloom (1998)

Untreated All 235 _ 50 Best et al. (1995)

*Many studies only report mean values for erosion, but because crossing erosion volumes are not normally distributed (commonly there are a few
extreme values), median values of erosion may be a more useful indicator of expected erosion in a crossing.



Benefits and impacts of road removal TA Switalski et al.

recontour, the bare slopes are very susceptible to erosion.
As the slope becomes revegetated over time, however,
erosion levels eventually mimic natural slope conditions. 

Hickenbottom (2000) showed that recently recon-
toured road segments produced significantly (P < 0.05)
more sediment than road segments recontoured 12
months prior to analysis. Average sediment yield was
746 g/m2 for recently recontoured roads (versus 402, 62,
and 26 g/m2 for the untreated roads, 12-month-old recon-
tour, and control plots, respectively). These values are
derived across five replicate plots for each treatment type
applied across two geologic strata and three slope classes;
however, the analyses were all performed within one
watershed. Although these numbers demonstrate a great
reduction of sediment yield just one year after recontour-
ing, recontoured roads are susceptible to erosion immedi-
ately following treatment. Similarly, in north-central
Idaho after 5 years of monitoring, the Clearwater National
Forest reported that road treatment has eliminated surface
erosion outside of treated stream crossings (USFS 2003).
Additionally, in fully recontoured roads in eastern
Kentucky, there was considerably less sediment produced
than in untreated control plots after one growing season
(Kolka and Smidt 2001). 

� Influence on wildlife

One of the many goals of road removal is the restoration
of the ecological integrity of terrestrial, riparian, and
aquatic habitats. In addition to preservation of habitat,
restoration may be essential to maintaining and increas-
ing biodiversity (Sinclair et al. 1995). Virtually no
research has addressed the impact of road removal on
wildlife. Since terrestrial wildlife is greatly influenced by
road density (Wisdom et al. 2000), it is likely that road
removal may also affect wildlife. 

Roads influence wildlife in a variety of ways, including
reduced numbers of snags and downed logs; altered move-
ment patterns; increased negative edge effects; and

increased poaching, hunting, trap-
ping, and additional negative inter-
actions with humans facilitated by
easier access, including direct mor-
tality from car collisions (Wisdom
et al. 2000). Removed and revege-
tated roads would presumably
reverse many of these impacts and
create habitat for a variety of ani-
mals. Bradley (1997) found
Western toads (Bufo boreas) on
ripped roads in western Montana,
where slash created structural diver-
sity and microhabitats. Some
wildlife biologists argue that road
removal will reduce grizzly bear
(Ursus arctos) mortality risk
(USFWS 1993) and increase elk

(Cervus elaphus) habitat security.
Roads can greatly impact aquatic systems in complex

ways, including blocking fish passages, introducing fine
sediment and non-native species, changing amounts of
shading and cover, direct channel infringement, and
increasing access and predation by anglers (Luce et al.
2001). A reduction in sediment delivered to streams
should increase the quality of aquatic habitat. For exam-
ple, suspended sediments can negatively impact salmonid
fisheries through direct mortality, hindering the develop-
ment of eggs and larvae, disrupting natural movements
and migration, reducing food organisms (Newcombe and
MacDonald 1991), and hindering fish feeding behavior
through reduced visibility. (In contrast, inboard ditches
can serve as habitat for amphibians and benthic macroin-
vertebrates, and road removal decreases the amount of
this habitat). There is an urgent need for research that
specifically addresses the ecological impact of road
removal on aquatic, riparian, and terrestrial habitats. 

� Prioritization

With limited budgets and hundreds of thousands of kilo-
meters of roads, it is essential that land managers priori-
tize road removal efforts. The process of prioritizing road
removal is complex and must take into account ecologi-
cal, economic, and social costs (Luce et al. 2001). Most
projects prioritize “problem” roads that contribute large
amounts of sediment to streams, reducing the quality of
fish habitat. Many road removal projects in the Rocky
Mountains have prioritized roads that allow for habitat
security for grizzly bears and elk.

An ecologically relevant prioritization approach might
attempt to increase the amount of highest quality habitat
within watersheds. Selecting roads that affect large
reaches of streams or watersheds with already low road
densities may be most appropriate. Although handbooks,
peer-reviewed articles, and workshops have addressed the
issue of prioritization, no comprehensive protocol exists,
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Figure 6. Sediment loss on treated and untreated roads in northern California. Values from
Bloom do not include sediment loss from stream crossings on these roads (reported in Table
2), whereas the other studies include stream crossing erosion as part of the sediment loss.
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and field units still commonly apply an ad hoc process for
selecting roads to be removed. Better prioritization prac-
tices are at least as important as improvements to rehabil-
itation techniques.

� Future research questions

While some research has been conducted on the effec-
tiveness of road removal, there are still large gaps in our
knowledge. It is imperative that we support any restora-
tion efforts with sound science. Baseline data are impor-
tant, as is meta-analysis (an overview analysis of many
studies) of similar projects to predict expected out-
comes. Monitoring after intervention is essential to
understanding the long-term dynamics, as is replication
in different soil types and climates. The effectiveness of
a particular approach depends on the context (eg soils,
climate, and topography) of the treatment. Addressing
the impacts of road removal at different spatial scales
would also be very helpful.

If the restoration of ecosystem processes is the goal of
road removal, then it is also essential that we document
ecosystem recovery and modify our mitigation as appro-
priate. The reduction of erosion and increased infiltration
following road removal has been documented (eg Luce
1997; Madej 2001) and continued research on hydrologic
and geomorphic restoration will soon allow meta-analy-
sis. However, the effectiveness of restoring natural stream
and flood plain function still needs to be addressed.
Finally, one of the most important research tasks ahead is
quantifying the benefits of road removal on aquatic,
riparian, and terrestrial ecosystems. No studies have yet
examined the influence of road removal on the recovery
of these ecosystems. Although road removal is now ocur-
ring across the US and parts of Canada, a rigorous evalu-
ation of 20 years of restoration in northern California by
an interdisciplinary team of experts could be an emi-
nently fundable and important project.

� Conclusions

Even after thousands of kilometers of roads have been
removed, there is an alarming lack of published analy-
sis of the effectiveness of these efforts. Road removal
creates short-term disturbances that can temporarily
increase sediment loss, but in the long-term, road
removal may reduce chronic erosion and the risk of
landslides. Continued research is greatly needed, espe-
cially quantifying how effective various road removal
techniques are in restoring terrestrial, riparian, and
aquatic habitat. As is often the case, however, the best
solution is prevention. In northern California, on
steep lower slope roads, no form of road removal was
able to prevent chronic erosion completely. Increased
research on this emerging field will help us more effec-
tively remove roads, set restoration priorities, and ulti-
mately help restore the integrity of entire ecosystems.
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Integration of molecular methods, ecological modeling, and statistical hypothesis testing are increasing
our understanding of differentiation within species and phylogenetic relationships among species by
revealing environmental connections to evolutionary processes. Within mammals, novel diversity is
being discovered and characterized as more complete geographic sampling is coupled with newer
multi-disciplinary approaches. North American red squirrels exemplify a forest obligate genus whose
species are monitored as indicators of forest ecosystem condition, yet phylogenetic relationships reflect-
ing evolutionary history within this genus remain tentative. Through testing of competing systematic and
niche-based divergence hypotheses, we recognize three species, Tamiasciurus douglasii, T. hudsonicus, and
T. fremonti. Our data provide evidence of regional differences in evolutionary dynamics and continental
gradients of complexity that are important both for future management and for investigating multiple
pathways that can lead to the formation of new species.

� 2016 Elsevier Inc. All rights reserved.
1. Introduction

Understanding how the formation of species is shaped by com-
mon biogeographic and evolutionary processes (Hewitt, 2000;
Taberlet et al., 1998) is a critical step for recognizing and conserv-
ing biodiversity (Riddle et al., 2008; Whittaker et al., 2005). Range-
wide evolutionary assessments of species that incorporate both
genetic and niche-based approaches provide critical perspectives
on regional evolutionary and ecological differences in biodiversity.
For instance, many vertebrate species associated with the boreal
biome in North America have broad continent-wide distributions
coincident with temperate and northern conifer forests (Arbogast
and Kenagy, 2001), but these forests are now experiencing
increased mortality (Allen et al., 2015), and regional declines
(Coops andWaring, 2011; Gauthier et al., 2015) will likely continue
to impact vertebrate communities. Geography and past climate
have shaped the assembly of communities according to predictable
biogeographic patterns that often reflect common evolutionary
processes (Hampe and Petit, 2005). Northernmost contemporary
populations frequently constitute a leading edge of expansion
due to climate warming following the Last Glacial Maximum
(LGM; �the last 12 kyrs). However, high-latitude populations
may have also experienced spatial and temporal stability if they
persisted through the Last Glacial period (�130–12 ka) within
one or more northern refugia (Brubaker et al., 2005; Hewitt,
1999; Lessa et al., 2003). Mid-latitude forest-associated popula-
tions often have multiple distinct lineages distributed longitudi-
nally across the continent reflecting repeated isolation in discrete
areas south of glacial-phase continental ice-sheets. However, the
genetic signatures of independent histories among these lineages
are often obscured at their distributional edges where they now
overlap geographically (Atkinson et al., 2007; Hope et al., 2014a).
Signatures of these complex histories of isolation and reconnection
are often apparent along contact zones (Swenson and Howard,
2005) where dynamics of gene flow and interspecific interactions
result in increased community complexity (Hewitt, 2000). Finally,
peripherally isolated populations in southern and coastal regions
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generally occur in patches of discontinuous forest. Peripheral pop-
ulations can reflect either long-term isolation (P1 glacial phase;
e.g., Cook et al., 2001, 2006) or more recent fragmentation of pre-
viously continuous habitat since the LGM (Galbreath et al., 2009).
Such isolates often constitute important sources of genetic diver-
sity for species (Channell and Lomolino, 2000) with high conserva-
tion value (Malaney and Cook, 2013).

A growing body of comparative genetic evidence indicates that
evolutionary processes of diversification on a continental scale are
repeatable both across taxonomic groups and through time, where
cryptic diversity is discovered as additional groups are assessed,
resulting in recognition of new species, or minimally, distinct evo-
lutionary lineages (Hope et al., 2014a). Given that species descrip-
tions are ongoing, even among mammals, current taxonomy
frequently fails to adequately reflect the extent of evolutionary
diversity or relationships among extant lineages (Patterson,
2000; Bickford et al., 2007), thus impeding effective management
and conservation of fundamental components of biodiversity
(Soltis and Gitzendanner, 1999; Hoberg et al., 2012). New toolsets
are facilitating species discovery based on multi-locus sequence
data (Knowles and Carstens, 2007). Concurrently, new statistical
methods assess ‘‘species” limits, recognizing taxonomic or system-
atic arrangements that hold strongest support for actual relation-
ships among distinct biological units (reviewed in Carstens et al.,
2013). Both historical and ongoing gene flow between related spe-
cies (e.g., Sullivan et al., 2014), however, present additional chal-
lenges to molecular systematic assessments.

The evolutionary history of North American red squirrels (genus
Tamiasciurus Trouessart 1880) reflects the influence of long-term
Quaternary climate cycles on continental patterns of diversifica-
tion and community change (Arbogast and Kenagy, 2001). Periodic
allopatry and divergence has been followed by episodes of recon-
nection and gene flow as climate cycled through glacial phases
(Chavez et al., 2014). Simultaneously, some red squirrel popula-
tions, particularly peripheral ones, likely remained stable and iso-
lated through extended glacial cycles. As such, systematic
relationships, species limits, and taxonomy within this group
remain tentative. Thorington and Hoffmann (2005) recognized
three species: Tamiasciurus douglasii Bachman, 1839, distributed
in forests from southern California and the Sierra Nevada north-
ward through the Cascade and Coastal ranges; Tamiasciurus hud-
sonicus Erxleben, 1777, distributed across most of North America
north of Mexico including multiple peripheral populations; and
Tamiasciurus mearnsi Townsend, 1897, restricted within Baja Cali-
fornia Norte, Mexico. Previous mitochondrial DNA (mtDNA)
assessments (Arbogast et al., 2001; Barber, 2007) documented sev-
eral divergent lineages, recounting a complex biogeographic his-
tory. Across these species, T. hudsonicus is paraphyletic with
respect to T. douglasii, while T. mearnsi is minimally divergent from
T. douglasii (Arbogast et al., 2001; Barber, 2007). In the American
Southwest, populations of T. hudsonicus, including those on sky
islands, potentially represent a third species (Tamiasciurus fre-
monti), based on genetic (Arbogast et al., 2001), behavioral, and
morphological differences (Findley, 1961; Hardy, 1950). More
recently, Chavez et al. (2014) largely corroborated these relation-
ships with nuclear data, although mito-nuclear discord indicated
historic introgression between populations of the Pacific North-
west. However, to date, no study has explicitly tested the validity
of systematic relationships using a phylogenetic approach.

The North American red squirrel complex constitutes an excel-
lent system for testing diversification hypotheses because their
complex biogeographic history includes both physical (insular)
and ecogeographic isolation of lineages, paraphyly, and gene flow.
We present a multi-locus phylogenetic assessment of North Amer-
ican red squirrels and test three alternative hypotheses based on
previous studies (Fig. S1). In the first hypothesis (H1 – Fig. 1) we
apply the current taxonomy (Thorington and Hoffmann, 2005) of
three species (T. douglasii, T. hudsonicus, and T. mearnsi). Consider-
ing that the specific status of T. mearnsi is tenuous (Arbogast et al.,
2001), we test a second hypothesis (H2 – Fig. 2) proposed by
Arbogast et al. (2001) that also posits three differently circum-
scribed species: T. douglasii (inclusive of T. mearnsi), T. fremonti,
and T. hudsonicus (includes all currently recognized lineages except
putative T. fremonti). Finally, we consider a third hypothesis (H3 –
Fig. 3) treating nine well-supported mtDNA lineages as terminal
taxa, all documented across independent studies (Arbogast et al.,
2001; Barber, 2007; Chavez et al., 2014; this study). These three
hypotheses require few assumptions and reflect realistic alterna-
tive relationships based on previous literature. Following genetic-
based species delimitation, we incorporate niche modeling to
assess geographic stability through time and ecological divergence
among taxa. Finally, we use results from both multiple loci and cli-
matic data to explore evolutionary complexity across North Amer-
ica, demonstrating different modes of speciation within this
complex that are reflected more broadly among mammals. Criti-
cally, for forest ecosystemmanagement, we identify areas that sus-
tain key dynamic evolutionary processes as well as isolated
populations needing further evaluation.
2. Methods

2.1. Study area, sampling and sequencing

We obtained specimens from museum collections that maxi-
mize geographic sampling through the known range of red squir-
rels (Figs. 1 and 3), including samples from all species and
localities coincident with the geographic distribution of 22 of 28
subspecies (Hall, 1981). We used 252 specimens (Appendix A)
including 40 T. douglasii, 209 T. hudsonicus, and 3 T. mearnsi from
109 general collecting localities (Fig. 3; 153 specific localities;
Appendix A). Sequences for 123 individuals for at least 1 gene were
retrieved from GenBank. We then sequenced 129 more specimens
for 1–4 independent loci where a subset of 60 samples (including
34 specimens from Chavez et al., 2014) were represented by both
mtDNA and nuDNA. In total we obtained 3192 bp of sequence data
across all loci. Datasets included 771 base pairs (bp) of mtDNA
cytochrome-b gene (Cytb; n = 252), 449 bp of the glutamate decar-
boxylase 2 gene (intron 1; GAD2; n = 60), 666 bp of the
ganglioside-induced differentiation-associated protein 1 gene
(intron 1; GDAP1; n = 58), 630 bp of the UPF0351 protein
C9orf32 gene (intron 1; METTL11A; n = 59), and 676 bp of the pro-
lyl 4-hydroxylase alpha-2 subunit precursor gene (intron 1;
P4HA2; n = 60).

We extracted genomic DNA from tissue (stored at �80 �C or
ethanol preserved) through standard salt extraction, followed by
PCR amplification and cycle sequencing with ABI BigDye v3.1
(Applied Biosystems, Foster City, California) following protocols
of Platt et al. (2007). Primers for Cytb were MVZ05/MVZ16
(Smith and Patton, 1993). Other primers are listed in Chavez
et al. (2014). We conducted automated sequencing of complimen-
tary strands using the Applied Biosystems 3110 DNA sequencer at
the University of New Mexico.

We edited and aligned sequences in Sequencher v4.8 (Gene-
codes, Ann Arbor, Michigan) and verified visually. We translated
protein-coding sequences for Cytb to amino acids and examined
them for internal stop codons, rates of transition/transversion
changes, and relative 1st, 2nd, and 3rd position changes in codons
that might indicate a Numt. None was found. We compared com-
plementary strands of DNA and deposited contiguous sequences
in GenBank (Appendix A). We inferred alleles of heterozygotes
using Phase (Stephens et al., 2001), by accepting results with a
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probability >90%, using a burn-in of 10,000 iterations and a run
length of 10,000 iterations (McCormack et al., 2011). Among 5
runs, we retained results from the run with best goodness-of-fit
to an approximate coalescent model, resulting in 2 nuclear haplo-
type sequences or alleles per individual, using only 1 allele per
individual (chosen randomly) for analyses.
2.2. Multi-locus gene trees and evolutionary rates

We estimated independent genealogies and haplotype net-
works for all loci. We determined DNA substitution models for
each locus using MrModeltest v2.3 (Nylander, 2004) under the
Akaike Information Criterion. We performed Markov chain Monte
Carlo (MCMC) searches in MrBayes v3.1 (Ronquist and
Huelsenbeck, 2003), incorporating the short-branch method
(Marshall, 2010). Stationarity of MCMC runs was assessed in Tracer
v1.5.0 (Rambaut and Drummond, 2007). Phylograms were mid-
point rooted and visualized with posterior probabilities >0.75
included in FigTree v1.3.1 (Rambaut, 2009). For all loci, we
assigned haplotypes using DnaSP v5 (Librado and Rozas, 2009).
Median-joining haplotype networks for all loci were constructed
in Network v4.610 (Bandelt et al., 1999). To assess the timing of
cladogenesis and demographic changes among lineages, we calcu-
lated average and lineage-specific evolutionary substitution rates
utilizing a time to coalescence of the entire genus as estimated
by Chavez et al. (2014). In BEAST v1.6.1 (Drummond and
Rambaut, 2007), we produced a chronogram based on the Cytb
locus by fixing the time to most recent common ancestor (TMRCA)
for all samples at 0.4229 Ma (normal distribution, standard devia-
tion 0.1; Chavez et al., 2014), applying a relaxed clock: uncorre-
lated log-normal, and set the substitution rate to be estimated.
We used the HKY + G model of substitution, empirical base fre-
quencies, partitioned into three codon positions, and a constant
population size tree prior. Three separate runs of 100 million iter-
ations were run, sampling trees to file every 1000 iterations. To
retrieve mean lineage-specific rates for each nominal lineage
recovered from the Cytb chronogram, we weighted all branch
specific rates by branch length (Hope et al., 2014b) according to
the equation

P

(rate � length)/
P

(length).
2.3. Mitochondrial diversity and demographics

Genetic diversity analyses for Cytb used all available red squir-
rel sequences, performing analyses separately for major lineage
assignments (Table 1). In DnaSP, for each group we assessed
genetic diversity including number of segregating sites (S), haplo-
types (h), haplotype diversity (Hd), nucleotide diversity (p), and
tested for demographic expansion by calculating Tajima’s D
(Tajima, 1989) and R2 (Ramos-Onsins and Rozas, 2002).

To calculate population size change through time, we imple-
mented the coalescent Bayesian Skyline Plot (BSP) tree prior in
BEAST. Results of Bayes factor tests to determine the best clock
model indicated no significant difference between strict and
relaxed clocks for any lineage, so we utilized a strict clock, and
ran MCMC analyses (length of chain = 100 M logging trees every
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1000), assigning lineage-specific rates calculated from the Cytb
chronogram.

2.4. Systematic scenarios

Using a model comparison technique that applies Bayes Factors
(2lnBf) or Akaike information criterion through Markov chain
Monte Carlo analysis (AICM) to test between alternative scenarios
of species delimitation (Aydin et al., 2014; Grummer et al., 2014)
allows flexibility for alternative hypotheses and is robust to sys-
tems where historical introgression is suspected (Grummer et al.,
2014). We performed model comparison tests of alternative sys-
tematic hypotheses among designated lineages of North American
red squirrels considering all loci within a species-tree framework
implemented using ⁄BEAST (Heled and Drummond, 2010). Because
⁄BEAST accommodates different numbers of gene copies for each
taxon, we included all samples per lineage that were sequenced
for more than a single locus.

We performed Bayes Factor and AICM pairwise tests of alterna-
tive hypotheses (Table 2; Fig. S1). All hypotheses considered sam-
ples (n = 60) representing various combinations of the nine well-
supported monophyletic mtDNA (Cytb) lineages: Two widespread
lineages (Continental and Northwestern), a Western lineage (com-
bining T. douglasii and Baja California samples unless otherwise
noted), Vancouver Island, Central Rockies, North Pacific Coast,
Sacramento Mountains (NM), Southern Rockies, and Southwestern
Sky Islands (Fig. 1). Despite a high likelihood of ongoing gene flow
within and among certain lineages, all were included to assess rel-
ative nodal support for clade relationships considering multiple
loci under three different hypotheses. Hypothesis H1 considered
the currently assigned taxonomy (T. douglasii, T. hudsonicus, and
T. mearnsi; Fig. 2). Hypothesis H2 considered three species hypoth-
esized by Arbogast et al. (2001): T. douglasii (including T. mearnsi),
T. fremonti (Southern Rockies, Sacramento Mountains, and South-
western Sky Island), and T. hudsonicus (Continental, Northwestern,
Southeast Alaska, Vancouver Island and Central Rockies). Hypoth-
esis H3 considered all Cytb lineages as independent ‘‘species”. All
hypotheses were compared statistically using both all loci and only
nuclear loci.

We produced a separate traits file indicating lineage assign-
ments for all samples under each hypothesis. In BEAUti, for each
hypothesis, we unlinked datasets for each locus across all parti-
tions, assigned substitution models by locus, and applied empirical
base frequencies. We applied a relaxed clock: uncorrelated log-
normal to Cytb as the ucld standard deviation of the rate for this
gene when analyzed independently significantly deviated from
zero, but assigned a strict clock to nuclear loci to reflect lower
divergence over the evolutionary timeframe investigated. We
chose a Yule tree prior with piecewise linear and constant root
and assigned proper ploidy to each locus. Two independent runs
for each hypothesis used MCMC chains of 100 million generations
sampling trees every 10,000.

In Tracer, we ran model comparisons to identify the hypothesis
that best explained the data considering marginal likelihood



Fig. 3. Left – Chronogram of evolutionary relationships among North American red squirrels (Tamiasciurus) based on 771 bp of the mtDNA Cytochrome b gene with a root
coalescence estimate from Chavez et al. (2014). Phylogeny estimation was performed in BEAST, providing both posterior probability nodal support values (left of node) and
coalescence times (millions of years; italics, right of node). The topology is presented as ultrametric and proportional to an evolutionary timeline (bottom) that extends from
the present (right) to the past (left). Tip labels indicate general collecting localities (Appendix A). Major lineages are color coded and coincident with geography. Tip labels
indicate sampling localities. Right – Map of the study area indicating general specimen localities for samples of North American red squirrels included in the present study.
Locality numbers correspond to those listed in Appendix A. Left inset provides finer detail of localities along the North Pacific Coast. Bottom-right inset provides finer detail of
localities within the Southwestern region. Localities are colored according to major mtDNA lineages. Circles with multiple colors indicate general localities where multiple
mtDNA lineages are sympatric. For insets, insular populations are labeled by island or mountain range. Top inset provides the results of a ⁄BEAST species tree analysis
(including empirical topology and nodal support values) considering systematic hypothesis H3 with nine independent taxa color-coded according to mtDNA lineages. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 1
Genetic polymorphism and demographic statistics considering 771 bp of the mtDNA Cytochrome b gene among major North American red squirrel lineages. Abbreviations
include n = sample size; S = number of segregating sites; h = number of haplotypes; Hd = haplotype diversity; p = nucleotide diversity; D = Tajima’s D (with associated P-value);
R2 = Ramos-Onsins and Rozas R2 (with associated P-value); l = lineage-specific substitution rate (percent per million years) considering rates weighted by branch lengths for
each lineage from the Cytochrome b BEAST chronogram. The rate given for all lineages combined was calculated in BEAST using a root calibration of 0.4229 Myr (HPD: 0.2979–
0.5538; Chavez et al., 2014). N/A = not applicable. Bold values are statistically significant at P < 0.05.

n S h Hd p D P(D) R2 P(R2) l

All 252 134 142 0.982 0.0181 N/A N/A N/A N/A 5.23
Central Rockies 11 4 4 0.600 0.0015 �0.542 0.324 0.142 0.107 5.14
Continental 60 41 34 0.866 0.0045 �2.167 0.001 0.046 0.000 5.20
Northwestern 52 45 32 0.924 0.0031 �2.593 0.000 0.022 0.000 5.35
North Pacific Coast 20 15 16 0.963 0.0040 �1.192 0.132 0.088 0.056 5.03
Sacramento Mountains 10 11 7 0.933 0.0035 �1.407 0.096 0.124 0.056 5.26
Southern Rockies 15 14 10 0.924 0.0035 �1.509 0.064 0.079 0.000 5.42
Southwestern Sky Islands 22 17 12 0.905 0.0037 �1.413 0.062 0.073 0.011 5.26
Vancouver Island 19 8 7 0.544 0.0012 �2.022 0.001 0.084 0.002 5.21
Western 42 35 26 0.962 0.0067 �1.325 0.074 0.065 0.059 5.25
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estimates of competing hypotheses using both 2lnBf and 2AICM
scores. Scores were ranked for each hypothesis only with respect
to the ‘‘best” hypothesis (that with the marginal likelihood esti-
mate closest to zero). As described in Grummer et al. (2014), and
based on the recommendations of Kass and Raftery (1995), the
strength of support of 2lnBf for the best hypothesis (labeled as N/
A) compared with competing hypotheses was as follows: 0–2
means no significant support; 2–6 means positive support for the
best hypothesis (N/A) over this competing scenario; 6–10 means
strong support for the best hypothesis; and >10 means decisive
rejection of the competing hypothesis compared with the best
hypothesis. As in Grummer et al. (2014), we recognized distinct
lineages from hypotheses (topologies) where 2lnBf support for
the leading topology was >10 in pairwise comparisons with com-
peting hypotheses. Similarly for AICM which equates using two
times the sample mean log likelihood, we use a cutoff of >20 for
2AICM (multiplied by 2 for consistency with Bayes Factor
methods).



Table 2
AICM and Bayes Factor (2lnBf) results considering marginal likelihood estimates from alternative species-tree hypotheses of relationships among major lineages of North
American red squirrels (see Fig. S1 for scenario topologies). The hypothesis receiving the best marginal-likelihood score is indicated by N/A. 2AICM and 2lnBf scores for other
scenarios reflect comparative strength of the best supported hypothesis, where for 2lnBf a score of 0–2 means ‘‘not worth more than a bare mention”, 2–6 means ‘‘positive”
support for the best hypothesis over that alternative, 6–10 provides ‘‘strong” support, and >10 means ‘‘decisive” support in distinguishing between best and competing
hypotheses (after Kass and Raftery, 1995). For 2AICM scores, we consider >20 as decisive, 12–20 as strong, and 4–12 as positive support for the best hypothesis over that
alternative. Hypotheses were analyzed considering all five loci (both mtDNA and nuDNA) and using only the four nuclear loci.

Scenario Description All five loci Four nuDNA loci

2AICM 2lnBf 2AICM 2lnBf

H1 3 species as currently described (T. douglasii, T. hudsonicus, T. mearnsi) N/A 10.28 5.72 10.74
H2 3 species as per Arbogast et al. (2001; T. douglasii, T. hudsonicus, T. fremonti) 27.85 N/A N/A N/A
H3 All lineages considered separately 104.10 22.76 31.70 16.06
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2.5. Bioclimatic envelope modeling

We used bioclimatic envelope modeling (BEM, Araújo and
Peterson, 2012) to characterize occupied distributions and recon-
struct paleodistributions of each species. We used these niche-
based tests as an independent perspective of ecological divergence
among putative species using a three-step approach: (1) recon-
struct contemporary distributions and project (transfer) the final
model to ancestral climate conditions (i.e., mid-Holocene and
LGM); (2) assess spatial overlap of predicted distributions for all
periods; and (3) conduct niche identity tests using geographic-
based approaches (Warren et al., 2008, 2010).

2.5.1. Occurrence and environmental data
BEMs are often constructed from two forms of data: occurrence

records and environmental layers. We downloaded all available
records of North American red squirrels from VertNet (accessed
February 2015) and conducted a series of screening and filtering
steps to reduce bias. We removed all samples with a georeferenced
error >5 km, those that failed to provide an estimate of error, and
those that were outside the known distribution of Tamiasciurus.
We also removed samples prior to 1940. To reduce spatial autocor-
relation, we used a custom aggregated reduction technique
(Fourcade et al., 2014; Warren et al., 2014) by retaining a single
random sample within 10 km2 radius and discarding other spa-
tially redundant locations.

To assess lineage-based distributional overlap and test for
recent niche divergence among evolutionarily independent groups
we used mtDNA haplotypes to quantify areas occupied by lineages.
First, we added a minimum convex polygon in ArcGIS v10.2 to each
lineage-based set of points and applied a 200 km buffer to assign
all points within each polygon to respective mtDNA lineages. We
then reassigned mtDNA samples to putative species identified
from the best model in tests of evolutionary hypotheses.

The geographic extent of species is an important consideration
when using correlative models (Barve et al., 2011). However, the
total extent of Tamiasciurus is likely too broad considering our
goals of pairwise tests between geographically limited species.
Based on the geographic distribution of putative species, we
divided the study area using the three regional clades (systematic
hypothesis H2; Table 1; Fig. S1) and delimited their extents to
100 km beyond the N/S and E/W extremes of each distribution.

Next, we generated bias files for each species to optimize back-
ground and occurrence point selection within study extents. Bias
files are frequently used in correlative modeling to avoid oversam-
pling and can offset effects of geographic biases often associated
with coordinate-based data, decreasing commission (false-
positive) error rates (Anderson and Raza, 2010; Barve et al.,
2011; Merow et al., 2013). We used SDMToolBox v1.1c (Brown,
2014) to generate the bias files for each species, using the ‘‘Sample
by Buffered Local Adaptive Convex-Hull” tool that limits back-
ground points (Thuiller et al., 2009; Barbet-Massin et al., 2012)
and set the buffer distance to 75 km and alpha parameter to four.
We used 19 bioclimatic (temperature and precipitation) vari-
ables from the WorldClim database to quantify ecological toler-
ances of each lineage. These landscape-level data are often useful
for assessing both current and paleodistributions (Malaney and
Cook, 2013; Waltari and Guralnick, 2009; Waltari et al., 2007),
and also for assessing Grinnellian-based niche divergence
(McCormack et al., 2010). Then, we identified tightly correlated
(P0.80) and removed redundant variables, favoring those more
temporally inclusive (e.g., bio11 – mean temperature of the coldest
quarter versus bio6 – minimum temperature of the coldest month)
or relevant to squirrel ecology (e.g., cone mast is often linked to
seasonal conditions; bio15 – precipitation seasonality).

2.5.2. Correlative modeling
WeusedMaxEnt version 3.3.3e (Phillips and Dudik, 2008) due to

superior performance over other correlative modeling approaches
(Elith et al., 2006; Peterson et al., 2007) and ability to provide statis-
tical comparisons among models (Elith et al., 2011; Merow et al.,
2013). MaxEnt uses presence data in comparison with random
background samples to estimate species distributions (Elith et al.,
2011; Guillera-Arroita et al., 2015; Merow et al., 2013), but is opti-
mized with multiple default settings that require testing prior to
modeling to enhance model performance (Anderson and
Gonzalez, 2011). Consequently, we conducted criterion-based
model selection (Burnham and Anderson, 2002; Warren and
Seifert, 2011) by assessing different combinations of the feature
class types (FC) and regularization multipliers (RM) using
ENMTools v.1.4.4 (Warren et al., 2010).We constructed singlemod-
els for each species by applying alternate FCs (e.g., L – linear; LQ –
linear and quadratic; H – hinge; LQH – linear, quadratic, and hinge;
LQHPT – LQH, product, and threshold) and alternate RMs ranging
from 0.01 to 5.0 at 0.5 intervals. In sum, we tested 55 alternate
models for each species (5 FCs � 11 RMs), identifying optimum
model settings using corrected Akaike information criterion (AICc).

We then conducted final modeling for each species using 20
replicates, log-scale outputs, and set number of iterations to 5 k,
keeping the default convergence threshold (=0.00001). During
replicate models, we applied the bias file for background sampling,
retained 20% of presence localities as a training dataset, and used
subsampling run type (jackknife approach) because of small sam-
ple sizes for some mtDNA lineages (Pearson et al., 2007;
Shcheglovitova and Anderson, 2013). Standard deviations across
all replicates were minor.

MaxEnt produces a set of continuous surfaces and we used the
mean of replicated models to represent relative suitability/likeli-
hood (Guillera-Arroita et al., 2015; Richmond et al., 2010). To
assess differences between high suitability for each species, we
constructed a single raster by calculating the difference between
the continuous mean logistic outputs of comparative lineages (Dif-
fAB = species A – species B). Further, we created a binary distribu-
tion of suitable and unsuitable areas using the equal training
sensitivity and specificity logistic threshold for the spatial projec-
tion of final models (Pearson et al., 2007) and used the
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threshold-applied distributions to characterize paleodistributions
and assess distributional shifts (see below).
2.5.3. Paleodistributions
We reconstructed paleodistributions of individual lineages to

understand the history of geographic distributions, frequently
yielding insights of ancestral areas as well as regions of historic
admixture (Pelletier et al., 2015). Specifically, we projected predic-
tions for the mid-Holocene (contemporary models; i.e., Younger
Dryas) and late-Pleistocene (i.e., Last Glacial Maximum – LGM).
Considering many North American mammals have shifted distri-
butions (Malaney and Cook, 2013; Lessa et al., 2003), we expanded
the spatial extents through past timeframes by 500 km to include
areas nearby that might have been historically occupied by ances-
tral populations. Further, we validated paleodistribution recon-
structions with fossil records obtained from FaunMap database
(accessed March, 2015). We then assessed spatial overlap among
clades using techniques analogous to contemporary overlap
measurements.
2.5.4. Model-based niche divergence
To assess the degree of niche overlap among the major clades,

we used the G-space niche-identity test using the D statistic
(Schoener, 1968; Warren et al., 2008), which ranges from 0 (discor-
dant) to 1.0 (identical). The niche-identity test is used to assess
whether measured overlap is significantly different (one-tailed
test) from an underlying null expectation. This approach random-
ized samples from each lineage pair using 100 pseudoreplicates for
each pairwise test.
3. Results

3.1. Gene trees and evolutionary rates

A previously calculated age for the TMRCA of all North American
red squirrels of 0.4229 Myr (Chavez et al., 2014) provided an aver-
age mutation rate of 5.23% per million years (10.46% divergence
rate) for the Cytb dataset (Table 1). Substitution rates ranging from
5.03% to 5.46% per million years were recovered for nominal lin-
eages within the red squirrel Cytb genealogy (Table 1). The chrono-
gram indicates nine well-supported, spatially-structured lineages
(Fig. 3). Two lineages exhibit broad distributions, often within pre-
viously glaciated areas, indicative of post-glacial population expan-
sion. The Continental lineage is broadly distributed across North
America whereas the Northwestern lineage is coincident with the
Rocky Mountain cordillera. These two lineages together form a
well-supported clade distinct from all other North American red
squirrels. Other well-supported lineages include the Central Rock-
ies with a limited distribution within the inland forests of Idaho,
western Montana, and eastern Oregon. The North Pacific Coast
(NPC) lineage is only distributed on islands of the Alexander Archi-
pelago (Betton, Grant, Gravina, Kuiu, Mitkof, Revillagigedo, and
Zarembo islands), and in British Columbia on Calvert and Swindle
islands (Fig. 3). Mitochondrial signatures indicative of both NPC
and Northwestern lineages occur on Gravina and Revillagigedo
islands of the southern Alexander Archipelago. The Northwestern
lineage also occurs on Admiralty (introduced), Tatoosh, and Wran-
gell islands. The Western mtDNA lineage is paraphyletic with
respect to Vancouver Island (due to recognized mito-nuclear dis-
cord) and is distributed from Baja California (T. mearnsi) north to
southern British Columbia. Finally, substructure within the well-
supported Southwestern clade includes lineages associated with
the Sacramento Mountains of New Mexico, the Southern Rockies
of Colorado and northern New Mexico, and two paraphyletic
lineages associated with the Southwestern Sky Island archipelago
(Fig. 3).

The initial dichotomy within the Cytb chronogram is dated to
�400 ka. Continental and Northwestern lineages were estimated
to have split at 200 ka. Coalescence of all Southwestern lineages
is coincident with the Illinoian glacial period (�160 ka) although
initial divergence from other squirrel lineages is dated >250 ka.
Coalescence of most terminal lineages is <100 ka.

Independent nuclear genealogies were less well resolved
although Western haplotypes were consistently private across all
loci (Fig. S2). All well-supported mtDNA lineages exhibited at least
one private nuclear haplotype. Continental and Northwestern hap-
lotypes were closely related, as were those of all Southwestern lin-
eages. Within the Southwestern Sky Island lineages, the federally
endangered Mt. Graham (Pinaleño Mountains) population exhib-
ited private haplotypes over all loci except one (Fig. 3; Fig. S2).
3.2. Diversity and demographics

Mitochondrial DNA haplotype and nucleotide diversity were
lowest for the Vancouver Island lineage and highest for the Wes-
tern lineage (Table 1). Within the Continental lineage, samples col-
lected from western and eastern North America were divergent
(Fig. 3). Only Continental and Northwestern lineages exhibited
consistent signals of demographic expansion over multiple tests,
a finding also supported by star network topologies (Table 1;
Fig. S2). BSPs for these lineages indicated the most dramatic popu-
lation growth coincident with post-glacial expansion (Fig. S3). BSPs
for both the NPC and Western lineages also indicated significant
population growth but non-significant demographic expansion,
suggesting in situ growth through the late-glacial and Holocene
timeframes. Skyline changes for Central Rockies, Sacramento
Mountains, Southern Rockies and combined Southwestern Sky
Islands lineages failed to reach the 95% highest probability distri-
butions indicating minimal population growth (Fig. S3). Uncor-
rected pairwise mtDNA genetic distances between the 9 major
lineages ranged from 0.84% to 3.48% sequence divergence with
highest divergence between Northwestern and Southern Rockies
lineages.
3.3. Systematic hypotheses

All species-tree topologies strongly supported the presence of
multiple species and lack of reciprocal monophyly of T. hudsonicus
as currently recognized. Each systematic hypothesis is reported in
conjunction with the geographic ranges of nominal taxa according
to respective hypotheses shown on maps, and these phylogenies
reflect the results of species-tree analyses, including relative
branch lengths, empirical topologies, and posterior probabilities
at nodes (Figs. 1–3, S1). When Southwestern lineages were consid-
ered as a separate species, they were consistently less divergent
from T. douglasii than from the remaining lineages of T. hudsonicus,
although low posterior probabilities coupled with basal coales-
cences support the possibility of a radiation of three species
through initial fragmentation, dating to the pre-Illinoian
(�400 ka). Based on all loci, Bayes Factor model comparisons deci-
sively supported Hypothesis H2 as the best systematic arrange-
ment (Fig. S1; Table 2). AICM comparisons using only nuclear
loci also supported H2 above other scenarios. Hypothesis H2 pro-
vides highest likelihood for true species relationships, considering
all species tree estimates, and reflects three species. As also
reflected by divergent ecological associations, we recognize the
Douglas squirrel, T. douglasii consisting of the Western lineage,
the southwestern red squirrel, T. fremonti Audubon and Bachman,
1853, consisting of the Southern Rockies, Sacramento Mountains,
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and Southwestern Sky Islands lineages, and the American red
squirrel, T. hudsonicus consisting of the remaining 5 lineages.

3.4. Bioclimatic envelope modeling

3.4.1. Niche variables and occurrence points
We obtained 20 niche variables that exhibited varying levels of

importance and correlation across the study region (Table S1). For
occurrence points, we obtained a total of 1160 T. douglasii (includ-
ing T. mearnsi), and 3413 T. hudsonicus records. After processing
(screening, partitioning, thinning, and clipping), we identified
279 T. douglasii and 740 T. hudsonicus records for reconstructing
distributions and conducting niche tests. We then assigned 59 of
the T. hudsonicus records from the Southwest as T. fremonti using
genetic data as a guide.

3.4.2. Model performance
We found that optimized settings reflected a best-fit for our

study system using model selection that increased the regulariza-
tion penalty, simplified features, and reduced the overall dimen-
sionality of final models. MaxEnt performed well with mean
training AUC >0.85 for all analyses, often a positive indication of
optimized models. Randomly withheld test data were predicted
significantly better than random with AUC >0.90 for all analyses
(Table 3) and AUC standard deviations all <0.05. Threshold-
dependent approaches yielded results with low omissions and sig-
nificantly better omission rates from threshold-dependent predic-
tions than from random predictions.

3.4.3. Current distributions and overlap
Distributions of North American red squirrels were best pre-

dicted (P10% variable importance) by three variables for each spe-
cies and six variables total (Table 3). For T. douglasii, >73% of the
variation was accounted for by winter precipitation
(bio19 = 39.7%), precipitation seasonality (bio15 = 20.0%), and
isothermality (bio3 = 13.5%). For T. hudsonicus, over 50% variable
importance was due to isothermality (31.3%) and winter precipita-
tion (21.5%), with mean annual temperature (bio1 = 12.7%) the
third most important, totaling 79.3%. The three most important
variables (65.5%) for T. fremonti included average summer temper-
ature (bio5 = 50.0%), temperature seasonality (bio4 = 13.5%), and
like other species, winter precipitation (15.8%).

Current distributions predicted for each species overlap (Fig. 2),
with T. hudsonicus sharing predicted range with T. douglasii in the
Pacific Northwest (overlap = 77,754 km2) and with T. fremonti in
the Southern Rocky Mountains (overlap = 71,408 km2).

3.4.4. Paleodistributions
We document distributional change for all species between the

LGM, mid-Holocene, and present. Even after applying thresholds of
Table 3
Relative importance of niche model variables. During modeling, we conducted
parameters from model selection. The training, test, and standard deviation of AU
AUC metrics are the relative contributions of variables. Variables shown cont
corresponding to the top three variables in each model. Symbols reflect results of t
in isolation (⁄), the variable that decreased the gain most when omitted (#), and

AUC/variable T. douglasii

Test AUC 0.942
AUC SD 0.008
Annual Temperature (Bio1)
Isothermality (Bio3) 13.5
Temperature Seasonality (Bio4)
Summer Temperature (Bio5)
Precipitation Seasonality (Bio15) 20.0#,$

Winter Precipitation (Bio19) 39.7⁄
currently occupied distributions and projecting to historical condi-
tions (i.e., mid-Holocene and LGM), most fossil records (>80%,
Figs. S4–S6) were accurately predicted. Predicted ancestral areas
(LGM) for T. douglasii were centered on northern California
(Fig. S4) with isolated regions in southern California and northern
Baja, and although generally further south, total predicted area was
only slightly larger than mid-Holocene and today. Predicted distri-
butions shifted to higher elevations and more northern latitudes
during the Holocene and are most restricted in total range at pre-
sent. For T. fremonti, LGM distributions were projected to be >2�
the extent of present distributions, with a retraction to higher ele-
vations during the Holocene rather than a shift across latitude
(Fig. S5). For T. hudsonicus, latitudinal shifts appear to have been
the dominant change from LGM to mid-Holocene and today
(Fig. S6). Potential LGM occupation included ancestral regions
along the North Pacific Coast and within eastern Beringia (Alaska).
3.4.5. Stable regions for squirrels
By overlaying predictions from all models, we identified stable

regions for all three species, although eco-geographic stability var-
ied. For T. douglasii, three regions have remained relatively stable
between the LGM and today, including medium elevations in the
Sierra Nevada of eastern California, the Coast Ranges in northwest-
ern California and Oregon, and high elevations of southern Califor-
nia and Baja Mexico. The total combined stable area for T. douglasii
is ca. 69,000 km2 (20.8% of the present distribution). For T. fremonti,
we detected three temporally stable areas largely coincident in
extent with the current range, including the Rocky Mountains of
Colorado and New Mexico, the Sacramento Mountains in south-
eastern New Mexico, and the Mogollon Mountains of New Mexico
and Arizona. When combined, these stable areas for T. fremonti
totaled ca. 111,000 km2 (62.9% of the present distribution). In con-
trast to T. douglasii and T fremonti, T. hudsonicus had few consis-
tently occupied regions between the LGM and today totaling
<80,000 km2, a very small proportion of the total potential range
in any timeframe (2% of present distribution). Whereas historic
areas are largely coincident with temporally stable regions for T.
fremonti, and slightly less so for T. douglasii, past predictions for
T. hudsonicus are largely independent of interglacial (recent)
distributions.
3.4.6. Niche identity
Despite large areas of potential distributional overlap between

species (Fig. 2), the background test of niche identity indicated that
each squirrel species occupies distinct ecospace when compared to
expected niche overlap from pooled samples. All three species have
non-identical niches and distributions (Schoener’s D values 60.50).
20 replicates, retained 20% of samples for training, and applied optimized
C (=Area Under Curve) scores are measures of model performance. Below the
ributed >10% to each model and were used for ecological interpretation,
he jackknife test of variable importance showing the highest gain when used
the variable with the highest permutation importance ($).

T. fremonti T. hudsonicus

0.911 0.905
0.047 0.012

12.7⁄

31.3#,$

13.5
50.0⁄,$

15.8# 21.5
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4. Discussion

This comprehensive phylogenetic assessment of the North
American red squirrels provides a more complex interpretation
of speciation within these forest obligate species and characterizes
processes that also influence other species of this increasingly frag-
mented community. Congruence across species hints at fundamen-
tal ecogeographic variability on a continental scale that has
predictable evolutionary consequences. Three main dynamics
emerge from our analyses.

The first dynamic reflects evolutionary complexity across North
America among forest dwelling species, with a dichotomy that
contrasts minimal evolutionary structure in eastern North America
(a single widespread lineage for red squirrels) with comparatively
complex structure in the west (three species and multiple lin-
eages). This east/west split reflects the Mississippi discontinuity
as now reported across multiple other taxa (e.g., Soltis et al.,
2006), with the Great Plains Ecoregion serving as a major barrier
between east and west, and a gradient of increasing genetic com-
plexity found within temperate forested biomes from east to west.
Within the west, three geographic centers of diversity exist as
reflected by T. douglasii in westernmost generally mesic forests,
T. fremonti distributed through the Southwest, and T. hudsonicus
with an extensive distribution through remaining interconnected
forests.

The second dynamic reflects regional variability in spatial
responses of species to long-term climate trends. Both genetic
demographic analyses and niche predictions indicate relative sta-
bility through the southwest region with over 60% of current niche
for T. fremonti consistently predicted as suitable through all recent
(Late Quaternary) climate phases. By contrast, all lineages within T.
hudsonicus except for the Central Rockies exhibit significant signals
of recent demographic expansion and virtually no persistent niche
space through timeframes. Dramatically different histories for T.
hudsonicus and T. fremonti reflect alternate modes of diversifica-
tion. In the southwest, T. fremonti is the product of ancient peri-
patric isolation and subsequent divergence accompanied by
periodic fragmentation/reconnection at local scales. In contrast,
glacial and interglacial phase distributions of T. hudsonicus are
non-overlapping, and such vast spatial displacement likely reflects
repeated population extirpations as leading edge expansions and
contractions predominate through time, resulting in species-wide
range shifts. Across the continent-wide distribution of T. hudsoni-
cus, broad-scale fragmentation and range contractions with subse-
quent differentiation in multiple isolated areas, generated high
overall genetic diversity. Tamiasciurus douglasii exhibits an inter-
mediate history with reduced glacial–interglacial phase displace-
ment and medium-term persistence of populations.

The third major dynamic is relatively rapid radiation of three
species despite repeated and ongoing gene flow, reflecting again
high regional complexity in western North America and climate
phase expansion–contraction dynamics. Similar episodes of rapid
diversification are being uncovered in other forest-dwelling mam-
mals with shared geographic distributions (e.g., Shafer et al., 2010).
For instance, both the Sorex cinereus complex and Sorex palustris
complex exhibit longitudinally distributed lineages that reflect a
Mississippi discontinuity, rapid speciation, high genetic complex-
ity in the west, and ongoing gene flow among species (Hope
et al., 2012, 2014a). Similarities in diversification processes are also
found among other sciurids. Chipmunks (multiple genera;
Patterson and Norris, 2015) have a deeper history of speciation
than red squirrels and provide a model for examining how gene
flow has impacted the formation of species (Good et al., 2008;
Sullivan et al., 2014). In addition, both intra- and inter-specific dis-
tributional histories among chipmunks reflect low diversity in
eastern North America (Tamias striatus and a single lineage of Neo-
tamias minimus), as opposed to 22 species that have arisen in west-
ern regions (Hall, 1981) with extensive hybridization at range
boundaries. Marmots (Genus Marmota) also exhibit inter-specific
gene flow (Kerhoulas et al., 2015) and the history of diversification
of multiple genera of ground squirrels has been accompanied by
periodic episodes of introgressive hybridization (Helgen et al.,
2009). Recent speciation, coupled with replicated episodes of gene
flow, both spatially and temporally, among North American red
squirrels should provide novel perspectives on the formation of
Nearctic species (Abbott et al., 2013).

4.1. Systematic relationships

Given the extensive range of red squirrels, a comprehensive
assessment of systematic relationships and evolutionary history
within Tamiasciurus has been hampered by limited geographic
sampling and associated multi-locus genetic perspectives. Hall
(1981) identified substantial morphological variation, recognizing
4 subspecies within T. douglasii and 25 subspecies within T. hud-
sonicus. Subsequently, Lindsay (1981) raised T. d. mearnsi to species
status based on distinctive morphospace among the three species,
but lacking range-wide sampling. The first geographically wide-
spread genetic assessment based on a single locus (Arbogast
et al., 2001) found no genetic divergence between T. douglasii
and T. mearnsi and instead recovered three independent lineages
as western (combined T. douglasii and T. mearnsi), eastern (all T.
hudsonicus except for Southwestern populations) and Southwest-
ern (Arizona, New Mexico, and southern Colorado populations of
T. hudsonicus). Additional mtDNA sequence data identified a para-
phyletic relationship of T. hudsonicus with respect to T. douglasii
(including T. mearnsi) and reported a distinct lineage located in
the Alexander Archipelago of Southeast Alaska (Barber, 2007).
Most recently, multiple nuclear loci suggest refugial isolation on
Vancouver Island (Chavez et al., 2014), and indicate a complex his-
tory of diversification including gene flow, as has been found else-
where between T. hudsonicus and T. douglasii (Chavez et al., 2011).

Considering differentiation across multiple loci, climatic niche
divergence, and previous morphological evidence, the taxonomy
of red squirrels should be updated. The isolated population occur-
ring in Baja California (previously T. mearnsii) is minimally diver-
gent from the remainder of the Western lineage over all loci
examined; however, a combined western clade representing the
Douglas squirrel (T. douglasii and T. mearnsii) forms one of three
species that are well supported over all analyses. The other two
species are the southwestern red squirrel (T. fremonti; including
Southern Rockies, Sacramento Mountains, and Southwestern Sky
Island lineages), and the broadly distributed American red squirrel
(T. hudsonicus) that includes five mtDNA lineages (Continental,
Northwestern, Central Rockies, North Pacific Coast, and Vancouver
Island). These three species better reflect the evolutionary history
and ecology of boreal forest obligates and should improve manage-
ment and conservation planning.

Although our methods allow for more rigorous representation
of systematic relationships within Tamiasciurus, the revised taxon-
omy does not fully account for either incomplete lineage sorting or
recent and historic admixture. In this regard, a closer appraisal of
the nuclear evidence compared with matrilineal inheritance is
informative (Fahey et al., 2014; Hung et al., 2012). Three mtDNA
lineages are highly supported as unique among red squirrels,
including Vancouver Island, Central Rockies, and NPC lineages;
however, all exhibit strong evidence of introgression across differ-
ent temporal scales. Vancouver Island has fixed mito-nuclear dis-
cord where the mitochondria are indicative of T. douglasii, but
only three haplotypes among nuclear loci examined are private
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(most being shared with T. hudsonicus). Given the single mtDNA
lineage present on Vancouver Island, we concur with Chavez
et al. (2014) that this population represents a refugial lineage that
persisted through at least part of the last glacial, resulting from a
small founder event by hybrid individuals of T. douglasii/T. hudson-
icus. North Pacific Coast and Central Rockies mtDNA lineages are
more difficult to interpret. Both exhibit geographically restricted
and private nuclear haplotypes, but also share haplotypes with
other populations, particularly within T. hudsonicus and the Van-
couver Island lineage.

4.2. Niche variability among species

Consistent with updated systematic relationships, modeled dis-
tributions are indicative of ecological differences among all three
species. However, we detected two areas of geographic overlap
coincident with regions of hybridization. Overlaps are likely the
product of incomplete ecological divergence that includes a narrow
set of environmental conditions. For example, although all three
species have overall discordant niches (D = 0.35–0.49), they all
appear to respond similarly to winter precipitation (either the
most important or second most important variable), where each
is predicted in areas with between 200 and 1000 mm of winter
precipitation. Therefore, incomplete ecological differences are
likely because of a combination of winter precipitation, tempera-
ture evenness, and seasonal variation in temperature and/or pre-
cipitation, at distributional peripheries. As a result, in the Rocky
Mountains, temperature seasonality differs less between T. hudson-
icus and T. fremonti, allowing these genetically and ecologically
divergent species to overlap in peripheral areas. Similarly, in the
Pacific Northwest, isothermality (temperature evenness) is most
consistent where T. douglasii and T. hudsonicusmeet, allowing them
to occupy peripheral areas. There are likely also temporal differ-
ences in spatial overlap. For example, the current overlap in the
Rocky Mountains may have formed only recently, whereas
repeated episodes of isolation and reconnection in Northwestern
North America likely permitted greater gene flow in this area.

4.3. Ecology and conservation of regional forest ecosystems

Isolated forest-associated species often reflect classic dynamics
of land-bridge island biogeography (Brown, 1971; Patterson,
1982). Because of their age, size, and isolation (e.g., Frey et al.,
2007) genetic diversity and effective population size (both at pre-
sent and historically) likely dictate risk of extirpation due to warm-
ing and drying climatic trends compounded with stochastic events
(e.g., fire – Koprowski et al., 2005). Conservation of forest periph-
eral isolates is critical considering that many populations among
forest-dwelling species: (1) occur in small, contracting patches of
habitat (Holocene refugia), (2) contribute disproportionately to
overall genetic diversity, and (3) often exhibit unique adaptations
due to their occurrence at the edge of a species’ range (Channell
and Lomolino, 2000; Hampe and Petit, 2005; Koprowski, 2005).

A clearer understanding of the historical biogeography and sys-
tematics of these squirrels enables us to better assess conservation
implications for peripheral isolates, due to comprehensive geo-
graphic sampling and integrated eco-evolutionary methods
(Hope et al., 2013). Peripheral isolates experience high risk of extir-
pation for several reasons. Small population sizes lead to reduced
genetic diversity, although differential selection may contribute
to increased rates of divergence and potentially local adaptation
(Losos and Ricklefs, 2009). Isolates are also at increased risk of
stochastic events coupled with marginal ecological conditions, as
has been exemplified by the Mt. Graham red squirrels in southern
Arizona (Koprowski et al., 2005) and human-mediated habitat
fragmentation. Finally, if isolation persists for extended periods,
then subsequent admixture or genetic ‘‘rescue” from other popula-
tions may dilute recently evolved adaptations, and erode or swamp
unique diversity through introgression (Tallmon et al., 2004).

Several populations within North American red squirrel species
are under increased threat of extinction due to peripheral isolation.
Within T. douglasii, the Baja California populations (T. d. mearnsi)
typify a peripheral isolate, occurring in marginal pine/fir forest
habitat through a narrow altitudinal range, with low population
density, diagnosable morphological features, and unique haplo-
types (De Grammont and Cuarón, 2008). In addition, these popula-
tions exhibit unique behavioral and ecological adaptation that are
not seen further north (e.g., Koprowski et al., 2006). Furthermore,
due to the effects of warming and drying climate trends, continued
habitat fragmentation (e.g., wildfire, logging, grazing), and compe-
tition from introduced eastern gray squirrels, this southernmost
refugial population should be closely monitored (De Grammont
and Cuarón, 2008).

Within T. hudsonicus, multiple peripheral isolates exist. The
hybrid population distributed on Vancouver Island and multiple
satellite islands (Fig. 3) is distinct from others along the NPC, indi-
cating the role of multiple isolated refugia in the Pacific Northwest
during the last glacial phase. The NPC lineage has an extensive dis-
tribution through Southeast Alaska and coastal British Columbia,
with six island populations appearing to represent a pure NPC
mitochondrial lineage, and three islands where multiple mitochon-
drial lineages occur. More comprehensive sampling of the vast
Pacific coastal archipelagos is needed to clarify the spatial extent
of coastal lineages (Fig. 3). Nuclear loci provide a more complex
interpretation that may reflect recent or past hybridization or
incomplete lineage sorting. The NPC harbors endemic diversity
over multiple plant and animal taxa reflecting a long and repeated
history of colonization interspersed with isolation on islands due
to raised sea levels during interglacials, and isolation in refugia
due to ice sheet barriers during glacial phases (Cook et al., 2001).
For example, mammals such as ermine (Dawson et al., 2014),
wolves (Weckworth et al., 2010, 2015) and marten (Small et al.,
2003) show similar patterns of differentiation in this coastal
region, likely reflecting prolonged isolation from continental popu-
lations. Considering multiple human-mediated introductions of
squirrels to individual islands in Southeast Alaska (MacDonald
and Cook, 1996), and other human impacts such as old growth tim-
ber harvest, squirrels endemic to particular islands may be at high
risk. A clearer understanding of the geographic extent of the NPC
lineage is imperative, including the dynamics and history of popu-
lation admixture between discrete lineages. Multiple island popu-
lations through this region should provide a lucrative system for
investigating hybrid dynamics and processes of local adaptation
using genomic methods.

Tamiasciurus fremonti is also represented by multiple insular
populations. Of high conservation concern, the Mt. Graham popu-
lation of T. fremonti in the Pinaleño Mountains of Arizona is here
assessed for the first time as part of a range-wide genetic evalua-
tion of the species in context with its sister species. We confirm
that this population is genetically distinct across loci, but most
similar to populations from the Kaibab Plateau in northern Arizona
and the Gila region of western NewMexico. In addition to the Pina-
leño Mountains, squirrels of the San Mateo Range in central New
Mexico appear to be genetically divergent, but our sampling is lim-
ited to a single individual. Perhaps most surprisingly, squirrels
from the Sacramento Mountains in south-central New Mexico con-
stitute a highly divergent lineage within T. fremonti, dated to
roughly the last interglacial period (130 ka) and coincident with
initial diversification among all lineages within the Southwest. Lit-
tle evidence of demographic expansion among any lineages of T.
fremonti, and distinct diversity coincident with isolated mountain
ranges indicates a potentially extinction driven system in the
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future, if lack of connectivity is coupled with further degradation of
montane forested habitats. Limited current gene flow between
populations indicates that this species is of high conservation con-
cern. Within the Sacramento Mountains, isolation may be exacer-
bated by their ‘‘high and dry” nature. Red squirrels in the
Southwest are restricted to higher elevation conifer forests
although they readily utilize blue spruce (Picea pungens) corridors
along riparian systems. During the last glacial phase, spruce likely
extended more widely along riparian corridors, facilitating connec-
tions between higher elevation forested areas through the South-
western Sky Island Archipelago. However, no major riparian
corridors now exist between the Sacramento Mountains and other
sky islands. Niche predictions support relative isolation of this
region through multiple timeframes (Fig. S5).

A significant contribution of a multi-locus and integrated niche-
prediction approach to conservation phylogenetics is that, in addi-
tion to considering unique peripheral diversity, we can evaluate
evolutionary potential within more complex regions where multi-
ple zones of contact exist between sibling species through time
(Sullivan et al., 2014). Our niche models predict two broad regions
of overlap between the three species of red squirrels, centered over
the Southern Rockies and the Pacific Northwest/Interior Highlands
ecosystems. Nuclear loci suggest ongoing gene flow. However, con-
sidering multiple divergent matrilineages, these regions of contact
are likely representative of recent (Holocene) admixture, with
hybridization an ongoing dynamic process as climate and environ-
ments continue to shift (Hamilton and Miller, 2016; Taylor et al.,
2015). Considering that hybridization may either be detrimental
to parental species or promote both adaptive potential and diver-
sification (Brennan et al., 2015), these regions of complex contem-
porary interactions between species, in addition to peripheral
populations, constitute critical areas for future research, and
conservation-based management.

4.4. Refugia and important ancestral areas of occupation

This multi-locus assessment provides valuable insight for the
temporal and spatial development of continent-wide ecological
and genetic diversity. Because genetic coalescent estimates and
demographics coupled with lineage-specific BEMs can highlight
regional responses (Hope et al., 2015), red squirrels provide a basis
for identifying common processes shaping the biogeography of for-
est communities. From niche predictions through time for T. hud-
sonicus (Fig. S7) and multiple distinct matrilineages, we infer
several ancestral areas of allopatry during the last glacial phase,
generally coincident with those discussed broadly for other taxa
(e.g., Swenson and Howard, 2005). Unique nuclear diversity within
mitogroups, althoughminimal, is consistent with these predictions.
Major areas were centered upon the eastern and western U.S. south
of continental ice sheets and within Beringia, the former two being
corroborated by fossil evidence (Kurtén and Anderson, 1980). The
Beringian refugium (specifically considering the Northwestern
matrilineage of T. hudsonicus) was previously hypothesized
(Chavez et al., 2014). Our expanded genetic sampling indicates very
low historic population size and recent rapid demographic expan-
sion within this lineage (Fig. S3), but with high relative genetic
diversity at highest latitudes. Coupled with the current pervasive
distribution through Southeast Alaska (not considering human
reintroductions), the evidence suggests an early bout of coloniza-
tion through this region, and likely southward expansion out of Ber-
ingia. There is growing evidence for persistence of conifer trees
within Beringia through the last glacial phase (Anderson et al.,
2006; Brubaker et al., 2005; Zazula et al., 2006), a strict requirement
for persistence of these squirrels. In addition, red squirrels are cur-
rently widespread in Alaska, occurring within the northernmost
conifers south of Anaktuvuk Pass at 68�N (Rausch, 1951).
The NPC lineage of T. hudsonicus exhibits relatively high nucleo-
tide diversity and a broad distribution through this extensive
archipelago, indicating persistence in one or more coastal refugia.
Tamiasciurus hudsonicus joins a growing list of taxa for which evi-
dence of refugial persistence exists, and reflecting long-term intact
communities along the NPC (Cook and MacDonald, 2013). The
mixed distribution of haplotypes coupled with niche predictions
within both T. douglasii, and independently within mainland popu-
lations of T. hudsonicus suggests connectivity across much of their
current range is recent and glacial phase ranges were more frag-
mented, particularly through western areas, supporting the con-
cept of ‘‘refugia within refugia” (Shafer et al., 2010). The pattern
is reversed in T. fremonti, in that the fragmented archipelago of
sky-island populations represent current refugia considering many
of these populations experienced much greater connectivity during
the last glacial. However, niche predictions indicate effectively per-
sistent isolation among the three major matrilineages of this spe-
cies (Fig. S5 – LGM). The Sacramento Mountains were most
isolated, while the Southern Rockies were partially isolated from
sites further south due to alpine glaciers in southwestern Colorado,
a significant set of barriers also hypothesized for other taxa
(Barber, 2007).
5. Conclusions

Comprehensive molecular phylogenetic and ecological niche
assessment of a widespread genus through North American forest
ecosystems provides new insights on speciation across the Nearctic
by highlighting how species diverge in response to long-term envi-
ronmental variability. The obligate association of red squirrels with
forests, coupled with relatively recent differentiation accompanied
by gene flow, provides perspective on evolutionary responses to
climate trends across broadly co-distributed taxa. Specifically
within North America, southern peripheral populations of forest
species may reflect long-term persistence through glacial cycling
in cores habitat areas that is coupled with periodic elevational
shifts. In other populations across the continent-wide range, peri-
odic expansion or retraction to predictable refugial areas occur
through latitudinal (and longitudinal) shifts as climate changes.
In addition to focusing on the management of isolated and poten-
tially shrinking peripheral populations, as contemporary environ-
mental perturbations accelerate, it is critical that we also
conserve highly dynamic regions of phylogeographic complexity
within forested systems where evolutionary processes associated
with gene exchange are influencing biodiversity in ways that are
as yet much less clear.
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red squirrel specimen records on VertNet at the time of access for
use in niche predictions.

Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.ympev.2016.04.
014.
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Integration of molecular methods, ecological modeling, and statistical hypothesis testing are increasing
our understanding of differentiation within species and phylogenetic relationships among species by
revealing environmental connections to evolutionary processes. Within mammals, novel diversity is
being discovered and characterized as more complete geographic sampling is coupled with newer
multi-disciplinary approaches. North American red squirrels exemplify a forest obligate genus whose
species are monitored as indicators of forest ecosystem condition, yet phylogenetic relationships reflect-
ing evolutionary history within this genus remain tentative. Through testing of competing systematic and
niche-based divergence hypotheses, we recognize three species, Tamiasciurus douglasii, T. hudsonicus, and
T. fremonti. Our data provide evidence of regional differences in evolutionary dynamics and continental
gradients of complexity that are important both for future management and for investigating multiple
pathways that can lead to the formation of new species.

� 2016 Elsevier Inc. All rights reserved.
1. Introduction

Understanding how the formation of species is shaped by com-
mon biogeographic and evolutionary processes (Hewitt, 2000;
Taberlet et al., 1998) is a critical step for recognizing and conserv-
ing biodiversity (Riddle et al., 2008; Whittaker et al., 2005). Range-
wide evolutionary assessments of species that incorporate both
genetic and niche-based approaches provide critical perspectives
on regional evolutionary and ecological differences in biodiversity.
For instance, many vertebrate species associated with the boreal
biome in North America have broad continent-wide distributions
coincident with temperate and northern conifer forests (Arbogast
and Kenagy, 2001), but these forests are now experiencing
increased mortality (Allen et al., 2015), and regional declines
(Coops andWaring, 2011; Gauthier et al., 2015) will likely continue
to impact vertebrate communities. Geography and past climate
have shaped the assembly of communities according to predictable
biogeographic patterns that often reflect common evolutionary
processes (Hampe and Petit, 2005). Northernmost contemporary
populations frequently constitute a leading edge of expansion
due to climate warming following the Last Glacial Maximum
(LGM; �the last 12 kyrs). However, high-latitude populations
may have also experienced spatial and temporal stability if they
persisted through the Last Glacial period (�130–12 ka) within
one or more northern refugia (Brubaker et al., 2005; Hewitt,
1999; Lessa et al., 2003). Mid-latitude forest-associated popula-
tions often have multiple distinct lineages distributed longitudi-
nally across the continent reflecting repeated isolation in discrete
areas south of glacial-phase continental ice-sheets. However, the
genetic signatures of independent histories among these lineages
are often obscured at their distributional edges where they now
overlap geographically (Atkinson et al., 2007; Hope et al., 2014a).
Signatures of these complex histories of isolation and reconnection
are often apparent along contact zones (Swenson and Howard,
2005) where dynamics of gene flow and interspecific interactions
result in increased community complexity (Hewitt, 2000). Finally,
peripherally isolated populations in southern and coastal regions

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ympev.2016.04.014&domain=pdf
http://dx.doi.org/10.1016/j.ympev.2016.04.014
mailto:ahope@ksu.edu
mailto:jmalaney@gmail.com
mailto:kayce.bell@gmail.com
mailto:f.salazarmiralles@gmail.com
mailto:aschavez@berkeley.edu
mailto:bbarber4@uwyo.edu
mailto:cookjose@unm.edu
http://dx.doi.org/10.1016/j.ympev.2016.04.014
http://www.sciencedirect.com/science/journal/10557903
http://www.elsevier.com/locate/ympev


A.G. Hope et al. /Molecular Phylogenetics and Evolution 100 (2016) 170–182 171
generally occur in patches of discontinuous forest. Peripheral pop-
ulations can reflect either long-term isolation (P1 glacial phase;
e.g., Cook et al., 2001, 2006) or more recent fragmentation of pre-
viously continuous habitat since the LGM (Galbreath et al., 2009).
Such isolates often constitute important sources of genetic diver-
sity for species (Channell and Lomolino, 2000) with high conserva-
tion value (Malaney and Cook, 2013).

A growing body of comparative genetic evidence indicates that
evolutionary processes of diversification on a continental scale are
repeatable both across taxonomic groups and through time, where
cryptic diversity is discovered as additional groups are assessed,
resulting in recognition of new species, or minimally, distinct evo-
lutionary lineages (Hope et al., 2014a). Given that species descrip-
tions are ongoing, even among mammals, current taxonomy
frequently fails to adequately reflect the extent of evolutionary
diversity or relationships among extant lineages (Patterson,
2000; Bickford et al., 2007), thus impeding effective management
and conservation of fundamental components of biodiversity
(Soltis and Gitzendanner, 1999; Hoberg et al., 2012). New toolsets
are facilitating species discovery based on multi-locus sequence
data (Knowles and Carstens, 2007). Concurrently, new statistical
methods assess ‘‘species” limits, recognizing taxonomic or system-
atic arrangements that hold strongest support for actual relation-
ships among distinct biological units (reviewed in Carstens et al.,
2013). Both historical and ongoing gene flow between related spe-
cies (e.g., Sullivan et al., 2014), however, present additional chal-
lenges to molecular systematic assessments.

The evolutionary history of North American red squirrels (genus
Tamiasciurus Trouessart 1880) reflects the influence of long-term
Quaternary climate cycles on continental patterns of diversifica-
tion and community change (Arbogast and Kenagy, 2001). Periodic
allopatry and divergence has been followed by episodes of recon-
nection and gene flow as climate cycled through glacial phases
(Chavez et al., 2014). Simultaneously, some red squirrel popula-
tions, particularly peripheral ones, likely remained stable and iso-
lated through extended glacial cycles. As such, systematic
relationships, species limits, and taxonomy within this group
remain tentative. Thorington and Hoffmann (2005) recognized
three species: Tamiasciurus douglasii Bachman, 1839, distributed
in forests from southern California and the Sierra Nevada north-
ward through the Cascade and Coastal ranges; Tamiasciurus hud-
sonicus Erxleben, 1777, distributed across most of North America
north of Mexico including multiple peripheral populations; and
Tamiasciurus mearnsi Townsend, 1897, restricted within Baja Cali-
fornia Norte, Mexico. Previous mitochondrial DNA (mtDNA)
assessments (Arbogast et al., 2001; Barber, 2007) documented sev-
eral divergent lineages, recounting a complex biogeographic his-
tory. Across these species, T. hudsonicus is paraphyletic with
respect to T. douglasii, while T. mearnsi is minimally divergent from
T. douglasii (Arbogast et al., 2001; Barber, 2007). In the American
Southwest, populations of T. hudsonicus, including those on sky
islands, potentially represent a third species (Tamiasciurus fre-
monti), based on genetic (Arbogast et al., 2001), behavioral, and
morphological differences (Findley, 1961; Hardy, 1950). More
recently, Chavez et al. (2014) largely corroborated these relation-
ships with nuclear data, although mito-nuclear discord indicated
historic introgression between populations of the Pacific North-
west. However, to date, no study has explicitly tested the validity
of systematic relationships using a phylogenetic approach.

The North American red squirrel complex constitutes an excel-
lent system for testing diversification hypotheses because their
complex biogeographic history includes both physical (insular)
and ecogeographic isolation of lineages, paraphyly, and gene flow.
We present a multi-locus phylogenetic assessment of North Amer-
ican red squirrels and test three alternative hypotheses based on
previous studies (Fig. S1). In the first hypothesis (H1 – Fig. 1) we
apply the current taxonomy (Thorington and Hoffmann, 2005) of
three species (T. douglasii, T. hudsonicus, and T. mearnsi). Consider-
ing that the specific status of T. mearnsi is tenuous (Arbogast et al.,
2001), we test a second hypothesis (H2 – Fig. 2) proposed by
Arbogast et al. (2001) that also posits three differently circum-
scribed species: T. douglasii (inclusive of T. mearnsi), T. fremonti,
and T. hudsonicus (includes all currently recognized lineages except
putative T. fremonti). Finally, we consider a third hypothesis (H3 –
Fig. 3) treating nine well-supported mtDNA lineages as terminal
taxa, all documented across independent studies (Arbogast et al.,
2001; Barber, 2007; Chavez et al., 2014; this study). These three
hypotheses require few assumptions and reflect realistic alterna-
tive relationships based on previous literature. Following genetic-
based species delimitation, we incorporate niche modeling to
assess geographic stability through time and ecological divergence
among taxa. Finally, we use results from both multiple loci and cli-
matic data to explore evolutionary complexity across North Amer-
ica, demonstrating different modes of speciation within this
complex that are reflected more broadly among mammals. Criti-
cally, for forest ecosystemmanagement, we identify areas that sus-
tain key dynamic evolutionary processes as well as isolated
populations needing further evaluation.
2. Methods

2.1. Study area, sampling and sequencing

We obtained specimens from museum collections that maxi-
mize geographic sampling through the known range of red squir-
rels (Figs. 1 and 3), including samples from all species and
localities coincident with the geographic distribution of 22 of 28
subspecies (Hall, 1981). We used 252 specimens (Appendix A)
including 40 T. douglasii, 209 T. hudsonicus, and 3 T. mearnsi from
109 general collecting localities (Fig. 3; 153 specific localities;
Appendix A). Sequences for 123 individuals for at least 1 gene were
retrieved from GenBank. We then sequenced 129 more specimens
for 1–4 independent loci where a subset of 60 samples (including
34 specimens from Chavez et al., 2014) were represented by both
mtDNA and nuDNA. In total we obtained 3192 bp of sequence data
across all loci. Datasets included 771 base pairs (bp) of mtDNA
cytochrome-b gene (Cytb; n = 252), 449 bp of the glutamate decar-
boxylase 2 gene (intron 1; GAD2; n = 60), 666 bp of the
ganglioside-induced differentiation-associated protein 1 gene
(intron 1; GDAP1; n = 58), 630 bp of the UPF0351 protein
C9orf32 gene (intron 1; METTL11A; n = 59), and 676 bp of the pro-
lyl 4-hydroxylase alpha-2 subunit precursor gene (intron 1;
P4HA2; n = 60).

We extracted genomic DNA from tissue (stored at �80 �C or
ethanol preserved) through standard salt extraction, followed by
PCR amplification and cycle sequencing with ABI BigDye v3.1
(Applied Biosystems, Foster City, California) following protocols
of Platt et al. (2007). Primers for Cytb were MVZ05/MVZ16
(Smith and Patton, 1993). Other primers are listed in Chavez
et al. (2014). We conducted automated sequencing of complimen-
tary strands using the Applied Biosystems 3110 DNA sequencer at
the University of New Mexico.

We edited and aligned sequences in Sequencher v4.8 (Gene-
codes, Ann Arbor, Michigan) and verified visually. We translated
protein-coding sequences for Cytb to amino acids and examined
them for internal stop codons, rates of transition/transversion
changes, and relative 1st, 2nd, and 3rd position changes in codons
that might indicate a Numt. None was found. We compared com-
plementary strands of DNA and deposited contiguous sequences
in GenBank (Appendix A). We inferred alleles of heterozygotes
using Phase (Stephens et al., 2001), by accepting results with a
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probability >90%, using a burn-in of 10,000 iterations and a run
length of 10,000 iterations (McCormack et al., 2011). Among 5
runs, we retained results from the run with best goodness-of-fit
to an approximate coalescent model, resulting in 2 nuclear haplo-
type sequences or alleles per individual, using only 1 allele per
individual (chosen randomly) for analyses.
2.2. Multi-locus gene trees and evolutionary rates

We estimated independent genealogies and haplotype net-
works for all loci. We determined DNA substitution models for
each locus using MrModeltest v2.3 (Nylander, 2004) under the
Akaike Information Criterion. We performed Markov chain Monte
Carlo (MCMC) searches in MrBayes v3.1 (Ronquist and
Huelsenbeck, 2003), incorporating the short-branch method
(Marshall, 2010). Stationarity of MCMC runs was assessed in Tracer
v1.5.0 (Rambaut and Drummond, 2007). Phylograms were mid-
point rooted and visualized with posterior probabilities >0.75
included in FigTree v1.3.1 (Rambaut, 2009). For all loci, we
assigned haplotypes using DnaSP v5 (Librado and Rozas, 2009).
Median-joining haplotype networks for all loci were constructed
in Network v4.610 (Bandelt et al., 1999). To assess the timing of
cladogenesis and demographic changes among lineages, we calcu-
lated average and lineage-specific evolutionary substitution rates
utilizing a time to coalescence of the entire genus as estimated
by Chavez et al. (2014). In BEAST v1.6.1 (Drummond and
Rambaut, 2007), we produced a chronogram based on the Cytb
locus by fixing the time to most recent common ancestor (TMRCA)
for all samples at 0.4229 Ma (normal distribution, standard devia-
tion 0.1; Chavez et al., 2014), applying a relaxed clock: uncorre-
lated log-normal, and set the substitution rate to be estimated.
We used the HKY + G model of substitution, empirical base fre-
quencies, partitioned into three codon positions, and a constant
population size tree prior. Three separate runs of 100 million iter-
ations were run, sampling trees to file every 1000 iterations. To
retrieve mean lineage-specific rates for each nominal lineage
recovered from the Cytb chronogram, we weighted all branch
specific rates by branch length (Hope et al., 2014b) according to
the equation

P

(rate � length)/
P

(length).
2.3. Mitochondrial diversity and demographics

Genetic diversity analyses for Cytb used all available red squir-
rel sequences, performing analyses separately for major lineage
assignments (Table 1). In DnaSP, for each group we assessed
genetic diversity including number of segregating sites (S), haplo-
types (h), haplotype diversity (Hd), nucleotide diversity (p), and
tested for demographic expansion by calculating Tajima’s D
(Tajima, 1989) and R2 (Ramos-Onsins and Rozas, 2002).

To calculate population size change through time, we imple-
mented the coalescent Bayesian Skyline Plot (BSP) tree prior in
BEAST. Results of Bayes factor tests to determine the best clock
model indicated no significant difference between strict and
relaxed clocks for any lineage, so we utilized a strict clock, and
ran MCMC analyses (length of chain = 100 M logging trees every
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1000), assigning lineage-specific rates calculated from the Cytb
chronogram.

2.4. Systematic scenarios

Using a model comparison technique that applies Bayes Factors
(2lnBf) or Akaike information criterion through Markov chain
Monte Carlo analysis (AICM) to test between alternative scenarios
of species delimitation (Aydin et al., 2014; Grummer et al., 2014)
allows flexibility for alternative hypotheses and is robust to sys-
tems where historical introgression is suspected (Grummer et al.,
2014). We performed model comparison tests of alternative sys-
tematic hypotheses among designated lineages of North American
red squirrels considering all loci within a species-tree framework
implemented using ⁄BEAST (Heled and Drummond, 2010). Because
⁄BEAST accommodates different numbers of gene copies for each
taxon, we included all samples per lineage that were sequenced
for more than a single locus.

We performed Bayes Factor and AICM pairwise tests of alterna-
tive hypotheses (Table 2; Fig. S1). All hypotheses considered sam-
ples (n = 60) representing various combinations of the nine well-
supported monophyletic mtDNA (Cytb) lineages: Two widespread
lineages (Continental and Northwestern), a Western lineage (com-
bining T. douglasii and Baja California samples unless otherwise
noted), Vancouver Island, Central Rockies, North Pacific Coast,
Sacramento Mountains (NM), Southern Rockies, and Southwestern
Sky Islands (Fig. 1). Despite a high likelihood of ongoing gene flow
within and among certain lineages, all were included to assess rel-
ative nodal support for clade relationships considering multiple
loci under three different hypotheses. Hypothesis H1 considered
the currently assigned taxonomy (T. douglasii, T. hudsonicus, and
T. mearnsi; Fig. 2). Hypothesis H2 considered three species hypoth-
esized by Arbogast et al. (2001): T. douglasii (including T. mearnsi),
T. fremonti (Southern Rockies, Sacramento Mountains, and South-
western Sky Island), and T. hudsonicus (Continental, Northwestern,
Southeast Alaska, Vancouver Island and Central Rockies). Hypoth-
esis H3 considered all Cytb lineages as independent ‘‘species”. All
hypotheses were compared statistically using both all loci and only
nuclear loci.

We produced a separate traits file indicating lineage assign-
ments for all samples under each hypothesis. In BEAUti, for each
hypothesis, we unlinked datasets for each locus across all parti-
tions, assigned substitution models by locus, and applied empirical
base frequencies. We applied a relaxed clock: uncorrelated log-
normal to Cytb as the ucld standard deviation of the rate for this
gene when analyzed independently significantly deviated from
zero, but assigned a strict clock to nuclear loci to reflect lower
divergence over the evolutionary timeframe investigated. We
chose a Yule tree prior with piecewise linear and constant root
and assigned proper ploidy to each locus. Two independent runs
for each hypothesis used MCMC chains of 100 million generations
sampling trees every 10,000.

In Tracer, we ran model comparisons to identify the hypothesis
that best explained the data considering marginal likelihood



Fig. 3. Left – Chronogram of evolutionary relationships among North American red squirrels (Tamiasciurus) based on 771 bp of the mtDNA Cytochrome b gene with a root
coalescence estimate from Chavez et al. (2014). Phylogeny estimation was performed in BEAST, providing both posterior probability nodal support values (left of node) and
coalescence times (millions of years; italics, right of node). The topology is presented as ultrametric and proportional to an evolutionary timeline (bottom) that extends from
the present (right) to the past (left). Tip labels indicate general collecting localities (Appendix A). Major lineages are color coded and coincident with geography. Tip labels
indicate sampling localities. Right – Map of the study area indicating general specimen localities for samples of North American red squirrels included in the present study.
Locality numbers correspond to those listed in Appendix A. Left inset provides finer detail of localities along the North Pacific Coast. Bottom-right inset provides finer detail of
localities within the Southwestern region. Localities are colored according to major mtDNA lineages. Circles with multiple colors indicate general localities where multiple
mtDNA lineages are sympatric. For insets, insular populations are labeled by island or mountain range. Top inset provides the results of a ⁄BEAST species tree analysis
(including empirical topology and nodal support values) considering systematic hypothesis H3 with nine independent taxa color-coded according to mtDNA lineages. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 1
Genetic polymorphism and demographic statistics considering 771 bp of the mtDNA Cytochrome b gene among major North American red squirrel lineages. Abbreviations
include n = sample size; S = number of segregating sites; h = number of haplotypes; Hd = haplotype diversity; p = nucleotide diversity; D = Tajima’s D (with associated P-value);
R2 = Ramos-Onsins and Rozas R2 (with associated P-value); l = lineage-specific substitution rate (percent per million years) considering rates weighted by branch lengths for
each lineage from the Cytochrome b BEAST chronogram. The rate given for all lineages combined was calculated in BEAST using a root calibration of 0.4229 Myr (HPD: 0.2979–
0.5538; Chavez et al., 2014). N/A = not applicable. Bold values are statistically significant at P < 0.05.

n S h Hd p D P(D) R2 P(R2) l

All 252 134 142 0.982 0.0181 N/A N/A N/A N/A 5.23
Central Rockies 11 4 4 0.600 0.0015 �0.542 0.324 0.142 0.107 5.14
Continental 60 41 34 0.866 0.0045 �2.167 0.001 0.046 0.000 5.20
Northwestern 52 45 32 0.924 0.0031 �2.593 0.000 0.022 0.000 5.35
North Pacific Coast 20 15 16 0.963 0.0040 �1.192 0.132 0.088 0.056 5.03
Sacramento Mountains 10 11 7 0.933 0.0035 �1.407 0.096 0.124 0.056 5.26
Southern Rockies 15 14 10 0.924 0.0035 �1.509 0.064 0.079 0.000 5.42
Southwestern Sky Islands 22 17 12 0.905 0.0037 �1.413 0.062 0.073 0.011 5.26
Vancouver Island 19 8 7 0.544 0.0012 �2.022 0.001 0.084 0.002 5.21
Western 42 35 26 0.962 0.0067 �1.325 0.074 0.065 0.059 5.25
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estimates of competing hypotheses using both 2lnBf and 2AICM
scores. Scores were ranked for each hypothesis only with respect
to the ‘‘best” hypothesis (that with the marginal likelihood esti-
mate closest to zero). As described in Grummer et al. (2014), and
based on the recommendations of Kass and Raftery (1995), the
strength of support of 2lnBf for the best hypothesis (labeled as N/
A) compared with competing hypotheses was as follows: 0–2
means no significant support; 2–6 means positive support for the
best hypothesis (N/A) over this competing scenario; 6–10 means
strong support for the best hypothesis; and >10 means decisive
rejection of the competing hypothesis compared with the best
hypothesis. As in Grummer et al. (2014), we recognized distinct
lineages from hypotheses (topologies) where 2lnBf support for
the leading topology was >10 in pairwise comparisons with com-
peting hypotheses. Similarly for AICM which equates using two
times the sample mean log likelihood, we use a cutoff of >20 for
2AICM (multiplied by 2 for consistency with Bayes Factor
methods).



Table 2
AICM and Bayes Factor (2lnBf) results considering marginal likelihood estimates from alternative species-tree hypotheses of relationships among major lineages of North
American red squirrels (see Fig. S1 for scenario topologies). The hypothesis receiving the best marginal-likelihood score is indicated by N/A. 2AICM and 2lnBf scores for other
scenarios reflect comparative strength of the best supported hypothesis, where for 2lnBf a score of 0–2 means ‘‘not worth more than a bare mention”, 2–6 means ‘‘positive”
support for the best hypothesis over that alternative, 6–10 provides ‘‘strong” support, and >10 means ‘‘decisive” support in distinguishing between best and competing
hypotheses (after Kass and Raftery, 1995). For 2AICM scores, we consider >20 as decisive, 12–20 as strong, and 4–12 as positive support for the best hypothesis over that
alternative. Hypotheses were analyzed considering all five loci (both mtDNA and nuDNA) and using only the four nuclear loci.

Scenario Description All five loci Four nuDNA loci

2AICM 2lnBf 2AICM 2lnBf

H1 3 species as currently described (T. douglasii, T. hudsonicus, T. mearnsi) N/A 10.28 5.72 10.74
H2 3 species as per Arbogast et al. (2001; T. douglasii, T. hudsonicus, T. fremonti) 27.85 N/A N/A N/A
H3 All lineages considered separately 104.10 22.76 31.70 16.06
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2.5. Bioclimatic envelope modeling

We used bioclimatic envelope modeling (BEM, Araújo and
Peterson, 2012) to characterize occupied distributions and recon-
struct paleodistributions of each species. We used these niche-
based tests as an independent perspective of ecological divergence
among putative species using a three-step approach: (1) recon-
struct contemporary distributions and project (transfer) the final
model to ancestral climate conditions (i.e., mid-Holocene and
LGM); (2) assess spatial overlap of predicted distributions for all
periods; and (3) conduct niche identity tests using geographic-
based approaches (Warren et al., 2008, 2010).

2.5.1. Occurrence and environmental data
BEMs are often constructed from two forms of data: occurrence

records and environmental layers. We downloaded all available
records of North American red squirrels from VertNet (accessed
February 2015) and conducted a series of screening and filtering
steps to reduce bias. We removed all samples with a georeferenced
error >5 km, those that failed to provide an estimate of error, and
those that were outside the known distribution of Tamiasciurus.
We also removed samples prior to 1940. To reduce spatial autocor-
relation, we used a custom aggregated reduction technique
(Fourcade et al., 2014; Warren et al., 2014) by retaining a single
random sample within 10 km2 radius and discarding other spa-
tially redundant locations.

To assess lineage-based distributional overlap and test for
recent niche divergence among evolutionarily independent groups
we used mtDNA haplotypes to quantify areas occupied by lineages.
First, we added a minimum convex polygon in ArcGIS v10.2 to each
lineage-based set of points and applied a 200 km buffer to assign
all points within each polygon to respective mtDNA lineages. We
then reassigned mtDNA samples to putative species identified
from the best model in tests of evolutionary hypotheses.

The geographic extent of species is an important consideration
when using correlative models (Barve et al., 2011). However, the
total extent of Tamiasciurus is likely too broad considering our
goals of pairwise tests between geographically limited species.
Based on the geographic distribution of putative species, we
divided the study area using the three regional clades (systematic
hypothesis H2; Table 1; Fig. S1) and delimited their extents to
100 km beyond the N/S and E/W extremes of each distribution.

Next, we generated bias files for each species to optimize back-
ground and occurrence point selection within study extents. Bias
files are frequently used in correlative modeling to avoid oversam-
pling and can offset effects of geographic biases often associated
with coordinate-based data, decreasing commission (false-
positive) error rates (Anderson and Raza, 2010; Barve et al.,
2011; Merow et al., 2013). We used SDMToolBox v1.1c (Brown,
2014) to generate the bias files for each species, using the ‘‘Sample
by Buffered Local Adaptive Convex-Hull” tool that limits back-
ground points (Thuiller et al., 2009; Barbet-Massin et al., 2012)
and set the buffer distance to 75 km and alpha parameter to four.
We used 19 bioclimatic (temperature and precipitation) vari-
ables from the WorldClim database to quantify ecological toler-
ances of each lineage. These landscape-level data are often useful
for assessing both current and paleodistributions (Malaney and
Cook, 2013; Waltari and Guralnick, 2009; Waltari et al., 2007),
and also for assessing Grinnellian-based niche divergence
(McCormack et al., 2010). Then, we identified tightly correlated
(P0.80) and removed redundant variables, favoring those more
temporally inclusive (e.g., bio11 – mean temperature of the coldest
quarter versus bio6 – minimum temperature of the coldest month)
or relevant to squirrel ecology (e.g., cone mast is often linked to
seasonal conditions; bio15 – precipitation seasonality).

2.5.2. Correlative modeling
WeusedMaxEnt version 3.3.3e (Phillips and Dudik, 2008) due to

superior performance over other correlative modeling approaches
(Elith et al., 2006; Peterson et al., 2007) and ability to provide statis-
tical comparisons among models (Elith et al., 2011; Merow et al.,
2013). MaxEnt uses presence data in comparison with random
background samples to estimate species distributions (Elith et al.,
2011; Guillera-Arroita et al., 2015; Merow et al., 2013), but is opti-
mized with multiple default settings that require testing prior to
modeling to enhance model performance (Anderson and
Gonzalez, 2011). Consequently, we conducted criterion-based
model selection (Burnham and Anderson, 2002; Warren and
Seifert, 2011) by assessing different combinations of the feature
class types (FC) and regularization multipliers (RM) using
ENMTools v.1.4.4 (Warren et al., 2010).We constructed singlemod-
els for each species by applying alternate FCs (e.g., L – linear; LQ –
linear and quadratic; H – hinge; LQH – linear, quadratic, and hinge;
LQHPT – LQH, product, and threshold) and alternate RMs ranging
from 0.01 to 5.0 at 0.5 intervals. In sum, we tested 55 alternate
models for each species (5 FCs � 11 RMs), identifying optimum
model settings using corrected Akaike information criterion (AICc).

We then conducted final modeling for each species using 20
replicates, log-scale outputs, and set number of iterations to 5 k,
keeping the default convergence threshold (=0.00001). During
replicate models, we applied the bias file for background sampling,
retained 20% of presence localities as a training dataset, and used
subsampling run type (jackknife approach) because of small sam-
ple sizes for some mtDNA lineages (Pearson et al., 2007;
Shcheglovitova and Anderson, 2013). Standard deviations across
all replicates were minor.

MaxEnt produces a set of continuous surfaces and we used the
mean of replicated models to represent relative suitability/likeli-
hood (Guillera-Arroita et al., 2015; Richmond et al., 2010). To
assess differences between high suitability for each species, we
constructed a single raster by calculating the difference between
the continuous mean logistic outputs of comparative lineages (Dif-
fAB = species A – species B). Further, we created a binary distribu-
tion of suitable and unsuitable areas using the equal training
sensitivity and specificity logistic threshold for the spatial projec-
tion of final models (Pearson et al., 2007) and used the
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threshold-applied distributions to characterize paleodistributions
and assess distributional shifts (see below).
2.5.3. Paleodistributions
We reconstructed paleodistributions of individual lineages to

understand the history of geographic distributions, frequently
yielding insights of ancestral areas as well as regions of historic
admixture (Pelletier et al., 2015). Specifically, we projected predic-
tions for the mid-Holocene (contemporary models; i.e., Younger
Dryas) and late-Pleistocene (i.e., Last Glacial Maximum – LGM).
Considering many North American mammals have shifted distri-
butions (Malaney and Cook, 2013; Lessa et al., 2003), we expanded
the spatial extents through past timeframes by 500 km to include
areas nearby that might have been historically occupied by ances-
tral populations. Further, we validated paleodistribution recon-
structions with fossil records obtained from FaunMap database
(accessed March, 2015). We then assessed spatial overlap among
clades using techniques analogous to contemporary overlap
measurements.
2.5.4. Model-based niche divergence
To assess the degree of niche overlap among the major clades,

we used the G-space niche-identity test using the D statistic
(Schoener, 1968; Warren et al., 2008), which ranges from 0 (discor-
dant) to 1.0 (identical). The niche-identity test is used to assess
whether measured overlap is significantly different (one-tailed
test) from an underlying null expectation. This approach random-
ized samples from each lineage pair using 100 pseudoreplicates for
each pairwise test.
3. Results

3.1. Gene trees and evolutionary rates

A previously calculated age for the TMRCA of all North American
red squirrels of 0.4229 Myr (Chavez et al., 2014) provided an aver-
age mutation rate of 5.23% per million years (10.46% divergence
rate) for the Cytb dataset (Table 1). Substitution rates ranging from
5.03% to 5.46% per million years were recovered for nominal lin-
eages within the red squirrel Cytb genealogy (Table 1). The chrono-
gram indicates nine well-supported, spatially-structured lineages
(Fig. 3). Two lineages exhibit broad distributions, often within pre-
viously glaciated areas, indicative of post-glacial population expan-
sion. The Continental lineage is broadly distributed across North
America whereas the Northwestern lineage is coincident with the
Rocky Mountain cordillera. These two lineages together form a
well-supported clade distinct from all other North American red
squirrels. Other well-supported lineages include the Central Rock-
ies with a limited distribution within the inland forests of Idaho,
western Montana, and eastern Oregon. The North Pacific Coast
(NPC) lineage is only distributed on islands of the Alexander Archi-
pelago (Betton, Grant, Gravina, Kuiu, Mitkof, Revillagigedo, and
Zarembo islands), and in British Columbia on Calvert and Swindle
islands (Fig. 3). Mitochondrial signatures indicative of both NPC
and Northwestern lineages occur on Gravina and Revillagigedo
islands of the southern Alexander Archipelago. The Northwestern
lineage also occurs on Admiralty (introduced), Tatoosh, and Wran-
gell islands. The Western mtDNA lineage is paraphyletic with
respect to Vancouver Island (due to recognized mito-nuclear dis-
cord) and is distributed from Baja California (T. mearnsi) north to
southern British Columbia. Finally, substructure within the well-
supported Southwestern clade includes lineages associated with
the Sacramento Mountains of New Mexico, the Southern Rockies
of Colorado and northern New Mexico, and two paraphyletic
lineages associated with the Southwestern Sky Island archipelago
(Fig. 3).

The initial dichotomy within the Cytb chronogram is dated to
�400 ka. Continental and Northwestern lineages were estimated
to have split at 200 ka. Coalescence of all Southwestern lineages
is coincident with the Illinoian glacial period (�160 ka) although
initial divergence from other squirrel lineages is dated >250 ka.
Coalescence of most terminal lineages is <100 ka.

Independent nuclear genealogies were less well resolved
although Western haplotypes were consistently private across all
loci (Fig. S2). All well-supported mtDNA lineages exhibited at least
one private nuclear haplotype. Continental and Northwestern hap-
lotypes were closely related, as were those of all Southwestern lin-
eages. Within the Southwestern Sky Island lineages, the federally
endangered Mt. Graham (Pinaleño Mountains) population exhib-
ited private haplotypes over all loci except one (Fig. 3; Fig. S2).
3.2. Diversity and demographics

Mitochondrial DNA haplotype and nucleotide diversity were
lowest for the Vancouver Island lineage and highest for the Wes-
tern lineage (Table 1). Within the Continental lineage, samples col-
lected from western and eastern North America were divergent
(Fig. 3). Only Continental and Northwestern lineages exhibited
consistent signals of demographic expansion over multiple tests,
a finding also supported by star network topologies (Table 1;
Fig. S2). BSPs for these lineages indicated the most dramatic popu-
lation growth coincident with post-glacial expansion (Fig. S3). BSPs
for both the NPC and Western lineages also indicated significant
population growth but non-significant demographic expansion,
suggesting in situ growth through the late-glacial and Holocene
timeframes. Skyline changes for Central Rockies, Sacramento
Mountains, Southern Rockies and combined Southwestern Sky
Islands lineages failed to reach the 95% highest probability distri-
butions indicating minimal population growth (Fig. S3). Uncor-
rected pairwise mtDNA genetic distances between the 9 major
lineages ranged from 0.84% to 3.48% sequence divergence with
highest divergence between Northwestern and Southern Rockies
lineages.
3.3. Systematic hypotheses

All species-tree topologies strongly supported the presence of
multiple species and lack of reciprocal monophyly of T. hudsonicus
as currently recognized. Each systematic hypothesis is reported in
conjunction with the geographic ranges of nominal taxa according
to respective hypotheses shown on maps, and these phylogenies
reflect the results of species-tree analyses, including relative
branch lengths, empirical topologies, and posterior probabilities
at nodes (Figs. 1–3, S1). When Southwestern lineages were consid-
ered as a separate species, they were consistently less divergent
from T. douglasii than from the remaining lineages of T. hudsonicus,
although low posterior probabilities coupled with basal coales-
cences support the possibility of a radiation of three species
through initial fragmentation, dating to the pre-Illinoian
(�400 ka). Based on all loci, Bayes Factor model comparisons deci-
sively supported Hypothesis H2 as the best systematic arrange-
ment (Fig. S1; Table 2). AICM comparisons using only nuclear
loci also supported H2 above other scenarios. Hypothesis H2 pro-
vides highest likelihood for true species relationships, considering
all species tree estimates, and reflects three species. As also
reflected by divergent ecological associations, we recognize the
Douglas squirrel, T. douglasii consisting of the Western lineage,
the southwestern red squirrel, T. fremonti Audubon and Bachman,
1853, consisting of the Southern Rockies, Sacramento Mountains,
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and Southwestern Sky Islands lineages, and the American red
squirrel, T. hudsonicus consisting of the remaining 5 lineages.

3.4. Bioclimatic envelope modeling

3.4.1. Niche variables and occurrence points
We obtained 20 niche variables that exhibited varying levels of

importance and correlation across the study region (Table S1). For
occurrence points, we obtained a total of 1160 T. douglasii (includ-
ing T. mearnsi), and 3413 T. hudsonicus records. After processing
(screening, partitioning, thinning, and clipping), we identified
279 T. douglasii and 740 T. hudsonicus records for reconstructing
distributions and conducting niche tests. We then assigned 59 of
the T. hudsonicus records from the Southwest as T. fremonti using
genetic data as a guide.

3.4.2. Model performance
We found that optimized settings reflected a best-fit for our

study system using model selection that increased the regulariza-
tion penalty, simplified features, and reduced the overall dimen-
sionality of final models. MaxEnt performed well with mean
training AUC >0.85 for all analyses, often a positive indication of
optimized models. Randomly withheld test data were predicted
significantly better than random with AUC >0.90 for all analyses
(Table 3) and AUC standard deviations all <0.05. Threshold-
dependent approaches yielded results with low omissions and sig-
nificantly better omission rates from threshold-dependent predic-
tions than from random predictions.

3.4.3. Current distributions and overlap
Distributions of North American red squirrels were best pre-

dicted (P10% variable importance) by three variables for each spe-
cies and six variables total (Table 3). For T. douglasii, >73% of the
variation was accounted for by winter precipitation
(bio19 = 39.7%), precipitation seasonality (bio15 = 20.0%), and
isothermality (bio3 = 13.5%). For T. hudsonicus, over 50% variable
importance was due to isothermality (31.3%) and winter precipita-
tion (21.5%), with mean annual temperature (bio1 = 12.7%) the
third most important, totaling 79.3%. The three most important
variables (65.5%) for T. fremonti included average summer temper-
ature (bio5 = 50.0%), temperature seasonality (bio4 = 13.5%), and
like other species, winter precipitation (15.8%).

Current distributions predicted for each species overlap (Fig. 2),
with T. hudsonicus sharing predicted range with T. douglasii in the
Pacific Northwest (overlap = 77,754 km2) and with T. fremonti in
the Southern Rocky Mountains (overlap = 71,408 km2).

3.4.4. Paleodistributions
We document distributional change for all species between the

LGM, mid-Holocene, and present. Even after applying thresholds of
Table 3
Relative importance of niche model variables. During modeling, we conducted
parameters from model selection. The training, test, and standard deviation of AU
AUC metrics are the relative contributions of variables. Variables shown cont
corresponding to the top three variables in each model. Symbols reflect results of t
in isolation (⁄), the variable that decreased the gain most when omitted (#), and

AUC/variable T. douglasii

Test AUC 0.942
AUC SD 0.008
Annual Temperature (Bio1)
Isothermality (Bio3) 13.5
Temperature Seasonality (Bio4)
Summer Temperature (Bio5)
Precipitation Seasonality (Bio15) 20.0#,$

Winter Precipitation (Bio19) 39.7⁄
currently occupied distributions and projecting to historical condi-
tions (i.e., mid-Holocene and LGM), most fossil records (>80%,
Figs. S4–S6) were accurately predicted. Predicted ancestral areas
(LGM) for T. douglasii were centered on northern California
(Fig. S4) with isolated regions in southern California and northern
Baja, and although generally further south, total predicted area was
only slightly larger than mid-Holocene and today. Predicted distri-
butions shifted to higher elevations and more northern latitudes
during the Holocene and are most restricted in total range at pre-
sent. For T. fremonti, LGM distributions were projected to be >2�
the extent of present distributions, with a retraction to higher ele-
vations during the Holocene rather than a shift across latitude
(Fig. S5). For T. hudsonicus, latitudinal shifts appear to have been
the dominant change from LGM to mid-Holocene and today
(Fig. S6). Potential LGM occupation included ancestral regions
along the North Pacific Coast and within eastern Beringia (Alaska).
3.4.5. Stable regions for squirrels
By overlaying predictions from all models, we identified stable

regions for all three species, although eco-geographic stability var-
ied. For T. douglasii, three regions have remained relatively stable
between the LGM and today, including medium elevations in the
Sierra Nevada of eastern California, the Coast Ranges in northwest-
ern California and Oregon, and high elevations of southern Califor-
nia and Baja Mexico. The total combined stable area for T. douglasii
is ca. 69,000 km2 (20.8% of the present distribution). For T. fremonti,
we detected three temporally stable areas largely coincident in
extent with the current range, including the Rocky Mountains of
Colorado and New Mexico, the Sacramento Mountains in south-
eastern New Mexico, and the Mogollon Mountains of New Mexico
and Arizona. When combined, these stable areas for T. fremonti
totaled ca. 111,000 km2 (62.9% of the present distribution). In con-
trast to T. douglasii and T fremonti, T. hudsonicus had few consis-
tently occupied regions between the LGM and today totaling
<80,000 km2, a very small proportion of the total potential range
in any timeframe (2% of present distribution). Whereas historic
areas are largely coincident with temporally stable regions for T.
fremonti, and slightly less so for T. douglasii, past predictions for
T. hudsonicus are largely independent of interglacial (recent)
distributions.
3.4.6. Niche identity
Despite large areas of potential distributional overlap between

species (Fig. 2), the background test of niche identity indicated that
each squirrel species occupies distinct ecospace when compared to
expected niche overlap from pooled samples. All three species have
non-identical niches and distributions (Schoener’s D values 60.50).
20 replicates, retained 20% of samples for training, and applied optimized
C (=Area Under Curve) scores are measures of model performance. Below the
ributed >10% to each model and were used for ecological interpretation,
he jackknife test of variable importance showing the highest gain when used
the variable with the highest permutation importance ($).

T. fremonti T. hudsonicus

0.911 0.905
0.047 0.012

12.7⁄

31.3#,$

13.5
50.0⁄,$

15.8# 21.5
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4. Discussion

This comprehensive phylogenetic assessment of the North
American red squirrels provides a more complex interpretation
of speciation within these forest obligate species and characterizes
processes that also influence other species of this increasingly frag-
mented community. Congruence across species hints at fundamen-
tal ecogeographic variability on a continental scale that has
predictable evolutionary consequences. Three main dynamics
emerge from our analyses.

The first dynamic reflects evolutionary complexity across North
America among forest dwelling species, with a dichotomy that
contrasts minimal evolutionary structure in eastern North America
(a single widespread lineage for red squirrels) with comparatively
complex structure in the west (three species and multiple lin-
eages). This east/west split reflects the Mississippi discontinuity
as now reported across multiple other taxa (e.g., Soltis et al.,
2006), with the Great Plains Ecoregion serving as a major barrier
between east and west, and a gradient of increasing genetic com-
plexity found within temperate forested biomes from east to west.
Within the west, three geographic centers of diversity exist as
reflected by T. douglasii in westernmost generally mesic forests,
T. fremonti distributed through the Southwest, and T. hudsonicus
with an extensive distribution through remaining interconnected
forests.

The second dynamic reflects regional variability in spatial
responses of species to long-term climate trends. Both genetic
demographic analyses and niche predictions indicate relative sta-
bility through the southwest region with over 60% of current niche
for T. fremonti consistently predicted as suitable through all recent
(Late Quaternary) climate phases. By contrast, all lineages within T.
hudsonicus except for the Central Rockies exhibit significant signals
of recent demographic expansion and virtually no persistent niche
space through timeframes. Dramatically different histories for T.
hudsonicus and T. fremonti reflect alternate modes of diversifica-
tion. In the southwest, T. fremonti is the product of ancient peri-
patric isolation and subsequent divergence accompanied by
periodic fragmentation/reconnection at local scales. In contrast,
glacial and interglacial phase distributions of T. hudsonicus are
non-overlapping, and such vast spatial displacement likely reflects
repeated population extirpations as leading edge expansions and
contractions predominate through time, resulting in species-wide
range shifts. Across the continent-wide distribution of T. hudsoni-
cus, broad-scale fragmentation and range contractions with subse-
quent differentiation in multiple isolated areas, generated high
overall genetic diversity. Tamiasciurus douglasii exhibits an inter-
mediate history with reduced glacial–interglacial phase displace-
ment and medium-term persistence of populations.

The third major dynamic is relatively rapid radiation of three
species despite repeated and ongoing gene flow, reflecting again
high regional complexity in western North America and climate
phase expansion–contraction dynamics. Similar episodes of rapid
diversification are being uncovered in other forest-dwelling mam-
mals with shared geographic distributions (e.g., Shafer et al., 2010).
For instance, both the Sorex cinereus complex and Sorex palustris
complex exhibit longitudinally distributed lineages that reflect a
Mississippi discontinuity, rapid speciation, high genetic complex-
ity in the west, and ongoing gene flow among species (Hope
et al., 2012, 2014a). Similarities in diversification processes are also
found among other sciurids. Chipmunks (multiple genera;
Patterson and Norris, 2015) have a deeper history of speciation
than red squirrels and provide a model for examining how gene
flow has impacted the formation of species (Good et al., 2008;
Sullivan et al., 2014). In addition, both intra- and inter-specific dis-
tributional histories among chipmunks reflect low diversity in
eastern North America (Tamias striatus and a single lineage of Neo-
tamias minimus), as opposed to 22 species that have arisen in west-
ern regions (Hall, 1981) with extensive hybridization at range
boundaries. Marmots (Genus Marmota) also exhibit inter-specific
gene flow (Kerhoulas et al., 2015) and the history of diversification
of multiple genera of ground squirrels has been accompanied by
periodic episodes of introgressive hybridization (Helgen et al.,
2009). Recent speciation, coupled with replicated episodes of gene
flow, both spatially and temporally, among North American red
squirrels should provide novel perspectives on the formation of
Nearctic species (Abbott et al., 2013).

4.1. Systematic relationships

Given the extensive range of red squirrels, a comprehensive
assessment of systematic relationships and evolutionary history
within Tamiasciurus has been hampered by limited geographic
sampling and associated multi-locus genetic perspectives. Hall
(1981) identified substantial morphological variation, recognizing
4 subspecies within T. douglasii and 25 subspecies within T. hud-
sonicus. Subsequently, Lindsay (1981) raised T. d. mearnsi to species
status based on distinctive morphospace among the three species,
but lacking range-wide sampling. The first geographically wide-
spread genetic assessment based on a single locus (Arbogast
et al., 2001) found no genetic divergence between T. douglasii
and T. mearnsi and instead recovered three independent lineages
as western (combined T. douglasii and T. mearnsi), eastern (all T.
hudsonicus except for Southwestern populations) and Southwest-
ern (Arizona, New Mexico, and southern Colorado populations of
T. hudsonicus). Additional mtDNA sequence data identified a para-
phyletic relationship of T. hudsonicus with respect to T. douglasii
(including T. mearnsi) and reported a distinct lineage located in
the Alexander Archipelago of Southeast Alaska (Barber, 2007).
Most recently, multiple nuclear loci suggest refugial isolation on
Vancouver Island (Chavez et al., 2014), and indicate a complex his-
tory of diversification including gene flow, as has been found else-
where between T. hudsonicus and T. douglasii (Chavez et al., 2011).

Considering differentiation across multiple loci, climatic niche
divergence, and previous morphological evidence, the taxonomy
of red squirrels should be updated. The isolated population occur-
ring in Baja California (previously T. mearnsii) is minimally diver-
gent from the remainder of the Western lineage over all loci
examined; however, a combined western clade representing the
Douglas squirrel (T. douglasii and T. mearnsii) forms one of three
species that are well supported over all analyses. The other two
species are the southwestern red squirrel (T. fremonti; including
Southern Rockies, Sacramento Mountains, and Southwestern Sky
Island lineages), and the broadly distributed American red squirrel
(T. hudsonicus) that includes five mtDNA lineages (Continental,
Northwestern, Central Rockies, North Pacific Coast, and Vancouver
Island). These three species better reflect the evolutionary history
and ecology of boreal forest obligates and should improve manage-
ment and conservation planning.

Although our methods allow for more rigorous representation
of systematic relationships within Tamiasciurus, the revised taxon-
omy does not fully account for either incomplete lineage sorting or
recent and historic admixture. In this regard, a closer appraisal of
the nuclear evidence compared with matrilineal inheritance is
informative (Fahey et al., 2014; Hung et al., 2012). Three mtDNA
lineages are highly supported as unique among red squirrels,
including Vancouver Island, Central Rockies, and NPC lineages;
however, all exhibit strong evidence of introgression across differ-
ent temporal scales. Vancouver Island has fixed mito-nuclear dis-
cord where the mitochondria are indicative of T. douglasii, but
only three haplotypes among nuclear loci examined are private
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(most being shared with T. hudsonicus). Given the single mtDNA
lineage present on Vancouver Island, we concur with Chavez
et al. (2014) that this population represents a refugial lineage that
persisted through at least part of the last glacial, resulting from a
small founder event by hybrid individuals of T. douglasii/T. hudson-
icus. North Pacific Coast and Central Rockies mtDNA lineages are
more difficult to interpret. Both exhibit geographically restricted
and private nuclear haplotypes, but also share haplotypes with
other populations, particularly within T. hudsonicus and the Van-
couver Island lineage.

4.2. Niche variability among species

Consistent with updated systematic relationships, modeled dis-
tributions are indicative of ecological differences among all three
species. However, we detected two areas of geographic overlap
coincident with regions of hybridization. Overlaps are likely the
product of incomplete ecological divergence that includes a narrow
set of environmental conditions. For example, although all three
species have overall discordant niches (D = 0.35–0.49), they all
appear to respond similarly to winter precipitation (either the
most important or second most important variable), where each
is predicted in areas with between 200 and 1000 mm of winter
precipitation. Therefore, incomplete ecological differences are
likely because of a combination of winter precipitation, tempera-
ture evenness, and seasonal variation in temperature and/or pre-
cipitation, at distributional peripheries. As a result, in the Rocky
Mountains, temperature seasonality differs less between T. hudson-
icus and T. fremonti, allowing these genetically and ecologically
divergent species to overlap in peripheral areas. Similarly, in the
Pacific Northwest, isothermality (temperature evenness) is most
consistent where T. douglasii and T. hudsonicusmeet, allowing them
to occupy peripheral areas. There are likely also temporal differ-
ences in spatial overlap. For example, the current overlap in the
Rocky Mountains may have formed only recently, whereas
repeated episodes of isolation and reconnection in Northwestern
North America likely permitted greater gene flow in this area.

4.3. Ecology and conservation of regional forest ecosystems

Isolated forest-associated species often reflect classic dynamics
of land-bridge island biogeography (Brown, 1971; Patterson,
1982). Because of their age, size, and isolation (e.g., Frey et al.,
2007) genetic diversity and effective population size (both at pre-
sent and historically) likely dictate risk of extirpation due to warm-
ing and drying climatic trends compounded with stochastic events
(e.g., fire – Koprowski et al., 2005). Conservation of forest periph-
eral isolates is critical considering that many populations among
forest-dwelling species: (1) occur in small, contracting patches of
habitat (Holocene refugia), (2) contribute disproportionately to
overall genetic diversity, and (3) often exhibit unique adaptations
due to their occurrence at the edge of a species’ range (Channell
and Lomolino, 2000; Hampe and Petit, 2005; Koprowski, 2005).

A clearer understanding of the historical biogeography and sys-
tematics of these squirrels enables us to better assess conservation
implications for peripheral isolates, due to comprehensive geo-
graphic sampling and integrated eco-evolutionary methods
(Hope et al., 2013). Peripheral isolates experience high risk of extir-
pation for several reasons. Small population sizes lead to reduced
genetic diversity, although differential selection may contribute
to increased rates of divergence and potentially local adaptation
(Losos and Ricklefs, 2009). Isolates are also at increased risk of
stochastic events coupled with marginal ecological conditions, as
has been exemplified by the Mt. Graham red squirrels in southern
Arizona (Koprowski et al., 2005) and human-mediated habitat
fragmentation. Finally, if isolation persists for extended periods,
then subsequent admixture or genetic ‘‘rescue” from other popula-
tions may dilute recently evolved adaptations, and erode or swamp
unique diversity through introgression (Tallmon et al., 2004).

Several populations within North American red squirrel species
are under increased threat of extinction due to peripheral isolation.
Within T. douglasii, the Baja California populations (T. d. mearnsi)
typify a peripheral isolate, occurring in marginal pine/fir forest
habitat through a narrow altitudinal range, with low population
density, diagnosable morphological features, and unique haplo-
types (De Grammont and Cuarón, 2008). In addition, these popula-
tions exhibit unique behavioral and ecological adaptation that are
not seen further north (e.g., Koprowski et al., 2006). Furthermore,
due to the effects of warming and drying climate trends, continued
habitat fragmentation (e.g., wildfire, logging, grazing), and compe-
tition from introduced eastern gray squirrels, this southernmost
refugial population should be closely monitored (De Grammont
and Cuarón, 2008).

Within T. hudsonicus, multiple peripheral isolates exist. The
hybrid population distributed on Vancouver Island and multiple
satellite islands (Fig. 3) is distinct from others along the NPC, indi-
cating the role of multiple isolated refugia in the Pacific Northwest
during the last glacial phase. The NPC lineage has an extensive dis-
tribution through Southeast Alaska and coastal British Columbia,
with six island populations appearing to represent a pure NPC
mitochondrial lineage, and three islands where multiple mitochon-
drial lineages occur. More comprehensive sampling of the vast
Pacific coastal archipelagos is needed to clarify the spatial extent
of coastal lineages (Fig. 3). Nuclear loci provide a more complex
interpretation that may reflect recent or past hybridization or
incomplete lineage sorting. The NPC harbors endemic diversity
over multiple plant and animal taxa reflecting a long and repeated
history of colonization interspersed with isolation on islands due
to raised sea levels during interglacials, and isolation in refugia
due to ice sheet barriers during glacial phases (Cook et al., 2001).
For example, mammals such as ermine (Dawson et al., 2014),
wolves (Weckworth et al., 2010, 2015) and marten (Small et al.,
2003) show similar patterns of differentiation in this coastal
region, likely reflecting prolonged isolation from continental popu-
lations. Considering multiple human-mediated introductions of
squirrels to individual islands in Southeast Alaska (MacDonald
and Cook, 1996), and other human impacts such as old growth tim-
ber harvest, squirrels endemic to particular islands may be at high
risk. A clearer understanding of the geographic extent of the NPC
lineage is imperative, including the dynamics and history of popu-
lation admixture between discrete lineages. Multiple island popu-
lations through this region should provide a lucrative system for
investigating hybrid dynamics and processes of local adaptation
using genomic methods.

Tamiasciurus fremonti is also represented by multiple insular
populations. Of high conservation concern, the Mt. Graham popu-
lation of T. fremonti in the Pinaleño Mountains of Arizona is here
assessed for the first time as part of a range-wide genetic evalua-
tion of the species in context with its sister species. We confirm
that this population is genetically distinct across loci, but most
similar to populations from the Kaibab Plateau in northern Arizona
and the Gila region of western NewMexico. In addition to the Pina-
leño Mountains, squirrels of the San Mateo Range in central New
Mexico appear to be genetically divergent, but our sampling is lim-
ited to a single individual. Perhaps most surprisingly, squirrels
from the Sacramento Mountains in south-central New Mexico con-
stitute a highly divergent lineage within T. fremonti, dated to
roughly the last interglacial period (130 ka) and coincident with
initial diversification among all lineages within the Southwest. Lit-
tle evidence of demographic expansion among any lineages of T.
fremonti, and distinct diversity coincident with isolated mountain
ranges indicates a potentially extinction driven system in the
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future, if lack of connectivity is coupled with further degradation of
montane forested habitats. Limited current gene flow between
populations indicates that this species is of high conservation con-
cern. Within the Sacramento Mountains, isolation may be exacer-
bated by their ‘‘high and dry” nature. Red squirrels in the
Southwest are restricted to higher elevation conifer forests
although they readily utilize blue spruce (Picea pungens) corridors
along riparian systems. During the last glacial phase, spruce likely
extended more widely along riparian corridors, facilitating connec-
tions between higher elevation forested areas through the South-
western Sky Island Archipelago. However, no major riparian
corridors now exist between the Sacramento Mountains and other
sky islands. Niche predictions support relative isolation of this
region through multiple timeframes (Fig. S5).

A significant contribution of a multi-locus and integrated niche-
prediction approach to conservation phylogenetics is that, in addi-
tion to considering unique peripheral diversity, we can evaluate
evolutionary potential within more complex regions where multi-
ple zones of contact exist between sibling species through time
(Sullivan et al., 2014). Our niche models predict two broad regions
of overlap between the three species of red squirrels, centered over
the Southern Rockies and the Pacific Northwest/Interior Highlands
ecosystems. Nuclear loci suggest ongoing gene flow. However, con-
sidering multiple divergent matrilineages, these regions of contact
are likely representative of recent (Holocene) admixture, with
hybridization an ongoing dynamic process as climate and environ-
ments continue to shift (Hamilton and Miller, 2016; Taylor et al.,
2015). Considering that hybridization may either be detrimental
to parental species or promote both adaptive potential and diver-
sification (Brennan et al., 2015), these regions of complex contem-
porary interactions between species, in addition to peripheral
populations, constitute critical areas for future research, and
conservation-based management.

4.4. Refugia and important ancestral areas of occupation

This multi-locus assessment provides valuable insight for the
temporal and spatial development of continent-wide ecological
and genetic diversity. Because genetic coalescent estimates and
demographics coupled with lineage-specific BEMs can highlight
regional responses (Hope et al., 2015), red squirrels provide a basis
for identifying common processes shaping the biogeography of for-
est communities. From niche predictions through time for T. hud-
sonicus (Fig. S7) and multiple distinct matrilineages, we infer
several ancestral areas of allopatry during the last glacial phase,
generally coincident with those discussed broadly for other taxa
(e.g., Swenson and Howard, 2005). Unique nuclear diversity within
mitogroups, althoughminimal, is consistent with these predictions.
Major areas were centered upon the eastern and western U.S. south
of continental ice sheets and within Beringia, the former two being
corroborated by fossil evidence (Kurtén and Anderson, 1980). The
Beringian refugium (specifically considering the Northwestern
matrilineage of T. hudsonicus) was previously hypothesized
(Chavez et al., 2014). Our expanded genetic sampling indicates very
low historic population size and recent rapid demographic expan-
sion within this lineage (Fig. S3), but with high relative genetic
diversity at highest latitudes. Coupled with the current pervasive
distribution through Southeast Alaska (not considering human
reintroductions), the evidence suggests an early bout of coloniza-
tion through this region, and likely southward expansion out of Ber-
ingia. There is growing evidence for persistence of conifer trees
within Beringia through the last glacial phase (Anderson et al.,
2006; Brubaker et al., 2005; Zazula et al., 2006), a strict requirement
for persistence of these squirrels. In addition, red squirrels are cur-
rently widespread in Alaska, occurring within the northernmost
conifers south of Anaktuvuk Pass at 68�N (Rausch, 1951).
The NPC lineage of T. hudsonicus exhibits relatively high nucleo-
tide diversity and a broad distribution through this extensive
archipelago, indicating persistence in one or more coastal refugia.
Tamiasciurus hudsonicus joins a growing list of taxa for which evi-
dence of refugial persistence exists, and reflecting long-term intact
communities along the NPC (Cook and MacDonald, 2013). The
mixed distribution of haplotypes coupled with niche predictions
within both T. douglasii, and independently within mainland popu-
lations of T. hudsonicus suggests connectivity across much of their
current range is recent and glacial phase ranges were more frag-
mented, particularly through western areas, supporting the con-
cept of ‘‘refugia within refugia” (Shafer et al., 2010). The pattern
is reversed in T. fremonti, in that the fragmented archipelago of
sky-island populations represent current refugia considering many
of these populations experienced much greater connectivity during
the last glacial. However, niche predictions indicate effectively per-
sistent isolation among the three major matrilineages of this spe-
cies (Fig. S5 – LGM). The Sacramento Mountains were most
isolated, while the Southern Rockies were partially isolated from
sites further south due to alpine glaciers in southwestern Colorado,
a significant set of barriers also hypothesized for other taxa
(Barber, 2007).
5. Conclusions

Comprehensive molecular phylogenetic and ecological niche
assessment of a widespread genus through North American forest
ecosystems provides new insights on speciation across the Nearctic
by highlighting how species diverge in response to long-term envi-
ronmental variability. The obligate association of red squirrels with
forests, coupled with relatively recent differentiation accompanied
by gene flow, provides perspective on evolutionary responses to
climate trends across broadly co-distributed taxa. Specifically
within North America, southern peripheral populations of forest
species may reflect long-term persistence through glacial cycling
in cores habitat areas that is coupled with periodic elevational
shifts. In other populations across the continent-wide range, peri-
odic expansion or retraction to predictable refugial areas occur
through latitudinal (and longitudinal) shifts as climate changes.
In addition to focusing on the management of isolated and poten-
tially shrinking peripheral populations, as contemporary environ-
mental perturbations accelerate, it is critical that we also
conserve highly dynamic regions of phylogeographic complexity
within forested systems where evolutionary processes associated
with gene exchange are influencing biodiversity in ways that are
as yet much less clear.
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use in niche predictions.
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Supplementary data associated with this article can be found, in
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TIMBER REPORT

The U.S. Forest Service (USFS) within the 
Department of Agriculture manages 193 
million acres of public forests and grasslands 
collectively known as the National Forest 
System. The Tongass National Forest (Tongass) 
in southeast Alaska is the largest national forest 
at 16.8 million acres, roughly the size of West 
Virginia. Every year, the USFS prepares and 
conducts sales for the rights to harvest millions 
of board feet of timber from the Tongass. These 
sales have historically generated less revenue 
than the USFS spends to administer them, 
resulting in large net losses for U.S. taxpayers. 
New budget data reveal that the USFS has 
continued to lose millions of dollars on Tongass 
timber sales in recent years.

•  In total, the USFS has lost approximately
$600 million over the last twenty years or
$30 million per year on average.

•  USFS could end up losing more than $180
million in the Tongass over the next four
years.

USFS Timber Sales—Background
Commercial logging accounts for the vast 
majority of timber harvest in the Tongass 
National Forest. To provide for commercial 
logging consistent with the Tongass Land 
Management Plan, the USFS prepares and 
administers commercial timber sales 
through a complicated process known as 
the “Gate System.” As part of this process, 
the USFS spends years selecting suitable 
timber stands, thinning them when necessary, 
analyzing the environmental effects of various 
harvest options, calculating the sale’s financial 
efficiency, advertising the sale, and evaluating 
bids from private logging companies. For 
some sales, the USFS also pays to construct 
or reconstruct roads to facilitate harvest of 
the chosen timber stands.

After a successful sale, the winning logging 
company will harvest the timber and transport 
it to a sawmill, or when allowed, prepare it 
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Clearcut timber harvest in the Tongass National Forest on Prince of Wales Island, AK. Photo used with permission.

https://www.fs.fed.us/forestmanagement/video/GatesNew-3/GatesNew-3.html


for export. When the value of the cut timber is 
determined at the sawmill, the logging company 
pays the USFS the set amount per board foot 
based on the determined value agreed to during 
the timber sale. The USFS deposits these receipts 
and then manages the reforestation and recovery 
of the affected areas in the Tongass.

Sizing Up Tongass Timber Sales
Whether a timber sale generates a net gain or loss 
to taxpayers depends on the how much the USFS 
spent to prepare and administer it, and the amount 
of revenue collected when the timber is harvested. 
For decades, the USFS has conducted timber sales 
in the Tongass that consistently generate huge 
losses for taxpayers. Various independent analyses 
have attempted to quantify these losses, but no 
such evaluation has been conducted in recent 
years. Newly released budget data indicate that 
the USFS continues to lose millions of dollars every 
year on Tongass timber sales.

Net Losses

Over the last 20 fiscal years (FY1999-2018), the 
USFS spent $632 million in connection with its 
timber sale program in the Tongass and collected 
$33.8 million in timber sale receipts, resulting in a 
net loss of $598.2 million, in 2018 dollars. That is, 
the USFS lost $29.9 million per year, on average 
from FY1999 to FY2018. Or put another way, 
Tongass timber sale revenues covered just 5.4 
percent of timber sale costs. (See table “Tongass 
Timber Program: Receipts, Expenses, Losses 
(FY1999-2018)” for detail.)

Timber sale expenses and revenues fluctuate 
significantly from one year to the next. A 
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Source: Government Accountability Office RCED-84-96

comparison of the three-year moving averages 
of timber sale losses indicates that losses have 
decreased substantially over the 20-year period. 
The inflation-adjusted average loss for FY16-18 
of $17.9 million is less than half the average for 
FY99-01, $38.2 million. Rather than some gain in 
efficiency, the decrease in losses reflects the lower 
volume of timber being sold in recent years.

The rate of losses per amount of timber sold 
has not decreased. During the 20-year period 
from FY 1999 to 2018, the USFS reported selling 
977 million board feet of timber in the Tongass. 
Overall, the USFS lost approximately $612 for 
every thousand board feet (mbf) of timber it sold. 
Further, the three-year moving average for losses 
per mbf more than doubled within the last decade, 
indicating that the financial efficiency of Tongass 
timber sales has declined in recent years.

Under current plans, the USFS will offer more than 
290 million board feet in several timber sales in 
the Tongass over the next four years. If spending 
to prepare those sales and the revenue generated 
from them match the long-run average, the USFS 
could end up losing more than $180 million.

Receipts Analysis

The USFS reports its “All Service Receipts” by 
national forest, region, and fiscal year to provide 
transparency into the distribution of receipts to 
states and localities directed by Congress. Total 
revenue generated by the USFS timber program 
includes receipts from commercial timber sales, 
salvage sales, and amounts deposited into certain 
trust funds.

Over 20 fiscal years (1999-2018), the USFS has 
collected a total of $33.8 million from timber sales 
in the Tongass, after adjusting for inflation. On 
average, the USFS collected $1.7 million per year 
in that period, though over the last ten years, the 
average has dropped to $1.2 million per year.

The timber sales receipts included in the above 
total are deposited and reported in three separate 
accounts: National Forest Fund, Knutson-
Vandenberg Fund, and Salvage Sales Fund. In 
short, the Knutson-Vandenberg Fund receives a 
percentage of timber receipts and uses them to 
fund timber sale area improvement (reforestation) 
and some regional cooperative work. The Salvage 
Sales Fund receives the receipts from sales of 

https://www.gao.gov/products/RCED-84-96
https://www.fs.fed.us/forestmanagement/products/cut-sold/index.shtml
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd613987.pdf
https://www.fs.usda.gov/main/pts/securepayments/projectedpayments


“salvage” timber —timber that is dead, damaged, 
downed by other natural means, or otherwise in 
need of clearing—and uses its funds to prepare 
and administer future salvage sales.

Outlays Analysis

Over the 20 fiscal years (1999-2018), the USFS 
spent $632 million, adjusted for inflation, in 
association with timber sales in the Tongass. 
On average, the USFS spent $31.6 million per year, 
but annual expenses have declined steadily over 
the two decades. In that period, the inflation-
adjusted, three-year moving average of Tongass 
timber expenses dropped by more than half from 
$45.1 million to $18.6 million.

Of the $632 million, $334 million was spent 
from the “Forest Products” account, the primary 
fund for preparing and administering timber 
sales. For road construction and maintenance, 
the USFS spent $221 million. Expenditures from 
the Knutson-Vandenberg Fund, Salvage Sales 
Fund, and Reforestation Trust Fund make up the 
remaining $38 million.

1 U.S. Forest Service, Tongass National Forest—Land and Resource 
Management Plan Amendment. Final Environmental Impact 
Statement, Vol. II—Appendix C, Table C-1.
2 U.S. General Accounting Office (now, Government Accountability 
Office) - GAO. RCED-84-96, “Congress Needs Better Information 
on Forest Service’s Below-Cost Timber Sales.” June 28, 1984. 
https://www.gao.gov/products/RCED-84-96
3 U.S. GAO. AFMD-87-33, “TIMBER PROGRAM: A Cost Accounting 
System Design for Timber Sales in National Forests.” April 21, 1987. 
https://www.gao.gov/products/AFMD-87-33
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Methodology Note  — The USFS does not report how 
much it spends to prepare and administer timber sales 
individually or collectively. As a result, estimates of 
USFS timber sale losses often vary due to different 
determinations of which expenses are appropriately 
categorized as timber sale outlays.

In this analysis, outlays associated with timber sales 
represent the total of six budget line items. These six 
budget accounts fund three types of USFS activity: 
timber sale preparation, reforestation, and road building. 
The latter is included because the vast majority of roads 
in the Tongass have been built and maintained to facilitate 
timber harvest.1 Other expenses that are necessary for 
timber sales but primarily serve other Forest Service 
missions, such as forest inventory and monitoring 
activities, were not included.

Information on USFS budget allocations and expenses 
in the Tongass is generally unavailable to the public. The 
USFS provided Tongass budget data to Taxpayers for 
Common Sense in response to several formal and informal 
information requests dating back to 2004.

Comparison and Discussion

The USFS’ administration of timber sales 
throughout the National Forest System, and in 
the Tongass specifically, has been scrutinized for 
decades. The Government Accountability Office 
(GAO), an independent congressional watchdog, 
has published dozens of reports assessing various 
aspects of the USFS timber program including 
harvest levels, contract bidding, road construction, 
cost accounting systems, receipt distribution, 
reforestation, data deficiencies, and below-cost 
sales, among others.

In one of its first reports on the economics of 
USFS timber sales in 1984, the GAO found that 
27 percent of sales in fiscal year (FY) 1981 and 
42 percent of sales in FY 1982 were below-
cost.2 After increased Congressional scrutiny in 
the 1980s, GAO helped the USFS design a new 
accounting system to address severe deficiencies 
in the agency’s collection and reporting of timber 
sale data—the Timber Sale Program Information 
Reporting System (TSPIRS).3  

Tongass trees. Source: Joseph, via Flickr Creative Commons

https://www.gao.gov/products/RCED-84-96
https://www.gao.gov/products/AFMD-87-33


In 1988, the GAO reported that USFS timber 
sales had lost $22.1 million in FY1986,4 roughly 
equivalent to $50.6 million in 2018 dollars. As its 
most recent estimate, the GAO reported in 2016 
that Tongass timber sales had lost $11.4 million per 
year on average during the period FY2005-2014. 
The agency was careful to note, however, that its 
estimate excluded USFS roadbuilding costs.5  

Like the GAO calculations in previous reports, 
this analysis represents a basic accounting of 
the Tongass timber program on a cash basis—
reflecting what outlays are paid and receipts 
are collected in a given year. The profitability 
of a specific timber sale is more appropriately 
measured on an accrual basis—where the amounts 
spent to prepare and administer a timber sale 
over many years are matched against the receipts 
collected when the sold timber is eventually 
harvested. However, the USFS does not publicly 
release its financial data for each timber sale, 
making such analysis impossible.

Conducting a cash-flow analysis of the timber 
program instead can have significant limitations. 
Comparing the receipts collected from previous 
timber sales and spending for future sales in 
any one year can provide a skewed indication of 
timber sale profitability. Over a longer period, 
however, discrepancies between when expenses 
and receipts are tallied diminish, and a cash-basis 
accounting more accurately estimates the overall 
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financial return from timber sales. By looking 
at timber receipts and program expenses over 
20 years, the approach adopted in this report 
not only mirrors most previous attempts to 
quantify Tongass timber losses, but also provides 
a more accurate assessment of overall timber 
sale performance.

Lastly, given current efforts to exempt the 
Tongass National Forest from the 2001 National 
Roadless Area Conservation Rule (“Roadless 
Rule”),6 roadbuilding costs will likely increase. 
The USFS constructs or reconditions roads to 
provide harvesters access to timber stands it 
sells. Covering roadbuilding costs improves the 
economics of a timber sale for logging companies, 
but also significantly increases the total costs of 
the USFS timber program. In fact, USFS spending 
on roads in the Tongass made up more than 40 
percent of all timber sale expenses from FY1999 
to FY2018. 

The 2001 Roadless Rule prohibits new road 
construction and reconstruction in inventoried 
roadless areas with national forests, including 
9.2 million acres in the Tongass. Exempting 
those acres from the rule in the future would 
allow the USFS to expand timber sales to new 
areas, which would require comparatively more 
road construction for timber access. This would 
only drive up USFS expenses and deepen 
taxpayer losses from Tongass timber sales.

4 U.S. GAO. RCED-88-54, “TONGASS NATIONAL FOREST: Timber Provision of the Alaska Lands Act Needs Clarification.” April 11, 1988. 
https://www.gao.gov/products/RCED-88-54
5 U.S. GAO. GAO-16-456, “TONGASS NATIONAL FOREST: Forest Service’s Actions Related to Its Planned Timber Program Transition.” 
April 25, 2016. https://www.gao.gov/products/GAO-16-456
By excluding roadbuilding costs in its 2016 estimate, the GAO significantly understated the losses associated with Tongass timber sales.
6 See TCS Comments to the USFS during the Roadless Rule Scoping Period. Available at: https://www.taxpayer.net/energy-natural-
resources/tcs-submits-comments-to-the-us-forest-service-on-its-roadless-rule-scoping/

Carroll Inlet in the Tongass National Forest. Source: Wikimedia Commons

https://www.gao.gov/products/RCED-88-54
https://www.gao.gov/products/GAO-16-456
https://www.taxpayer.net/energy-natural-resources/tcs-submits-comments-to-the-us-forest-service-on-its-roadless-rule-scoping/
https://www.taxpayer.net/energy-natural-resources/tcs-submits-comments-to-the-us-forest-service-on-its-roadless-rule-scoping/
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Tongass Timber Program: Receipts, Expenses, Losses (FY1999-2018) 
($ in millions)

FISCAL YEAR TIMBER 
VOLUME 

SOLD (MBF)

TIMBER 
RECEIPTS

TIMBER 
EXPENSES

NET 
RECEIPTS

TIMBER 
RECEIPTS:

($2018)

TIMBER 
EXPENSES 

($2018)

NET 
RECEIPTS

($2018)

2018 9,211 $0.4 $18.1 -$17.7 $0.42 $19.07 -$17.65

2017 20,808 $1.0 $17.8 -$16.7 $1.04 $18.20 -$17.16

2016 13,535 $0.5 $18.5 -$18.1 $0.47 $19.40 -$18.92

2015 22,625 $0.3 $19.7 -$19.5 $0.29 $20.91 -$20.62

2014 105,523 $0.6 $22.4 -$21.8 $0.6 $23.8 -$23.1

2013 15,866 $0.6 $19.7 -$19.1 $0.6 $21.2 -$20.6

2012 52,483 $1.9 $21.5 -$19.6 $2.0 $23.5 -$21.5

2011 44,190 $3.3 $18.0 -$14.8 $3.7 $20.1 -$16.5

2010 45,632 $1.9 $22.3 -$20.4 $2.2 $25.7 -$23.5

2009 22,670 $0.6 $26.4 -$25.7 $0.7 $30.8 -$30.1

2008 5,351 $0.4 $23.5 -$23.1 $0.5 $27.4 -$27.0

2007 30,392 $0.3 $25.1 -$24.8 $0.3 $30.4 -$30.1

2006 85,007 $0.8 $27.9 -$27.1 $1.0 $34.8 -$33.8

2005 65,075 $0.4 $34.4 -$34.0 $0.5 $44.2 -$43.7

2004 87,072 -$4.3 $36.9 -$41.2 -$5.7 $49.1 -$54.8

2003 36,489 $2.0 $31.0 -$29.0 $2.7 $42.3 -$39.6

2002 24,372 $1.3 $33.4 -$32.2 $1.8 $46.7 -$44.9

2001 49,592 $1.8 $35.0 -$33.2 $2.6 $49.6 -$47.1

2000 170,329 $6.9 $23.8 -$16.9 $10.0 $34.7 -$24.7

1999 61,426 $5.3 $33.8 -$28.5 $8.0 $51.0 -$42.9

2009-2018 TOTAL 362,544 $11.0 $204.4 -$193.4 $12.1 $221.8 -$209.7

1999-2018 TOTAL 977,649 $25.9 $509.4 -$483.5 $33.8 $632.0 -$598.2

http://www.taxpayer.net
http://facebook.com/taxpayers
http://twitter.com/taxpayers
mailto:info%40taxpayer.net?subject=Inquiry
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Welcome
This Summary accompanies a Final Environmental Impact Statement 
(EIS) and Land and Resource Management Plan (Forest Plan), 
which have been prepared to document the analysis of alternatives 
for the 2016 Tongass Forest Plan Amendment.  A Draft Record of 
Decision (ROD) is also included. Most planning participants will be 
receiving an electronic version of these documents on a CD. The CD 
contains a cover letter, Draft ROD, Final EIS (two volumes), Forest 
Plan, and supporting maps. The Final EIS is available as a complete 
����������������������������������
�����������������We recommend you start your review 
by reading the cover letter. 

Tongass Forest Plan Amendment documents are also available on the 
Forest Plan amendment website: http://www.fs.usda.gov/goto/R10/
Tongass/PlanAmend. News, information, updates, notices, and other 
documents related to the forest plan amendment can be found in    
the plan amendment newsroom: http://www.fs.usda.gov/detailfull/
tongass/landmanagement/?cid=stelprd3828076&width=full. 

The website includes a variety of products developed in support of 
this project, and easy access to other associated Web sites. 

The draft decision to amend the Tongass Forest Plan is subject to the 
������������������������������������
approving the plan amendment, there will be an objection process 
per Forest Service regulations at 36 CFR 219, subpart B; published 
April 9, 2012 (77 FR 21162) that applies to plan amendments. This 
proposed plan amendment is subject to 36 CFR 219, subpart B. 
All documents (Draft Record of Decision, Final EIS, and Forest 
Plan) will be made available online at the time of public notice for 
����������������������������������
36 CFR 219.53, who have submitted substantive formal comments 
related to the plan amendment during the opportunities for public 
comment as provided in subpart A (reference 36 CFR 219.16), may 

Tongass National Forest
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���������������������������The objection 
period and required 30-day timeframe for reviewing the Final EIS 
will run concurrently�������������������������
process for the amended Tongass Forest Plan will be published in 
the Federal Register and newspapers of record (Juneau Empire and 
Ketchikan Daily News). All notices will be published on the Tongass 
Plan Amendment website: http://www.fs.usda.gov/goto/R10/Tongass/
PlanAmend. Those who have subscribed to receive amended Tongass 
���������������������������

How to Use the CD
The CD-ROM has an “autostart” feature that should start 
the application when you put the CD in your computer.  If 
the application starts correctly, a Welcome page containing 
links to the documents should open up.  If the CD does not 
start by itself shortly after you insert it in your CD drive, then 
��������������������������
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Introduction
Forest land and resource management planning is a process for 
developing, amending, and revising land and resource management 
plans for each of the National Forests in the National Forest System 
(NFS).  Forest plans are required by the National Forest Management 
Act of 1976 (NFMA) (16 United States Code [U.S.C.] parts 1600-
1687).  The 16.7-million-acre T������������������ 
forest to complete a Land and Resource Management Plan (Forest 
Plan) under the NFMA in 1979.  That Forest Plan was amended 
in 1986 and 1991 and revised in 1997.  A���������� 
Environmental Impact Statement (SEIS) was completed in 2003, 
which further evaluated roadless areas for their wilderness potential.  
The Forest Plan was amended again in 2008 in response to a Ninth 
Circuit Court ruling and a 5-Year Plan Review completed in 2005.  The 
revised Plan was amended 24 times between the 1997 revision and the 
2008 amendment, primarily to adjust small old-growth habitat reserve 
boundaries and for electronic/communication site designations.  Since 
the 2008 amendment, the plan has been amended to establish the Héen 
Latinee Experimental Forest, disestablish the Young Bay Experimental 
Forest, add communication sites to the list in Appendix E, modify 
small old-growth habitat reserves, and make minor corrections to the 
plan.  

On July 2, 2013, Secretary of Agriculture, Thomas Vilsack, issued 
Memorandum 1044-009, Addressing Sustainable Forestry in Southeast 
Alaska (U.S. Department of Agriculture [USDA] 2013), which 
expressed the Secretary’s intent to transition the Tongass National 
Forest to a young growth–based timber program in 10 to 15 years, 
more rapidly than considered in the 2008 Forest Plan. The Secretary 
asked that the Forest Service “[s]trongly consider whether to pursue 
an amendment to the Tongass Forest Plan. Such an amendment would 
evaluate which lands will be available for timber harvest, especially 
young growth timber stands, which lands should be excluded, and 
additional opportunities to promote and speed transition to young-
growth management.” Recognizing the importance of retaining 
expertise and infrastructure, the Secretary also stated that the Forest 
Service “will continue to offer a supply of old growth timber while 
increasing the supply of young growth to provide industry in Alaska 
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the opportunity to develop new markets, learn new skills, and acquire 
new equipment.”  The Secretary also asked that a determination of 
whether to initiate an amendment be completed by September 30, 
2013. 

The Forest Service completed a Five-Year Review of the Forest Plan 
in September 2013.  The results of the Five-Year Review and the 
Secretary’s Memorandum led to the Tongass Forest Supervisor making 
a determination that “…conditions on the land and demands of the 
public require the Tongass to modify the 2008 Forest Plan” (USDA 
Forest Service 2013a).  A Notice of Intent (NOI) to prepare an EIS 
was published in the Federal Register on May 27, 2014 (79 Federal 
Register [FR] 30074) initiating a 30-day scoping period. Among the 
comments from the Five-Year Review and from scoping were those 
that requested a transition to young-growth timber harvesting, ways to 
make renewable energy projects easier to implement, and a review of 
the 2001 Roadless Area Conservation Rule (Roadless Rule) inventoried 
roadless areas (IRAs).  All comments were taken into consideration in 
identifying the scope of this Forest Plan amendment.

This Final Environmental Impact Statement (FEIS) is a programmatic 
analysis prepared by the Forest Service that describes and analyzes 
changes to the Forest Plan to accomplish the transition to young-
growth management as provided in the Secretary’s Memorandum. This 
FEIS evaluates which lands will be suitable for timber production, 
especially young-growth timber stands, and any changes or additions 
to management direction needed to promote and speed the transition to 
young-growth management while maintaining a viable timber industry 
in Southeast Alaska. This FEIS also describes and analyzes changes 
related to renewable energy development. The scope of the analysis is 
limited to these changes.  

This FEIS analyzes in detail four action alternatives for amending 
the Plan, in addition to a No Action Alternative (Alternative 1).  The 
analysis is published in two volumes.  Volume 1 contains the FEIS, and 
Volume 2 contains the FEIS appendices.  A complete Forest Plan Land 
Use Designation (LUD) map is provided for each of the alternatives in 
the Map Packet which accompanies the FEIS.
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A separate document titled Tongass Land and Resource Management 
Plan (i.e., the Forest Plan) is published along with the FEIS and 
represents the selected alternative (Alternative 5).  Chapter 2 and 
Appendix F in the FEIS describe how the other alternatives compare to 
Alternative 5.  Instead of repeating all of the changes in management 
direction common to Alternatives 1-4 and Alternative 5, management 
direction of the alternatives is displayed in a side-by-side comparative 
format to demonstrate how and where direction differs from 
Alternative 5.

This FEIS describes and analyzes changes to the 2008 Forest Plan 
and tiers to and incorporates by reference the 1997 Tongass Land 
Management Plan Revision FEIS (1997 FEIS), the 2003 Final 
Supplemental EIS (SEIS) for Roadless Area Evaluation for Wilderness 
Recommendations (2003 FSEIS), and the 2008 Tongass Land and 
Resource Management Plan Amendment FEIS (2008 FEIS), and 
the 2008 Record of Decision (2008 ROD).  Where appropriate, 
information in these documents that is relevant to analysis in this FEIS 
is cited and incorporated by reference.

Purpose and Need
The Forest Service determined that it is necessary to amend the 
2008 Forest Plan.  Amending the Forest Plan originates from 
the July 2013 memo from the Secretary of Agriculture directing 
the Tongass National Forest to transition its forest management 
program to be more ecologically, socially, and economically 
sustainable, while also being responsive to comments from the 
Five-Year Review of the Forest Plan. The purpose of this plan 
amendment is to:

• Review lands within the plan area to determine suitability for 
timber production, especially young-growth timber stands.

• Identify the projected timber sale quantity (PTSQ) and the 
sustained yield limit (i.e., the ecological yield of timber that can be 
removed annually on a sustained yield basis).

• Establish plan components (e.g., standards and guidelines) 
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for young-growth forest management and renewable energy 
development to guide future project decision-making.

• ������������������������������
approval.

An amendment is necessary for responding to the July 2013 
direction from USDA Secretary Tom Vilsack outlined in the 
Secretary’s Memorandum 1044-009.  The memorandum directs 
management of the Tongass National Forest to expedite the 
transition away from old-growth timber harvesting and towards a 
forest products industry that uses predominantly second-growth 
– or young-growth – forests.  Secretary Vilsack’s memorandum 
also directs that the transition must be implemented in a manner 
that preserves a viable timber industry that provides jobs and 
opportunities for Southeast Alaska residents.  USDA’s goal is to 
effectuate this transition, over the next 10 to 15 years, so that at the 
end of this period the vast majority of timber sold by the Tongass 
will be young growth.  This timeframe will conserve old-growth 
forests while allowing the forest industry time to adapt. The 2008 
Forest Plan provides for a transition to young growth over time, but 
there are challenges in establishing an economically viable young-
growth forest management program due to the relatively young 
age of the available stands, market conditions, and other factors.  
Secretary Vilsack’s direction requires Forest Plan amendments to 
guide future management of NFS lands and allocation of resources 
on the Tongass National Forest under the multiple-use and sustained 
yield mandate.  

The need to amend the plan is further corroborated by the Five-Year 
Review of the Forest Plan, completed in 2013, which concluded 
that conditions on the land and demands of the public necessitate 
the Tongass National Forest to make changes to the Forest Plan.  
Concerns were consistently expressed during the Five-Year Review 
regarding the impact of rising fossil fuel prices and increasing 
climate change on the quality of life in Southeast Alaska.  Changes 
to the Forest Plan are needed to make the development of renewable 
energy resources more permissible, including considering access 
and utility corridors to stimulate economic development in 
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Southeast Alaska communities, and provide low-carbon energy 
alternatives, thereby displacing the use of fossil fuel.

���������
The Forest Service used the scoping process to determine the scope 
�������������������������������������
a proposed action.

�����������������������������������
scoping. 

Issue 1 – Young Growth Transition
The Secretary of Agriculture asked the Forest Service to transition to 
a young-growth-based timber management program on the Tongass 
National Forest in 10 to 15 years, which is more rapid than planned. 
This transition is intended to support the Tongass managing its 
forest for an ecologically, socially, and economically sustainable 
forest management program and reduce old-growth harvest while 
still providing economic timber to support the local forest products 
industry.

�������������������, salability, and volume of 
future timber sales.  It also relates to the potential local employment 
and revenues generated for communities in the local area.  Young-
growth stand growth rates, sustainable harvest rates, the amount of 
old-growth harvest needed during transition to sustain the timber 
industry, also known as “bridge timber,” and the locations where 
young-growth harvest would take place are some of the factors to be 
considered.

Issue 2 – Renewable Energy
The development of renewable energy projects on the Tongass would 
help Southeast Alaska communities reduce fossil fuel dependence, 
stimulate economic development, and lower carbon emissions in the 
Region.

This issue relates to comments received during the Five-Year 
Review of the Forest Plan.  The Forest Service should promote the 
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development of renewable energy projects to help Southeast Alaska 
communities reduce fossil energy dependence, where it is compatible 
with National Forest purposes and to ensure that the planning, 
construction, and operation of projects protect and effectively use 
NFS lands and resources.  

Issue 3 – Inventoried Roadless Areas
Timber harvest and road building that occurred in roadless areas 
before the 2001 Roadless Area Conservation Rule (Roadless Rule) 
was enacted and during the Tongass exemption period changed the 
values or features that often characterize inventoried roadless areas in 
some locations.

Issues and concerns received during scoping as well as during the 
Five-Year Review process expressed concerns about roadless areas 
on the Tongass; both in favor of protections afforded under the 2001 
Roadless Rule as well as requesting that the forest plan be amended 
������������������������������������
on the Tongass. 

Some people believe roadless areas on the Tongass should be allowed 
to evolve naturally through their own dynamic processes and should 
be afforded protection that ensures this will occur. Others believe that 
limiting road construction and reconstruction or other management 
actions in roadless areas might restrict the delivery of goods, services, 
and activities that these areas might otherwise provide. 

Roadless areas are considered important because they support a 
diversity of aquatic and terrestrial habitats, species, and communities, 
and play an important role in helping to conserve native plant and 
animal communities and biological diversity. They also provide 
people with unique recreation opportunities. 

During the Tongass exemption period and before the 2001 Roadless 
Rule was enacted, road construction, reconstruction, and the cutting, 
and sale of timber in some IRAs occurred. As a result, these activities 
in some IRAs may have altered the roadless characteristics. 
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Issue 4 – Wildlife Habitat and the Conservation Strategy
Old-growth timber harvest has changed the composition and spatial 
patterns of terrestrial wildlife habitats. How the resulting young-
��������������������������������
of the landscape at various scales. Changes made to suitable lands 
designated for development, and to plan components (e.g., standards 
and guidelines) may affect old-growth habitat for wildlife and the 
Tongass Old-growth Habitat Conservation Strategy and contributing 
elements to old-growth reserves (e.g., riparian, beach and estuary 
habitats).

The Tongass National Forest supports an important assemblage 
of wildlife many of which are associated with or at least partially 
dependent on old-growth forest including one of the largest 
populations of brown bears in the world, high densities of breeding 
bald eagles, the Alexander Archipelago wolf, species of high 
importance for subsistence (e.g., Sitka black-tailed deer), an 
extensive array of endemic mammals, and other species that are 
dependent on old-growth habitats (e.g., marten and goshawk).  The 
Tongass Old-growth Habitat Conservation Strategy is considered 
important for the continued health of old-growth associated wildlife 
populations in Southeast Alaska.  

Timber harvest, minerals and renewable energy development, and 
road development can have effects on the habitat and populations of 
many of these species and the diversity and integrity of Southeast 
Alaska ecosystems.  Less than 10 percent of the productive old-
growth habitat on the Tongass has been converted to young growth, 
the percentage is much higher for certain types of old growth, such as 
lowland and large-tree old growth.  In addition, non-NFS old growth 
has generally been harvested at a much higher rate.  Therefore, the 
consideration of harvest and road building on wildlife in Southeast 
Alaska are greater than the effects for the Tongass by itself.

Alternatives 
Forest Plan
The current 2008 Forest Plan is associated with the No Action 
Alternative (Alternative 1). However, a number of changes to the Forest 
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Plan text are being proposed. These changes are incorporated into a 
Forest Plan (Land and Resource Management Plan), which accompanies 
the EIS. The Forest Plan was developed based on the Preferred 
Alternative (Alternative 5).The individual alternative descriptions on the 
following pages identify the major changes in the Forest Plan.

Timber Demand
In past Forest Plan revisions and amendments, varying demand 
scenarios were used to develop alternatives, including scenarios that 
allowed for growth and expansion of the current industry.  In this 
����������������������������������
transition away from old-growth timber harvesting and towards a 
forest products industry that uses predominantly second-growth – or 
young-growth – forests.  Therefore, examination of alternatives at 
levels above projected demand is not warranted because these would 
require expansion of old-growth harvest levels, at least during the 
next 10 to 15 years.  However, over the longer term, expansion of the 
timber industry is an option as more and more young growth becomes 
economic to harvest.  

Therefore, Alternatives 1 through 5 were designed to correspond 
with current demand projections and produce a projected timber 
sale quantity (PTSQ)1 of about 46 MMBF per year during the next 
15 years, with old growth making up a decreasing percentage of the 
total.  Old-growth volume would continue to decrease until it reaches 
about 5 MMBF per year and it would remain at that level, to support 
limited small timber operators.  As more young growth becomes 
economic to harvest, the PTSQ would be allowed to increase.  In no 
case, would the harvest level be allowed to exceed the sustained yield 
limit (SYL) (see Glossary and the Timber section of this EIS).

Even though Alternative 1 (no action) represents current 
management, it is modeled to follow the same volume production 
pattern.  The July 2013 Secretary’������������������
direction in the 2008 Forest Plan (see Purpose and Need in Chapter 
1) and without this amendment, the Tongass would be transitioning 
toward young-growth and away from old-growth harvest. 

1�����������������������������The term allowable 
sale quantity (ASQ) is not used with the 2012 planning rule.
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Provisions Common to all Alternatives
��������������������������������ung-growth 
stands may be harvested. Under Public Law 113-291, up to 15,000 acres 
of young growth may be harvested from 2016 through 2025, in stands 
less than 95 percent of CMAI. �������������������� 
2025 (with annual maximums); however, the total acreage harvested 
at less than 95 percent of CMAI cannot exceed 50,000.  In addition, 
young-growth sales under this provision may not be offered unless they 
��������������2  �������������� to allow a 
continuation of harvesting at younger ages beyond 2025.

LUD Changes Common to the Action Alternatives
The LUD allocations for each alternative are described in the following 
������������������The LUDs for Alternative 1 (no 
action) are the same as the LUDs of the current Forest Plan.  The 
LUDs of the action alternatives are different from Alternative 1 LUDs 
because of Old-growth Habitat LUD changes.  Under Public Law 
113-291, approximately 70,000 acres of NFS land were conveyed to 
Sealaska Corporation and an additional 152,000 acres were converted 
to LUD II.  As a result of the land conveyance, old-growth reserves 
(OGRs) in 16 VCUs were affected.  Beginning in February 2015, an 
interagency review team of biologists worked to develop a biologically 
preferred option for modifying these OGRs that meets Forest Plan 
Appendix K criteria and to document why other proposals are not 
recommended.  In September 2015, the interagency review team 
produced a biologically preferred option (see Appendix E), which was 
incorporated into each of the action alternatives.  Therefore, the Old-
growth Habitat LUD acres vary between Alternative 1 and the action 
alternatives (Alternatives 2, 3, 4, and 5).

In addition, the Transportation and Utility Systems LUD would be 
removed under Alternatives 2, 3, 4, and 5.  The LUD management 
prescription would be replaced by plan components under 
Alternatives 2, 3, 4, and 5 and would provide management direction 

2 Any sale of trees pursuant to the authority granted under subparagraph (A) shall 
������������������������������������������
������������������������������������������
������������������������������������������
when appraised using a residual value appraisal.
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for renewable energy and transportation systems corridors (see 
Chapter 5 in the proposed Forest Plan).

Alternative 1 (No Action)
The No Action Alternative represents current management direction 
(2008 Forest Plan) and includes the application of the Roadless Area 
Conservation Rule (2001 Roadless Rule) (36 CFR 294 Subpart B).  
As noted above, it also follows the direction provided in the July 
2013 Secretary’��������������������������
from old-growth harvest.  Under this alternative, timber harvest 
would follow the existing timber sale program adaptive management 
strategy (USDA Forest Service 2008c).  A color map showing the 
phases in this strategy is provided along with the FEIS.  Timber 
harvest is currently restricted to areas within Phase 1 of the strategy 
and timber harvest would have to reach 100 MMBF for two years 
before harvest could occur in Phase 2 areas. Timber management 
would be restricted to the development LUDs and would remain 
outside of inventoried roadless areas.  No commercial harvest would 
be allowed in beach and estuary fringe or RMAs.  All other 2008 
Forest Plan management direction would be followed.

As noted previously, due to Public Law 113-291, CMAI requirements 
for determining the youngest age for harvest would be eliminated 
on up to 50,000 acres of young-growth.  However, beyond that, the 
minimum harvest age would return to 95 percent of CMAI except 
under exemptions provided by the NFMA.    

Alternative 1 would result in the most old-growth harvest among 
the alternatives over both 25-year and 100-year periods.  Table 
2-2 summarizes the key elements of Alternative 1 and Table 2-3 
summarizes the LUD acres, mapped suitable acres, and projected 
harvest acres under this alternative for young growth and old growth.   

This alternative would harvest timber at a rate of 46 MMBF per year 
(equivalent to the harvest needed to meet the projected timber demand, 
see Table 2-1).  It would emphasize young growth and minimize old 
growth while maintaining 46 MMBF per year.  As such, it is expected 
to produce about 8 MMBF of young growth and 38 MMBF of old 
�������������������������������Year 10 
through Year 25, it is projected to produce about 15 MMBF of young 
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growth and 31 MMBF of old growth per year.  At about Year 32, the 
young-growth harvest is expected to increase to about 41 MMBF and 
the old-growth harvest would decrease to 5 MMBF per year.  The 
young-growth harvest is expected to continue to increase at a rapid 
rate after Year 32 and is expected to reach an upper limit of about 133 
MMBF in about Year 38.  The old-growth harvest rate would be held at 
5 MMBF per year to support small and micro sales.

Key Elements of Alternative 1

Old-growth Harvest
•	 Follows 2008 Forest Plan Timber Sale Program Adaptive 

Management Strategy for Phases 1, 2, and 3
•	 No harvest allowed in Inventoried Roadless Areas 

Young-growth Harvest
•	 Allows harvest in Development LUDs, including Clearcutting
•	 Allows no harvest in Natural Setting LUDs
•	 Allows no harvest in Inventoried Roadless Areas
•	 Allows no commercial harvest in Beach and Estuary Fringe or in 

RMAs
•	 There	is	������	to	harvest	50,000	acres	at	a	younger	age	than	95	

percent of CMAI per Public Law 113-291
•	 Scenery	standards	(SIOs)	would	not	be	����	for	young	growth

LUD Changes
•	 None

Other New Plan Components (Chapter 5)
•	 None

Alternative 2 (Proposed Action)
As in Alternative 1, this alternative would follow the existing timber 
sale program adaptive management strategy for old-growth harvest 
(USDA Forest Service 2008c) (see color map accompanying the 
FEIS); as a result, all old-growth harvest would come from Phase 1, 
����������������������After harvest volume exceeds 
100 MMBF for two years, it is possible that limited old-growth 
harvest could occur in Phase 2 areas. Young-growth harvest could 
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come from any phase of the strategy at any time.  The portions of 
inventoried roadless areas (IRAs) that were roaded before the 2001 
Roadless Rule and during the 2001 Roadless Rule exemption period 
for the Tongass would be available for young-growth and old-growth 
harvest.  This would require rulemaking to modify 36 CFR 294.13(b)
(4).  If selected, no harvest could occur in IRAs until rulemaking is 
completed.  No Roadless Area harvest outside of these roaded areas 
would be allowed.

Alternative 2 would differ substantially from Alternative 1 in terms 
�����������������������������������
Young-growth management would be allowed in both development 
and natural setting LUDs (except for Congressionally designated and 
administratively withdrawn areas, such as Wilderness, and islands 
less than 1,000 acres in size), in beach and estuary fringe, RMAs 
outside of Tongass Timber Reform Act (TTRA) buffers, and high-
vulnerability karst.    

Young-growth management may include clearcutting in all areas, 
except in RMAs and on high-vulnerability karst, where only 
commercial thinning (up to 33 percent basal area removal) would be 
allowed.  After 15 years, clearcutting would no longer be allowed in 
the beach and estuary fringe and only commercial thinning would 
be allowed.  In addition, in beach and estuary fringe, the intent is to 
maintain an approximate 1,000-foot wide protected corridor adjacent 
and inland of any even-aged harvest unit to function as an alternate, 
low elevation, natural habitat corridor. 

Scenery standards for young-growth management would be relaxed. 
The SIOs would be designated as Very Low for all LUDs and 
distance zones.  

As noted previously, due to Public Law 113-291, CMAI requirements 
for determining the youngest age for harvest would be eliminated 
on up to 50,000 acres of young-growth.  Beyond that, the minimum 
����������������������������������
by NFMA.    

The Forest Plan would include new management direction that 
�������������������gy development under this 
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alternative.  Scenery standards for renewable energy development 
would be relaxed to Very Low for all LUDs and distance zones.

Among the action alternatives, Alternative 2 would provide the 
largest amount of timber volume (old growth and young growth 
combined), including the largest amount of young-growth volume 
from lands suitable for timber production.  It would result in the 
smallest amount of old growth timber volume over both 25-year 
and 100-year periods.  Table 2-5 summarizes the key elements of 
Alternative 2 and Table 2-6 summarizes the LUD acres, mapped 
suitable acres, and projected harvest acres under this alternative for 
young growth and old growth.  

This alternative would harvest timber at a rate of 46 MMBF per 
year (equivalent to the harvest needed to meet the projected timber 
demand, see Table 2-1), emphasizing young growth and minimizing 
old growth.  As such, it is expected to produce an average of about 
22 MMBF of young growth and 24 MMBF of old growth per year 
������������������������Years 11 through 15, 
Alternative 2 is projected to produce an average of 61 MMBF of 
young growth and 5 MMBF of old growth per year.  Alternative 2 
would likely reach a full transition harvest of 41 MMBF of young 
growth about Year 12.  Young-growth harvest is expected to continue 
to increase at a rapid rate after Year 12 and is expected to reach an 
upper limit of about 120 MMBF in Year 17.  The old-growth harvest 
rate would be held at 5 MMBF per year to support small and micro 
sales.  
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Key Elements of Alternative 2

Old-growth Harvest
•	 Allows harvest only within Phase 1 of the 2008 Timber Sale Program 

Adaptive Management Strategy.
•	 The portions of IRAs that were previously roaded would be available 

for harvest after rulemaking.

Young-growth Harvest
•	 Allows harvest in Development LUDs, including clearcutting, and entry 

into all phases of the Timber Sale Program Adaptive Management 
Strategy without regard to harvest volumes.

•	 Allows	harvest	in	natural	setting	LUDs,	except	for	Congressionally	
designated and administratively withdrawn areas and islands smaller 
than 1,000 acres.

•	 The portions of IRAs that were previously roaded would be available 
for harvest after rulemaking.

•	 Commercial harvest is allowed in beach and estuary fringe, in high-
vulnerability karst, and in RMAs outside of TTRA buffers (details below).  

•	 Clearcutting is allowed on all lands suitable for timber production 
(including	natural	setting	LUDs),	except	RMAs	and	high-vulnerability	
karst	where	only	commercial	thinning	is	allowed.		The	maximum	
removal in RMAs outside of TTRA buffers is 33 percent (basal area).  
Clearcutting	in	beach	and	estuary	fringe	is	not	allowed	after	15	years.

•	 In	beach	and	estuary	fringe,	the	intent	is	to	maintain	an	approximate	
1,000-foot wide protected corridor adjacent and inland of any even-
aged harvest unit.

•	 There	is	������	to	harvest	at	a	younger	age	than	95	percent	of	CMAI	
throughout the life of the Plan.

•	 Scenery	standards	would	be	relaxed	to	Very	Low	SIO	for	young-
growth harvest. 

LUD Changes
•	 Old	Growth	Habitat	LUDs	are	����	to	correspond	with	the	

biologically preferred option in areas where they were adversely 
affected by land conveyances and other changes resulting from 
Public Law 113-291.

•	 The Transportation and Utility Systems LUD is removed.

New Plan Direction (Forest Plan Chapter 5)
•	 Young-growth plan components added to Forest Plan.
•	 Renewable Energy plan components added to Forest Plan (including 

relaxation	of	SIO	to	Very	Low	for	renewable	energy	development).
•	 Transportation Systems Corridors plan components added to Forest Plan.
•	 Forest-wide plan direction added to Forest Plan.
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Alternative 3 
Alternative 3 would allow old-growth harvest only in Phase 1 of the 
existing timber sale program adaptive management strategy (USDA 
Forest Service 2008c) (see color map accompanying this FEIS) but 
would allow young-growth harvest in all phases.  This alternative 
would allow young-growth and old-growth harvest in 2001 Roadless 
Rule IRAs.  If this alternative were selected, harvest in IRAs would 
���������������������������������
(2001). 

Alternative 3 is similar to �����������������������
suitable for young-growth timber production in both development 
and natural setting LUDs (except for Congressionally designated 
areas such as Wilderness, administratively withdrawn areas, and 
islands less than 1,000 acres in size), as well as in beach and estuary 
fringe and high-vulnerability karst, but not in RMAs.  Young-growth 
management may include clearcutting in all areas, except in beach 
and estuary fringe and on high-vulnerability karst, where only 
commercial thinning is allowed.

In addition, for young-growth harvest units larger than 20 acres in 
VCUs that have had concentrated past timber harvest, it is intended 
that 30 percent of the young growth stand acres should be left. This 
legacy provision would be described as a Management Approach in 
the Forest Plan. 

Scenery standards for young growth management would be reduced 
by one level relative to the 2008 Forest Plan.  SIOs would be reduced 
as follows: High would be reduced to Moderate, Moderate would be 
reduced to Low, and Low and Very Low would become Very Low.  

As noted previously, due to Public Law 113-291, CMAI requirements 
for determining the youngest age for harvest would be eliminated 
on up to 50,000 acres of young growth.  Beyond that, the minimum 
����������������������������������
by NFMA.    

The Forest Plan would include new management direction that 
�������������������gy development under this 
alternative.  The SIO (scenery standard) for renewable energy 
development would Low for all LUDs and distance zones.
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Alternative 3 would provide the second largest amount of timber 
volume (old growth and young growth combined).  It would result 
in the second lowest harvest of old growth over both the 25-year 
and 100-year periods.  Table 2-8 summarizes the key elements of 
Alternative 3 and Table 2-9 summarizes the LUD acres, mapped 
suitable acres, and projected harvest acres under this alternative for 
young growth and old growth.  

This alternative would harvest timber at a rate of 46 MMBF per 
year (equivalent to the harvest needed to meet the projected timber 
demand, see Table 2-1).  It would emphasize young growth and 
minimize old growth while maintaining 46 MMBF per year.  As 
such, it is expected to produce an average of about 20 MMBF of 
���������������������������������
10 years (Figure 2-5).   From Year 11 through Year 15, it is projected 
to produce an average of 50 MMBF of young growth and about 5 
MMBF of old growth per year.  Alternative 3 would likely reach a 
full transition harvest of 41 MMBF of young growth at about Year 
13.  Young-growth harvest is expected to continue to increase at a 
rapid rate after Year 13 and is expected to reach an upper limit of 
about 117 MMBF in Year 17.  The old-growth harvest rate would be 
held at 5 MMBF per year to support small and micro sales. 
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Key Elements of Alternative 3

Old-growth Harvest
•	 Allows harvest only within Phase 1 of the 2008 Timber Sale Program 

Adaptive
•	 Management Strategy.
•	 Inventoried Roadless Areas (IRAs) would be available for harvest 

after rulemaking.

Young-growth Harvest
•	 Allows harvest in Development LUDs, including clearcutting, 

and entry into all phases of the Timber Sale Program Adaptive 
Management Strategy without regard to harvest volumes.

•	 Allows	harvest	in	natural	setting	LUDs,	except	for	congressionally	
designated and administratively withdrawn areas and islands 
smaller than 1,000 acres.

•	 IRAs would be available for harvest after rulemaking.
•	 Commercial harvest is allowed in beach and estuary fringe but not 

in RMAs.
•	 Clearcutting	is	allowed	in	all	areas	except	beach	and	estuary	fringe	and	

high- vulnerability karst, where only Commercial Thinning is allowed.
•	 Management Approach to provide legacy in young-growth harvest 

units	larger	than	20	acres	in	certain	VCUs.
•	 There	is	������	to	harvest	at	a	younger	age	than	95	percent	of	

CMAI throughout the life of the Plan.
•	 Scenery	standards	for	young	growth	management	would	be	relaxed;	

SIOs would be reduced by one level relative to the 2008 Forest Plan 
(i.e., High is reduced to Moderate, Moderate is reduced to Low, and 
Low	and	Very	Low	become	Very	Low).

LUD Changes
•	 Old-growth	Habitat	LUDs	are	����	to	correspond	with	the	

biologically preferred option in areas where they were adversely 
affected by land conveyances and other changes resulting from 
Public Law 113-291.

•	 The Transportation and Utility Systems LUD is removed.

New Plan Direction (Forest Plan Chapter 5)
•	 Young-growth plan components added to Forest Plan.
•	 Renewable Energy plan components added to Forest.
•	 Transportation Systems Corridors plan components added to Forest Plan.
•	 Forest-wide plan direction added to Forest Plan.
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Alternative 4 
Like Alternative 3, this alternative would allow old-growth harvest 
only in Phase 1 of the existing timber sale program adaptive 
management strategy (see color map accompanying this FEIS), but in 
contrast with Alternative 3, it would also limit young-growth harvest 
to only Phase 1.  Similar to Alternative 1, this alternative includes the 
application of the 2001 Roadless Rule.

Alternative 4 would allow young-growth management only in the 
development LUDs. Harvest is allowed in beach and estuary fringe 
and on high-vulnerability karst, but only commercial thinning 
is allowed.  No harvest is allowed in RMAs.  Young growth 
management may include clearcutting in other areas.  

In addition, for young-growth harvest units larger than 20 acres in 
VCUs that have had concentrated past timber harvest, it is intended 
that 30 percent of the young growth stand acres should be left. This 
legacy provision would be described as a Management Approach in 
the Forest Plan.   

No change would occur in scenery standards relative to the 2008 
Forest Plan.  

As noted previously, due to Public Law 113-291, CMAI requirements 
for determining the youngest age for harvest would be eliminated 
on up to 50,000 acres of young-growth.  Beyond that, the minimum 
����������������������������������
by NFMA.

The Forest Plan would include new management direction that 
�������������������gy development under this 
alternative.   The SIO (scenery standard) for renewable energy 
development would Low for all LUDs and distance zones.

Alternative 4 would provide the smallest amount of timber volume 
(old growth and young growth combined) and the smallest amounts 
of young-growth volume.  It would result in the second highest 
harvest of old growth during both the 25-year and 100-year periods.  
Table 2-11 summarizes the key elements of Alternative 4, and 
Table 2-12 summarizes the LUD acres, mapped suitable acres, and 
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projected harvest acres under this alternative for young growth and 
old growth.  

This alternative would harvest timber at a rate of 46 MMBF per 
year (equivalent to the harvest needed to meet the projected timber 
demand, see Table 2-1).  It would emphasize young growth and 
minimize old growth while maintaining 46 MMBF per year.  As 
such, it is expected to produce an average of about 11 MMBF of 
���������������������������������
10 years (Figure 2-7).   From Year 11 through Year 15, it is projected 
to produce an average of 26 MMBF of young growth and about 20 
MMBF of old growth per year.  Alternative 4 would likely reach 
a full transition harvest of 41 MMBF of young growth about Year 
16.  Young-growth harvest is expected to continue to increase at a 
rapid rate after Year 16 and is expected to reach an upper limit of 87 
MMBF about Year 18.  The old-growth harvest rate would be held at 
5 MMBF per year to support small and micro sales.
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Key Elements of Alternative 4

Old-growth Harvest
•	 Allows harvest only within Phase 1 of the 2008 Timber Sale Program 

Adaptive Management Strategy.
•	 No harvest is allowed in IRAs.

Young-growth Harvest
•	 Allows harvest in development LUDs, including clearcutting, but 

allows entry only in Phase 1 of the Timber Sale Program Adaptive 
Management Strategy.

•	 Allows no harvest in natural setting LUDs.
•	 Allows no harvest in IRAs.
•	 Commercial harvest is allowed in beach and estuary fringe and in 

high-vulnerability karst within development LUDs, but no harvest is 
allowed in RMAs.

•	 Clearcutting is not allowed in beach and estuary fringe and high-
vulnerability	karst;	only	commercial	thinning	is	allowed.

•	 Management Approach to provide legacy in young-growth harvest 
units	larger	than	20	acres	in	certain	VCUs.

•	 There	is	������	to	harvest	before	95	percent	of	CMAI	throughout	
the life of the Plan.

•	 No changes would occur in scenery standards relative to the 2008 
Forest Plan.

LUD Changes
•	 Old-Growth	Habitat	LUDs	are	����	to	correspond	with	the	

biologically preferred option in areas where they were adversely 
affected by land conveyances and other changes resulting from 
Public Law 113-291.

•	 The Transportation and Utility Systems LUD is removed.

New Plan Direction (Forest Plan Chapter 5)
•	 Young-growth plan components added to Forest Plan.
•	 Renewable Energy plan components added to Forest Plan.
•	 Transportation Systems Corridors plan components added to Forest 

Plan.
•	 Forest-wide plan direction added to Forest Plan.
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Alternative 5 (Preferred Alternative)
Alternative 5 is the Preferred Alternative.  This alternative is based on 
the recommendations from the Tongass Advisory Committee (TAC), 
a formally established Federal Advisory Committee (see Appendix 
B of the Forest Plan).  The establishment of the TAC represents 
a turning point in Tongass management seeking new approaches, 
practices, and responses.  The TAC offers a regionally focused, 
collaborative path toward an innovative opportunity for a viable 
young growth timber industry while honoring the suite of values – 
economic, ecological, social, and cultural – inherent in the Forest.
Like Alternatives 3 and 4, this alternative would allow old-growth 
harvest only within Phase 1 of the timber sale program adaptive 
management strategy (see color map accompanying this FEIS).  As 
in Alternatives 1 and 4, the 2001 Roadless Rule would apply and no 
old-growth or young-growth harvest would occur in roadless areas.  In 
addition, old-growth harvest is excluded from all Tongass 77 (T77)3 
watersheds and TNC/Audubon Conservation Priority Areas (Albert and 
Schoen 2007).  These old-growth harvest exclusion areas are shown on 
the large color map for Alternative 5 that accompanies this FEIS.
As in Alternatives 2, 3, and 4, Alternative 5 would allow young-
growth harvest in all three phases of the timber sale program adaptive 
management strategy.  It would allow young-growth management in 
development LUDs and in the Old-growth Habitat LUD including 
harvest in beach and estuary fringe and RMAs outside of TTRA 
buffers within these same LUDs.  However, young-growth harvest in 
the Old-growth Habitat LUD, beach and estuary fringe, and RMAs 
outside of TTRA buf����������������������
15 years after Plan approval, and created openings for commercial 
harvest (up to 10 acres and a maximum removal of up to 35 
percent of the acres of the original harvested stand) or commercial 
thinning would be allowed.  In beach and estuary fringe, a 200-

3 The Tongass 77 (T77) refers to value comparison units (VCUs), which 
approximate major watersheds located on National Forest System lands that Trout 
Unlimited, �����������������������������As a result 
of the Sealaska Land Entitlement Finalization in the Carl Levin and Howard P. 
“Buck” McKeon National Defense Authorization Act for Fiscal Year 2015 (Public 
Law 113-291), there was a net reduction in the T77 watersheds from 77 to 73.  To 
provide clarity and consistency, the T77 nomenclature will continue to be used in 
this document when referring to these priority watersheds.
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foot no-commercial harvest buffer adjacent to the shoreline would 
be required.  Along lake shorelines, a 100-foot no-cut commercial 
harvest buffer would be established.  Scenery standards (SIOs) for 
young growth management would be reduced to Very Low for all 
distance zones in the development LUDs only.  This standard would 
also apply when young-growth and old-growth harvests are planned 
in the same Viewshed.
As noted previously, due to Public Law 113-291, CMAI requirements 
for determining the youngest age for harvest would be eliminated 
on up to 50,000 acres of young-growth.  Beyond that, the minimum 
����������������������������������
by NFMA.
The Forest Plan would include new management direction that 
�������������������gy development under this 
alternative.  The SIO (scenery standard) for renewable energy 
development would Low for all LUDs and distance zones. 
Alternative 5 would provide the second smallest amount of timber 
volume (old growth and young growth combined) among the 
alternatives, but the second largest amount of old-growth volume 
among the action alternatives.  Table 2-14 summarizes the key 
elements of Alternative 5 and Table 2-15 summarizes the LUD 
acres, mapped suitable acres, and projected harvest acres under this 
alternative for young growth and old growth.  
This alternative would harvest timber at a rate of 46 MMBF per 
year (equivalent to the harvest needed to meet the projected timber 
demand, see Table 2-1).  It would emphasize young growth and 
minimize old growth while maintaining 46 MMBF per year.  As 
such, it is expected to produce an average of about 12 MMBF of 
���������������������������������
10 years (Figure 2-9).   From Year 11 through Year 15, it is projected 
to produce an average of 28 MMBF of young growth and about 18 
MMBF of old growth per year.  Alternative 5 would likely reach 
a full transition harvest of 41 MMBF of young growth about Year 
16.  Young-growth harvest is expected to continue to increase at a 
rapid rate after Year 16 and is expected to reach an upper limit of 98 
MMBF about Year 18.  The old-growth harvest rate would be held at 
5 MMBF per year to support small and micro sales. 
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Key Elements of Alternative 5

Old-growth Harvest
•	 Allows harvest only within Phase 1 of the 2008 Timber Sale Program 

Adaptive Management Strategy.
•	 No harvest is allowed in IRAs.
•	 No harvest is allowed within the T77 watersheds or the TNC/

Audubon conservation priority watersheds.

Young-growth Harvest
•	 Allows harvest in Development LUDs, including clearcutting, 

and entry into all phases of the Timber Sale Program Adaptive 
Management Strategy without regard to harvest levels.

•	 Allows harvest in Old Growth Habitat LUDs, but not in other natural 
setting LUDs or on islands less than 1,000 acres

•	 No harvest is allowed in IRAs.
•	 Commercial harvest is allowed in beach and estuary fringe outside 

of a 200-foot buffer and in RMAs outside of TTRA buffers.
•	 A 100-foot no-cut buffer is established around all lakes.
•	 In Old Growth Habitat LUDs, Beach Fringe (outside of the 200-foot 

buffer) and in RMAs outside of TTRA buffers, clearcutting is not 
allowed,	but	patch	cuts	(≤10-	acre	openings	and	a	maximum	of	35	
percent removal) is allowed, along with commercial thinning.  Harvest 
is	allowed	in	these	land	categories	only	during	the	���	15	years	after	
plan approval.

•	 There	is	������	to	harvest	at	a	younger	age	than	95	percent	of	
CMAI throughout the life of the Plan.

•	 The	scenery	standards	(SIOs)	would	be	reduced	to	Very	Low	in	
development LUDs only.

LUD Changes
•	 Old	Growth	Habitat	LUDs	are	����	to	correspond	with	the	

biologically preferred option in areas where they were negatively 
affected by land conveyances and other changes resulting from 
Public Law 113-291.

•	 The Transportation and Utility Systems LUD is removed.

New Plan Direction (Chapter 5)
•	 Young-growth plan components added to Forest Plan.
•	 Renewable Energy plan components added to Forest Plan.
•	 Transportation Systems Corridors plan components added to Forest 

Plan.
•	 Forest-wide plan direction added to Forest Plan.
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Comparison of the Alternatives
��������������������������������
������������������������������������
in Chapter 1.  This comparison is based on the effects analyses 
presented in Chapter 3.  

Issue 1 – Young-growth Transition
The purpose and need for this project is primarily based on a 
memorandum from the Secretary of Agriculture (see Chapter 1) that 
directs management of the Tongass National Forest to expedite the 
transition away from old-growth timber harvesting and towards a 
forest products industry that utilizes predominantly second-growth 
– or young-growth – forests.  Secretary Vilsack’s memorandum 
also guides that the transition should be implemented in a manner 
that preserves a viable timber industry that provides jobs and 
opportunities for Southeast Alaska residents.  USDA’s goal is to 
effectuate this transition, over the next 10 to 15 years, so that at the 
end of this period the vast majority of timber sold by the Tongass will 
be young growth.  This timeframe will conserve old growth forests 
while allowing the forest industry time to adapt.

Because of the Secretary’s memorandum, the existing condition 
emphasizes a transition to young growth and minimizes old-growth 
harvest, but does this within the constraints of the 2008 Forest 
Plan.  Alternative 1 (no action) would result in full transition to a 
predominantly young-growth-based industry in about 32 years, well 
beyond the 15 year goal presented in the Secretary’s memorandum.  
In contrast, all of the action alternatives would result in a full 
transition in about 12 to 16 years.  Because these timeframes 
represent full transition, the period in which the “vast majority of 
timber sold by the Tongass will be young growth” is expected to 
be about 10 to 15 years for the action alternatives.  Of the action 
alternatives, the fastest transition (12 years) would occur with 
Alternative 2 and the slowest transition (16 years) would occur with 
Alternatives 4 and 5.

All of the alternatives are expected to support from 184 to 231 
���������������������������������
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portion of total harvest that is exported.  Total estimated jobs are 
very similar across the alternatives, with the highest number of direct 
jobs supported by Alternative 2 and the lowest number of direct jobs 
supported by Alternative 1. In addition, each alternative is expected 
to meet the projected demand for Tongass timber. Therefore, each 
alternative is expected to meet the criterion of maintaining a viable 
industry.  However, it is unclear how quickly industry will be able 
to “retool” mills and harvesting equipment and how markets will 
react to changing from old-growth to young-growth forest products; 
thus, this criterion is associated with a relatively high degree of 
uncertainty.

Under all alternatives, the harvest of old growth would diminish over 
time and the harvest of young growth would increase.  Therefore, all 
of the alternatives would “conserve old-growth forests.”  The largest 
�����������������������������������
with Alternative 1.  Each of the action alternatives would harvest less 
old growth, ranging from 15,000 acres with Alternative 2 to 24,000 
acres with Alternative 5.  The same pattern among the alternatives 
occurs with the 100-year harvest as well.

Issue 2 – Renewable Energy
Another important part of the purpose and need for this project 
is the purpose of establishing new direction in the Forest Plan so 
that renewable energy development is more permissible. There is 
a need to stimulate economic development in Southeast Alaska 
communities, and provide low-carbon energy alternatives, thereby 
displacing the use of fossil fuel.   Under the 2008 Forest Plan, 
siting of energy projects is limited in certain LUDs, and it would 
remain that way under Alternative 1.  Under each of the action 
alternatives (Alternatives 2, 3, 4, and 5), changes would be made to 
������������������������������������
development of renewable energy projects.

Issue 3 – Inventoried Roadless Areas 
Under Alternatives 1, 4, and 5 IRAs are withdrawn from timber 
production and not suitable for timber production (FSH 1909.12, 
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chapter 60, section 61.11). In Alternative 2, IRAs that were 
previously roaded would be available for road construction and 
timber harvest and in Alternative 3, all IRAs would be available for 
road construction and timber harvest.  In both Alternatives 2 and 
3, entry into IRAs would not be permitted without rulemaking or, 
in the case of Alternative 3, if the 2003 Tongass Exemption (68 FR 
75136) is reinstated.  Estimated acres of timber harvest in IRAs over 
100 years would range from 0 acres for Alternatives 1, 4, and 5, to 
11,000 acres for Alternative 2, to 29,000 acres for Alternative 3.  The 
protection of roadless characteristics would be directly proportional 
to the projected acres of timber harvest with Alternatives 1, 4, and 
5 providing the most protection, Alternative 2 providing the second 
most protection, and Alternative 3 providing the least protection.

Issue 4 – Wildlife Habitat and the Conservation 
Strategy
Relative to old-growth habitat conservation, Alternative 1 would 
have the highest harvest (1.3 percent of existing POG), followed by 
Alternative 4 (0.9 percent of existing POG), followed by Alternative 
5 (0.8 percent of existing POG), followed by Alternatives 2 and 
3 (0.7 percent of existing POG).  The change in the percent of 
original POG remaining after 100 years would follow the same 
pattern.  Currently, 92 percent of original POG is remaining; under 
all alternatives this percentage would drop by about 1 percent 
after 100 years.  Alternative 1 would result in about 90 percent 
remaining and the action alternatives would each result in about 
91 percent remaining.  This same pattern would continue for the 
percent reduction in high-volume POG.  The existing 86 percent of 
original high-volume POG remaining would be reduced to about 
85 percent for all alternatives after 100 years.  For large-tree POG, 
about 79 percent of the original acres exist.  Alternative 1 would 
result in about 78 percent remaining after 100 years, while the action 
alternatives would maintain about 79 percent.

Young-growth harvest in the beach and estuary fringe would 
be lowest under Alternative 1 (no harvest).  Under the action 
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alternatives, no harvest of POG would occur, but impacts resulting 
from young growth harvest would be highest under Alternative 2, 
which would include the second highest amount of young-growth 
acres and would allow clearcutting.  Under Alternatives 3 and 
4, considerable young-growth acreage would be harvested, but 
using commercial thinning, which would result in less effects than 
clearcutting.  Alternative 5 would have the lowest effect on beach 
and estuary fringe among the action alternatives because young-
growth acreage would be lowest and only patch cutting (with created 
openings up to 10 acres and a maximum removal of up to 35 percent 
of the acres of the original harvested stand) or commercial thinning 
�������������������������������� Plan 
approval with a one-time entry restriction.

For RMAs, the lowest effects would be associated with Alternatives 
1, 3, and 4, which would permit no harvest in RMAs.  Alternative 2 
would have the greatest harvest impacts in RMAs because it would 
include the highest amount of acreage and would allow clearcutting 
�������������������������������� 
thinning thereafter.  Effects to RMAs would be lower under 
Alternative 5 due to a lower amount of acres harvested and only 
patch cutting or commercial thinning would be permitted and only 
��������������������������������time 
entry restriction. 

In the Old-growth Habitat LUD, Alternatives 1 and 4 would allow no 
young-growth harvest.  The greatest amount of young-growth harvest 
in the Old-growth Habitat LUD would occur under Alternative 2, 
followed by Alternatives 3 and 5.  Effects would be greatest under 
Alternative 2 because it would allow clearcutting and have the 
largest harvest acreage, and less under Alternative 3 because only 
commercial thinning would be allowed, followed by Alternative 5 
which would allow only patch cutting or thinning and only during 
��������������������������������e entry 
restriction.
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Average total road density across the Forest (NFS lands only) under 
all alternatives would be approximately 0.23 mile per square mile 
after 100 years, an increase of 0.03 to 0.04 mile per square mile 
above existing levels.  Approximately 83 percent of WAAs would 
have total road densities ranging between 0.0 and 0.7 mile per 
square mile under all alternatives.  Total roads are conservatively 
������������������������������� 
roads.  Average open road density across the Forest (NFS lands only) 
would be approximately 0.09 mile per square mile, an increase of 
approximately 0.005 mile per square mile under all alternatives. 
Approximately 96 percent of WAAs would have open road 
densities ranging between 0.0 and 0.7 mile per square mile under all 
alternatives.  Therefore, any potential increase in hunter access or 
risk of overharvest for wildlife species would be minor and localized, 
and would not be measurable at the forest-wide scale under any of 
the alternatives. 

The transition to young-growth management would slow the long-
term decrease in deer habitat capability due to the reduction in 
POG harvest.  Based on Interagency Deer Habitat Capability model 
outputs, deer habitat capability under all of the alternatives would 
decline about 1 percent over 100 years.  Forest-wide all alternatives 
would maintain about 99 percent of the existing deer habitat 
capability.  Results based on the Forage Resource Evaluation System 
for Deer (or FRESH deer model) are very similar; Forest-wide, the 
existing level of habitat quality would be decline about 1 percent 
after 100 years under all alternatives.

Cumulative POG harvest on all landownerships would be greatest 
under Alternative 1, followed by Alternatives 4, 5, 3, and 2 (in that 
order).  Cumulative effects would be least under the alternatives that 
propose the shortest young-growth transition time.  After 100 years 
of Forest Plan implementation and non-NFS harvests, approximately 
83 percent of the original (1954) total POG forest, about 76 percent 
of the original high-volume POG, and 63 to 64 percent of the original 
large-tree POG would be maintained on all landownerships under all 
of the alternatives.  
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Cumulative road densities (all land ownerships) would be similar 
among alternatives (about 0.45 mile per square mile), representing 
an increase of about 0.11 to 0.12 miles per square mile above current 
conditions.  Open road densities for all land ownerships would 
increase from about 0.22 mile per square mile to about 0.24 mile per 
square mile after 100 years under all alternatives.
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In accordance with Federal civil rights law and U.S. Department 
of Agriculture (USDA) civil rights regulations and policies, the 
USDA,	its	Agencies,	����	and	employees,	and	institutions	
participating in or administering USDA programs are prohibited 
from discriminating based on race, color, national origin, religion, 
sex,	gender	identity	(including	gender	expression),	sexual	
orientation, disability, age, marital status, family/parental status, 
income derived from a public assistance program, political 
beliefs, or reprisal or retaliation for prior civil rights activity, in any 
program or activity conducted or funded by USDA (not all bases 
apply	to	all	programs).		Remedies	and	complaint	���	deadlines	
vary by program or incident. 

Persons with disabilities who require alternative means of 
communication for program information (e.g., Braille, large 
print, audiotape, American Sign Language, etc.) should contact 
the responsible Agency or USDA’s TARGET Center at (202) 
720-2600 (voice and TTY) or contact USDA through the 
Federal Relay Service at (800) 877-8339. Additionally, program 
information may be made available in languages other than 
English. 

To	��	a	program	discrimination	complaint,	complete	the	USDA	
Program Discrimination Complaint Form, AD-3027, found online 
at	http://www.ascr������������������		and	
at	any	USDA	���	or	write	a	letter	addressed	to	USDA	and	
provide in the letter all of the information requested in the form. 
To request a copy of the complaint form, call (866) 632-9992. 
Submit your completed form or letter to USDA by: (1) mail: U.S. 
Department	of	Agriculture,	���	of	the	Assistant	Secretary	for	
Civil Rights, 1400 Independence Avenue, SW, Washington, D.C. 
20250-9410;	(2)	fax:	(202)	690-7442;	or	(3)	email:		program.
intake@usda.gov. 

USDA is an equal opportunity provider, employer, and lender. 

Federal Recycling Program
Printed on Recycled Paper
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Main Cover Photo: Photograph taken looking northwest from above Neets 
Bay on north Revillagigedo Island.  An unnamed cove and timber harvest on 
the peninsula lie in the foreground with Gedney Pass and Hassler Island in the 
background (right). 
Inset Photo on Back: Blue Lake Hydroelectric Project (courtesy Desiree Brandis)
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1.0 PROJECT SUMMARY 

The U.S. Department of Agriculture, Forest Service (Forest Service) is preparing an 
Environmental Impact Statement (EIS) that evaluates an amendment to the 2008 Tongass 
National Forest Land and Resource Management Plan (Forest Plan). The Record of Decision 
will consider and identify changes, if any, to the current 2008 Forest Plan. 

2.0 BACKGROUND 

On July 2, 2013, Secretary of Agriculture, Thomas Vilsack, issued Memorandum 1044-009, 
Addressing Sustainable Forestry in Southeast Alaska, which expressed the Secretary’s intent to 
transition the Tongass National Forest (the Tongass or Forest) to a young growth–based timber 
program in 10 to 15 years, more rapidly than considered in the 2008 Forest Plan. He asked that 
the Forest Service “strongly consider whether to pursue an amendment to the Tongass Forest 
Plan. Such an amendment would evaluate which lands will be available for timber harvest, 
especially young growth timber stands, which lands should be excluded, and additional 
opportunities to promote and speed transition to young growth management.” 

In order to achieve the young-growth (YG) transition goal of 10 to 15 years, the initial phase of 
the National Environmental Policy Act (NEPA) documentation has been initiated. Notice of 
Intent (NOI) to prepare an Environmental Impact Statement was originally published in the 
Federal Register on May 27, 2014. On June 23, 2016, a corrected Notice of Intent was 
published modifying the expected timeline, providing details on the objection process under 36 
CFR 219 subpart B, and identifying M. Earl Stewart as the Forest Supervisor.  

In addition, the Forest Service completed a 5-year review of the Forest Plan in September 2013. 
There were a total of 257 unique comment submissions and over 152,000 form letters received 
during the comment period for the 5-year review. Many of the comments on the 5-year review 
also requested a transition to young-growth timber harvesting. All of these comments were 
taken into consideration in identifying the scope of this Forest Plan amendment.  

In January and February 2015, open houses were held in Juneau, Sitka, and Ketchikan to share 
information with the public about the progress being made on the Proposed Forest Plan 
Amendment and Draft Environmental Impact Statement, and to provide opportunity for the 
public to comment on the Draft Plan Monitoring Program. An informational newsletter was also 
published in conjunction with the open houses, providing project information and detailing how 
the public can participate. 

3.0 PURPOSE AND NEED FOR PROJECT 

The Purpose and Need for Action, as defined in the Notice of Intent (NOI), is: 

“The Forest Service is preparing an Environmental Impact Statement (EIS) to describe the 
effects of making proposed changes to the Tongass Forest Plan to accomplish the 
transition to young growth management as provided in the Secretary's Memorandum. The 
Forest Service will evaluate which lands should be available for timber harvest, especially 
young-growth timber stands, and any proposed changes to standards and guidelines and 
other management direction to promote and speed the transition to young-growth 



Tongass Forest Plan Amendment  Scoping and Comment Summary Report 

 A-2  
 

management while maintaining a viable timber industry in Southeast Alaska. It will also 
evaluate other changes suggested in the 5-year review.” 

4.0 PROPOSED ACTION  

The Proposed Action, as defined in the Notice of Intent (NOI), is: 

“The Forest Service proposes to amend the Tongass Forest Plan, using the 2012 Planning 
Rule, as needed to accomplish the transition to young growth management over the next 
10 to 15 years while retaining the expertise and infrastructure of a viable timber industry in 
Southeast Alaska, as outlined by the Secretary in Memorandum 1044-009. The 
amendment process will address: Identifying areas suitable and not suitable for timber 
harvest to achieve the transition to young growth management; whether the Tongass 
needs to be able to harvest young growth forest stands before they reach their maximum 
rate of growth; what changes in management direction should be made to promote young 
growth management; whether the inventory of roadless areas should be updated, which 
may require additional rulemaking; whether changes are needed to provide for 
development of hydropower; updating the upper limit on the quantity of timber that may be 
sold from the Tongass to reflect other changes made; and how to modify the monitoring 
provisions of the Plan as required by the 2012 Planning Rule, including identifying focal 
species to monitor instead of management indicator species as required by the former 
planning regulations. The amendment process may address other topics relevant to 
promoting and speeding the transition to young growth management. It is not expected 
that changes made to the Tongass Forest Plan will affect the overall integrity of the Plan's 
conservation strategy.” 

5.0 OPPORTUNITIES FOR COMMENT AND PARTICIPATION 

5.1  FIVE-YEAR REVIEW 
The Forest currently operates under the Tongass National Forest Land and Resource 
Management Forest Plan, as amended in 2008.  In 2013, the Forest Service completed a 5- 
year review to determine whether any actions are needed to clarify or adjust the plan.  The 
Tongass solicited comments through public and stakeholders meetings, government-to- 
government consultation with Southeast Alaska tribes, and written comments. Press releases, 
radio announcements, project brochures, postcards, letters posters and email notices were 
used to notify the public. Additionally, letters of invitation to participate were sent to 32 tribes in 
16 communities. 

Public comments were accepted between January and June 30, 2013. Public meetings were 
hosted in February and March 2013 in the communities of Wrangell, Petersburg, Sitka, Craig, 
Ketchikan, Juneau and Haines.  Additionally, Conservation Strategy Summits were hosted in 
June 2013 in the communities of Ketchikan and Juneau. Then Forest Supervisor Cole received 
input on a range of topics, including young-growth management, the Roadless Rule, watershed 
restoration, mining, renewable energy, and local economies. All of the comments received were 
taken into consideration in identifying the scope of this Forest Plan amendment. A detailed 
summary of the Five-Year Review process and comment summary is available online at: 
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5443864.pdf (USDA Forest Service 
2013) 

http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5443864.pdf
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In October 2013, the Forest Service announced its intent to modify the Forest Plan based on the 
conditions of the land and the demands of the public.  Identification of the timber base suitable 
to support a transition to young-growth management in a way that supports the continued 
viability of the forest industry in Southeast Alaska was noted as a focus area. 

5.2 SCOPING PROCESS 
The NOI initiated the scoping process, which helped guide the development of the EIS. The NOI 
to prepare an environmental impact statement was published in the Federal Register on May 
27, 2014 (79 FR 30074) initiating a 30-day public scoping period.  The NOI asked for public 
comment on the proposal until June 26, 2014.  The Forest Service received over 116,000 letters 
and of these, about 250 letters were unique.    

5.3 PUBLIC MEETINGS 
In January and February 2015, open houses were held in Juneau, Sitka, and Ketchikan to share 
information with the public about the progress being made on the Proposed Forest Plan 
Amendment and Draft Environmental Impact Statement, and to provide opportunity for the 
public to comment on the Draft Plan Monitoring Program. While comments were not solicited on 
the Forest Plan Amendment during these meetings, Forest Service staff were on hand and 
materials were made available to the public to inform them on the amendment process and how 
and when to provide input. Approximately 15-20 people attended each meeting. 

5.4 CONSULTATION WITH FEDERALLY RECOGNIZED TRIBAL 
GOVERNMENTS AND TRIBAL CORPORATIONS 
The Forest Service invited the following tribal governments and corporations to participate as 
cooperating agencies:

• Angoon Community Association  
• Central Council Tlingit & Haida Indian 

Tribes of Alaska 
• Chilkat Indian Village 
• Chilkoot Indian Association 
• Craig Tribal Association 
• Douglas Indian Association 
• Hoonah Indian Association 
• Hydaburg Cooperative Association 
• Organized Village of Kake 

• Organized Village of Kasaan 
• Ketchikan Indian Community 
• Klawock Cooperative Association 
• Metlakatla Indian Community 
• Petersburg Indian Association 
• Organized Village of Saxman 
• Sitka Tribe of Alaska 
• Skagway Traditional Council 
• Wrangell Cooperative Association 
• Yakutat Tlingit Tribe

While none of the invited tribal governments or corporations are participating as cooperating 
agencies, all will be engaged with through consultation. 

5.5 CONSULTATION WITH OTHER AGENCIES 
The Forest Service invited the Environmental Protection Agency (EPA), Fish and Wildlife 
Service (FWS), and the State of Alaska (SOA) to participate as cooperating agencies in the 
development of the EIS. . The FWS accepted this invitation and is participating as a cooperating 
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agency. The EPA formally declined the invitation. The EPA, FWS, and SOA submitted 
comments during the scoping comment period.  

5.6 TONGASS ADVISORY COMMITTEE 
As a result of both the 5-Year Review and the July memorandum from the Secretary of 
Agriculture, Memorandum 1044-009, a Federal Advisory Committee was established to provide 
advice on identifying ways to support the transition and provide for a viable forest industry in 
Southeast Alaska. The Tongass Advisory Committee (TAC) was federally chartered in 2014 to 
advise the Secretary of Agriculture on developing an ecologically, socially, and economically 
sustainable forest management strategy for the Tongass National Forest. The TAC was tasked 
with developing recommendations about how to transition within 10 to 15 years from old-growth 
to predominantly young-growth timber management in a way that is economically viable for the 
existing industry, while recognizing and balancing the other unique and equally important 
resource values of the Tongass.  The TAC was comprised of fifteen members from the timber 
industry, conservation community, Native interests, State and local government, and other 
interests. The TAC provided recommendations to the Secretary of Agriculture in May 2015 and 
the Forest Service developed an alternative based on these recommendations to be included in 
the EIS. 

5.7 YOUTH ADVISORY COMITTEE 
The 2012 Planning Rule requires the responsible official to provide meaningful opportunities for 
public participation throughout the planning process. It gives direction for providing such 
opportunities, including for outreach.  In 2014, Tongass National Forest officials reached out to 
a Ketchikan High School guidance counselor who assembled 8 students to form the Ketchikan 
High School Youth Advisory Council (YAC).  Three YAC meetings were held at Ketchikan High 
School from fall 2014 through spring 2015. The objective was to involve the YAC members in 
the public participation process for the proposed Forest Plan Amendment, including having 
them actively participate in a Forest Service public open house meeting in Ketchikan. This 
meeting allowed YAC members to better understand the scope of the Forest Plan Amendment 
and the issues that were raised during the scoping process. They gathered information at each 
station, examined maps, and talked with Forest Service subject matter experts. In May 2015, 
several members of the YAC had the opportunity to meet with Forest Service staff and the 
Tongass Advisory Committee, a Federal Advisory Committee during a social event at Ward 
Lake Recreation Area where they discussed the importance of collaboration and civic 
involvement.   

For the school year 2015-2016, the YAC is comprised of 11 students, both Juniors and Seniors, 
who have demonstrated leadership tendencies, have a high grade point average, and are 
interested in understanding the scope of Forest Planning and how they can participate in the 
effort.  A meeting was held on October 21, 2015 to welcome new YAC members. The goal of 
the YAC is to formulate consolidated comments on the proposed Forest Plan and associated 
DEIS during the 90-day comment period.   

6.0 ISSUE DEVELOPMENT 

The Interdisciplinary Team identified the significant issues described in the following section. 
These issues consider internal scoping and comments received from federal agencies, the 
SOA, individuals, special interest groups, non-governmental organizations, businesses, and a 
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native corporation.  Each comment was reviewed and considered in defining the significant 
issues, other environmental and social considerations, and other considerations for plan 
alternatives. These will guide the analysis throughout the NEPA process. Each comment was 
assigned to one or two themes (e.g., young-growth transition, or climate change) so they could 
be easily evaluation.  Additionally, each comment was given one or more of the following 12 
categories relative to how the comment would be addressed (if it needed to be addressed).  
Comments received during the 5-year review were also considered:

• Addressed by Forest Plan and Forest Plan 
Land Use Designations (LUD). 
 

• Addressed through implementation of 
Forest Plan standards and guidelines and 
Best Management Practices. 
 

• Addressed through implementation of 
project-specific planning, implementation, 
and mitigation measures. 
 

• Addressed during processes or impact 
analyses routinely conducted by the 
Interdisciplinary Team. 
 

• Addressed through spatial location of 
alternatives. 

 
• Used to drive or partially drive an 

alternative. 
 

• Beyond the scope of the project. 
 

• Support amendment project. 
 

• Oppose amendment project. 
 

• Other request or comment 
 

• Addressed by law, regulation, or 
departmental direction 
 

• Consider recommendation for analysis

6.1 SIGNIFICANT ISSUES  
The following are significant issues developed during the scoping process described above, and 
developed in consideration of the purpose and need of this EIS.  These issues are used to drive 
or partially drive alternatives or will be analyzed in the greatest detail in the EIS.  Section 5.2 
identifies other environmental considerations, which are not considered significant issues for 
this EIS but will also be addressed.  Finally, Section 5.3 provides a summary of all comments 
received during scoping. 

Issue 1 – Young-Growth Transition 
Issue Statement:  The Secretary of Agriculture requested the Forest Service to transition to a 
YG–based timber program on the Tongass in 10 to 15 years, more rapidly than considered in 
the 2008 Forest Plan.  This transition is intended to move the Tongass National Forest to a 
more ecologically, socially, and economically sustainable forest management program and 
reduce old-growth harvest while providing economic timber to support the local forest products 
industry. 
 
The issue concerns financial efficiency, salability, and volume of future timber sales.  It also 
relates to the potential local employment and revenues generated for communities in the local 
area.  YG timber growth rates, sustainable harvest rates, the amount of old-growth harvest 
needed during transition to sustain the timber industry, and the locations where young-growth 
harvest would take place are some of the factors to be considered.  
Units of Measure 

• Timber volume of young growth vs. old growth 
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• Acres of harvest of young growth vs. old growth by harvest and logging system by 
location 

• Financial efficiency of young-growth vs. old-growth harvest 
• Number of annualized direct jobs supported 
• Timber demand vs. amount of harvest made available to meet demand 

Issue 2 – Renewable Energy 
Issue Statement:  The Forest Plan should promote the development of renewable energy 
projects to help Southeast Alaska communities reduce fossil energy dependence, where it is 
compatible with National Forest purposes and to ensure that the planning, construction, and 
operation of projects protect and effectively use National Forest System lands and resources.  
Management of National Forest System (NFS) lands should support the intent of the State of 
Alaska legislature to receive 50 percent of its electrical generation from renewable energy 
sources by 2025 (House Bill 306 [2010]).   

Units of Measure 
• Proportion of known potential renewable energy projects potentially allowed under the 

Forest Plan 

Issue 3 – Protection of Roadless Areas 
Issue Statement:  The protection of roadless areas (particularly high-value roadless areas) 
from development and timber harvest on the Tongass is of local and national importance, 
particularly relative to wildlife and biodiversity, recreation, and tourism.  Whether or not the 
Tongass will be exempt from the 2001 Roadless Rule is not clear.   

Many people believe roadless areas should be allowed to evolve naturally through their own 
dynamic processes and should be afforded protection that ensures this will occur. The Tongass 
includes very large undeveloped land areas with several portions of the Forest consisting of 
contiguous roadless areas that exceed 1 million acres and represent large, unfragmented 
blocks of wildlife habitat. This large scale of roadless lands does not exist on any other National 
Forest, except the Chugach National Forest in Southcentral Alaska. 

Roadless areas are considered important because of their wildlife habitat and recreation values 
and their importance for tourism. They are also important because of the passive-use and 
ecosystem services values they provide. 

Units of Measure 
• Acres of inventoried roadless areas protected under each alternative 
• Values of lands protected under each alternative 

Issue 4 – Protection of Wildlife Habitat and the Old-growth Conservation Strategy 
Issue Statement:  The Tongass National Forest supports a unique and important assemblage 
of wildlife including the largest population of brown bears and breeding bald eagles in the world, 
the Alexander Archipelago Wolf, species of high importance for subsistence (e.g., Sitka black-
tailed deer), an extensive array of endemic mammals, and a large number of species that are at 
least partially dependent on old-growth habitats (e.g., marten and goshawk). The Tongass Old-
growth Conservation Strategy is considered important for the continued health of the unique 
wildlife and plant populations in Southeast Alaska.   

Timber harvest and road development can have important effects on populations of many of 
these species and the biodiversity of Southeast Alaska. Although less than 10 percent of the 
productive old-growth habitat on the Tongass has been converted to young growth, the 



Tongass Forest Plan Amendment  Scoping and Comment Summary Report 

 A-7  
 

percentage is much higher for certain types of old growth, such as lowland and large-tree old 
growth. In addition, a high percentage of non-NFS lands have been harvested at a much higher 
rate. Therefore, the cumulative effects of harvest and road building on wildlife in Southeast 
Alaska are greater than the effects for the Tongass by itself. 

Units of Measure 
• Acres of productive old growth protected under each alternative 
• Percentage of biogeographic provinces protected in reserves 
• Changes in road densities 
• Indicators of habitat capability using habitat models 
• Cumulative harvest and road development on all Southeast Alaska lands 

6.2 OTHER ENVIRONMENTAL AND SOCIAL CONSIDERATIONS 
The following list of other environmental and social considerations will be analyzed in the EIS, in 
addition to the significant issues identified in the previous section.

 Air Quality 
 Climate Change 
 Geology, Karst, and Caves 
 Soils 
 Water 
 Wetlands 
 Fish 
 Plants (including sensitive plants 

and invasive species) 
 Forest Health 
 Lands 

 Transportation and Utilities 
 Minerals 
 Recreation and Tourism 
 Scenery 
 Subsistence 
 Heritage Resources and Sacred 

Sites 
 Wilderness, Wild and Scenic Rivers, 

and other special LUDs 
 Economics and Social Environment 
 Environmental Justice

6.3 FIVE-YEAR REVIEW COMMENT SUMMARY 
During the comment period for the Five-Year review, 252 unique submissions were received, 
along with 152,182 form letters (some of which contained unique content). The range of topics, 
including young-growth management, the Roadless Rule, watershed restoration, mining, 
renewable energy, and local economies.  

The Forest Service developed 515 Statements of Concern (grouped into 24 topics) based on 
the comments. Among the comments received, some issues were raised more frequently than 
others. The five SOC Topics with the most comments received were Tongass National Forest 
management issues, timber, Land Use Designations, socioeconomics, and energy. A detailed 
summary of the Five-Year Review process and comment summary is available online at: 
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5443864.pdf (USDA Forest Service 
2013) 

6.4 SCOPING COMMENT SUMMARY 
The following sections provide a summary of the scoping comments received, sorted by issue 
category.  Some comments were identified as part of one or more issue categories and may be 
duplicated. This summary covers comments related to the significant issues as well as the other 
environmental and social considerations. Some comments below have been taken directly from 

http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5443864.pdf
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comments received while many have been summarized or paraphrased to represent several 
similar comments. All comments were considered individually. This list is not inclusive; a 
complete record of comments is available in the planning record. 

6.4.1 Climate Change 
Climate change was a common theme among many comments. Some commenters requested 
that climate change be identified as a significant issue. Others requested that the effects of the 
alternatives on the climate be considered, as well as the effect of climate change on every 
resource. Examples of climate change comments include the following: 

• EPA recommends that the Forest Plan EIS discuss the anticipated impacts associated 
with past, present, and future changes in climate throughout the forest and provides 
suggested references. 

• Please treat climate change as a significant issue in the purpose and need for this 
proposed amendment. All federal agencies must manage for climate preparedness and 
resilience (Executive Order 13653) and Secretary Vilsack has recognized the Tongass’ 
global significance as a carbon-rich reserve. 

• The DEIS needs to consider the critical temporal relationship between present carbon 
emissions and the future effects of climate change. The immediate release of carbon 
from logging will have significant impacts compared to the much longer-term release of 
biomass from the death and decomposition of live trees in decades or centuries. 

• In addition with the carbon dioxide problem, cutting down forests only accelerates the 
climate problems. Don't make a short-term decision with long-term negative 
consequences. We have too few forests as it is. 

• If we want to control global warming, we need to preserve all out healthy trees 
• Analyze the effects of alternatives on carbon sequestration and long-term storage 

potential. 
• The current Conservation Strategy fails to recognize the role of climate change in the 

maintenance of biodiversity. The effects of climate change must be considered if the 
Conservation Strategy is re-evaluated. 

• The alternative that best optimizes carbon and other values on the Tongass is one that 
rapidly transitions out of industrial old-growth logging. 

6.4.2 Economics 
Many comments addressed issues or concerns related to economics. Comments concerned the 
economics associated with transition to YG management, the economics of the current timber 
program, and the economics associated with non-timber resources.  Examples of economic 
comments are provided in the following subsections.  

6.4.2.1 Transition Economics 
• The analysis should evaluate the economic viability of YG management only, rather than 

a mix of YG and old-growth logging. 
• If existing mills close, it will not be possible to maintain the economies of scale to support 

timber operations on the forest or to bring new operators into the region. Forest Service 
needs to invest in transition.  

• Transition should create local jobs and require local, value-added manufacturing. 
• The outcome of any “transition” alternative should reward local, value added 

manufacturing and end existing export and transshipment policies on the Tongass. The 
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successful Tongass micro-sale program that currently exists on Prince of Wales Island 
encourages local processing and the manufacture of high value-added wood products.  

• Evaluate the economic outlook for YG forest products and analyze the need to export 
YG materials to build a YG program. 

• Emphasize value-added forest product uses. 
• The current appraisal system favors large operators and does not fully capture the value 

that YG timber offers the region. The system needs to be revised to encourage business 
investment and development, job growth, and value-added manufacturing in Alaska. 

• All alternatives should focus on creating local timber jobs. 
• Consider alternatives favoring management for deer and wildlife habitat, healthy salmon 

streams, and a local wood economy for Southeast Alaska. 

6.4.2.2 Economics of Current Timber Program 
• Criticism of the Tongass timber program as a market failure in which taxpayers and 

other forest users pay for below-cost timber program.  
• Recent YG harvests have not been economical. 
• The Forest Service is not meeting its annual timber targets and the lack of timber supply 

is responsible for decline of timber manufacturing. 
• The Forest Service should update and revise its forecasts for market demand of 

Tongass timber. The economic analysis used by the Forest Service in its timber sale 
planning is inaccurate and outdated, and greatly overestimates market demand for 
Tongass timber.  

• The Forest Service must also revise its forecasts of market demand for timber, which 
have consistently proved to be much higher than actual market results.  

• As part of the Amendment process, the Tongass National Forest needs to revisit its 
methodology for estimating market demand and its series of market demand scenarios, 
because they overestimate actual demand. 

• For YG, the Forest Service needs to move away from using export based criteria. In this 
land management plan, the Forest Service needs to analyze what markets for Tongass 
timber they are “seeking to meet.” 

• Stop systematically overestimating timber demand. 
• Stewardship contracts to not recoup actual cumulative effects and opportunities lost. 

6.4.2.3 Non-timber Economics and Competition with Timber Program 
• The DEIS should evaluate how Forest Plan Amendment implementation will impose real 

costs, monetary and otherwise, on non-timber forest values and give these values equal 
consideration.  

• The DEIS needs to consider all non-timber-related economics and number of jobs 
supported by forested habitat including: recreation, tourism, hunting, fishing and 
subsistence.  

• Stop giving timber a preference over other Tongass multiple uses by systematically 
overestimating market demand.  

• Support tourism and fishing in place of logging old growth. 
• The Forest Service should support local communities by seeking ways to improve 

protections for important fish and wildlife habitat and enhance visitor services. At the 
same time, the Forest Service should end its large-scale old-growth timber sale 
program. 
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• As part of the plan amendment, enact sensible budgets for recreation, heritage, and 
wilderness programs in the Tongass that can support diverse and sustainable economic 
opportunities for southeast Alaskans. We urge you to shift resources to support our 
growing tourism and recreation economy. 

• Recreation is now bringing in more money than logging, shift the funds to it. Preserve 
the forests so that this remains viable. 

• The DEIS should include a detailed public investment analysis that discloses the full cost 
of administering the TLMP timber sale program accompanied by a more thorough 
analysis of benefits provided by intact old growth forests to recreation, fisheries and 
subsistence.  

6.4.3 Fish 
A number of commenters addressed concerns associated with fish and fish habitat protection.  
Examples of comments related to fish include: 

• Refocus resources and management toward projects that protect and restore vital 
watersheds and important fish and wildlife habitat, while promoting a diverse and 
sustainable economy in Southeast Alaska based on fishing, tourism, and recreation. 

• Consider alternatives favoring management for deer and wildlife habitat, healthy salmon 
streams, and a local wood economy for Southeast Alaska. 

• The EIS should describe the current quality and potential capacity of habitat, its use by 
fish and wildlife throughout the forest, and identify known fish and wildlife corridors, 
migration routes, and areas of seasonal fish and wildlife congregation.  

• The EIS should evaluate effects on fish and wildlife from various management strategies 
as well as any proposed habitat alteration, aquatic and terrestrial habitat fragmentation 
caused by roads, land use, and management activities, and human activity.  

• The Forest Plan currently fails in the area of demonstrating and focusing management of 
Tongass lands as working lands for the production of salmon. An amendment should 
include sufficient study to show what lands on the Tongass are producing fish, the 
baseline production a) currently, b) prior to industrial logging (1954), c) prior to fish traps 
and canneries, and d) projections into the future under various management regimes 
and climate change impacts. Part of the assessment should include calculations of the 
value of contributions to the economy from Tongass National Forest lands and 
management activities. An assessment should be made as to areas that need to be 
designated as salmon producing watersheds and well defined goals should be set for an 
acceleration of restoration activities to bring all salmon systems that have legacy impacts 
from historic industrial logging to be restored to full production capacity.  

• Consider alternatives favoring management for deer and wildlife habitat, healthy salmon 
streams, and a local wood economy for Southeast Alaska. 

6.4.4 Karst 
Several comments were received stressing protection of karst landscapes. Comments relating 
to karst landscapes include: 

• Karst protection in south Southeast Alaska should be kept in place or strengthened due 
to past and future corporate big tree logging, from both Native and private corporations. 
Karst is important for maintaining clean water and a healthy Tongass eco-system. 

• Preserve all karst areas. 
• The richness of our forests, with karst and muskegs and unique soil microbiology and 

salmon streams, is irreplaceable after logging of the old growth. 



Tongass Forest Plan Amendment  Scoping and Comment Summary Report 

 A-11  
 

6.4.5 Lands  
A number of commenters identified general concerns related to lands, as well as specific 
concerns related to proposed land exchanges and specific land areas.  Comments relating to 
lands include: 

• Support for efforts of the Alaska Mental Health Trust Authority and the Forest Service 
that resulted in the proposed land exchange document dated September 4, 2012. The 
proposed land swap will provide much needed timber harvest activity for the southern 
southeast region economy. 

• Include the Trust Land Exchange as an action common to all alternatives of the Forest 
Plan Amendment. The Trust Land Office manages lands for the Alaska Mental Health 
Trust and has begun the planning process to implement the objectives outlined by 
Secretary Vilsack (Memo 1044-009, July 2, 2013.). It appears that the Trust Land 
exchange creates a positive working solution to support the Secretary's transition plan. 
Identifying the proposed exchange as an alternative in the forest plan amendment would 
promote that potential outcome. 

• Recommendation to include land patterns and shared boundaries that would exist upon 
passage of the Sealaska legislation in the amended Tongass Plan. 

• A request for analysis and consideration of other unfulfilled Native land entitlements. 
• Requests specific to Traitors Cove, Southern Kruzof Island, and Connell Lake.  
• A request for the federal government to turn all federal lands (within the Borough) over to 

the Ketchikan Gateway Borough. 

6.4.6 Land Use Designations  

6.4.6.1 Transportation and Utility LUD 
Several comments requested modification to or clarification of Transportation and Utility System 
(TUS) LUD Standards and Guidelines to remove permitting and development barriers. 
Specifically, it was requested that the current TUS LUD should be amended to change the 
criteria to allow the TUS LUD to apply to hydropower projects and other renewable energy 
projects within TUS Avoidance Areas and to allow for public and private hydropower 
development in all LUDs. 

6.4.6.2 Renewable Energy LUD 
Several commenters requested or supported the development of a Renewable Energy 
Resource Plan and/or Renewable Energy LUD to facilitate the development of these projects. 
Representative comments include: 

• A Renewable Energy Resource Plan, including a Renewable Energy Resource 
Development LUD, should be added to the Forest Plan to promote and support all forms 
of renewable energy development (including geothermal) and related transmission lines 
within the Tongass National Forest 

• A Renewable Energy LUD that promotes the development of hydroelectric projects with 
a minimum of regulatory impediment and cost will be the key to a successful transition 
from fossil based fuels in the Tongass to clean renewable energy for all of Southeast 
Alaska. 

• The renewable energy LUD should allow development of all clean energy technology 
(wind, biomass, geothermal, tidal) and associated transmission and access roads. 
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• Plans for and interest in hydropower development, mining, transmission, geothermal, 
and transportation projects exist and should be considered and evaluated in this 
amendment. Necessary changes to Land Use Designations and other use decisions 
present a management challenge that would be appropriate to consider in the LRMP 
revision process. We encourage the Forest Service to consider the potential for project 
right-of-way and siting needs, as land use determinations are established or revised. 
Based on this analysis, it may also be appropriate to expand upon the standards and 
guidelines related to land ownership to include additional standards and guidelines 
related to these types of activities. We recommend that the Forest Service work closely 
with the FWS and the Alaska Department of Fish and Game, as well as other potentially 
affected stakeholders, on these changes." 

• Changes to further hydropower development are outside the essential core purpose of 
the amendment and should not be part of the amendment. 

6.4.6.3 Tongass Community Economic Development Zone LUD 
Some commenters requested a new Tongass Community Economic Development Zone LUD to 
promote and support economic development and activities for communities with lower per 
capita incomes or high energy prices or unemployment.  

6.4.6.4 Minerals and Strategic Minerals LUD 
Some commenters requested a new Mineral and Strategic Mineral LUD to promote and support 
mineral and strategic mineral development and related access roads consistent with national 
security and national strategic mineral policies.  

6.4.7 Minerals 
In addition to the Mineral and Strategic Mineral LUD recommended by some commenters (see 
Section 5.2.6.4, above), some commenters requested that the term “reasonable access” be 
defined for purposes of the Forest Plan to provide timely (30-day turnaround) issuance of Forest 
Service Special Use Permits for those who hold a mining claim or Federal Energy Regulatory 
Commission (FERC) preliminary permit to authorize these operations to investigate and develop 
lawfully permitted federal resources. 

6.4.8 Old-Growth Reserves  
Several comments were received specific to old-growth reserves (OGR). These comments 
addressed OGR design criteria, protection of OGRs, and additional evaluation of the efficacy of 
existing OGRs.  Example comments include: 

• The FWS recommends specific changes to OGR design criteria to ensure comparable 
conservation value within Value Comparison Units when OGRs are proposed to be 
relocated. 

• Treatments in OGRs, beach fringe, estuary, riparian, and other buffers, or other areas 
important for conservation should be to improve habitat value. 

• Harvests in OGRs should be designed specifically to accelerate succession to old-
growth conditions and maintain non-timber resources. 

• Current OGRs should be reviewed by an interdisciplinary state and federal teams to 
understand how they are working, consider issues associated with altering their 
locations and sizes, how removal of second growth stands from OGRs would affect 
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them, and assess how possible modifications would be expected to affect fish, wildlife, 
and their uses. 

• OGRs appear to be located to exclude old-growth habitat (to allow for high-grade 
logging) avoid the most important deer winter habitat to make these areas and trees 
available for logging. 

• The scope of the Tongass Forest Plan Amendment needs to be expanded to evaluate 
the entire system of old-growth reserves in order to demonstrate their efficacy. Wildlife 
outputs must be analyzed in the context of projected demand rather than just what is 
needed to meet minimum viable populations. 

6.4.9 Planning/Alaska National Interest Lands Conservation Act 
(ANILCA) 
Many comments addressed general planning issues, including the 2012 Planning Rule, the 5-
year review, plan revision, ANILCA, multiple-use planning and other issues.  Examples of these 
comments include: 

• The NOI is disappointingly too broad in scope and lacks appropriate direction for the 
Forest Service to respond urgently to the need to phase out industrial-scale old growth 
logging immediately. 

• We are still concerned about the 2012 Planning Rule and its impact on the ability of the 
Forest Service to provide a cost-effective, workable framework for national forest 
planning that is consistent with the National Forest Management Act and other statutory 
direction. The 1982 Rule was used for the 2008 plan and should be used for any 
amendment as well. 

• Do not "test drive" the 2012 planning rule on the Tongass until other “early adopters” 
have had a chance to report back 

• The Forest Service has yet to outline how the analysis from the five-year TLMP review 
makes the case for amending the forest plan to accomplish a transition to young-growth 
timber harvesting within the next 10 to 15 years. 

• Any section of the Forest Plan amended during this planning process must also ensure 
that ANILCA continues to be properly recognized. To help ensure there is no confusion 
during implementation, we request the Forest Plan specifically acknowledge that the 
Forest Service intends for all Forest Plan provisions, including administrative 
designations and prescriptions to be consistent with ANILCA. However, in the event of a 
conflict, ANILCA prevails. 

• Consider a process or plan to coordinate its resource harvest and other management 
activities with adjacent landowners 

• What is needed instead of an amendment to the Forest Plan is a complete revision of 
the 1997 Forest Plan and 2008 Amendment. A full revision of the Forest Plan is long 
overdue. 

• Suggest the Forest Service use an analysis approach called OPTIONS that identifies 
eight factors that must be addressed in order to effectively define and implement a 
sustainable, defensible and auditable forest management strategy. 

• The scope of the amendment should be narrowed to ensure the Plan is amended during 
the current presidential administration. 

• The YG transition should be directed to the Federal Advisory Committee Act committee 
and a future planning process, rather than addressed in the current plan amendment. 
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• It is vital that the Forest Service pare the plan amendment process down to its bare 
essentials. Numerous issues that could be dealt with, but can await some future 
process, need to be identified as non-core and deferred. 

• We believe that the focus on maintaining the existing timber industry fails to provide for 
multiple uses. The scope of the proposed Amendment does not reflect the broad need 
for changes, does not reflect a realistic assessment of changed conditions, and 
consequently will fail to appropriately guide the achievement of ecological, social and 
economic sustainability in the planning area. [36 Code of Federal Regulations (CFR) 
219.8] 

6.4.10 Purpose and Need  
A range of comments addressed the purpose and need.  Examples of these comments include: 

• We request that you develop a revised purpose and need for the amendment that does 
not prioritize timber development “over the competing environmental and recreational 
goals without justification sufficient to support the agency’s balancing of these goals.” 

• The Forest Service is encouraged to consider expanding scope of analysis. 
• Only limited attention should be paid to the suitability or availability of land for logging 
• The amendment should focus on the goal to preserve the exceptional natural values on 

the Tongass, rather than the goal of ensuring that communities are economically viable. 
• Apply 2012 Planning Rule. TLMP amendment should not thwart the spirit and intent of 

NFMA and further delay a long overdue economic analysis of all the Tongass resources. 
• The Forest Service needs a new paradigm where timber is relegated to its economic 

value relative to other forest resources- since other forest uses are productive and above 
cost.  

• The Amendment’s limited purpose aimed at timber industry objectives falls short of the 
NEPA obligation to “rigorously explore and objectively evaluate all reasonable 
alternatives.” [40 CFR. § 1502.14(a)]. You could fix this problem by either focusing 
narrowly on alternatives that immediately end old-growth logging, or by broadening the 
scope of the Amendment by developing alternatives that enhance recreation 
opportunities in the Tongass National Forest and alternatives that focus on mitigating 
damage to salmon habitat through an emphasis on completing deferred road 
maintenance. 

6.4.11 Plants 
Some comments were received stressing that the EIS evaluate impacts on plant species, their 
habitats, and invasive species. 

6.4.12 Recreation and Tourism 
Several comments were received stressing the importance of other industries, including 
recreation and tourism, to the economic opportunities of communities. Some suggested the 
Forest Service should reallocate its priorities and resources to support these industries and stop 
giving timber a preference over them. 
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6.4.13 Renewable Energy 
Many comments addressed renewable energy.  Some of these comments were general in 
nature, and many dealt with hydropower or biomass.  Examples include: 

• The EIS should consider alternative investments in efficiency programs, wind turbines, 
tidal energy, and solar and thermal energy. 

• The Forest Service should solicit information from the renewable energy industry with 
regard to potential renewable energy sites and utilize that information in the identification 
of specific areas within the Renewable Energy Resource LUD within the Forest Plan. 

• Roadless area restrictions negatively impact access to and development of renewable 
energy, in conflict with state and national goals for clean energy 

• Ensure that Renewable Energy Resource Policies are promptly included in the Forest 
Plan without the needed for a Plan amendment process. 

• The Draft EIS should assess the social and economic impacts of renewable energy 
development 

• The amendment should address the needs relating to developing renewable energy 
resource on the Tongass National Forest to the maximum extent possible. 

• Recommends that the Plan amendment process be utilized to level the playing field for 
consideration of renewable energy with other important resource values within the TNF. 

• The renewable energy component of the plan should encompass both ongoing 
maintenance requirements and the evaluation and development of new renewable 
energy resources. 

• The Forest Plan EIS should consider expansion of existing and development of future 
renewable energy facilities and transmission lines. 

• Lands permanently cleared for a Renewable Energy project should be considered 
unsuitable for timber production. 

• A Renewable Energy Resource Plan, including a Renewable Energy Resource 
Development LUD, should be added to the Forest Plan to promote and support all forms 
of renewable energy development (including geothermal) and related transmission lines 
within the Tongass National Forest 

6.4.13.1 Hydropower  
• The Forest Service should modify the Tongass Forest Plan in a manner which allows for 

hydropower development within the Tongass National Forest, and provides for equal 
treatment of hydropower development proposals regardless of market location or 
funding source. 

• The Forest Plan should consider all known potential hydroelectric energy sources 
located in the Tongass National Forest and provide for their future development. 

• Incorporate Lake Grace Hydropower into the Forest Plan. 
• Changes to further hydropower development are outside the essential core purpose of 

the amendment and should not be part of the amendment. 
• We support development of fish-friendly hydropower to meet local power needs in 

southeast Alaska, and the Tongass Plan already makes ample provision for it. 

6.4.13.2 Biomass  
• Conversion to biomass for heat and/or potential energy generation is fatally flawed. The 

Draft EIS should disclose impacts to human health and carbon sequestration, as well as 
the cost to taxpayers 
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• To consider alternatives that redirect the public investment in alternative energies to 
cleaner and real renewable energy sources, not biomass. Federal investment in biomass 
facilities is a lost opportunity cost that will divert funds from energy alternatives that can 
better meet the region’s needs 

• The EIS needs to evaluate the life-cycle greenhouse gas emissions associated with 
biomass industry development 

• The Forest Plan should consider biomass heating and energy systems and the potential 
to manufacture biomass-based fuels. 

• The EIS should evaluate health risks associated with increased utilization of biomass for 
energy and heat. 

• Recommends the inclusion of biomass as a forest resource. 

6.4.14 Restoration  
A number of comments concerned forest restoration, watershed restoration, and restoration 
projects in general. Examples of the comments include: 

• A Plan “standard” that discloses the costs of restoration projects in all timber sale 
planning documents must be adopted in the Amendment. 

• We request that the EIS consider reasonable alternative funding mechanisms for habitat 
amelioration projects rather than an exclusive focus on so-called “stewardship” 
contracting. [40 CFR. § 1502.14(a); Sierra Forest Legacy, 577 F.3d at 1025 – 1027]. The 
Tongass National Forest has never provided a NEPA analysis that evaluates the 
feasibility of stewardship contracting or alternative ways to fund projects for habitat 
mitigation and other remedial forest management needs. Programmatic analysis may 
show that it would be more cost-effective to emphasize service contracts for road 
storage and decommissioning and red pipe remediation, rather than to liquidate old-
growth forests in order to fund perceived needs for remedial work. 

• Refocus resources and management toward projects that protect and restore vital 
watersheds and important fish and wildlife habitat, while promoting a diverse and 
sustainable economy in Southeast Alaska based on fishing, tourism, and recreation. 

• The need to work on forest restoration, which duplicates the natural condition rather than 
uniformed canopied, second growth tree farms. 

6.4.15 Roadless Areas  
Many comments addressed roadless areas.  Some comments were of a general nature, many 
supported preserving roadless areas, and many supported exempting activities from the 
roadless rule.  Examples include:  

• Analysis should consider how the forest should be managed with Roadless Rule not 
enforced and also if it remains in force. 

• LUDs that allow logging in inventoried roadless areas (IRA) should be revised. 
• Roadless area restrictions negatively impact access to and development of renewable 

energy, in conflict with state and national goals for clean energy 
• Updating the roadless area inventory is fine for the amendment exercise, although it may 

or may not be pertinent.  
• The Forest Service should not consider IRAs as a determining factor for amending LUDs 

or defining the suitable and available land base. Update the inventoried roadless area 
maps to omit roaded portions (i.e., “roaded roadless” areas) due to their substantially 
altered condition. 
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• Possible rulemaking related to roadless areas should not be allowed to complicate the 
transition amendment. 

• The amendment should not include an update to the inventory of roadless areas. 
• Decisions regarding IRAs should be addressed in a separate process. 

6.4.15.1 Preserve Roadless Areas  
• Opposes roads in roadless areas.  
• Conservation of inventoried roadless areas should be a significant feature of all 

transition alternatives. 
• The plan amendment is not a prudent vehicle for decisions about Tongass roadless 

areas. 
• The Forest Service was encouraged to update its LUDs to remove inventoried roadless 

areas from the suitable timber base. 
• Conservation of inventoried roadless areas should be a significant feature of all 

transition alternatives. 
• If rulemaking is needed it should address only the simple issue of supplying a missing 

end-date for the self-described “temporary” exemption of the Tongass from the Roadless 
Area Conservation Rule. The effects analysis in the EIS for the transition amendment 
should assume that roadless areas will not in any likely scenario be logged. 

• Conservation of inventoried roadless areas should be a significant feature of all 
transition alternatives. 

6.4.15.2 Favors Exemption to the Roadless Rule 
• Consider amending the Roadless Rule as applied to the Tongass to permit the 

development of geothermal power, transmission lines, and access to them. 
• The Forest Service should engage in rulemaking to once again exempt the Tongass 

National Forest from the 2001 Roadless Rule. 
• The Forest Supervisor and District Rangers should have the authority to permit 

development in IRAs. 
• Suggests modification of Roadless Rule to open up viable timber. 
• Modification to Roadless Rule needed to allow hydropower. 
• Modification to Roadless Rule needed to provide reasonable access to mines. 
• Recognize the negative impacts incurred by the restrictive access in roadless areas to 

critical resources within the Ketchikan Borough. 
• The EIS should consider appropriate road access in IRAs for timber harvest and other 

management activities, mineral development, and renewable and alternative energy  
• Implementation of the Roadless Rule in Alaska violates ANILCA. 
• The Roadless Area Conservation Rule should not inhibit hydropower development in the 

Tongass. 
• The Roadless Area Conservation Rule, as an administrative regulation, does not affect 

hydropower applicants’ ability to seek roads pursuant to the Federal Power Act. 
• Resolve ambiguities in the preamble to the 2001 Roadless Rule, as applied to the 

Tongass, regarding the Forest Service's authority to permit new hydropower facilities, 
transmission lines and access to them for which application is made after January 12, 
2001. 

• Supports Tongass exemption from 2001 Roadless Rule. 
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• Limits on access to the Tongass, due to continued application of the 2001 Roadless 
Rule, impede SEAPA's ability to access its facilities to provide core maintenance and 
also hinders the key work necessary to plan and develop future energy resources. 

6.4.16 Special Uses  
Several commenters requested methods to streamline special use permitting for those that hold 
a mining claim or FERC preliminary permit to authorize these operations to investigate and 
develop lawfully permitted federal resources. These methods included providing a 30-day 
review and issuance of Special Use Permits for exploratory and study activities. 

6.4.17 Subsistence  
Several commenters stressed the protection of continued subsistence uses on the Forest. 
Examples include:  

• The Tongass Plan EIS should evaluate the best methods and processes for monitoring, 
researching, and sustaining fish and wildlife resources in the Forest.   

• The Forest Plan must provide for continued subsistence and sustainable harvest of 
national forest resources 

• Subsistence uses need to be factored into Tongass Forest Plan land use planning from 
the very beginning of the process. 

• The EIS should consider road access to resources for subsistence, recreational, cultural, 
and social activities important to the southeast communities. 

6.4.18 Timber 
Many comments were assigned to the timber theme.  Some supported an immediate or rapid 
end to old-growth logging, or opposed clearcuts or logging on the Tongass in general. On the 
other end of the spectrum, some supported more timber harvests. Example comments include: 

• The Forest Service should quantitatively consider how timber harvest can be 
accomplished while supporting sustainable populations of fish and wildlife that are 
managed for a variety of uses. 

• Harvest of old-growth wood in selective harvest regimes and/or wildlife thinning needs to 
be monitored for windthrow and for long-term effects and benefits.  

• The Amendment process must revisit, in particular, plan components that allow 
clearcutting and plan components that allow for clearcuts larger than 100 acres. 
Tongass Forest Plan standards and guidelines for clearcutting need to reflect and 
appropriately balance impacts to other resources. 

• Request for substantial reduction in lands currently deemed suitable for timber 
production and that the Forest Service develop alternatives that provide primarily for 
non-timber uses. 

6.4.18.1 Reduce Old-growth Harvest and Clearcutting 
• Preserve old growth; protect all remaining old-growth forests. 
• Leave all remaining old growth in the Tongass for the next generations. 
• Use selective logging practices - not clear cuts. 
• Clearcuts contribute to erosion, flooding, establishment of nonnative and particularly 

invasive and noxious vegetation. 
• Stop logging the beautiful rainforest of Alaska, the Tongass National Forest. 
• We should be phasing out old growth logging altogether. 
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• Stop old growth logging. These forests act as a carbon sink and natural water 
purification system. 

• Old growth forests cannot be replaced simply by planting more trees after logging. 

6.4.18.2 Increase Harvest Levels 

• The Forest Service should make available at least 350 million board feet (MMBF) of 
timber annually. 

• Any further removal of Tongass lands from the approved timber base violates ANILCA. 
• Need to provide the lumber needed to build houses. 
• Please increase old-growth logging immediately. Please support a dual transition in 

which a firm Allowable Sale Quantity is split between old-and second-growth 
components. Old-growth allowable sale quantity (ASQ) should be increased drastically 
and immediately.  

• Proposes timber preference over other forest uses. 

6.4.19 Transportation  
Transportation-related comments include those that encouraged keeping roads open to access 
YG or other resources, addressed water quality or maintenance concerns, or requested specific 
actions, like recognizing proposed roads. Example comments include: 

• Stop removing existing road systems that will be needed to harvest YG in the future. 
• Recommendation that the road and trail system evaluated through the Forest Plan 

reflect realistic, long-term funding expectations. The NEPA analysis for this planning 
process should discuss resources available to build and maintain the road and trail 
system. Please indicate the likelihood for adequate maintenance funding for each of the 
action alternatives. 

• Plan should recognize a land access route to Blank Inlet, providing economic and 
recreational opportunities important to the Ketchikan Borough. 

• Encourages the Forest Service to amend the Forest Plan to recognize the proposed 
Vallenar Bay Road and include it on the LUD map. 

• Plan amendment should take into better account updates to the State of Alaska's 
Southeast Transportation Plan and the Alaska Energy Authority's 2011 Southeast 
Regional Integrated Power Plan. 

• Action alternatives should not propose changes to the Forest Plan that may affect 
existing roads or other transportation facilities. 

• The EIS should consider road access to resources for subsistence, recreational, cultural, 
and social activities important to our southeast communities. 

• The current Tongass Forest Plan fails to provide standards to adequately assess and 
make known the impacts of existing roads and proposed project road activities on 
watersheds, riparian areas, streams, and fish habitats. 

• The Forest Plan should be updated to include a non-negotiable standard of every 
Tongass timber project planning process, for assessments of road-stream connectivity 
and consequent impacts on peak flows and sediment delivery from roads. 

6.4.20 Tribal Consultation  
One comment noted that the Plan should provide a framework for Alaska Native Corporation 
and Tribal participation in implementing access, subsistence, and other important provisions of 
ANILCA. Additionally, EPA provided direction for conducting intergovernmental issues with 
federally-recognized tribes. 
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6.4.21 Water 
Some comments stressed the protection of watersheds and streams and requested the 
strengthening of Forest Plan requirements to emphasize protection. Example comments 
include: 

• The forest must also place more emphasis on project level impairment to watersheds. 
• Recommendation that Forest Plan revisions address a framework for project level 

watershed and water quality analysis. The EIS should summarize existing baseline 
watershed and water quality conditions. 

• Concern over effects of management actions on drinking water sources and lists 
requests for the EIS to identify. 

• Concern over effects of management actions on surface water quality. 
• Requests revisions to standards and guidelines for stream protection and watershed 

health associated with road-stream connectivity. 
• Various watersheds have been identified as especially important for fish and wildlife, and 

should be identified as unsuitable for timber harvest.  
• Protect drainages that are crucial for healthy habitat. 

6.4.22 Wildlife  
Several comments provided wildlife concerns or management recommendations. A common 
theme was the protection of Alexander Archipelago wolf. Example comments include: 

• Recommendation for use of an advisory committee of expert biologists for development 
standards and guidelines to maintain wildlife populations. 

• Recommendation that standards designed to conserve wolves (and deer habitat) should 
be strengthened to reduce vulnerability of wolves. 

• Current Forest Service old-growth logging practices harm habitat and threaten wolf 
populations. 

• Recommendation to use the best available information, including work of the 
Interagency Wolf Task Force. 

• FWS requests clarification of when permits are needed for eagle nest disturbance, 
requests to participate in focal species discussion with Forest Service staff, and provides 
specific measures for the protection of goshawks. 

• Concern for other species, including pollinators (e.g., bees, bats, and butterflies), 
marbled murrelets, Queen Charlotte goshawks, marten, bears, flying squirrel and their 
habitat. 

• Impacts to subsistence. 
• Requests that any changes to Management Indicator Species (MIS) be made in a 

separate amendment process directed specifically at wildlife conservation and peer-
reviewed by an independent scientific panel, or part of a full Forest Plan revision. 

• Recommendation that the Conservation Strategy not be weakened in any way that could 
reduce species viability or increase risk to vulnerable species. Any modifications should 
be peer reviewed. 

• Consider alternatives favoring management for deer and wildlife habitat, healthy salmon 
streams, and a local wood economy for Southeast Alaska. 

• The Forest Service should meet future demands for fish and wildlife-beyond providing 
for minimal viable populations. 

• Forest Service should review the existing Forest Plan conservation strategy using an 
interdisciplinary approach. 
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• The EIS should describe the current habitat capacity and identify known wildlife 
corridors, migration routes, and congregation areas and evaluate the effects of the 
alternatives upon these. 

• The EIS needs to evaluate timberland suitability determinations in terms of the 
cumulative loss of habitat that has occurred due to high-grading the better quality old 
growth forests that provide optimum fish habitat and winter carrying capacity for deer. 
We request that your analysis: 

o disclose the cumulative effect of continued high-grading across the southern 
Tongass and discuss ending the practice; 

o assess potential impacts of any reasonably foreseeable future high-grading on all 
land ownerships; 

o consider high-grading at multiple scales and by different land ownerships in light of 
remaining large-tree productive old growth at the stand level relative to past 
selections of large tree and high value species and future harvests of these species, 
at the landscape scale and at the biogeographic landscape scale. 

• Potential changes to the conservation strategy should be outside the scope of the plan 
amendment. 

• Replacing MIS with focal species should be outside the scope of the plan amendment 
• Requests to develop alternatives that maintain well-distributed populations of focal 

species across the Tongass, including those in prior forest plans as MIS. 
• Consider alternatives favoring management for deer and wildlife habitat, healthy salmon 

streams, and a local wood economy for Southeast Alaska. 

6.4.23 Young-Growth Transition  
Numerous comments addressed the transition to young growth. Varying suggestions for old- 
and young-growth harvest levels over time, methods to open up YG, and suggestions for where 
timber should come from were received. Example comments are provided in the following 
subsections.  

6.4.23.1 Need More Rapid Transition to Young Growth 
Many comments were received that supported a transition away from old-growth harvests but at 
a rate faster than 10 to 15 years. Some supported an immediate stop to old-growth harvest 
while others recommended the transition be completed as soon as possible, in 2 years, or no 
more than 5 years or faster than 10 years. Example comments include: 

• Support a dual transition in which a firm ASQ is split between old- and second-growth 
components. Old-growth ASQ should be reduced drastically and immediately. The 
young-growth component should support ecological, economic, and community health 
linking restoration and stewardship with local wood product manufacturing. 

• Delaying the transition for another 10-20 years or more will result in unacceptable risks. 

6.4.23.2 Culmination of Mean Annual Increment (CMAI) 
Some comments suggested relaxation of the CMAI standard, or a limited relaxation if necessary 
to facilitate the young growth transition. Others commented that the transition should be delayed 
until more young growth has reached CMAI and allow old growth to be harvested in IRAs in the 
interim or that CMAI relaxation is not needed to secure the desired reduction in old-growth 
logging. 
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6.4.23.3 Effects on Local Industry and Communities 
Concerns were raised about the effects of a premature transition to young growth on local mills 
that would require retooling. Others expressed support for small, value-added mills in 
communities. 

• Support small value-added mills in our communities. Do not support export-oriented, 
industrial-scale, old-growth clearcuts. 

• A premature transition to YG will force mill closures because inadequate supplies are 
available and the transition would require total retooling of existing sawmills. 

• The current timber industry can be maintained through the transition through 
implementation of the Tongass Integrated Plan (February 2013). 

• Request for alternatives favoring jobs, sustained yield forestry, and a viable wood 
products industry based on 10-year contracts. 

6.4.23.4 Location of Young Growth Harvests 
• The Forest Service should consider restricting logging, from the time of the Record of 

Decision on, to a subset of the current roaded, suitable, and available timber base to 
reduce potential impacts to other resources. 

• Long-term availability of YG should be addressed later. In the meantime, YG harvest 
should be limited to non-controversial LUDs and YG should be separately stated (and 
capped) from old growth. 

• YG logging should avoid prime wildlife habitat. 
• Post-transition YG logging should be restricted to a subset of the current suitable and 

available land base that the agency identifies as least likely to entail significant 
environmental risks. Obvious exclusions, which could be implemented either through 
standards and guidelines or changes to the designated timber base, include roadless 
areas, karst lands, and high value deer winter habitat. 

6.4.23.5 Harvest Volume  
• Forest Service will have to offer substantially more than its recent average of timber and 

will have to build up a stockpile of sales so that commercial financing for a timber 
industry can be attained. 

• Reassure the existing timber industry that the Forest Service is committed to providing 
sufficient old-growth timber for a long enough period to permit private commercial-bank 
financing to pay for new mill equipment and to fund the expense of pioneering new 
markets for young-growth timber- all steps vital to support an Alaska timber industry. 

• A transition plan for YG that does not provide sufficient timber would violate the 
requirement of the Tongass Timber Reform Act to seek to meet the demand for timber. 

• It is unrealistic to expect a widespread YG transition to begin within the next 20 to 30 
years, without continued old-growth sales to make such a transition economic. 

• The ASQ should be revised to reflect the sustainable young growth timber base and 
small old growth sale program. 

6.4.23.6 Other Young Growth Transition Comments 
• Industrial-scale old-growth logging projects are in complete contradiction to the original 

transition plan. 
• All transition alternatives should focus on creating Alaskan jobs using Alaskan wood for 

available markets. 
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• The current planning process should consider timber growth rates, the landscape 
logging can occur on, the consequences of logging on ecosystem function, and the 
overall goals of Tongass management activities and how they balance with the strategic 
goals of overall Forest Service land management 

• The Forest Service should give consideration to conservation strategies for young 
growth resources and how these stands can be managed to provide for adequate, 
economically viable timber harvests while conserving and facilitating fish, wildlife, and 
their uses. 

• Transition alternatives should focus on the least vulnerable types of forest – red alder, 
conifer second growth, and cedar dieback. 

• Lands that would be opened up for YG have better use if left to evolve into old-growth 
habitat. 

• Both young- and old-growth timber programs are poor vehicles to stabilize communities. 
The Tongass Forest Plan amendment must evaluate all other alternatives to diversify 
and strengthen local economies 

• Postpone transition decision until results of YG inventory are available. 
• USFWS recommends establishing limits on the volume of old growth that may be cut in 

any year, with declining volumes allowed in subsequent years. 
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Planning Situation 
The National Forest Management Act of 1976 (NFMA) directs each National Forest to prepare a 
comprehensive land and resource management plan.  The Tongass National Forest produced its first 
comprehensive Plan in April 1979.  The NFMA also directs that these management plans be revised at 
least every 15 years. The Tongass began the Revision process in 1987, published a Draft Environmental 
Impact Statement (DEIS) in June 1990, and prepared the Supplement to the DEIS (SDEIS) as a result of 
the November 1990 Tongass Timber Reform Act (TTRA).  The SDEIS was published in August 1991 and 
the Revised SDEIS (RSDEIS) was published in April 1996.  The Final EIS (FEIS) for the Forest Plan 
Revision was published in 1997 along with a comprehensive Appendix B that detailed the analytical 
process followed. In 2002 a Draft Supplemental EIS (SEIS) was published and in 2003 a Final SEIS was 
developed; an Appendix B for modeling and analysis also accompanied the Final SEIS.  In 2008, the 
Forest Plan was amended and another Appendix B was developed for the FEIS (2008) to describe the 
major analytical processes and models used in the 2008 Forest Plan Amendment EIS.  This Appendix B 
is also designed to include descriptions, which document the analytical processes and models used for 
the 2016 Forest Plan FEIS. 

Due to the magnitude (17 million acres) and complexity (e.g., 19 land use designations) of the planning 
process, a number of analytical methods are used. This discussion includes basic assumptions, modeling 
components and inputs, rules, methods, and constraints. The information supplements the broader, less 
technical descriptions included in the body of Chapters 2 and 3 and Appendix C of the EIS.  Additional 
information and documents used in the analysis process are contained in the planning record. The 
planning record in its entirety is incorporated here by reference. 

Forest Management Modeling 
Analysis-related Changes between the 2008 and 2016 EISs 
As the assessment, development, and analysis of geographic information is a continuous process, 
aspects and attributes of existing databases are continually changing. These improvements and additions 
to the databases often have direct results on models, model results, and the assumptions used within the 
models themselves. A wide range of changes and updates were incorporated during the years between 
the 1997 FEIS and the 2008 FEIS.  These covered changes to resource inventories, coefficient 
development, and assumptions, all of which played a role in the recalculation of alternative outputs. 
Appendix B to the 2008 FEIS includes a description of these changes.  This section describes the 
changes that occurred since the 2008 FEIS.  They include: 

Recalculation of the Suitable Land Base for each Alternative—More accurate information about the 
landscape has been captured in the Forest’s GIS resource layers (e.g., streams, slopes, karst).  This 
information was used to update the suitable land bases.  In addition, the model used in the identification 
of suitable forest lands was refined.  See Appendix A of the Forest Plan and Chapter 3 of this FEIS for 
more detailed information on how more current information was included in the suitability analysis.  

Changes to Scenery Management System— Scenic Integrity Objectives were mapped for each 
alternative, based on Seen Areas, Distance Zones, and Land Use Designations (LUDs).  Seen Areas and 
Distance Zones are based on modeling of these using Visual Priority Routes and Use Areas (see 
Appendix F in the Forest Plan).  The Visual Absorption Capability was remodeled and mapped and based 
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on updated GIS layers.  Regulation Class layers (see below) were developed for use in Woodstock 
modeling.   

Land Adjustments—Since 2008, a number of land adjustments have occurred; foremost among these 
are the land adjustments resulting from Public Law 113-291 in 2014.  These adjustments have been 
incorporated into the current analysis as they have affected the total National Forest System (NFS) land 
base as well as the suitable forest land bases. 

Inventory and Data—The inventory step of the planning process consists of the collection, development, 
and documentation of data to address the public issues, management concerns and resource 
opportunities, and planning criteria.  Two basic types of information are needed to facilitate the analysis 
and development of alternatives.  The first consists of information related to the classification of land into 
categories with unique properties.  This classification can be based on any attribute significant to planning 
issues.  This type of information is tied directly to the map base.  In the case of the Tongass National 
Forest, this map base is its GIS database.  The second type of information is not directly tied to a map 
base, but has more to do with the estimation of how land will respond to certain management activities.  
This type of information comes from many sources:  Regional procedural handbooks, research studies, 
available literature, etc.  The most up-to-date and verifiable information available was used for the EIS. 
Several Forest-wide inventory data sources have been updated and improved for the 2016 FEIS.  The 
primary changes and updates to the inventory, data, and modeling include: 

• The timber harvest map was updated to reflect timber harvested through 2015.  

• The inventory of young-growth forest stands was updated. 

• Forest Planning and Projection System (FPS) model runs were conducted to estimate young-
growth yields, including commercial thins.  These runs were based off of a combination of FIA 
and stand-level data collected on young-growth stands. 

• New site index information was developed for all stands, young growth and old growth. 

• New roads were added to the roads data base.  

• Changes in land ownership due to conveyances to the state and Native corporations and other 
adjustments were addressed in the data base (noted above).  

• Improvements and updates were made to most other resource databases, including suitable 
lands for timber production, streams, slopes, karst, and other data.  

The major modeling changes were: 
• The forest management model was built using Woodstock, replacing the Spectrum model used in 

the previous plan (2008). 

• The forest management model was run for 20 five-year periods. 

• Analysis areas were defined using attributes not used previously (e.g., beach buffers, karst, etc.) 

• The updated Tongass young-growth timber inventory was used to model the young-growth land 
base.  The Woodstock model maintained stand-level detail for the young-growth acres.  Old-
growth acres were modeled as strata per the 2008 planning analysis.  

• All timber values were recalculated to reflect current information. 

• Watershed constraints were recalculated based on the suitable acres in each alternative. 

• Logging costs for young growth were calculated based on stand characteristics, using the 
equations from the Region 10 appraisal spreadsheets. 

• New treatment options including group selection/patch cuts and variable retention harvest were 
developed in some alternatives 
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• Minimum rotation ages were established based on log-product objectives, in some alternatives. 

• Harvest levels were established at a pre-determined target during the period of transition from 
old-growth to young-growth harvest. 

• A broader array and definition of land allocation constraints were developed.   

• Tongass National Forest acres transferred under Public Law 113-291 were removed from the 
model and do not contribute to the outputs, benefits and costs discussed in the EIS.   

• Haul costs were modified to include the costs of constructing and maintaining log transfer 
facilities; camp and commute costs were also added to remote VCUs.   

The Forest Planning Model Woodstock 
Woodstock is a commercially available forest management modeling system developed and sold by 
RemSoft (www.remsoft.com).  It is widely used by private, state, and federal land managers to develop 
and evaluate long-term timber harvest schedules designed to meet management objectives given 
constraints or limitations on management activities.  Woodstock allows planners to create a detailed 
forest management model with the available data.  In this planning effort, Woodstock was used to ensure 
that land allocations and output schedules for alternatives are realistic and meet standards and guidelines 
in a cost-efficient manner.   

Woodstock is similar to Spectrum, the modeling system used in the 2008 Forest Plan.  Both are linear 
programming models that assume that relationships between outputs and the land base are linear (e.g. 
harvesting twice the number of similar acres yields twice the timber volume).  A management objective is 
specified (e.g., maximize present net value of revenues from harvest) as well as any constraints that may 
affect that objective (e.g., land allocations, limits on harvest flow over time, limits on silvicultural choices, 
etc.). An in-depth technical discussion of linear programming and its use in forest management 
applications can be found in Davis et al. (2001). 

Woodstock was used instead of Spectrum for several reasons:   

1. Woodstock has a greater capacity than Spectrum.  This allowed the use of stand-specific yields 
for the approximately 8,400 young-growth stands.  Greater capacity also provided for a single 
model for suitable Tongass National Forest lands, as opposed to the three Spectrum models to 
cover the same land base. 

2. Woodstock provides more capacity and flexibility in specifying yields.  For the young-growth yield 
tables, for example, volumes were split into five species groups and four size classes.  The yield 
tables also contained logging costs specific to stand conditions. 

3. Woodstock provides more control for modeling.  For example, minimum rotation ages could be 
established such that each stand reached 95 percent of CMAI.   

4. Woodstock provided the solution in both a tabular and a spatial format that was used to drive 
other models.  

5. A previous Woodstock model offered a good starting point.  Before beginning work for the 
Tongass National Forest, the modeling subcontractor had already built a Tongass Woodstock 
model under contract to The Nature Conservancy.  Most of that model had been constructed in 
coordination with Tongass National Forest staff.  It was easier to convert that model to use for the 
Tongass than to start over with a new program. 

The Woodstock solution process involves three steps: 1) create a linear programming (LP) model, 2) find 
the optimal solution to the LP model, and 3) prepare reports of the model solution. Woodstock’s matrix 
generator portion translates the management objective, constraints and assumptions about the land base 
into a matrix of coefficients that can be solved with Mosek – a commercial LP solver software package.    
The solver software identifies a set of management prescriptions that results in the highest possible 

http://www.remsoft.com/
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objective function value (e.g., Net Present Value) within the constraint parameters (meeting desired 
conditions and appropriate standards, guidelines, and land allocations).  Woodstock’s report writer portion 
then translates the LP output into reports, such as costs, revenues, landscape condition, and long-term 
sustained yield capacity. For some alternatives, Woodstock’s spatial solution generator was used to map 
the solution for use in other analytical tools. 

Results from the modeling process are only approximations of what to expect when any given alternative 
is implemented.  The main purpose of modeling is to aid planners in estimating likely future 
consequences of management decisions.  An informed choice between alternatives can be made even 
though the model may lack precision in describing specific attributes of a given alternative.  

The Tongass Woodstock Models 
Large LP models can be difficult or impossible to solve.  While the Woodstock model offers more capacity 
than the Spectrum model, some of the limitations of the previous Spectrum models were imposed on the 
Woodstock model.  Specifically, the Woodstock models for the Tongass only analyze land classified as 
suitable for timber production.  Those lands considered "not suitable" for timber production were omitted 
from the models since there were no opportunities to schedule management activities.  The process for 
determining suitability can be found in Appendix A, " Identification of Lands as Not Suitable and Suitable 
for Timber Production," of the Forest Plan.   

Woodstock Model Components 
A Woodstock model has five main components:  1) the objective function, 2) land base development 
types, 3) management prescriptions, 4) activities and outputs, and 5) constraints.  The objective function 
provides the model with a way to evaluate management options. Examples of typical objective functions 
are “maximize net present value,” “maximize timber volume,” and “minimize cost.”  Only one objective 
function can be used for each model run; however, forests typically find it beneficial to use the results of 
one objective function run to learn about the specific nature of their management problem or to formulate 
desired conditions used with another objective function.  Detailed information on objective functions used 
by the Tongass is found in the solution process section of this appendix.   

The management prescriptions and constraints influence how the land base will be defined.  The 
Tongass models are designed to analyze the activities and outputs associated with timber harvest 
scheduling; therefore, the land base is defined by those characteristics significant to the timber resource. 
Other resources are dealt with through the LUD allocation process and model constraints.  The 
management prescriptions applied to the Forest differ by types of regimes, rotation age and dispersion 
amount (portion of the trees removed from the stand).  The costs associated with timber harvesting are 
documented below as are the volumes and value of the wood fiber.  The constraints differ by alternative 
but often refer to a particular timber classification, specific geographic area, activity or output volumes 
allowed, and management allocation.  Constraints are used to ensure desired condition achievement, 
compliance with appropriate standards and guidelines, and that the resultant management strategy is 
feasible. 

Vegetation Inventory  
The Tongass Geographic Information System (GIS) library was used as the source of all spatial 
information used in the forest management model.  The timber inventory came from two sources: 

Old-Growth Inventory – The Woodstock model used the same old-growth inventory data that 
was used for the 2008 Forest Plan, with the updates described above.  Specifically, 15 strata are 
used to define timber volumes and yields.  They span 3 stocking levels and 5 geographic ranges.    

Young-Growth Inventory – Inventory projections for the young-growth acres were based on the 
young-growth stand-based inventory, and the recently completed site index layer.  There are 
about 8,100 young-growth stands in the Tongass inventory.  About 40,000 cruise plots were 
established in a subset of the young-growth stands, distributed across the forest.  Plot data was 
compiled and average stand conditions expanded to establish inventory on the un-cruised stands 
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using strata based on District, size class and density class.  Each stand was grown forward with 
the FPS growth model, using the site index specific for that stand.  At each five-year period, the 
stand table was merchandized into six species groups and four size classes.       

Land Base Analysis Areas 
Analysis Areas represent unique combinations of the different Identifiers used to stratify the mapped 
suitable land base.  The mapped suitable land base is different for each alternative and is displayed in the 
EIS.  The total land base analyzed amounts to almost one million acres.  It is important to note that they 
include the unmapped unsuitable lands accommodated for by the Model Implementation Reduction 
Factor (MIRF – see below for detailed discussion).  If information was perfect, and all unsuitable lands 
could be mapped, the actual suitable would be somewhat less than the land base represented by the 
analysis areas. 

An analysis area is an operational aggregation of land resource polygons that have the same 
characteristics, are expected to have similar responses management prescriptions, and have similar 
costs and benefits associated with management prescriptions.  By an extension of this logic, analysis 
areas differ from each other in management prescription response and the costs and benefits associated 
with those prescriptions.  Analysis Areas are unique combinations of the Analysis Area Identifiers 
described below. 

Analysis Area Identifiers. Fourteen attributes were used to classify the land base for the Woodstock 
models.  An analysis area is a unique combination across all attributes.  The attributes describe 
characteristics that: (a) affect timber growth and yield; (b) describe the existing timber stand; (c) affect 
timber management costs and/or revenues; (d) affect land allocation and/or management restrictions in 
some or all alternatives.  The attributes are described below. 

Stand ID: Existing inventories were used to produce current and future yield values for all current 
young growth stands.  These yields were stand based and referenced by Woodstock using the 
Stand ID. 
 
Old Growth Strata: There are 15 strata assigned to the old growth stands.  They span 3 stocking 
levels and 5 geographic ranges.  In lieu of yield produced at the individual stand level, yields for 
old growth stands are assigned to each of these 15 strata. 
 
Regulation Class: Regulation class is determined by the combination of Scenic Integrity 
Objective, LUD designation, Distance Zone and Visual Absorption Capacity. Regulation class 
affects the intensity of potential harvesting activities and is used to assign management regimes.   
 
Site Class: There are nine site index classes utilized in this model.  The primary use of site index 
is by the growth model when generating future yields. The site index was also used to establish 
minimum rotation ages. All site indices are base age 50, and correspond to the site productivity 
values in FPS. 
 
Timber Phase: Old growth strata and young-growth stands can be categorized in one of 3 land 
phases, based on the Tongass Timber Sale Adaptive Management Strategy.  All alternatives can 
access timber in Phase I and some alternatives can access timber in Phases II and III as well. 
 
District: There are 10 districts in this model.  District is used for both reporting and for assigning 
regeneration yields.  Northern districts did not include cedar as a part of the regeneration species 
mix, while those in the southern districts did. 
 
Steep Slopes: Slopes over 72- percent are considered oversteepened.  In some alternatives, 
management is restricted on oversteepened slopes. 
 
Land Use Designation (LUD): There are five LUD classifications in this model.  The LUD is a 
factor in identifying appropriate management regimes.   
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Road Classification: Road classification specifies whether an area is presently roaded or 
unroaded.  The roaded/unroaded condition of an area influences the cost of harvesting the timber 
and is used to determine appropriate management.  Unroaded areas require more costly road 
construction; roaded areas require less costly road maintenance and repair when harvesting 
activities are conducted. 
 
Riparian Management Area: Riparian management area (RMA) is used to assign management 
regimes in some alternatives. 
 
Beach Buffer: Stands that border saltwater are designated as within the beach and estuary 
fringe (also referred to as beach buffers).  Beach buffers are used to assign management 
regimes.  In Alternative 5, a 200-ft fringe right along the water is never planned for treatment. 
These stands received a 21-percent reduction in acres to account for a fringe area right along the 
water that will never be assigned management in any alternative addressed by this model.   
 
Karst: Karst landscapes have been categorized as low, moderate, and high vulnerability.  Karst 
is used to assign management regimes. 
 
Value Comparison Unit (VCU): VCUs, which generally represent large watersheds, are used to 
assign hauling costs.  VCUs are also used to disperse harvest across the landscape 
 
Logging System: Logging systems consist of the three basic categories of ground, cable, and 
helicopter.  Cable and helicopter have additional levels depending on yarding distance.  Logging 
systems are used to assign logging costs. 
 
 

Table B-1  
Woodstock Themes 
Theme Attributes 
Old Growth Strata North Island Low Volume 
  North Island Medium Volume 
  North Island High Volume 
  North Mainland Low Volume 
  North Mainland Medium Volume 
  North Mainland High Volume 
  South Island Low Volume 
  South Island Medium Volume 
  South Island High Volume 
  South Mainland Low Volume 
  South Mainland Medium Volume 
  South Mainland High Volume 
  Yakutat Island Low Volume 
  Yakutat Island Medium Volume 
  Yakutat Island High Volume 
Regulation Class Ineligible for management 

 
Reg Class 1 

 
Reg Class 2 

  Reg Class 3 
Site Class SI  1 to 35 
  SI 36 to 45 
  SI 46 to 55 
  SI 56 to 65 
  SI 66 to 75 
  SI 76 to 85 
  SI 86 to 95 
  SI 96 to 105 
  SI > 105 
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Table B-1 (continued) 
Woodstock Themes 
Theme Attributes 
District Admiralty 

 
Craig 

 
Hoonah 

 
Juneau 

 
Ketchikan 

 
Petersburg 

 
Sitka 

 
Thorne Bay 

 
Wrangell 

  Yakutat 
LUD Modified Landscape 
  Old Growth Reserves 
  Scenic Viewshed 
  Timber Management 
  All Others 
Roadless Roadless between 1000 and 5000 acres 

 
Roadless less than 1000 acres 

 
Inventoried Roadless Area – non-roaded 

 
Inventoried Roadless Area – roaded 

 
Roaded 

Karst None 
  Low Vulnerability 
  Medium Vulnerability 
  High Vulnerability 
  Unknown 
Logging System Ground 

 
Cable Short span 

 
Cable Long span  

 
Helicopter  Distance <0.75 Mile 

 
Helicopter Distance 0.75-2 Miles 

  Helicopter Distance >2 Miles 
 
Modeled Analysis Areas.  Using the 14 attributes, there were about 120,000 unique combinations 
of acres.  Many of these analysis areas were small and we eliminated small polygons in order to make 
the model run more efficiently.  Young growth analysis areas that were less than 0.5 acre and old-growth 
analysis areas less than 1.0 acre were eliminated.  This eliminated about 36,000 potential analysis areas 
and about 6,300 acres from the model.   

Management Prescriptions 
A prescription is a management practice or group of management practices applied to a specific land 
area. The planning process involves assignment of the land base to the available prescriptions. This is 
facilitated by the Woodstock model and is based on forest constraints specific to each forest plan 
alternative and the objective function.  

Prescriptions were developed by the interdisciplinary team to represent the full range of possible 
management activities and outputs.  Since the Tongass models are concerned primarily with timber 
harvest scheduling, only prescriptions related to timber harvest were modeled.  The interdisciplinary team 
quantified the outputs, costs, and revenues that would occur when these timber prescriptions were 
applied to a given analysis area. This quantification process produced the output, cost, and revenue 
coefficients that are used in Woodstock yield and economic tables.  The interdisciplinary team, during its 
development of standards and guidelines for all prescriptions, ensured that the specific management 
requirements set forth in 36 CFR 219.27 would be met in accomplishing the goals and objectives for the 
Tongass. 
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Woodstock prescriptions were developed to allow consideration of a full range of management activities 
in the analysis areas.  A grow only or no-harvest prescription was created for each analysis area as well 
as several different harvest options.  The only criterion used to eliminate timber options from the models 
was technical feasibility.  For example, ground-based/shovel logging was not considered on slopes 
greater than 35 percent.  Consideration of timber prescriptions for any given Analysis Area was not 
directly limited by economic efficiency, in order to allow them to be chosen in efficient fulfillment of a 
forest-wide desired condition (CFR 219.14(f)(8)).  Available timber options were not eliminated from 
consideration because they produced a negative PNV or even a lesser PNV than some other timber 
option.  A full range of timber options with varying levels of economic efficiency was available to the 
model, and the Woodstock model was able to consider the economic efficiency of each prescription 
during the solution process.   

The prescriptions analyzed are briefly described below.  Note that all regimes assume natural regen, and 
that all existing young-growth stands 20 years or less, and all regeneration stands are assumed to have a 
precommercial thinning to bring the stands to desirable stocking levels. 

Grow only or Minimum Level/Maintenance.  Applies minimum custodial direction for the timber 
resource. There is no commercial timber harvest and no production of outputs related to timber 
harvest. This is the prescription assigned to lands not scheduled for timber harvest 
 
Clearcut.  Removal of all merchantable commercial trees within a stand in one operation. This 
prescription is only available for old-growth stand and existing young-growth stands past the age 
of precommercial thinning.  
 
Precommercial thinning and clearcut.  All young-growth stands 20 years old and younger 
received a precommercial thinning.  Final harvest removes all merchantable commercial trees 
within a stand in one operation. This prescription is available for young-growth stands 20 years 
and less, and regenerated stands. 
 
Commercial thinning and clearcut.  One commercial thin at age 60, 65, 70, 75, 80 70, 75, or 
80. Clearcut at choice of rotation ages.  
 
Precommercial thinning, commercial thinning and clearcut. Young-growth stands 20 years 
old and less receive a precommercial thinning.  One commercial thin at age 60, 65, 70, 75, 80 70, 
75, or 80. Clearcut at choice of rotation ages. This prescription is available for young-growth 
stands 20 years or less and regenerated stands. 
 
Commercial thinning, no subsequent harvest.  One commercial thin at age 60 or older; no 
further entries are allowed. This prescription is available for young-growth stands in certain land 
allocations, defined for each alternative. 
 
Young Growth Patch Cuts.  This regime creates an uneven-age class distribution across space 
by creating smaller even-aged openings.  Up to 35 percent of the stand is harvested in small 
openings, no larger than 10 acres in size.  Openings will naturally regenerate, and precommercial 
thinning may be scheduled to coincide with a subsequent harvest entry.  This prescription is 
available for young-growth stands in certain land allocations, defined for each alternative. 
 
Old Growth Partial Cut.  On first entry into old-growth stands, 75 percent of the standing volume 
is harvested.  The remaining 25 percent of the stand is harvested every 50 years.  This 
prescription is available for old-growth stands in Regulation Class 3. 
 

Minimum Rotation Age 
The National Forest Management Act establishes the minimum rotation age for even-aged harvest as the 
age at which stands have “generally reached culmination of mean annual increment (CMAI)”.  The 
planning regulations define this more specifically as the time that stands reach 95 percent of mean annual 
increment.  
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To define this for modeling, young-growth stands were grown forward to project the age at which each 
stand would reach CMAI. The results indicated that most stands would not reach 95 percent CMAI prior 
to age 90, and many stands would take considerably longer than that, as shown in Figure B-1 below. 

Public Law 113-291 of 2014 made provision for shorter rotations on a limited basis – up to 1,500 acres 
per year in the first 10-year period, and no more than 50,000 acres in the first 20 years, could be 
harvested at ages less than 95 percent CMAI. This standard was used as the basis for Alternative 1.  
However, after 20 years, minimum harvest age was defined by 95 percent CMAI.   

To increase the transition speed to a young-growth harvest program, rotations shorter than 95 percent 
CMAI were used in Alternatives 2, 3, 4, 5, and 7 (Alternative 7 is the very short-rotation alternative, which  
was evaluated but not analyzed in detail), and in calculation of the Sustained Yield Limit.  Alternative 6 
(the State-recommended alternative, which was evaluated but not analyzed in detail) used 95 percent 
CMAI exclusively. 

Figure B-1 Frequency Distribution for Age at 95 Percent CMAI for Young-growth Stands 
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Minimum rotations less than 95 percent CMAI were based on an analysis of the log products that could 
be made from young-growth stands.  A number of different standards were evaluated.  Ultimately, 
minimum rotation ages for young-growth stands were set at the age at which at least 50 percent of the 
total volume comes from trees with at least two full 36-ft. logs.  Comparing Figure B-2 with Figure B-1 
shows that this standard reduces the minimum rotation age for most stands.   
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Figure B-2 Frequency Distribution for Age when 50% of Volume Comes from Trees with at least 
Two 36-ft. Logs 
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Further analysis indicated that most young-growth stands with a site index of 90 or greater would reach 
this standard at age 65, and that most stands with site index less than 90 would reach this standard by 
age 75.   

Minimum rotations in the harvest scheduling model were set at 65 for higher site stands (site index 90+) 
and at 75 for lower site stands (site index less than 90).  These minimum rotation ages establish the first 
time that a young-growth stand could be considered for harvest.  Due to the current young-growth age-
class distribution, much of the harvest in the early planning periods would come from stands harvested at 
these minimum rotation ages, as shown in Figure B-3. 

Figure B-3 Average Age of Young-growth Clearcuts in the Preferred Alternative 5 by 5-year 
Planning Period 
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Activities and Outputs 
Management activities create costs and produce outputs, both of which are reflected in the Woodstock 
model.  Each Activity and Output used in the model is described below. 

Activity Costs.  All costs and values used in the Woodstock are based on the current USFS Region 10 
appraisal system.  Costs in the model include costs incurred by the timber sale purchaser – logging, haul 
and presale costs.  The Forest Service costs for timber sale preparation and harvest administration are 
also included in the model, but do not contribute to the Present Net Value objective function.  The actual 
cost figures used in the analyses are available in the planning records.  

Coefficient Development and Estimation of Effects.  The GIS enables identification and stratification 
of land into logical groupings.  The response of these groups to management activities was determined 
from a wide variety of existing data.  All coefficients and assumptions made in the modeling process have 
been developed from the following information sources. 

Yarding/Logging Costs  
Information Source: Calculated using equations from USFS Region 10 timbers sale appraisal 
spreadsheets. 
 
Occurs With or Varies By:  For old growth, varies by volume class, logging operability, geographic 
zone, productivity group, stand age, and prescription.  This cost is incurred according to net 
sawlogs removed per acre.  For young growth, varies by volume per acre, logging operability and 
harvest method. 
 
Assumptions: These costs include road maintenance relative to logging, profit and risk relative to 
yarding, landing construction, and yarding. Logging costs increase as operability becomes more 
difficult. The logging operability classification of the area heavily influences the logging costs due 
primarily to the different harvest systems required. The size of the logs influences logging costs. 
Typically, larger logs result in less logging cost per 1,000 board feet.  For old growth, volume 
class and productivity group are used to estimate the average log size and volume per acre for 
each unit. For young growth, pieces per thousand are used in the young growth logging cost 
equations to estimate logging costs specific to each stand at each time period. 
 
Logging systems include ground-based/shovel, short-span cable and long-span cable.  Helicopter 
costs will also be determined by three categories of distance (0.5 mile, 1.25 mile, and 2+ mile).  
Helicopter costs are constant costs independent of volume strata and geographic zone, so they 
can be applied wherever helicopter logging must be used. Young-growth harvest costs were 
determined initially from FVS outputs at age 80.  They were then adjusted for geographic zone, 
age, and prescription (i.e., clearcut or thin) using South Islands (POW, where the data was 
collected) as a reference point. Cost curves from 1996 were used as the basis of this adjustment. 
 
Felling and bucking coefficients 
Information Source:  Based on most recent USFS Region 10 appraisal spreadsheets. 
 
Occurs With or Varies By: Tracked on a per volume basis (MBF). For old growth, varies by 
volume class. For young growth, coefficients are based on projected yields for each stand. 
 
Assumptions: Felling and bucking costs were split out separately from logging costs. Old-growth 
costs varied by Geographic Zone and volume strata.  
 

Outputs (Benefits).  The economic benefits associated with timber harvest are based on appraised 
value. Value is based on tree size, species composition, amount of defect, and assumptions about 
domestic manufacture and export.  Timber benefits are measured as pond log value.  Pond log values 
used in the Woodstock model are the estimates of price a timber buyer would pay for a log at the mill site, 
less the markup charged by the logger (profit and risk). To get the stumpage value of this log, all 
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estimated costs that are incurred to get the log to the mill must be subtracted from the pond log value.  
The resulting stumpage price is assumed to be the price the timber buyer pays for the log (bid price). Bid 
price represents money to the U.S. Treasury.  

Sawtimber (board feet and cubic feet) 
Information Source:  Timber values were determined using timber appraisal methodologies for 
Southeast Alaska (FSH 2409.22) as reflected in the most recent USFS Region 10 appraisal 
spreadsheets.   
 
Merchantable volume of existing old growth timber stands was based on FIA plot analysis by 
volume strata within each identified Geographic Zone and are the same volumes used in the 
2008 Plan.   
 
Yields for existing young-growth timber stands were derived from a recent young growth 
inventory and a recently updated site index map.  In the Woodstock model, each of the 
approximately 8,100 young-growth stands were grown forward and those unique yield projections 
were each used in the model.  Stands 20 years old and younger were assumed to have a 
precommercial thin to achieve desirable stocking levels. 
 
Yields for future regenerated stands were based on a subset of the young growth yields.  All 
future stands are assumed to have desirable stocking due to precommercial thinning. 
 
Occurs With or Varies By: At harvest, the old-growth volume of merchantable timber produced 
generates a revenue per mbf that varies by Geographic Zone and volume class. Geographic 
zone affects this revenue due to differences in species composition and wood quality.  Young 
growth harvest revenue is based on the species and size class of the harvested logs. 
 
Assumptions:  For existing old-growth stands, piece size and species composition is determined 
from a tree-by-tree analysis of the FIA plot summary data. For young growth and regenerated 
stands, piece size and species composition is based on a tree-by-tree analysis of the FPS model 
outputs. It is assumed that existing old-growth volumes are constant (i.e., through time, growth 
equals mortality). Young- growth (regenerated) stands grow at a rate determined by the FPS 
model.  Pond values are based on the assumption that for species that are exported, half of the 
volume will be exported, and half will be processed by domestic manufacturers. 
 
 

Woodstock Constraints  
Constraints in a linear programming model are the rules that must be followed when determining an 
optimal problem solution. Without constraints, the solution of a Woodstock model may represent a 
management strategy that is impractical, inconsistent with the forest plan, or in conflict with Forest 
Service policy. Thus, constraints are included in Woodstock models to ensure that their results are useful 
and meaningful. 
There are two categories of constraints within a Woodstock linear programming matrix: implicit and 
explicit. Implicit constraints are common to all Woodstock models.  For example, all acres in the model 
must be allocated to some prescription (even if it is the “no management” prescription), or the number of 
acres assigned to each prescription must not be negative.  These types of constraints are exercises in 
logic and need not be discussed further.  

Explicit constraints are those constraints added to Woodstock models by planners.  These constraints 
come in many forms and are applied to mimic regulations and laws such as NFMA, standards and 
guidelines set forth in the forest plan, and on-the-ground operating conditions. An example is the non-
declining yield constraint.  Proven ability to maintain a constant flow (non-declining yield) of harvested 
timber volume in perpetuity is Forest Service policy.  A constraint is added to the Woodstock data set that 
forces all timber harvest volumes to be at least as great as the previous decade's harvest volume (see 
below for further discussion).  Another example may be a constraint that forces a certain area to be 
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managed specifically for wildlife habitat. There are many explicit constraints in the Tongass models. They 
vary by land attributes, geographic area, and by management alternative.  The explicit constraints used in 
the Woodstock models fall into two categories: timber policy constraints and operational constraints.  A 
detailed discussion of the intent of these constraints follows.  They are summarized in Table B-2 for 
comparison of their application across the alternatives. 

Timber policy constraints.  These constraints are included in the Woodstock models to represent legal 
or policy requirements of national forest timber management.  The primary requirements regarding timber 
management incorporated into Tongass Woodstock models are: 

Non-declining Yield.  The Tongass models have a constraint that ensures harvest volume (in 
board feet) will not decline in any period over the 100-year planning horizon per national policy.  
Harvest volumes may increase, but all subsequent harvests must be at least as much as the 
previous decade’s harvest.  
 
Sustained Yield.  The harvest in any decade of the planning horizon must not exceed the Long-
Term Sustained Yield that can be maintained on the forest. Long-term sustained yield is 
measured in cubic feet. It is calculated as the average yearly volume yielded from a chosen 
management action, summed across all management actions for all stands chosen by the model. 
For instance, if a management action yields 50 cubic feet every 100 years, the Long-Term 
Sustained Yield for that management action is 0.5 cubic feet per year. 
 
Minimum harvest age.  The age at which a managed stand is harvested is called the rotation 
age. Agency policy has been that rotation age can be no earlier than the age at which 95% of 
culmination of mean annual increment (CMAI) occurs.   As discussed above, because of this 
transition to young-growth management, most alternatives in this plan amendment allow harvest 
at ages younger than 95% CMAI (based on legislative and NFMA exceptions). 
 
Constraints Common Across All Alternatives.  There are four constraints common to all seven 
alternatives.  They are: (1) Non-declining yield, (2) Harvest during the first three periods – can 
only come from Craig, Thorne Bay, Ketchikan, Petersburg, and Wrangell Districts; after that, all 
nine timber districts are available become available, (3) Normal operability constraints, and (4) 
Old growth high volume strata constraints. 

 
Compatibility Matrices Specific to Each Alternative.  The Tables below show which 
management regimes are compatible with each land use allocation, under each alternative.  
These “compatibility matrices” were used to build the land allocation constraints into the 
Woodstock models. 
 

Table B-2.0  
Key for Codes Found in Tables B-2.1-7 

Code Description 
NH No Harvest 
CC Clearcut 
GS Group Selection and Patch Cut 
VR Variable Retention 
CT Commercial Thin 
Par Partial Harvest 
YG Young Growth 
OG Old Growth 
x1 x1 = Phase 1 only 
x2 Remove 33% of volume 
x3 Only CC harvest in Period 1-3, then CT but no CC 
x4 Patch cutting in Moderate, clearcut in Low 
x5  Minimum age 60/70 
x6 Where also OG and RMA, minimum age 65/75 
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Table B-2.1  
Compatibility Matrix Alternative 1 
 YG OG 
 NH CC CT CC CT NH CC Par 
Roadless x - - - x - - 
Phase I, II and III  x x -   x x x 
Roaded Roadless x - - - x - - 
Beach Buffer x - - - x - - 
Karst - High x - -  - x - - 
Karst - Moderate & Low x x -   x x x 
LUD - Non Development x - - - x - - 
RMA outside TTRA Buffer x - - - x - - 
Steep Slope, MMI 4 x x - - x - - 
LUD - Modified Landscape x x - - x x x 
LUD - Scenic Viewshed x x - - x x x 
LUD - Timber Production x x - - x x X 
*Relax CMAI on 50,000 acres in first 20 yrs (1st decade 15,000 ac, no more than 1500 ac per year) 
*FP Scenery Standards apply (Reg class constraints by VCU) 
*YG use 2 log trigger 
*If YG+OG > 46, then OG volume = 5, else OG+YG = 46 
*Total harvest during transition <= 46 

 
 

Table B-2.2  
Compatibility Matrix Alternative 2 
 YG OG 
 NH CC CT CC CT NH CC Par 
Roadless x - - - x - - 
Phase I, II and III  x x -   x x x 
Roaded Roadless x x - - x x x 
Beach Buffer x x3 - x x - - 
Karst - High x - - x x - - 
Karst - Moderate & Low x x -   x x x 
LUD - Non Development x x - - x - - 
RMA outside TTRA Buffer x - - x2 x - - 
Steep Slope, MMI 4 x x - - x - - 
LUD - Modified Landscape x x - - x x x 
LUD - Scenic Viewshed x x - - x x x 
LUD - Timber Production x x - - x x X 
*Relax CMAI on 50,000 acres in first 20 yrs (1st decade 15,000 ac, no more than 1500 ac per year) 
*FP Scenery Standards apply (Reg class constraints by VCU) 
*YG use 2 log trigger 
*If YG+OG > 46, then OG volume = 5, else OG+YG = 46 
*Total harvest during transition <= 46 
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Table B-2.3  
Compatibility Matrix Alternative 3 
 YG OG 
 NH CC CT CC CT NH CC Par 
Roadless x x - - x x x 
Phase I, II and III  x x -   x x1 x1 
Roaded Roadless x x - - x x x 
Beach Buffer x - - x x - - 
Karst - High x - - x x - - 
Karst - Moderate & Low x x -   x x x 
LUD - Non Development x x - - x - - 
RMA outside TTRA Buffer x - - - x - - 
Steep Slope, MMI 4 x x - - x - - 
LUD - Modified Landscape x x - - x x x 
LUD - Scenic Viewshed x x - - x x x 
LUD - Timber Production x x - - x x X 
*Relax CMAI on 50,000 acres in first 20 yrs (1st decade 15,000 ac, no more than 1500 ac per year) 
*FP Scenery Standards apply (Reg class constraints by VCU) 
*YG use 2 log trigger 
*If YG+OG > 46, then OG volume = 5, else OG+YG = 46 
*Total harvest during transition <= 46 
 
Table B-2.4  
Compatibility Matrix Alternative 4 
 YG OG 
 NH CC CT CC CT NH CC Par 
Roadless x - - - x - - 
Phase I, II and III  x x1 - - x x1 x1 
Roaded Roadless x - - - x - - 
Beach Buffer x - - x x - - 
Karst - High x - - x x - - 
Karst - Moderate & Low x x -   x x x 
LUD - Non Development x - - - x - - 
RMA outside TTRA Buffer x - - - x - - 
Steep Slope, MMI 4 x x - - x - - 
LUD - Modified Landscape x x - - x x x 
LUD - Scenic Viewshed x x - - x x x 
LUD - Timber Production x x - - x x X 
*Relax CMAI on all acres and time periods 
*FP Scenery Standards apply (Reg class constraints by VCU) 
*YG use 2 log trigger 
*If YG+OG > 46, then OG volume = 5, else OG+YG = 46 
*Total harvest during transition <= 46 
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Table B-2.5  
Compatibility Matrix Alternative 5 
 YG OG 
 NH CC CT CC GS VR CT NH CC Par 
Roadless x - - - - - x - - 
Phase I, II and III  x x - - - - x x x 
Roaded Roadless x - - - - - x - - 
Beach Buffer x - - - x6 x x - - 
Karst - High x - - - - - x -   
Karst - Moderate & Low x x4 -     - x x x 
LUD - Non Development x - - x5  - - x - - 
RMA outside TTRA Buffer x - - x5  - x x - - 
Steep Slope, MMI 4 x - - - - - x - - 
LUD - Modified Landscape x x - - x6 - x x x 
LUD - Scenic Viewshed x x - - x6 - x x x 
LUD - Timber Production x x - -  - - x x X 
*Relax CMAI on all acres and time periods 
*FP Scenery Standards apply (Reg class constraints by VCU) 
*YG use 2 log trigger 
*If YG+OG > 46, then OG volume = 5, else OG+YG = 46 
*Total harvest during transition <= 46 
 

 
Table B-2.6  
Compatibility Matrix Alternative 6   
(State of Alaska alternative – modeled, but not analyzed in detail) 
 YG OG 
 NH CC CT CC CT NH CC Par 
Roadless x x - - - x x 
Phase I, II and III  x x - - - x x 
Roaded Roadless x x - - - x x 
Beach Buffer x - - - - - - 
Karst - High x - - x x - - 
Karst - Moderate & Low x x -   x x x 
LUD - Non Development x - - - x - - 
RMA outside TTRA Buffer x - - - x - - 
Steep Slope, MMI 4 x - - - x - - 
LUD - Modified Landscape x x - - x x x 
LUD - Scenic Viewshed x x - - x x x 
LUD - Timber Production x x - - x x X 
*95% CMAI on all acres and time periods 
*No FP Scenery Standards in this alternative 
*Total acreage in even-aged stands less than 150 years would be limited to 33% of the forested acres within 
a VCU.   
*If YG+OG > 46, then OG volume = 5, else OG+YG = 46 
*Total harvest during transition <= 46 
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Table B-2.7  
Compatibility Matrix Alternative 7  
(Conservation group alternative – two options modeled, but not analyzed 
in detail) 
 YG OG 
 NH CC CT CC CT NH CC Par 
Roadless x - - - x - - 
Phase I, II and III  x x x   x x x 
Roaded Roadless x - - - x - - 
Beach Buffer x - - - x - - 
Karst - High x - -  - x - - 
Karst - Moderate & Low x - -   x x x 
LUD - Non Development x - - - x - - 
RMA outside TTRA Buffer x - - - x - - 
Steep Slope, MMI 4 x - - - x - - 
LUD - Modified Landscape x x x - x x x 
LUD - Scenic Viewshed x x x - x x x 
LUD - Timber Production x x x - x x X 
*Relax CMAI on all acres and time periods 
*FP Scenery Standards apply (Reg class constraints by VCU) 
*Short log min CC age = 55 
*Long log min CC age = 65/75 
*Transition ends @ 5 years-OG harvest levels out at 3.5 MMbf/year 
*If YG+OG > 46, then OG volume = 5, else OG+YG = 46 
*Total harvest during transition = 35 
 

Model Implementation Reduction Factor Constraints (MIRF).  These constraints are designed 
to accommodate for unmapped unsuitable lands that were missed during the suitability 
determination.  It is assumed that when harvest activities occur, a certain percentage of the 
assumed suitable land will be off-limits for management due to several economic or ecological 
considerations.  These constraints are applied to each old-growth volume strata of each of the six 
operability harvest systems as well as to young-growth stands.  The constraint is implemented by 
forcing the model to never harvest a certain percentage of the acres in the model.  The effect is to 
control the maximum amount of acres from the suitable land base that are actually harvested. 
See below for a discussion of how MIRF factors were determined. 
 
Dispersion and Adjacency Constraints.  To meet visual quality and Regulation Class 
objectives, dispersion and adjacency constraints were incorporated into the models.  “Dispersion” 
refers to spreading harvests across the landscape rather than focusing all activities in a 
concentrated area.  The dispersion limits are taken from proxies developed by Tongass 
landscape architects for each LUD.  These visual guidelines estimate how much of a viewshed 
can be "disturbed" at any one time and still meet the adopted scenic integrity objectives of the 
area.  They also specify length of time before harvest of adjacent units is permissible and the 
maximum size of these harvest units.  Table B-7 (below) shows the constraints that were used for 
each Regulation Class.  The “Visual Disturbance” factors were used in the constraints section of 
the model and the “Adjacency” definitions were defined in the outputs section of the model.  
Together, these two definitions (as well as treatment options available to each regulation class) 
distinguish the regulation classes in the model.  Detailed information about these constraints is 
found in the “Regulation Class” section of this appendix (below).  
 

Woodstock Solution Process 
The following sections describe some of the steps involved in solving the Woodstock models.  Following 
that is a brief discussion of how the Tongass evaluated economic efficiency of the alternatives.   
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Objective Functions 
The objective function of a linear programming model allows the model to determine the “best” set of 
management actions that meet the constraints.   It is generally expressed as a “minimize” or “maximize” 
function.  The LP solution software finds the largest (or smallest) value possible of the objective function 
within the boundaries of the model constraints.  Linear programming principles guarantee that the solution 
is optimal; that is, the best answer possible.  Different objective functions were used to explore the 
Tongass management problem.  While the “maximize present net value” objective function was used for 
the final results, the others were used at intermediate steps in the analysis process. Some of the objective 
functions used in the modeling process include: 

Maximize Net Present Value. Present Net Value (PNV) is defined as the benefits less the costs of a 
management prescription, discounted at 4 percent annually to the present day, summed over all 
management prescriptions of all Analysis Areas.  Because the model is formulated in 5-year time periods, 
discounting is done from the middle of each period.  This is the objective function that was used for all 
final model runs presented in this FEIS.  This ensures that the final harvest schedule is the most 
economically efficient approach to meeting the constraints with the available stands. 

Maximize Discounted Timber Volume.  Timber volume is tracked for each management action of each 
Analysis Area in each period.  Each volume is discounted to the present and the total amount is 
maximized.  The Woodstock model was used to determine how quickly the Tongass could transition to a 
sustainable timber sale program comprised primarily of young-growth harvest, and how high the young-
growth harvest could be, given the land allocation and other management constraints.  Maximizing 
discounted volume ensured that the model had the incentive to get as much young-growth volume as 
possible, early in the harvest schedule.  The non-declining yield constraint ensure that the young-growth 
harvest was sustainable, and allowed the harvest to increase over time as the young-growth age class 
distribution was regulated.  The discount rate used for this calculation was 16 percent.  This objective 
function was used only in the initial run.     

The solution process for each alternative consisted of making a set of Woodstock model runs designed to 
find the most cost efficient way to transition to a young-growth harvest program as rapidly as possible.  
The general procedure was as follows: 
 

Initial Run - Determine the highest level of sustainable young-growth harvest, given the land 
allocation constraints. This model includes only the young-growth acres.  Management regimes 
are limited to those compatible with the land allocation. Harvest is limited to non-declining flow – 
harvest may increase from one period to the next, but may not decrease.  The objective function 
maximizes discounted harvest volume.  This run produces the highest level harvest in the early 
periods that is sustainable through time.   

First Old-growth Run – the old-growth acres are added to the model.  Young-growth harvest is 
constrained to meet the level established in the initial run through the transition period.  Old-
growth harvest is constrained such that total harvest meets the target volume during the transition 
period (46 MMbf per year, in most alternatives).  After the transition period, old-growth harvest is 
established at 5 MMbf per year.  The maximize PNV objective function was used on this an all 
subsequent runs. 

Intermediate Old-growth Runs – Constraints affecting the selection old-growth harvest are added 
sequentially to ensure that the model results are in the expected range.  These constraints 
include the old-growth operability constraints, the constraints limiting the harvest of RegClass 3 
old-growth acres, and constraints limiting the harvest of high volume old-growth stands. 

Final Run – All constraints are included and the model is run to maximize PNV.  This ensures that 
the objectives and constraints are met in a cost efficient manner. 

At each step, the Woodstock model results are evaluated to ensure that the solutions are consistent with 
the design of each Alternative. 
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Iterative Process 
The Woodstock model was used to test the assumptions and problem formulation strategies used in this 
analysis.  The final solution for each alternative is often the result of several runs that were used to test to 
test the solution space given the land allocation constraints, and to observe the impact that the 
implementation constraints had on the solution.  Early on, model runs were made to validate the model 
and compare it to previous models.  A number of runs were made to test the solution space, especially 
around the question of potential young-growth harvest levels under different potential harvest policies. 

Present Net Value   
Economic benefits from the Woodstock model were calculated as Present Net Value, or PNV, of the 
scheduled timber management activities. This calculation was done by the Woodstock model using pond 
log values and costs to the logger. The formula used to calculate the PNV of each potential management 
prescription is: 

PNV = [PLV – LC]/(1 + d )t 
 
where: 

PLV = pond log value (adjusted to exclude logger profit and risk) 
LC = Logging costs (operability, haul, LTF, camp/commute, felling and bucking, road building) 
t = time (year) of harvest into the future 
d = discount rate (4% annually) 

 
The dollar values of outputs used to calculate PNV in the Woodstock model are pond log values 
measured at mill sites less the profit and risk to the seller. The costs weighed against these values 
included all of the expenses incurred from removing the timber from the site to the mill (including logging 
costs, haul costs, LTF costs, road building costs, as described above in the Activities and Output 
subsection). This is done to account for the variability in stumpage values that occur over such a large 
land area that is the Tongass National Forest. Stumpage value is the value of the timber at the site and is 
considered receipts to the federal government for a timber sale. In other words, it is what a purchaser will 
pay for the timber after considering all of the expenses (LC in the equation above) that are incurred in 
removing it to the mill. Stumpage, while not explicitly calculated before it is entered into the Woodstock 
model, it is an inherent part of the above equation [PLV – LC] that is calculated by Woodstock  for all 
potential management prescriptions. 

See the above section on Activities and Outputs for more detailed information on each of the costs and 
timber values used in the Woodstock model. 

Supplemental Information on Other Model 
Assumptions  
Stage II Suitability Analysis   
Each acre classified as suitable for timber harvest was analyzed to determine the costs and benefits for a 
range or management intensities (36 CFR 219.14(b)). For the purpose of this analysis, the planning area 
was stratified into categories of land with similar costs and returns according to the Analysis Area 
Identifiers described above. The stratification also took into account those factors that influence costs and 
returns such as physical and biological conditions of the site (affecting logging system) and transportation 
requirements (by VCU). 

Stage II analysis is used to identify management intensities of timber production for each category of land 
that results in the largest amount of discounted net revenues. Stage II analysis provides insight into the 
overall economic condition of the suitable land base and what types of land are most cost efficient for 
management. The costs and benefits used for this analysis are described above and include pond log 
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value, the cost of logging, removing, and transporting the timber to the mill. This analysis does not 
account for the utility volume costs or revenues, as the current market conditions do not favor its removal. 

Stage II analysis was conducted for all applicable management intensities: Intensive even-aged 
management with thinning regimes to very small clearcuts and group selection/patch cut prescriptions 
(regulation class 3 areas).  

The Regulation Class Process 
To recognize the varying intensities of timber harvests that may occur on the landscape, the regulation 
class concept was developed. Regulation Class is a methodology developed to distill the unique 
combinations of Land Use Designation (LUD), Distance Zone (DZ), Scenic Integrity Objective (SIO), and 
Visual Absorption Capacity (VAC) into four management categories, or Regulation Classes. These 
classes group lands that allow similar allowable harvest unit size, visual disturbance, and re-entry times 
(adjacency). Regulation Classes are numbered 0 to 3, with 0 being ineligible for management. Most of the 
following discussion is focused on Regulation Classes 1-3.   

Land Use Designation (LUD). For each alternative, a unique assignment and map of Land Use 
Designations was developed. Every Land Use Designation, or LUD, delineates a unique set of standards 
and guidelines that apply to that area. For each alternative, up to 19 LUDs were recognized, but only a 
subset of these were allowed to produce commercial timber that contributed to the PTSQ.  Scenic 
Viewshed, Modified Landscape, and Timber Production LUDs were available in all alternatives and 
represent the primary LUDs for timber management. These three LUDs were evaluated in the Regulation 
Class process. In addition, several alternatives allow young-growth harvest in specific natural setting 
LUDs, such as Old-Growth Habitat and Semi-Remote Recreation.  See the supplemental alternative LUD 
maps, the alternative descriptions in Chapter 2 of the FEIS, and Chapter 3 of the Forest Plan for more 
specific information on LUDs. 

Distance Zone (DZ). The amount of allowable timber harvesting also is affected by distance zone (DZ). 
Distance zone is the proximity of an area to a view-point. Distance zone varies from Foreground (within a 
0.25 mile), Middle Ground, Background, to Seldom Seen, which is completely out-of-view from selected 
viewing points. Again, available treatment intensity is usually greater on lands with more hidden Distance 
Zones. 

Scenic Integrity Objectives (SIO). Scenic Integrity Objectives are a function of LUD and Distance Zone 
and describe the desired quality of the scenery to be maintained in each classification. The categories 
include “High,” “Moderate,” “Low,” and “Very Low” objectives.  Further description of SIOs is found in the 
“Scenery” section of Chapter 4 in the Forest Plan. SIOs for each of the LUD/Distance Zone combinations 
in the development LUDs are shown in Table B-3. 

Visual Absorption Capability (VAC). The VAC is a measure of an area's ability to "absorb" (make 
visually less noticeable) ground disturbing activities (i.e., timber harvesting). VAC is simplified to three 
categories: Low, Interim, and High. VAC is used to define the intensity of management treatments that 
can be used to maintain each SIO. Generally, areas with greater VAC can sustain a more intensive 
treatment while still maintaining the desired SIO. Table B-4 shows the management unit size allowed for 
each SIO/VAC combination. 

Tongass landscape architects developed some general timber harvesting guidelines, or proxies, for 
various VACs, SIOs, and LUDs.  Although the exact harvest intensity an area receives is determined 
during the timber sale layout stages, estimates of allowable disturbance were needed in order to facilitate 
modeling.  Each LUD has a series of adopted SIO and VAC objectives.  Associated with these objectives 
are the estimated allowable disturbance factors.  The proxies for each LUD and SIO/VAC setting were 
grouped by similar harvest method and unit size, cumulative visual disturbance, and height to adjacent 
stand criteria.  Grouping the proxies of similar standards resulted in the creation of four distinct 
categories. These groups became the four regulation classes used in Woodstock modeling.  These 
groups range from no harvest allowed to large clearcutting with minimal visual concerns.  The GIS is then 
used to provide Woodstock with the regulation class allocations by alternative for each Analysis Area.  
Table B-5 summarizes the approximate disturbance factors by LUD, Distance Zone, SIO, and VAC. 
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Table B-3  
SIO for Distance Zone/LUD from Scenery Standards and Guidelines for Development 
LUDs 

LUD Foreground Middle Ground Background Not Seen 
Scenic Viewshed Retention Partial Retention Partial Retention Max Modification 

Modified Landscape Partial Retention Modification Modification Max Modification 
Timber Production Modification Max Modification Max Modification Max Modification 

 
 
Table B-4  
Maximum Unit Size based on Visual Absorption Capability 

SIO Low VAC Interm. VAC High VAC 
High < 2 5-15 15-30 
Moderate 5-10 15-40 40-60 
Low 15-40 40-60 80-100 
Very Low 50-75 80-100 80-100 
 

The percentages in Table B-5 are rough estimates intended to depict the possible level of disturbance 
one may encounter when viewing these areas.  For modeling purposes, these visual disturbance zones 
were aggregated into groups with similar standards and economic response (e.g., logging costs). 
Because the percent of visual disturbance includes all visible terrain, tests had to be conducted to 
“recalculate” disturbance thresholds since only suitable lands are being modeled. These tests involved a 
series of iterative mapping exercises where varying levels disturbance factors were applied to the 
separate groups. The feasibility of the harvest level was then compared to the standards and guidelines 
and reviewed by Tongass National Forest landscape architects.  This work was conducted under the 
following assumptions: 

1. The items in the database (e.g., distance zone, visual absorption capability) were correct, 

2. The standards and guidelines are modeled to their limits, and 

3. The “viewshed” was a large area (e.g., as viewed from a boat). 

This work indicated a need to further review the scenery components of the database but in general the 
process worked well in terms of modeling the intent of the standards and guidelines.  This work resulted 
in three distinct regulation classes that permit timber harvest activities.  The final allocation of regulation 
classes to the various disturbance zones is shown in Table B-6. 
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Table B-5  
Percent Allowable Visual Disturbance 

Land Use 
Designation 

Distance 
Zone SIO 

Low 
VAC 

Interm. 
VAC 

High 
VAC 

Scenic Viewshed Foreground H 8 10 10 
 Mid. Ground M 8 15 20 
 Background M 20 20 20 
 Not Seen VL 20 20 20 
Modified Landscape Foreground M 8 15 20 
 Mid. Ground L 15 20 25 
 Background L 25 25 25 
 Not Seen VL 25 25 25 
Timber Production Foreground L 15 20 25 
 Mid. Ground VL 50 50 50 
 Background VL 50 50 50 
 Not Seen VL 50 50 50 

1H = High, M = Moderate, L = Low, VL = Very Low 
 
 
Table B-6  
Regulation Class Allocation 

Land Use 
Designation 

Distance 
Zone SIO1 

Low 
VAC 

Intermediate 
VAC 

High 
VAC 

Scenic Viewshed Foreground H 3 3 2 
 Mid. Ground M 3 3 2 
 Background M 3 2 1 
 Not Seen VL 1 1 1 
Modified Landscape Foreground M 3 3 1 
 Mid. Ground L 2 2 1 
 Background L 2 1 1 
 Not Seen VL 1 1 1 
Timber Production Foreground L 2 2 1 
 Mid. Ground VL 2 1 1 
 Background VL 1 1 1 
 Not Seen VL 1 1 1 

1H = High, M = Moderate, L = Low, VL = Very Low 
 

There are two main components of scenery constraints applied to the Regulation Classes in each VCU: 
the total visual disturbance and adjacency considerations.  Total visual disturbance is the percent of land 
within a viewshed (VCU) that is classified as disturbed (Table B-7).  Adjacency refers to the amount of 
time required before a harvest unit can be placed immediately next to an existing harvest unit (often 
referred to as the “green-up” period).  These constraints are shown in Table B-7. 

There are several important things to remember regarding the above table: 

1. Disturbance percent is applied to suitable lands only, not the entire viewshed.  

2. These values are entered into the models as constraints for each VCU. 

3. The disturbance and adjacency factors for Regulation Class 3 are based on the use of small 
patch cutting (less than 2 acres). Optimally, disturbance and adjacency would not be an issue 
with carefully planned uneven-aged management (i.e., partial stand removal).  
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Variation by Alternative.  Because LUD is one factor in determining Regulation Class, the breakdown of 
each of the seven alternatives into regulation class was recalculated for each alternative.  A GIS map of 
Regulation Class was developed and used to intersect with the other layers used in Analysis Area 
development.  Regulation Class was then used as an attribute to help define Analysis Areas.  

Table B-7  
Generalized Visual Constraints 
Regulation Class Visual Disturbance Adjacency 

Regulation Class Visual Disturbance  Adjacency  
1 40% 20 Years 
2 30% 35 Years 
3 20% 50 Years 

 

Model Implementation Reduction Factors (MIRF) 
To reiterate what was stated in the “Constraints” section (above), the use of MIRF is designed to 
accommodate for unmapped unsuitable lands that cannot be directly eliminated from the suitable land 
base but should be.  It is known that when harvest activities occur, a certain percentage of the assumed 
suitable land will be ineligible for management (unsuitable) due to a number of physical, biological, or 
economic considerations.  However, reasonable assumptions can be made to estimate the average 
amounts of these elements on the ground.  Their effect on actual suitable land can be incorporated into 
the Woodstock model as constraints.  Constraints are applied to each old-growth volume strata of each of 
the six operability harvest systems as well as to young-growth stands.  The constraints are implemented 
by forcing the model to never harvest a certain percentage of the acres in the model.  The effect is to 
control the maximum amount of acres from the “pre-MIRF” suitable land base that are actually harvested.  
A discussion of these elements and their estimated amounts follows. 

MIRF Elements.  Each of the nine MIRF subfactors used in the 1997 FEIS (Riparian Habitat was 
previously divided into two subfactors so there were 10 identified in 1997) was re-evaluated for the 2008 
FEIS. This review was conducted again for the current Forest Plan Amendment EIS and it was decided to 
leave the subfactors alone, as defined for the 2008 FEIS.  A detailed description of the derivation of MIRF 
is presented in Appendix B of USDA Forest Service (2008).  Each of the subfactors and their values are 
described in the following paragraphs.  

Land Selections – This subfactor is the reduction in suitable lands due to the conveyance of selected 
lands to the State of Alaska and Native interests.  In 2008 the value of this subfactor was calculated as 
1% for old growth and young growth.  Public Law 113-291 significantly affects the number of acres to be 
conveyed in the future; however, because the factor is already small and because it is believed that the 
percentage of suitable in remaining acres of potential conveyance lands could be larger than previously 
assumed, it was left alone. 

TTRA Stream Buffers – This subfactor estimates the reduction in the suitable land base due to unmapped 
Class I and II stream buffers.  It is assumed that the percentage reduction due to this subfactor is 2% for 
old growth and 1% for young growth.    

Non-Commercial Forest – This subfactor estimates the reduction in the suitable land base due to volume 
class mapping errors.  It is associated with the low-volume stratum and is defined as the net percent 
change in suitable acres due to low-volume productive old growth (POG) being mapped as non-
commercial (unsuitable) and non-commercial forest being mapped as low-volume POG.  It is estimated 
as a 10% reduction in suitable for old growth and no reduction for young growth. 

Slope/Soil Hazard – This subfactor estimates the reduction in the suitable land base due to unmapped 
steep slopes.  It represents the additional acreage of steep slopes identified during project 
implementation that is not already mapped, divided by the mapped suitable acres.  This subfactor varies 
according to administrative area: the Chatham MIRF for this subfactor is estimated at 26% for old growth 
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and 10% for young growth and the Ketchikan and Stikine MIRFs are estimated at 1% for both old growth 
and young growth. 

• Cost Efficiency – This subfactor excludes the stands with the lowest economic potential from the 
suitable land base.  It varies with operability class and volume stratum and the reduction is 
estimated at 25% for Difficult/Low Volume and Isolated/Medium Volume and 50% for 
Isolated/Low Volume.  For young growth, no reduction is assumed. 

Riparian Habitat (Class III streams) – This subfactor estimates the reduction in the suitable land base due 
to unmapped Class III stream buffers.  It is estimated at 8% for old growth and 4% for young growth. 

Karst/Caves – This subfactor estimates the reduction in the suitable land base due to a change in karst 
classification from low – moderate to high vulnerability.  This subfactor varies according to administrative 
area: the Ketchikan, Stikine, and Chatham reductions are estimated at 6%, 0%, and 1% for old growth 
and 3%, 0%, and 1% for young growth, respectively. 

• Remaining Standards and Guidelines – This subfactor estimates the reduction in the suitable land 
base due to unmapped eagle/osprey nests, goshawk nests, murrelet nests, wolf dens, goat 
habitat, and other factors.  It is estimated at a 1% reduction for both old growth and young growth. 

Overall Results.  The sum of these subfactors produces the overall MIRF for each category 
(Administrative Area, volume strata, operability class).  MIRFs were applied identically for all alternatives.  
Specific calculated MIRF values are in the planning record.  The range of MIRFs (varying with operability 
class) for the different volume strata and Administrative Areas are as follows: 

 Low Volume Medium Volume High Volume 
Chatham 49% – 99%  39% – 64% 39% 
Stikine 23% – 73% 13% – 38%  13% 
Ketchikan 29% – 79% 19% – 44% 19% 
 

Estimation of Past and Future Harvest and Road 
Construction for Effects Analysis 
The quantification of the direct, indirect, and cumulative effects of the alternatives on fish, wildlife, plants, 
and other resources was based heavily on the estimation of past and future harvest of old growth and 
young growth and the amount of road construction.  These tasks were conducted for both National Forest 
System (NFS) and non-NFS lands.  This section describes the process followed and the major 
assumptions.  

Estimation of Past and Future Harvest 
The estimation of the direct, indirect, and cumulative effects of the alternatives on POG habitats and the 
fish, wildlife, and plants that use these habitats required three major steps.  First, it was necessary to 
assemble the inventory of existing vegetation on both NFS and non-NFS lands.  The second step was the 
estimation of the original POG (existing in 1954, prior to large-scale commercial timber harvest) on NFS 
and non-NFS lands and the classification of this original POG into POG types for the purpose of 
evaluating the level of disproportionate past harvest.  The third step was the estimation of future harvest 
and the amount of POG in various POG categories that would be remaining after future harvest on NFS 
lands under each alternative, and for all lands combined, including factors for future harvest on non-NFS 
lands.  

Vegetation Inventory  
For NFS lands, the existing vegetation information from the Tongass Geographic Information System 
(GIS) library was used.  Specifically, the Size Density Model (SDM) (see Affected Environment in the 
Biodiversity section) was used for the classification of existing vegetation on the Tongass.  Using this 
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model, POG is defined by seven old-growth types:  SD67, SD5N, SD5S, SD5H, SD4N, SD4S, and SD4H.  
Young growth is defined by six types, depending on the approximate age and origin of the stand; natural 
young growth (e.g., young growth originating from blowdown) is divided into three types (S1, S2, and S3) 
and young growth that originated from timber harvest is classified into three types (HS1, HS2, and HS3).  
It is noted that the stands covered by these young-growth categories are not all even-age stands.  Young-
growth under even-aged management was identified separately using harvest activity information. 

For non-NFS lands, a number of sources of information were used to produce the most updated and 
accurate mapping available for non-NFS lands in Southeast Alaska.  These sources included: 

• Sealaska Regional Corporation provided updated GIS layers for vegetation and harvest on their 
lands throughout Southeast Alaska; these layers were used for mapping all Sealaska lands. 

• The State of Alaska provided GIS layers for harvesting on state lands in Southeast Alaska.  
These layers were used for most state lands. 

• Audubon Alaska and The Nature Conservancy completed a conservation assessment for 
Southeast Alaska (Albert and Schoen 2007) that included the development of a reasonably 
accurate vegetation map of the entire region based on Tongass GIS vegetation data (SDM 
mapping), augmented with timber inventory data from Haines State Forest and with classified 
Landsat Multi-spectral Scanner (MSS) imagery from the Interim Landcover Mapping Program of 
the U.S. Geological Survey, and 1997 aerial photography.  This mapping was used for most of 
the remainder of Southeast Alaska. 

• Forest Service orthophotography and aerial photography was interpreted in some areas to fill in 
gaps in the above layers. 

• The Working Forest Group provided more recent southeast Alaska harvest mapping. 

Based on the above information, a Catalogue of Past Harvest for all of Southeast Alaska was developed 
that itemizes the acres harvested for each land ownership category, landowner, and biogeographic 
province, and breaks this harvest down by approximate decade, where the decade of harvest is known or 
can be reasonably estimated.  In addition to the spatial information described above, statistics on the 
implementation of the Alaska Forest Resources and Practices Act and information on State timber sales 
in Southeast Alaska were collected from the Alaska Department of Natural Resources, Division of 
Forestry. This information is presented in Appendix C. 

Original POG by Category 
Next, the original POG was estimated on NFS and non-NFS lands in each biogeographic province and 
ecological subsection by category.   This was done for the purpose of evaluating the level of 
disproportionate past harvest.   

Original POG is defined in this EIS as the POG that existed, outside of the developed areas associated 
with towns, prior to all mapped timber harvest.  Therefore, all young growth originating from timber 
harvest (mapped as HS1, HS2, and HS3 on NFS lands) was assumed to be original POG.  Natural young 
growth (mapped as S1, S2, and S3 on NFS lands) was assumed to be in a steady state of succession 
and replacement; therefore, it was not assumed to be original POG.  On the Tongass, about 570 acres of 
young growth were mapped as having been harvested between 1750 and 1900 and a total of about 
10,800 acres were mapped as having been harvested after 1900 but prior to 1954, which is generally 
accepted as the approximate year that large-scale logging began.  The vast majority (about 410,200 
acres on the Tongass) of the harvest occurred from 1954 through the present.  In addition, about 39,000 
additional acres are mapped as young growth, but do not have a year of origin.  These stands are 
primarily partial cut stands and are considered in the identification of original POG. 

In addition to total POG (represented by the seven SDM types), two other categories of POG were used 
to represent the larger tree types:  high-volume POG, which includes the three types with the largest trees 
(SD5S, SD5N, SD67), and large-tree POG, which is defined as SD67 by itself.  To estimate original high 
volume- and large-tree POG, an estimate was first made of the percentage of past harvest in these 
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categories using the SizeDensity1954 layer, which was based on timber type mapping from the mid-
1980s and other GIS layers.  The following compositions of harvest were conservatively determined for 
NFS and non-NFS lands: 

• For NFS lands, prior harvest was estimated to have been 30 percent large-tree POG and 75 
percent high-volume POG. 

• For non-NFS lands, prior harvest was estimated to have been 37 percent large-tree POG and 65 
percent high-volume POG. 

Future Harvest 
The estimation of future harvest on non-NFS lands was made by examining the amount of POG 
remaining on these lands and making reasonable assumptions regarding the percentage of that POG that 
would be harvested in the future.  It was conservatively estimated that 60 percent of all existing POG on 
state, private, other federal, and other non-NFS lands would be harvested within 100 years.  All existing 
young growth and future harvest are expected to be harvested in the future and remain as young-growth. 

Estimation of Past and Future Road Construction 
The estimation of the direct, indirect, and cumulative effects of the alternatives associated with road 
construction required two major steps.  First, it was necessary to assemble the inventory of existing roads 
on both NFS and non-NFS lands.  The second step was the estimation of future road development for 
NFS lands under each alternative, and for all lands combined, including factors for future road 
development on non-NFS lands.  

Road Inventory  
For NFS lands, the existing road information from the Tongass GIS library was used.  The “roads with 
core attributes RSW” layer was used for the inventory of system roads and the definition of maintenance 
levels to determine whether they were open or closed.  The “non-routed other roads” layer was used to 
estimate additional unauthorized roads.  For non-NFS lands, existing roads were inventoried using the 
following sources: 

• Tongass GIS non-routed other roads layer, which contains most roads on non-NFS lands. 

• Mapping of roads on Sealaska lands provided by Sealaska Regional Native Corporation. 

• GIS layers for roads on many non-NFS lands in Southeast Alaska provided by State of Alaska.  

• Other available GIS layers (e.g., ESRI’s StreetMap) were used for urban and rural areas around 
towns and settlements. 

• Orthophoto and aerial photograph interpretation were used to “fill in holes” in other sources. 

Based on input from the State of Alaska, it was assumed that half of the non-NFS road miles would 
remain open and half would 

Future Road Construction and Reconstruction 
Future road construction/reconstruction assumptions were different for old-growth versus young-growth 
harvest.  The ratios derived are based on a review of Big Thorne and other recent timber sale projects.  

For young growth, it was first assumed that 100% of all Maintenance Level 1 (ML 1) roads (closed roads) 
would be reconstructed if all young growth on the Forest were to be harvested.  Then the miles of 
reconstruction for each alternative was extrapolated from this by using the proportion of young-growth to 
be harvested in that alternative.  In addition, it was assumed that in some young-growth stands, 
construction of new roads would have less impact than reconstruction of old roads; thus an additional one 
mile of new road per 400 acres of young-growth harvest and one mile of new road over previously 
decommissioned road per 600 acres of harvest was assumed.  It was also assumed that 10% of new 



Appendix B 

Final EIS B-27 Modeling and Analysis 

roads and new roads over decommissioned road grades would remain open, while the remaining 90% 
would be closed. 

For old-growth harvest, future road construction was estimated based on the ratio of one mile of new road 
construction per 150 acres of harvest plus one mile of new road construction over previously 
decommissioned road grade per 800 acres of harvest.  In addition, one mile of road reconstruction per 
300 acres of harvest was assumed.  Further, it was assumed that 10% of new roads and new roads over 
decommissioned road grades would remain open, while the remaining 90% would be closed.   

On non-NFS lands, future increases in road density were projected after examining existing road 
densities and making reasonable assumptions regarding the additional road density that would be 
developed in the future.  Estimates were conservatively high.  Existing road density on non-NFS lands is 
2.29 miles per square mile and the assumption was made road densities would increase by 1.3 miles per 
square mile within 100 years.  All future non-NFS roads were assumed to remain open.  

Deer Model Assumptions and Application  
Interagency Deer Model 
Forest Plan standards and guidelines require the use of the most recent version of the interagency deer 
winter habitat capability model to assess impacts to deer habitat (WILD4.XIV.A.2; USDA Forest Service 
2008a).  The interagency deer model was used in the EIS to (1) evaluate changes in deer winter habitat 
capability under each alternative, and 2) estimate the number of WAAs across the Tongass that meet the 
18 deer per square mile index under the wolf standards and guidelines under each alternative.   

The deer model was run for historic (1954) and current conditions, and to assess effects in 25 years 
(when harvested stands would reach the stem exclusion stage) and in 100 years (to encompass long-
term effects over the planning horzon). Changes in winter habitat capability under the alternatives were 
based on comparisons to existing conditions for the analysis of direct effects (NFS lands only). For the 
analysis of cumulative effects changes in deer habitat capability were compared to historic (1954) 
conditions, the point at which large-scale timber harvest began (NFS and non-NFS lands).  Analyses 
were run at the WAA scale, as this is the land division used by the ADF&G for deer inventories and 
planning, and the biogeographic province scale.   

For the 2008 Forest Plan EIS a cross-walk was developed to reclassify the SDM model into the deer 
model vegetation categories (high-, medium-, low-volume old-growth).  High-volume stands included 
SDM vegetation categories SD5N, SD5S, and SD67; medium volume stands include SD4N, SD4S, and 
SD5H; and low volume stands include SD4H.  HSI scores from this model range from 0 to 1.3 but were 
standardized to range from 0 to 1.0 by dividing all values by 1.3, because outputs from such models 
represent a range from 0 to 100 percent habitat suitability, with higher values indicating higher habitat 
capability.  Greater details are documented in the project planning record. 

To estimate 1954 winter habitat capability, it was necessary to “grow back” the vegetation in previously 
harvested units.  For this purpose, the recently developed volstrata1954 layer was used, which covered 
NFS and non-NFS lands.   For all existing and future estimates on non-NFS lands deer habitat capability 
was set at zero, in order to be conservative and given that good quality and updated vegetation data in 
the correct format does not exist for non-NFS lands.  

Future winter habitat capability was based on maximum timber harvest after full implementation of the 
Forest Plan under each alternative. For POG, it was assumed that the harvested acreage would be in the 
stand initiation (I) stage of stand development for 25 years and then remain in the stem exclusion stage 
(E) of stand development until it was harvested again.  Intermediate stand treatments such as pre-
commercial and commercial thinning are not reflected in the interagency deer model results because the 
model only assigns one value to harvested stands. That is, the model does not account for the conversion 
of stands currently in the stem exclusion stage back into the stand initiation stage, or account for the 
potentially beneficial effect of thinning treatments on deer winter habitat capability. 
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To describe existing conditions, an estimate of the percentage of 1954 habitat capability currently 
remaining was calculated by dividing the current HSI score for each WAA and biogeographic province by 
the 1954 HSI score. Likewise, to evaluate the effects of the alternatives, the future HSI score was divided 
by the current HSI score (direct and indirect effects) or by the 1954 HSI score (cumulative effects) for that 
WAA or biogeographic province, respectively. This was done at the 25- and 100-year time steps.  

Modeled deer densities, in terms of deer per square mile, were calculated to evaluate the ability of the 
alternatives to comply with the wolf standard and guideline of maintaining habitat sufficient to support 18 
deer per square mile.  For this analysis, habitat capability in terms of modeled deer density was 
calculated by assuming a density of 100 deer per square mile for an HSI of 1.0.   Only WAAs where 
wolves potentially occur (GMUs 1, 2, 3, and 5) were included and WAAs with naturally very low deer 
densities (WAAs 4302-4607) were excluded from the analysis.     

FRESH Deer Model 
The Forage Resources Evaluation System for Habitat (FRESH) model developed by the USDA Forest 
Service Pacific Northwest Research Station (Hanley et al. 2012) was also used to quantify the value of 
available deer habitat in the planning area (http://cervid.uaa.alaska.edu/deer/Home.aspx). The FRESH 
model is a food-based model that takes into account the quantity (biomass) and quality (digestible energy 
and digestible protein, two of the most common nutritional limiting factors for deer) of the available food 
resources in relation to user-specified metabolic requirements of deer (which depend on age, sex, 
season, and reproductive status). The model uses a linear algorithm to determine the suitable forage that 
can sustain deer at this metabolic requirement, and produces the number of deer days per unit area that 
the available food resources (within the habitat patch or landscape) are capable of supporting. One deer 
day represents the food required to support one animal for one day at the specified level of nutritional 
requirements. The output of the model is a “snapshot” of habitat conditions at one point in time which can 
be used to make a relative comparison of conditions within a habitat patch or landscape under different 
conditions (i.e., before and after implementation of a management activity).  

Values for the available forage biomass and its nutritional quality (digestible energy and digestible protein 
concentrations) on the Tongass were based on a variety of sources including the Tongass Wide Young-
Growth Study (2007, 2008, 2010, 2011, 2012, 2013), Prince of Wales Commercial Thin Study (Forest 
Sciences Lab Juneau 2014, unpublished), 2011 Tongass Young-growth Inventory (2011), Second Growth 
Management Project, Size-Density Accuracy Assessment and other unpublished studies from southeast 
Alaska (see the Project Record for more information). It is assumed that all available vegetation is 
potential food, and there is no accounting for long-term herbivore-plant dynamics (i.e., the effects of 
overbrowsing; Hanley et al. 2012). Thinning and logging slash have the potential to inhibit deer access; 
however, the current body of literature does not provide sufficient information for making adjustments to 
FRESH model output to reflect these limitations. 

For this analysis, forage resources were analyzed with the GIS-based model application for the winter 
season. Spatial results from the Woodstock model were used directly in the GIS-based model.  Deer 
metabolic requirements for winter were the following: dry matter digestibility directly 48 percent, digestible 
protein 1.8 percent and dry matter intake 525 g/day (see Hanley et al. 2012 for rationale and sources).  

The FRESH model requires an estimate of snow depth on February 1 at sea level in a level open area. 
To reflect the geographic variation in snow depth in Southeast Alaska, the planning area was divided into 
six snow zones with average snow depth estimated for each under current climate conditions. Climate 
data from 1981-2010 were used to model PRISM-based “precipitation as snow” which was then 
converted to snow depth using the relationship of snow depth and elevation in the FRESH model snow 
sub-model (see metadata in the project record for additional information). The FRESH model then 
reduces the biomass of each forage in proportion to its height profile that is “buried” in snow (see Hanley 
et al. 2012 for details). 
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Appendix C 
Cumulative Effects 

Introduction   
Cumulative effects are defined in the Council on Environmental Quality (CEQ) regulations as “the impact 
on the environment which results from the incremental impact of the action when added to other past, 
present, and reasonably foreseeable future actions regardless of what agency (Federal or non-Federal) 
or person undertakes such other actions. Cumulative impacts can result from individually minor but 
collectively significant actions taking place over a period of time” (40 CFR 1508.7).  Cumulative actions 
are defined as “actions, which when viewed with other proposed actions, have cumulatively significant 
impacts and should therefore be discussed in the same impact statement” (40 CFR 1508.25).  
Cumulative effects are discussed in detail for each resource in the Environmental Impact Statement (EIS).  
This document discusses the projects considered and records which projects were considered for each 
resource. 

Assumptions   
Projects and actions included int the cumulative effects analysis were identified by reviewing past 
records, reviewing scoping comments, interviewing knowledgeable individuals, analyzing the existing 
condition of the project area using the Tongass and other geographic information system (GIS) layers, 
reviewing current plans, and, where necessary, making reasonable assumptions.  These assumptions 
sometimes permit quantitative assessments. 

Major assumptions used in this analysis are documented in Appendix B of the EIS, which also documents 
assumptions used for analyzing direct and indirect effects.  Many of these assumptions are related to past 
and reasonably foreseeable timber harvest and road construction and reconstruction. 

Timeframe for Analysis 
The timeframe for this cumulative effects analysis encompasses past and future activities.  Past activities 
include timber harvest and other activities that date back over 70 years, while future activities consider 
timber harvest at 25 years into the future, as well as at 100 years in the future.  Most other future activities 
can only be considered as reasonably foreseeable about 25 years into the future because of uncertainties 
beyond that point. 

Analysis Area  
The area considered for cumulative effects analyses varies according to the resource being assessed.  
For most aquatic or watershed-related resources, the area within the proclaimed Forest boundary 
(approximately 17.9 million acres, including 1.2 million acres of non-National Forest System [NFS] lands) 
is used. For aquatic and watershed-related resources, this area is subdivided by 6th-field watersheds.  
For wildlife and other terrestrial resources, all of Southeast Alaska from Yakutat Bay southeast to the 
southeastern end of Alaska (approximately 21.6 million acres, including 4.8 million acres of non-NFS 
lands) is used as the study area for some analyses, although some analyses are based on the area within 
the Forest boundary, depending on the availability and quality of information. The Southeast Alaska area 
includes all of Glacier Bay National Park and the State, Bureau of Land Management, and other lands in 
the vicinity of Haines and Skagway. Often Wildlife Analysis Areas (WAAs) are used to summarize 
information within these study areas. In addition, biogeographic provinces are used to summarize 
cumulative effects information for biodiversity and some wildlife resources. For social and economic, 
recreation, and related human uses, all of Southeast Alaska and beyond, is given consideration for 
cumulative effects, especially regarding economic, market, and other factors.  
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Relevant Past, Present, and Reasonably Foreseeable Actions  
Based on a review of published material and available information about the Tongass National Forest and 
adjoining lands on various agency websites and the scoping process, an initial list of existing, proposed, 
and reasonably foreseeable actions was compiled to be assessed for inclusion in this cumulative effects 
evaluation.  Resources drawn from include the Forest Service Schedule of Proposed Actions (SOPA) 
report, April 2015 through March 2015 (Forest Service 2015); Tongass Integrated Plan (TIP) 2015-2019; 
the Alaska Department of Transportation and Public Facilities Project Statewide Transportation 
Improvement Program and Southeast Alaska Transportation Plan (ADOT&PF 2004, 2014); the Energy 
Resource Report for the Tongass National Forest (Tetra Tech 2015) the results of the scoping process, 
and other sources. In the case of timber harvest, this cumulative effects analysis attempts to quantify the 
effects of past human actions by adding up all prior actions on an annual or decadal basis (see 
Attachment 1).  It also examines other past projects, but most importantly, by looking hard at current 
conditions, residual effects of past human actions and natural events are captured, regardless of which 
particular action or event contributed those effects.  The Council on Environmental Quality issued an 
interpretive memorandum on June 24, 2005 regarding analysis of past actions which states, “agencies 
can conduct an adequate cumulative effects analysis by focusing on the current aggregate effects of past 
actions without delving into the historical details of individual past actions.”  For these reasons, the 
primary method of analyzing past actions is based on the cumulative change in environmental conditions 
to the present, as described in the affected environment sections of the EIS. To keep the cumulative 
effects analysis useful, manageable, and concentrated on the effects that are meaningful, greater effort is 
given to future activities that are more certain and geographically close to the project with a focus on 
issues of greatest concern.  

Table C-1 lists and describes the past projects and actions that are considered for analysis of cumulative 
effects.  An updated catalog of past timber harvest is also provided in Attachment 1.  Table C-2 lists the 
present and reasonably foreseeable projects and actions that are considered for cumulative analysis.  
Some projects or actions could be listed as past and present, as well as reasonably foreseeable (e.g., a 
currently operating mine that was built 20 years ago and is expected to continue operating into the 
reasonably foreseeable future).  These projects are listed in Table C-2 and only completed projects or 
actions are listed in Table C-1.  Table C-3 identifies the primary areas with potential interactions among 
the identified projects and actions and the primary resource areas. 
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Table C-1 
Past Actions and Projects Considered in Cumulative Effects Analyses 

Past Actions Location Year(s) Description 
Climate Change and Natural Processes 
Climate Change - 
General 

Throughout Southeast 
Alaska 

Past 25 
years 

Some climate models for Southeast Alaska have predicted rising temperatures, a 10 
percent decrease in summer precipitation in portions of the region, and decreased soil 
moisture due to increased evaporation during warmer, dryer summer weather.  These 
climate change-related processes may have already been initiated.  

Yellow Cedar Decline Primarily in a wide band 
from western Chichagof 
and Baranof Islands to the 
Ketchikan area 

Past 50 
years 

Yellow-cedar decline and mortality, has dramatically changed many of the forests of 
Southeast Alaska and this decline is believed to have been climate related.  Aerial 
surveys have mapped approximately 585,000 acres of decline in a wide band from 
western Chichagof and Baranof Islands to the Ketchikan area (USDA Forest Service and 
ADNR 2015).  In 2014, approximately 20,000 acres of dying (i.e., active decline) yellow-
cedar trees were mapped (USDA Forest Service and ADNR 2015).   

Fire Throughout Southeast 
Alaska 

Historical Because of high precipitation levels, fire has not been a major factor in shaping the forests 
of Southeast Alaska.  However, approximately 400 to 500 acres have burned annually on 
the Tongass.  

Insects and Disease Throughout Southeast 
Alaska 

Historical A range of insects and diseases have taken their toll in Southeast Alaska forests; 
however, their severity has varied substantially over the years. Surveys have documented 
that individual insect pest species typically affect a few thousand acres to hundreds of 
thousands of acres each year.  In addition to insects, stem decays cause substantial loss 
in all tree species in unmanaged stands.  Tree death and stem breakage resulting from 
decay contribute to the structural diversity in stands and may be a major factor in small-
scale disturbance in Southeast Alaska (Hennon and McClellan 2003).  Dwarf mistletoe 
has also had high infestation levels in many hemlock stands below 500 ft in elevation 
(Shaw and Hennon 1991, Shaw et al. 2008).  

Windthrow Events Throughout Southeast 
Alaska 

Historical Small-scale windthrow events are very common throughout Southeast Alaska forests.  
These small events involve individual trees or small groups of trees.  The open gaps in 
the canopy that result, allow young trees to colonize and fill the openings.   Therefore, 
over time, complex, mixed-aged stands are produced.  Insect and disease infestations are 
major contributing factors.  These small-scale openings cover about 6 to 13 percent of 
Southeast Alaska forest canopies (Nowacki and Kramer 1998).  Areas not protected by 
topographic barriers from the severe effects of infrequent, major storms are subject to 
large-scale windthrow events that cause catastrophic damage. Entire stands have blown 
down in the past, resulting in the regeneration of more even-aged stands with more 
uniform canopies (Nowacki and Kramer 1998). Both forms of windthrow are a part of the 
natural forest generation, growth, and development. Juday et al. (1998) concluded that 
there was a high risk of increased large-scale blowdown across Southeast Alaska as well 
as increased windthrow around harvest units as a result of climate change.  

Watershed Effects Throughout Southeast 
Alaska 

Past 25 
years 

Climate change effects on water quality, water quantity, and fish to date are not clear, if 
they have occurred at all. 
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Table C-1 (continued) 
Past Actions and Projects Considered in Cumulative Effects Analyses 
Past Actions Location Year(s) Description 
Timber Harvest Activities  
Past Harvest – 
Tongass National 
Forest 

Throughout Southeast 
Alaska, but concentrated 
on Prince of Wales and 
adjacent islands with large 
portions on Wrangell, 
Mitkof, Kupreanof, Kuiu, 
Revillagiggedo, and 
Baranof Islands. 

Mostly 
1954 to 
present 

Approximately 462,000 acres of forest land have been harvested on the Tongass National 
Forest.  Of these, about 422,000 acres were clearcut and are in even-aged management.  
Close to 70 percent of this harvest took place in the 1960s, 1970s, and 1980s; therefore 
the majority of young growth originating from harvest is 25 to 55 years of age.  Less than 
10 percent is greater than 55 and less than 4 percent is greater than 65 years of age.  
Attachment 1 to this appendix is a Catalog of Past Harvest for Southeast Alaska and is 
broken down by ownership and year/decade.   

Past Harvest – State 
and Private Lands 
(non-NFS) 

Throughout Southeast 
Alaska, wherever private or 
state lands are present; 
mostly on Prince of Wales 
and adjacent islands,  
Kupreanof, and Baranof 
Islands. 

Mostly 
1975 to 
present 

Approximately 453,000 acres of forest land have been harvested on non-NFS lands within 
the Tongass National Forest boundary.  The vast majority of this harvest took place in the 
1980s and 1990s, so it is mostly younger than the young growth on NFS lands.  
Attachment 1 to this appendix is a Catalog of Past Harvest for all of Southeast Alaska and 
is broken down by ownership and year/decade.   
 

Past Road 
Construction for 
Timber Harvest 

Throughout Southeast 
Alaska, but concentrated 
on Prince of Wales and 
adjacent islands along 
Wrangell, Mitkof, 
Kupreanof, Kuiu, 
Revillagiggedo, Baranof, 
and other islands. 

Mostly 
1950s to 
present 

To date, approximately 9,351 miles of road have been constructed on the Tongass 
National Forest and adjacent non-NFS lands within the Tongass boundary; 5,093 miles are 
on NFS land and 4,258 miles are on non-NFS land.  The vast majority of these roads were 
developed for timber harvest purposes although these miles include state highways and 
local roads, in and around communities.   
 
Of the 9,351 miles, about 6,101 miles are open roads (2,321 miles on NFS land and 3,780 
miles on non-NFS land).  The remaining 3,249 miles are either closed roads or 
decommissioned roads.  

Past Log Transfer 
Facility (LTF) 
Construction 

Throughout Southeast 
Alaska, but concentrated 
on Prince of Wales and 
adjacent islands along 
Wrangell, Mitkof, 
Kupreanof, Kuiu, 
Revillagiggedo, Baranof, 
and other islands. 

Mostly 
1950s to 
present 

LTFs are used to transfer logs to barges or rafts for towing.  About 116 LTFs currently exist 
on the Tongass and there are 55 marine access points suitable for transferring logs to 
barges that have current permits on NFS lands.  Another 10 marine access points no 
longer have permits.  In addition, there are about 126 LTFs on State land and another 
group of LTFs exist on private lands. 

Land Adjustments 
Misty Fjords National 
Monument Wilderness 
Inholdings 

Ketchikan Misty Fjords 
Ranger District (KMRD) 

2012 The 68-acre inholding located on the Eulachon River was acquired in 2012. 
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Table C-1 (continued) 
Past Actions and Projects Considered in Cumulative Effects Analyses 
Past Actions Location Year(s) Description 
Public Law 113-291 Many parts of the Tongass, 

but especially Prince of 
Wales and adjacent islands 

2015 Public Law 113-291 amended ANCSA and provided Sealaska Regional Corporation final 
Section 14(h)(8) ANCSA entitlement. On March 9, 2015, Sealaska Corporation received its 
final ANSCA entitlement and conveyance of 70,075 acres. This conveyance affected 
multiple areas, LUDs and ranger districts on the Tongass.  Public Law 113-291 also 
amended Section 508 of ANILCA by adding 8 new LUD II areas, containing 152,000 acres. 
The new LUD II designations changed the previous LUD designations for these lands (both 
development and non-development LUDs) to LUD II.  
 

Other land adjustments Tongass-wide Prior to 
2015 

National Forest System Lands have been conveyed to Non-Federal parties under the 
Native Allotment Act, Alaska Native Claims Settlement Act (ANCSA), Alaska National 
Interest Lands Conservation Act (ANILCA) and other authorities.  

Mining  
Various Mines Tongass-wide From 

1867 to 
present 

Mining history in Southeast Alaska dates back to the first mineral location in 1867, prior to 
the existence of the Tongass.  During the late 1800s, gold was discovered in Southeast 
Alaska and mining ventures began to pop up.  Historic mines include the Treadwell Mine 
and the Alaska Juneau Mine in Juneau; the Kensington and Jualin mines north of Juneau 
(recently reopened); the Ross-Adams uranium mine on Prince of Wales Island; the 
undeveloped Quartz Hill molybdenum deposit in the non-Wilderness Misty-Fjord National 
Monument; copper mines in the Ketchikan area; and many other deposits that were 
explored or developed throughout the Tongass. Mineral exploration and extraction has 
continued, at some level, since the first discoveries. 

Energy    
Swan Lake 
Hydroelectric Project 
expansion 

KMRD 2016-2017 In August 2015, the Federal Energy Regulatory Commission issued an order amending 
SEAPAs license for the project.  SEAPA will expand the reservoir raising the spill elevation 
15 feet and add 25% additional storage for winter hydropower generation, displacing up to 
12,000 MWhrs of diesel generation (800,000 gallons) annually. The project will inundate 
about 93 acres of additional land of which about 26 acres is federal lands within the 
Tongass National Forest. 

Recreation and Tourism 
Cruise Ships Tongass-wide, especially 

the major ports 
Late 
1880s to 
present 

The Southeast Alaska cruise ship industry has developed and grown to substantial levels.  
The first cruise ships sailed in the late 1880s and the number of passengers now numbers 
about one million per year.  Modern cruise ships began sailing to Alaska in the 1970s and 
the number of passengers reached about 500,000 in 1995 and the number of passengers 
doubled in the next 20 years.  These ships use the major ports of Southeast Alaska. 

Outfitter Guides Tongass-wide Mostly 
1920s to 
present 

Outfitters and guides have provided services throughout Southeast Alaska for many years, 
beginning  as hunting and fishing guides in the early years, they have expanded the 
services they provide.  The Forest Service issues special use permits to manage  the 
number and distribution of outfitters and guides. 
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Table C-1 (continued) 
Past Actions and Projects Considered in Cumulative Effects Analyses 
Past Actions Location Year(s) Description 
Helicopter Landings 
and Tours 

Mostly the Juneau Ranger 
District 

 With the advent of the cruise ship industry, helicopter tours and landings developed into a 
secondary industry.  The majority of these occur in the Juneau Icefield.  Helicopter landing 
tours also occur in a number of locations elsewhere on the Forest, including the Skagway 
Icefield and Baird Patterson Glaciers.  These tours involve high volumes of people 
concentrated at specific locations for short periods of time, typically two to four hours. 

Dispersed Recreation 
and Subsistence 
Gathering 

Tongass-wide Mostly 
1920s to 
present 

Dispersed recreation has steadily increased in Southeast Alaska along with the growth of 
the tourism industry, the growth of communities, and the development of roads.  Gathering 
of subsistence resources has also increased, although more slowly, with the growth of 
subsistence communities. 

Fishing and Recreation 
Lodges 

Tongass-wide Mostly 
1940s to 
present 

Numerous lodges have been developed on private lands adjacent to the Tongass National 
Forest.  Some of these have gone out of business but most continue to operate.  

Recreation site 
development and 
closure 

Tongass-wide Mostly 
1960s to 
present 

 A wide range of recreation facilities have been developed on the Tongass.  They include 
25 campgrounds and camping areas, 10 day-use areas, 35 picnic sites, 155 
cabins/lookouts, 44 shelters, 68 trailheads and 885 miles of trail, and many other facilities. 

Community Development 
Community 
Development 

Tongass-wide Mostly 
1890s to 
present 

Settlement and community development in Southeast Alaska occurred primarily from the 
late 1800s to the present.  Mining, fishing, and fish canneries were the primary early 
factors encouraging settlement, later followed by logging. Today there are 32 communities 
in Southeast Alaska.  Eleven of these communities have less than 100 people ranging up 
to Juneau with over 33,000.  The footprint of these communities ranges in size from a few 
acres to several thousand acres.  Road development is associated with community 
development and is covered above under timber harvest activities. 

Wildlife Habitat Enhancement and Regulatory Actions 
Habitat Enhancement Tongass-wide Mostly 

1960s to 
present 

A range of wildlife habitat enhancement projects has occurred throughout Southeast 
Alaska.  These projects were designed to improve forest and riparian habitats for wildlife.  
They include extensive pre-commercial thinning, some with wide-spacing, riparian thinning 
and snag creation. 

State Hunting and 
Trapping and Federal 
Subsistence 
Regulations 

Tongass-wide Mostly 
1959 to 
present 

State regulations have been in place since shortly after Statehood (1959) to control hunting 
and trapping activities.  These regulations set bag limits and seasons and limit the hunting 
and trapping methods that can be used in pursuit of game animals, game birds, and 
furbearers.  Prior to Statehood, federal regulations governed hunting and trapping.  In 
addition, a Federal Subsistence Board establishes subsistence regulations for many areas 
of the State. 
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Table C-1 (continued) 
Past Actions and Projects Considered in Cumulative Effects Analyses 
Past Actions Location Year(s) Description 
Watershed and Aquatic Habitat Improvement and Aquatic Regulatory Actions 
Restoration Projects Tongass-wide Mostly 

1960s to 
present 

The Forest Service has conducted numerous watershed improvement projects including: 
watershed monitoring and assessments; instream and riparian rehabilitation; placement of 
large woody debris in streams; conducting landslide assessments; improving fish passage 
in streams (creating jump pools, barrier modifications, culvert replacements); stream and 
lake stocking, and lake fertilization; decommissioning roads; and maintaining fish passage 
structures. The number and locations of projects have varied year to year based on 
funding and need.  

State Fishing and 
Federal Subsistence 
Regulations 

Tongass-wide Mostly 
1959 to 
present 

State regulations have been in place since shortly after Statehood (1959) to control fishing 
and shellfish collecting.  These regulations set bag limits and seasons and limit the 
methods that can be used to pursue resources.  Prior to Statehood, federal regulations 
governed fishing.  In addition, a Federal Subsistence Board establishes subsistence 
regulations for many areas of the State. 
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Table C-2 
Present and Reasonably Foreseeable Actions and Projects Considered in Cumulative Effects Analyses 

Present/Reasonably 
Foreseeable Actions Location Year(s) Description 

Climate Change and Related Natural Perturbations 
General – Climate 
Change 

Throughout Southeast 
Alaska 

2016 and 
beyond 

Some climate models for Southeast Alaska predict rising temperatures, a 10 percent 
decrease in summer precipitation in portions of the region, and decreased soil moisture 
due to increased evaporation during warmer, dryer summer weather.  These factors may 
lead to an increase in fire frequency and severity, further yellow-cedar decline, higher 
rates of insect and disease infestations, more severe windthrow events, and effects on 
stream flows, water temperature, and fisheries. 

Yellow Cedar Decline Primarily in a wide band 
from western Chichagof and 
Baranof Islands to the 
Ketchikan area 

2016 and 
beyond 

As the climate continues to warm, cedar decline is likely to continue to spread, especially 
in the south and east.  Conversely, yellow-cedar appears to be spreading northward as 
climate warms, into areas that retain snow longer into the spring. 

Fire Throughout Southeast 
Alaska 

2016 and 
beyond 

Approximately 400 to 500 acres burn annually on the Tongass National Forest. Due to 
climate change, there may be an increased risk of forest fires but the effects are likely to 
be minor at the forest level. 

Insects and Disease Throughout Southeast 
Alaska 

2016 and 
beyond 

If the warming trend continues, damage to trees from insects and rot are likely to 
increase, both from species currently present in Southeast Alaska and from new species 
invading the area from other parts of North America or elsewhere.  Consider stem and 
root decay, hemlock dwarf-mistletoe; heart rot; spruce beetle; spruce aphids; and species 
not yet present. 

Windthrow Events Throughout Southeast 
Alaska 

2016 and 
beyond 

Both small-scale and large-scale forms of windthrow are a part of the natural forest 
generation, growth, and development. Juday et al. (1998) concluded that there was a high 
risk of increased large-scale blowdown across Southeast Alaska as well as increased 
windthrow around harvest units as a result of climate change.  

Watershed Effects Throughout Southeast 
Alaska 

2016 and 
beyond 

Climate change will likely produce increases in air temperature in the winter months with 
increases in precipitation expected in the fall and winter, with much of the precipitation 
occurring as rain instead of snow (EcoAdapt 2014).  The warmer air temperatures would 
contribute to the melting of glaciers, higher peak flows in the fall and winter in most 
streams other than glacier-fed streams, and lower summer flows primarily in snow-melt 
and rain dominated watersheds (Shanley and Albert 2014, Shanley et al. 2015).  In 
addition, the warmer air temperatures may result in increased stream temperatures, but 
the degree this would occur depend greatly on local factors and any potential increase 
may be lessened by the potential increases in rainfall occurring in the summer and fall 
(EcoAdapt 2014).  Climate change could also result in sea-level rise, which could 
inundate estuarine rearing areas for fish.  Other effects on fish are likely to be both 
positive and negative and have a high degree of uncertainty. 
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Table C-2 (continued) 
Present and Reasonably Foreseeable Actions and Projects Considered in Cumulative Effects Analyses 
Present/Reasonably 
Foreseeable Actions Location Year(s) Description 

Timber Harvest Activities including roads and other actions on NFS lands (thinning and commercial thinning not differentiated)  
Forecasted acres to be harvested and roads to be constructed during the next 25 years and during the next 100 years for each alternative.   
Projected Future 
Harvest and Road 
Construction and 
Reconstruction over 25 
years for Each 
Alternative 

Lands suitable for timber 
productions on the Tongass 
under each alternative (see  
suitable land maps) 

2016 - 
2040 

Alternative 1:  YG Harvest =    9,669 acres       Road Construction = 345 miles 
 OG Harvest = 38,527 acres       Road Reconstruction = 160 miles 

 
Alternative 2:  YG Harvest =  63,787 acres       Road Construction = 385 miles 

 OG Harvest = 15,027 acres       Road Reconstruction = 256 miles         
 
Alternative 3:  YG Harvest =  53,734 acres        Road Construction = 355 miles 

 OG Harvest = 16,599 acres        Road Reconstruction = 229 miles 
 
Alternative 4:  YG Harvest =  40,760 acres        Road Construction = 354 miles 

 OG Harvest = 23,255 acres        Road Reconstruction = 209 miles 
 
Alternative 5:  YG Harvest =  43,316 acres        Road Construction = 369 miles     

 OG Harvest = 23,813 acres        Road Reconstruction = 219 miles 
 (Young growth = YG; Old growth = OG) 

Projected Future 
Harvest and Road 
Construction and 
Reconstruction over 
100 years for Each 
Alternative  

Suitable forest lands on 
Tongass under each 
alternative (see suitable land 
maps) 

2016 -
2115 

Alternative 1:  YG Harvest = 209,882 acres        Road Construction = 1,372 miles 
 OG Harvest = 62,851 acres        Road Reconstruction = 887 miles 

 
Alternative 2:  YG Harvest = 335,344 acres        Road Construction = 1,656 miles 

 OG Harvest = 32,609 acres        Road Reconstruction = 1,191 miles 
 
Alternative 3:  YG Harvest = 313,216 acres        Road Construction = 1,586 miles 

 OG Harvest = 35,568 acres        Road Reconstruction = 1,129 miles 
 
Alternative 4:  YG Harvest = 234,885 acres        Road Construction = 1,316 miles 

 OG Harvest = 42,597  acres        Road Reconstruction = 900 miles 
  

Alternative 5:  YG Harvest = 284,144 acres        Road Construction = 1,520 miles 
 OG Harvest = 42,479 acres        Road Reconstruction = 1,058 miles 

(Young growth = YG; Old growth = OG) 
Timber harvest projects that are being implemented or are in planning stages for the next five years.  These are included within the 25-year and 100-year 
estimates above. 
Big Thorne  Thorne Bay Ranger District 

(TBRD) 
2015-
2019+  

100-150 MMBF offered for sale. 70 miles of roads maintained and 64 miles of roads 
restored. Restore and enhance 4.6 miles of stream; thin 10 riparian acres and 1,000 
upland acres. Remove 8 fish barrier culverts. (Approximately 98 MMBF has already been 
sold as of November 2015) 

Greater Staney Area TBRD 2016-
2019+ 

47 MMBF offered for sale. Restore and enhance 2 miles of stream; thin 54 riparian acres 
and 1,500 upland acres. Remove or replace 28 fish barrier culverts. 
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Table C-2 (continued) 
Present and Reasonably Foreseeable Actions and Projects Considered in Cumulative Effects Analyses 
Present/Reasonably 
Foreseeable Actions Location Year(s) Description 

Wrangell Island Wrangell Ranger District 
(WRD) 

2016-
2019+ 

70 MMBF offered for sale and 1,300 acres for precommercial thinning. 52 miles of roads 
maintained; 9.5 miles of roads reconstructed; 12 miles of roads stored; and 2.5 miles of 
road decommissioned. Remove or replace 9 fish barrier culverts. 

Zarembo WRD 2016-
2019+ 

60 MMBF offered for sale and 2,000 acres for precommercial thin. 80 miles of road 
maintained; 18 miles of road stored. Restore and enhance 7.6 miles of stream; thin 162 
riparian acres and 1,460 upland acres.  Replace 48 fish barrier culverts. 

TwelveMile CRD 2017-
2019+ 

13 miles of roads maintained. Restore and enhance 2.5 miles of stream; thin 40 riparian 
acres and 65 upland acres. Remove or replace 10 fish barrier culverts. 

Neck Lake/Alder Creek TBRD 2016-
2019+ 

40 MMBF offered for sale. 18 miles of roads maintained and 29 miles or roads stored. 
Restore and enhance 1.5 miles of stream; thin 50 riparian acres and 300 upland acres. 
Replace 4 fish barrier culverts. 

Kuiu Roaded Petersburg Ranger District 
(PRD) 

2016-
2019+ 

25 MMBF offered for sale. 5 miles of roads maintained; 18 miles of roads reconstructed; 9 
miles of roads stored; and 7 bridges replaced. Restore and enhance 3 miles of stream.  
Remove or replace 10 barrier culverts. 

Thomas Bay PRD 2017-
2019+ 

15 MMBF offered for sale (5 MMBF young growth). 4 miles of roads maintained and 4 
miles or roads stored. Replace 2 bridges. Restore and enhance 1 mile of stream; thin 
1,000 riparian acres and 312 upland acres. Replace 2 fish barrier culverts. 

Traitors Cove KMRD 2017-
2019+ 

10 MMBF offered for sale. 4 miles of roads maintained and 4 miles of roads stored.  
Restore and enhance 3 miles of stream; thin 100 riparian acres. Remove or replace 8  
barrier culverts. 

Kosciusko Vegetation 
Management & 
Watershed 
Improvement Project 

TBRD 2016-
2019+ 

Manage roughly 1,500 acres of young-growth for multiple resource objectives and harvest 
an estimated 75 acres of old-growth, to meet Forest Plan objectives and assist in the 
transition to a young-growth industry. 

Iris and Shelikof  Sitka Ranger District (SRD) 2015-2019 Restoration and Enhancement thinning. 20 miles of roads stored. Restore and enhance 4 
miles of stream; thin 500 riparian acres and 3,500 upland acres. Remove one fish barrier 
culvert. 

Saddle Lakes KMRD 2016-2019 47 MMBF offered for sale. 17 miles of new NFS road, 10 miles of temporary road and 
reconditioning 10.5 miles of existing NFS roads.. Restore and enhance 3 miles of stream. 
Remove or replace 28 barrier culverts. 

Shrimp Bay KMRD 2015-2018 10 MMBF offered for sale and 1,000 acres precommercial thin. 3 miles of roads 
maintained. Remove or replace 5 barrier culverts. 

Kennel Creek Hoonah Ranger District 
(HRD) 

2015-2018 Restoration and Enhancement thinning. 4 miles of road maintained. Restore and enhance 
0.5 miles of stream; thin 350 upland acres. Remove 4 barrier culverts. 

Sitka Ranger District SRD 2017-2019 Precommercial thin 400 acres. Watershed restoration including riparian thinning, instream 
work, and pond and road work. 

Mitkof PRD 2015 10 MMBF offered for sale. 
Control Lake-Angel 
Wings 

TBRD 2015 0.5 MMBF offered for sale. 
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Table C-2 (continued) 
Present and Reasonably Foreseeable Actions and Projects Considered in Cumulative Effects Analyses 
Present/Reasonably 
Foreseeable Actions Location Year(s) Description 

Control Lake – Rush 
Firewood 

TBRD 2015 0.2 MMBF offered for sale. 

Navy WRD 2015 10 MMBF offered for sale. 
Elf Point KMRD 2017 10 MMBF offered for sale. 
Heceta TBRD 2018 5 MMBF offered for sale. 
Vallenar KMRD 2019 20 MMBF offered for sale. 
No Name Bay PRD 2020+ 70 MMBF offered for sale. 
Frosty Bay WRD 2020+ 10 MMBF offered for sale. 
Timber Harvest Activities – State and Private Lands 
Forecasted acres to be harvested and roads to be constructed during the next 25 years and during the next 100 years for each alternative.    These sales will be 
governed by the Alaska Forest Resources and Practices Act which is designed to protect fish habitat, water quality and promote reforestation. 
Projected Future 
Harvest and Road 
Construction and 
Reconstruction over 25 
years for Each 
Alternative 

Almost all State and Private 
Lands within the proclaimed 
Tongass Boundary 

2016 - 
2040 

The  majority of State and Private harvest will be old growth 
Alternative 1:  Harvest =    56,234 acres Road Construction = 584 miles 
                                                   Road Reconstruction = 61 miles 
 
Alternative 2:  Harvest =    56,234 acres     Road Construction = 584 miles 
                                                   Road Reconstruction = 61 miles 

 
Alternative 3:  Harvest =    56,234 acres      Road Construction = 584 miles 
                                                   Road Reconstruction = 61 miles 

 
Alternative 4:  Harvest =    56,234 acres      Road Construction = 584 miles 
                                                   Road Reconstruction = 61 miles  

 
Alternative 5:  Harvest =    56,234 acres      Road Construction = 584 miles 
                                                   Road Reconstruction = 61 miles 
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Table C-2 (continued) 
Present and Reasonably Foreseeable Actions and Projects Considered in Cumulative Effects Analyses 
Present/Reasonably 
Foreseeable Actions Location Year(s) Description 

Projected Future 
Harvest and Road 
Construction and 
Reconstruction over 
100 years for Each 
Alternative  

Almost all State and Private 
Lands within the Tongass 
Boundary 

2016 -
2115 

The majority of State and Private harvest will be old growth 
Alternative 1:  Harvest =  224,937 acres Road Construction = 2,335 miles 
                                               Road Reconstruction = 245 miles 
 
Alternative 2:  Harvest =  224,937 acres Road Construction = 2,335 miles 
  Road Reconstruction = 245 miles 

 
Alternative 3:  Harvest =  224,937 acres Road Construction = 2,335 miles 
 Road Reconstruction = 245 miles 

 
Alternative 4:  Harvest =  224,937 acres Road Construction = 2,335 miles 
  Road Reconstruction = 245 miles 

 
Alternative 5:  Harvest =  224,937 acres Road Construction = 2,335 miles 
 Road Reconstruction = 245 miles 

 
Specific State of Alaska timber sales that are being implemented or are in planning stages for the next five years.  These are included within the 25-year and 100-
year estimates above. 
Coffman Cove  Prince of Wales Island 2015+ 1,628 acre sale. 13.1MMBF. 5.8 mile of road. Approximately 412 acres of old growth 

timber with an estimated volume of 7,177 MBF will be sold in 2015. 
South Thorne Bay 
Area  

Prince of Wales Island 
(Kasaan Peninsula) 

2015+ 153 acre sale. 3.0MMBF(Active) 

North Thorne Bay  Prince of Wales Island 
(Thorne Bay) 

2015+ 300-acre sale. 5.8MMBF 

North Hollis  Prince of Wales Island 
(Hollis) 

2015+ 263 acres of old growth; 108 acres of young growth. 5.3 MMBF old growth; 2.2 MMBF 
young growth. 

Kosciusko Island  Kosciusko Island (Prince of 
Wales) 

2015, 
2016 

1,383 acres; 28 MMBF. New  log transfer facility and sort yard.  

Heceta  Heceta Island (Prince of 
Wales) 

2015, 
2016 

2,600 acres.  30 MMBF. (10 MMBF old growth, 20 MMBF young growth) 

El Capitan  Prince of Wales Island 2016 1,700 acres; 5 miles of new road. 17 MMBF. 
Whale Pass  Prince of Wales Island 2016 441 acres; 2 miles new road; 6.6 MMBF. 
Exchange Cove  Prince of Wales Island 2016 116 acres.1.2 MMBF. 
Bostwick Bay  Gravena Island (Ketchikan) 2017 583 acres. 5 miles new road. Road to cross Bostwick Creek. 8.9MMBF. 
Vallenar   Gravena Island (Ketchikan) 2017 300 acres old growth. 300 acres young growth. 12 MMBF. 8 miles new road; 1.5 mile 

reconstructed road.  
Little Coal Bay  Prince of Wales (Kasaan 

Bay) 
2017 1,000 acres. 5.2 MMBF 



Appendix C 

Final EIS C-13 Cumulative Effects 

Table C-2 (continued) 
Present and Reasonably Foreseeable Actions and Projects Considered in Cumulative Effects Analyses 
Present/Reasonably 
Foreseeable Actions Location Year(s) Description 

Kitkun Bay  Prince of Wales 
(Cholmondeley Sound) 

2017 1,051 acres. Volume not reported.  

Port Dolores  Prince of Wales (Sumez 
Island) 

2018 1,109 acres 12.2 MMBF Old Growth; 3.8 MMBF young growth.. 4.7 miles of new road on 
state land. 1,500 feet of new road on NFS land. 

Hook Arm  Dall Island 2018 960 acres. 11.5MMBF. 4.4 miles new road. 
Naukati  Prince of Wales (Naukati) 2018 162 acres. 3.7MMBF. Short spur roads. 
Control Lake  Prince of Wales (Control 

Lake) 
2018 170 acres 3.4MMBF. 1.4 miles new road. 

Mitkof Island  Mitkof Island 
(Petersburg) 

2019 210 acres; 4.0 MMBF 

Thomas Bay  Thomas Bay 
(Petersburg) 

2019 816 acres; 20.2 MMBF (4.9 MMBF old growth; 15.3 MMBF young growth). 3.7 miles new 
road; 1.7 Miles road reconstructed. 

Earl West Cove  Wrangell Island 2019 700 acres; 12.5 MMBF; 5.0 miles new road 
Leask Cove  Revillagigedo Island 

(George Inlet) 
2019 316 acres; 6.3 MMBF; 1.8 mile spur road 

Small Sales and Other 
Sales 

Variable 2016 and 
beyond 

Right-of-way sales; blowdown sales; sales less than 10 acres. Five to 10 small sales  
totaling approximately 2.0 MMBF  will be offered for Calendar Year  2018.   

Alaska Mental Health 
Trust Commercial 
Forestlands 

Variable 2015 and 
beyond 

The Alaska Mental Health Trust Land Office is comparable to a private forestland 
manager. Approximately 265 million board feet of the Trust's commercial forestland lies in 
southeast Alaska. A large portion of this forestland is community and environmentally 
sensitive. The Trust will be looking at these sensitivities in more detail in the future. The 
Trust Land Office is currently overseeing a timber sale contract near Icy Cape (18,000 
acres). To better understand the forestland assets owned by the Trust, forest resource 
inventory work is currently underway in the vicinity of Wrangell and Thorne Bay. 

Sealaska and other 
Alaska Native 
Corporations 

Native Corporation Lands 2015 and 
beyond 

Projected harvest of 6.2 MMBF in 2016 increasing annually to 7.2 MMBF by 2030. 

Land Adjustments 
Alaska Mental Health 
Trust land exchange 

Ketchikan, Petersburg, 
Wrangell, Sitka, Juneau, 
Myers Chuck, Naukati, and 
Hollis, Alaska 

2015-2020 
or later 

The Alaska Mental Health Trust is working with the Tongass National Forest on a land 
exchange proposal involving 18,000 acres of Non-Federal lands in scenic viewsheds and 
approximately 20,000 acres of NFS land across eight communities in Southeast Alaska. 
In order to better align land ownership patterns with the inherent missions of both the 
Forest Service and the Alaska Mental health Trust Authority.  An equal value land 
exchange has been proposed.  In 2015, A Feasibility Analysis was completed, and both 
parties signed an Agreement to Initiate. 
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Table C-2 (continued) 
Present and Reasonably Foreseeable Actions and Projects Considered in Cumulative Effects Analyses 
Present/Reasonably 
Foreseeable Actions Location Year(s) Description 

Remaining land 
conveyances due to 
the Alaska Statehood 
Act 

Tongass-wide 2015-2025 
or later 

The State of Alaska was granted and entitled to select up to 400,000 of National Forest 
Lands in Alaska for the purpose of furthering the development of and expansion of 
communities under the Alaska Statehood Act (43 CFR 2627.1(a)) On the Tongass 
National Forest, the State of Alaska has approximately 12,145 acres remaining of land 
entitlement under the Act.  The adjudication process and conveyances are initiated by the 
Bureau of Land Management, Alaska State Office.  

Cube Cove land 
acquisition 

Admiralty Island 2016 or 
later 

The 22,890 acres of surface estate within the Admiralty Island National Monument and 
Kootznoowoo Wilderness would be purchased from Shee Atiká, Inc.  The purpose of this 
acquisition is to conserve and enhance significant scenic, recreation, cultural and 
wildlife/plant resources within National Monument/Wilderness and to protect wilderness 
values from development. In addition to the surface land purchase between the Forest 
Service and Shee Atika, the subsurface estate owner, Sealaska Regional Corporation,  
has expressed interest to potentially exchange the  subsurface estate at Cube Cove for 
other Surface Estate  on the Tongass National Forest. 

Sealaska Land 
Entitlement Finalization 
Act 

Tongass-wide 2015-2017 Within two years of enactment of the "Carl Levin and Howard P. 'Buck' McKeon National 
Defense Authorization Act for Fiscal Year 2015", Sealaska may submit applications for 
the conveyance under section 14(h)(1)(A) of the Alaska Native Claims Settlement Act (43 
U.S.C. 1613(h)(1)(A)) of not more than 76 cemetery sites and historical places, amounting 
to approximately 500 acres. 

Boomer land donation Sitka Ranger District, 
Chichagof Island 

2016+ In 2012, the Federal Energy Regulatory Commission (FERC) issued an order amending 
the license for the Blue Lake Hydroelectric Project.  FERC’s environmental assessment 
for the project identified 362 acres of National Forest System lands inundated by the 
raising of water levels in the reservoir as an unavoidable impact that would require 
mitigation. The mitigation was needed to offset the permanent loss of the timber, 
recreation, subsistence, wildlife habitat, and botanical resources around the Blue Lake 
Creek valley and other areas of the lakeshore.  The City of Sitka proposed to donate 48 
acres of land on Chichagof Island as mitigation for the inundated area. The lands 
proposed for donation are three parcels known as “Basoiniuer No. 1, Basoiniuer No. 2, 
and Golden West” on City planning documents.  These three parcels are municipal-
owned lands within the West Chichagof-Yakobi Wilderness.  These lands are referred to 
as the Boomer lands.  

Alaska Veteran Native 
Allotment Land Equity 
Act 

Tongass-wide Not 
scheduled 

The proposed legislation is specific to National Forest Lands in Alaska, but includes a 
clause regarding approval of formerly rejected Native Allotment Cases under the “Shields 
v. USA” case.  The Shields case closed 200 Native allotment cases under the 1906 
Native Allotment Act which were applied for under ancestral uses v. individual use and 
occupancy.  Most Shield’s cases were previously identified on the Tongass.  Native 
Allotment applications are 160 acres each and thus approximately up to 32,000 acres 
of the Tongass that could become private lands in the future. This legislation was 
introduced in May 2015 and has not become law. 
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Present and Reasonably Foreseeable Actions and Projects Considered in Cumulative Effects Analyses 
Present/Reasonably 
Foreseeable Actions Location Year(s) Description 

Unrecognized 
Southeast Alaska 
Native Communities 
Recognition and 
Compensation Act 

Native Villages of Haines, 
Ketchikan, Petersburg, 
Tenakee, and Wrangell 

Not 
scheduled 

The proposed legislation would amend the Alaska Native Claims Settlement Act to permit 
the Native residents of each of the Native Villages of Haines, Ketchikan, Petersburg, 
Tenakee, and Wrangell, Alaska, to organize as Urban Corporations and to receive certain 
settlement land pursuant to this Act. The entitlement would consist of one township of 
land or 23,040 acres (total approximate acres are 184,320) and require the conveyance 
of all roads, trails, log transfer sites, leases, and appurtenances on or related to the land 
conveyed to the new urban corporations. This legislation was introduced in May 2015 and 
has not become law. 

Alaska State Forest 
Proposal 

Prince of Wales Island Not 
scheduled 

State officials or interests have at times advocated the establishment of an additional 
Alaska State Forest to be managed to provide income for state government programs.  
One concept for such a management unit was for a 2-million-acre area on or near Prince 
of Wales Island, which would require transfer of extensive areas of current Tongass 
National Forest System lands to the State.  To date, no federal legislation to implement 
such a proposal has been introduced in Congress and this action is not considered 
reasonably foreseeable. 

Alaska Native 
Allotment Act 
conveyances 

Tongass-wide Unknown The Alaska Native Allotment Act provided for Native individuals who had occupied lands 
prior to their designation as national forest to apply for conveyance of up to 160 acres, 
under conditions prescribed by the Act and federal regulations.  As of August 2015, about 
45 Native allotment cases remain on the Tongass National Forest and are pending 
adjudication by the Bureau of Land Management. This number may increase due to 
unknown circumstances by either quite title action, re-instatement applications, or new 
legislative proposals. 

Mining (Tongass) 
Greens Creek Mine 
(Active) 

Admiralty Island   Present – 
2025 or 
beyond  

Underground polymetalic mine. Ore is processed on site and exported by sea. Waste 
water, waste rock and tailings are managed onsite. Power is supplied by hydroelectric 
infrastructure  and diesel generators. The Greens Creek Land Exchange Act of 1995 
allows mining to continue through 2095.  Annually, the mine continues exploration in and 
around the mine. 

Kensington Mine 
(Active) 

Juneau Present-
2025 or 
beyond 

Underground gold mine. Waste water, waste rock and tailings are managed onsite. Power 
is provided diesel generators. Annually, the mine continues exploration in and around the 
mine. 

Bokan Mountain Prince of Wales (Kendrick 
Bay) 

Unknown Bokan Mountain is a potential rare earth mine. Developers estimate 190 employees. It 
would be powered by liquid natural gas (LNG) generators. 

Niblack Prince of Wales (Moira 
Sound) 

Unknown Niblack Project is a potential polymetalic mine. Developers estimate 200 employees. 

Other Locatable 
Minerals 

Tongass-wide Continual Mining exploration is expected to continue in many areas of the Forest. Existing projects 
submit annual operating plans that describe exploration activities. 

Mineral Materials Various Continual New and existing mineral materials sources will be developed. Stone, crushed rock, 
gravel and other saleable materials will be used for road building and maintenance and 
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Present/Reasonably 
Foreseeable Actions Location Year(s) Description 

other purposes.  Materials may be used in-service (by the Forest Service) or sold to 
private parties. 

Mining (Canada) 
Kerr-Sulphurets-
Mitchell 

Unuk River watershed Present-
2068 or 
beyond 

Seabridge Gold proposes to reopen this polymetallic mine in northwest British Columbia 
about 18 miles east of the Alaska/B.C. border.  These deposits would be mined as open pits 
until later in the project when the Mitchell deposit would continue as an underground mine.  

Red Chris Stikine River Watershed 2015-2045 Imperial Metals recently opened the Red Chris copper/gold mine in northwest British 
Columbia. 

Tulsequah Chief Taku River Watershed Unknown Chieftan Metals Inc. seeks to open this underground polymetallic mine in northwest British 
Columbia about 40 miles northeast of Juneau. 

Energy 
Angoon Hydroelectric 
Project  

Admiralty Island, Thayer 
Creek, (Angoon 

Unknown The Alaska National Interest Lands Conservation Act (ANILCA), Section 506(a)3(B) 
granted Kootznoowoo Inc. the right to develop hydroelectric resources on Admiralty Island 
at Thayer Creek. The Forest Service completed a final environmental impact statement 
(FEIS) to disclose the effects of the proposed project. A record of decision (ROD) was 
released in May 2009.  

The ROD authorizes the construction of a 1 megawatt run of river hydroelectric facility on 
Thayer Creek, approximately six miles north of Angoon that includes a diversion dam, 
penstock, powerhouse, underground transmission lines and access roads. 

Bell Island Geothermal KMRD Unknown No specific projects are proposed at this time, although SEAPA is conducting preliminary 
investigations for geothermal power generation. 

Crooked Creek/Jim’s 
Lake Hydroelectric 
Project 

Elfin Cove 2017 In February 2015, the community of Elfin Cove proposed to develop a  project that 
consists of two hydroelectric systems in series with a total capacity of about 140 kilowatts 
(kW). Common to both systems is about 12,000 feet of power line.  
The upper system is a run‐of‐river hydroelectric project that would include the following 
major components: 1) A natural water feature diversion on Crooked Creek that is about 
20 feet long by 4 feet tall by 4 feet wide diversion. 2)  
About 1,250 foot long 12‐inch diameter penstock 3) about 14‐foot by 14‐foot powerhouse 
4) A tailrace measuring about 3 feet deep by 8 feet wide by 50 feet long. 5) Access trails, 
temporary construction roads, and other appurtenant features necessary to provide a 
complete and functional system. 
The lower system is a storage hydroelectric project that would include the following major 
components: 1) a siphon intake 2) about 2,050 foot long 14‐inch diameter penstock 3) an 
approximately 24‐foot by 24‐foot powerhouse. 4) a tailrace measuring 3 feet deep by 8 
feet wide by 150 feet long. 5) Access trails, temporary construction roads, and other 
appurtenant features necessary to provide a complete and functional system. 
The project would occupy about 60 acres of federal lands. 
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Foreseeable Actions Location Year(s) Description 

Indian River 
hydroelectric  

Tenakee Springs 2017-2018 The community of Tenakee Springs has been developing a 180 kilowatt run-of-river 
hydroelectric project on Indian River. The Project will supply approximately 90% of the 
city’s electricity, reducing diesel use by about 31,400 gallons annually. The project does 
not occupy federal lands,  

Kake-Petersburg 
Transmission Line 
Intertie 

Mitkof and Kupreanof 
Islands, Petersburg and 
Wrangell Ranger Districts 

2016 and 
beyond 

The Southeast Alaska Power Agency (SEAPA) proposed to build a new electric 
transmission line that would connect the isolated electric system presently serving the city 
of Kake with SEAPA’s interconnected electric network, in or near Petersburg. The 
November 2014 Draft EIS analyzed three action alternatives that range from 52 miles to 
60 miles in total length, with 82 to 88 percent of their total length located on NFS lands. 
The proposed transmission line would be built to transmit power at either 69 - or 138– 
kilovolts. All three action alternatives follow existing NFS system roads to the extent 
possible, with the length along existing roads ranging from 58 percent to 72 percent of the 
total. The action alternatives all cross Inventoried Roadless Areas. No new roads would 
be built under any of the alternatives. Construction access in unroaded areas would be 
via temporary shovel trails and matting panels, with helicopter support, as needed. The 
action alternatives would all involve marine crossings.  

Soulé River 
Hydroelectric Project 

KMRD Unknown In February 2011, Soule Hydro, LLC filed an application for an original license with the 
Federal Energy Regulatory Commission for its proposed 77MW hydropower project on 
the Soule River, about nine miles southwest of Hyder, Alaska (FERC Project No. 13528).  
Major project features include:  (1) a main dam 265-feet-tall by 903-feet-long; (2) a saddle 
dam about  2,024 feet long; (3) an intake structure; (4) a reservoir with a surface area of 
about 1,072 acres (5) an 16-foot-diameter by 11,400-foot-long water conduit tunnel; (6) a 
3.1-mile-long access road; (7) a 80-foot-wide by 160-foot-long powerhouse; a tailrace that 
will discharge into the river mouth; (8) three 138 kilovolt substation next to the 
powerhouse; (9) marine access facilities that include a staging area, boat ramp, barge 
basin for offloading barges, and float for small watercraft; (10) temporary log transfer 
facility; (11) a 10-mile-long, 138 kilo-volt submarine cable to Stewart, B.C. (about two 
miles will be in Canadian waters) to connect with a BC Hydro substation.  

The project would occupy 1,257 acres of federal lands within the Tongass National 
Forest.   

Sweetheart Lake 
Hydroelectric Project 

Juneau Ranger District Unknown In October 2015 the Federal Energy Regulatory Commission released the draft EIS for 
the proposed project located on Lower Sweetheart Lake and Sweetheart Creek, (FERC 
Project No. 13563).  Major project features include: (1) A 280-foot-wide, 111-foot-high 
dam; (2) a 525-foot-long, 10-foot-high, 10-foot-wide arched reservoir outlet tunnel; (3) a 
45-foot-long, 25-foot-wide, 16-foot-high intake structure; (4) a 9,612-foot-long, 15-foot-
wide, 15-foot-high underground power tunnel; (5) an 896-foot-long, 9-foot-diameter 
penstock; (6) three 160-foot-long, 7- to 9-foot-diameter buried penstocks (7) a 160-foot-
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long, 60-foot-wide, 30-foot-high  powerhouse; (8) three 7.1-MW Francis turbines with 6.6-
MW generators with a total installed capacity of 19.8 MW; (9) a 541-foot-long, 30- to 90-
foot-wide rock tailrace; (10) a 4,400-foot-long coastal road from the powerhouse to a 
dock/landing site, located on the east shore of Gilbert Bay; (11) an 8.69-mile-long, 138-
kilovolt (kV) transmission line traversing Gilbert Bay, the Snettisham Peninsula, and Port 
Snettisham, consisting of: (a) two buried segments, totaling 4,800 feet in length; (b) two 
submarine segments; and (c) one 15,400-foot-long overhead segment; (12) a 22,000-
square-foot fenced switchyard adjacent to the powerhouse; (13) a 4,225-square-foot 
caretaker’s facility near the dock; (14) a 4,800-foot-long, 12.47-kV service transmission 
line extending from the powerhouse to the dock and caretaker’s facility; (15) a 10,000-
foot-long, 12.47-kV service transmission line; and (16) a 400-square-foot shelter at the 
dam site.   

The project would occupy 2,058.24 acres of federal lands within the Tongass National 
Forest and 131.18 acres of tideland and submerged lands of the state of Alaska. 

Communication Sites 
Existing and Future 
Communications Sites 

Tongass-wide Present 
and 
continuing 

Sites approved for telecommunication facilities are characterized by antennas, electronic 
transmitters, equipment shelters, and a variety of electronic communication support 
equipment. Proposals for new communications uses on the Tongass National Forest will 
be encouraged to co-locate on an approved communications site, unless the proponent 
demonstrates that communication sites approved in the Forest Plan are not technically 
feasible due to geographic location, or are incompatible with the requested use. Currently, 
there are 75approved communication sites on the Tongass. 

Transportation 
Regional 
Transportation 
Systems 

Tongass-wide  2015 and 
continuing 

The State of Alaska will continue to maintain and improve its regional transportation 
system including road and marine systems.  

Angoon Airport Angoon 2016 The Alaska Department of Transportation and Public Facilities proposed a land-based 
airport for Angoon. In January 2015 the Federal Aviation Administration released a Draft 
Environmental Impact Statement (EIS) for public comment. The preferred alternative 
identified in the DEIS is on private lands.  . Two alternative airport locations being 
considered are within the Admiralty Island National Monument and Kootznoowoo 
Wilderness. ADOT&PF submitted an ANILCA Title XI application for the alternative in 
Wilderness. 

Clark Bay Ferry 
Terminal Parking 
Expansion 

Hollis (Prince of Wales) Est. 2016 The Alaska Department of Transportation and Public Facilities intends to expand the 
existing parking area at the Clark Bay (Hollis) ferry terminal by about 50 parking spaces. 
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Juneau Access 
Improvement Project 
(ADOT&PF Federal 
Highway 
Administration) 

Juneau/Haines 2016 or 
later 

Extend Glacier Highway/State Route 7 northward from its current terminus to the north 
side of the Katzehin River delta, in a series of stages, under the preferred alternative in 
the Final Environmental Impact Statement (EIS) and construct terminal near Katzehin 
River.  

Gravina Access Gravina and Revillagigedo 
Islands 

2016 or 
later 

Design and construct improved access to Gravina Island 

Ketchikan to Shelter 
Cove Road 
(Cleveland Peninsula 
Shelter Cove D1 
easement) 

KMRD, Cleveland Peninsula 2015?? Construct between 9 and 10 miles of new, single lane, unpaved roadway and bridges and 
upgrade between 10 and 19 miles of existing logging roads to connect Revilla Road near 
Ketchikan to the Forest Service Road system at Shelter Cove on Carroll Inlet.. 
Approximately 1.61 miles of road would be routed through wetlands or other jurisdictional 
waters of the United States, while the other 5.68 miles would be routed through uplands. 
The project is an identified road segment supporting implementation of the 2004 
Southeast Alaska Transportation Plan  

Naukati Bay Road Naukati (Prince of Wales) 2015? Upgrade and pave Naukati West Access Road to a two lane road between the North 
POW Road and the Naukati Seaplane Float.     

Sitka-Katlian Bay Road Sitka 2016 or 
later 

In 2010 the State of Alaska Department of Transportation and Public Facilities (DOT&PF) 
was granted a D-1 easement for highway and utility planning purposes (Sitka – Rodman 
Bay). This road corridor was identified as a Proposed State Road Corridor in the 2008 
Forest Plan Land Use Designations map and given a Transportation and Utility System 
LUD.  DOT&PF is preparing a “…State Projects Environmental Checklist to address 
impacts and issues associated with…” building about nine miles of unpaved single-lane 
road from the end of the existing Sitka road system at Halibut Point Road, extending east 
along the south shoreline of Katlian Bay, crossing the Katlian River, and ending four miles 
east of the Katlian Bay.  Two and one-half miles of this proposed road crosses National 
Forest System lands. Some of the road is in the Sitka Urban Inventoried Roadless Area 
(331).  

Kake Access Project  Kake (Kupreanof Island) unknown In January 2013 the Western Federal Lands Highway Division of the Federal Highway 
Administration (FHWA) issued a notice to advise the public that FHWA would prepare an 
Environmental Impact Statement (EIS) for a proposed transportation project to improve 
access to and from the community of Kake in Southeast Alaska 

Construct approximately 27 miles of new single lane, unpaved roadway and bridges and 
improve approximately 26 miles of existing logging roads on the north end of Kupreanof 
Island to provide Kake road access to Petersburg via a short shuttle ferry link. The very 
low volume road is intended to improve Kake's surface transportation access to 
Petersburg, the regional transportation system.     



Appendix C 

Cumulative Effects C-20 Final EIS 

Table C-2 (continued) 
Present and Reasonably Foreseeable Actions and Projects Considered in Cumulative Effects Analyses 
Present/Reasonably 
Foreseeable Actions Location Year(s) Description 

Sandy Beach Road Thorne Bay (Prince of Wales 
Island) 

2015? Reconstruct and realign FSR30 from the intersection of Freeman Drive MP 0.0 in Thorne 
Bay to MP 0.5 at the City of Thorne Bay's Bypass Loop Road and city limits. This is the 
first phase of the fully designed 6.58 miles of trails and roadwork to the Sandy Beach. 

Alaska Marine 
Highway and 
Interisland ferry 

Southeast Alaska (non-NFS) 2016 and 
beyond 

Construction of new passenger terminal buildings and other improvements in Angoon and 
Kake; various marine terminal improvements in Ketchikan, Skagway, Gustavus, Sitka, 
Juneau, Tenakee Springs, and Haines; maintenance and refurbishment of vessels. 

Other Transportation 
Projects 

Southeast Alaska (NFS and 
non-NFS) 

2016 and 
beyond 

The Forest Service will conduct transportation projects which will vary year to year based 
on funding and need.  These include maintaining or improving existing roads and bridges, 
placing roads in storage, paving existing dirt roads, and improving fish passage at 
culverts. The State and local communities will also implement various transportation 
projects such as paving or resurfacing roads, road realignments, safety improvements, 
vessel and marine terminal improvements, etc. 

Recreation and Tourism 
Cruise Ships Tongass-wide 2015 and 

beyond 
Expected growth in recreation and tourism businesses based on continued growth in the 
cruise ship industry 

Outfitter Guides Tongass-wide 2015 and 
beyond 

Outfitter guide services may include guided hunts or trapping, camping, fishing, cross 
country skiing, hiking or other commercial recreational activities.  Outfitter and guide 
services are generally provided within ½-mile inland of the shoreline but extend further for 
some activities (e.g. goat hunting, canoeing, freshwater fishing).  

Helicopter Landings 
and Tours 

Mostly the Juneau Ranger 
District 

2015 and 
beyond 

About 17,000 landings occur on the Juneau Icefield for tours and activities annually 
(based on 2004-2007 data), which accounts for about 75% of the helicopter 
tours/landings in Southeast Alaska.  Helicopter landing tours also occur in a number of 
locations elsewhere on the Forest, including the Skagway Icefield and Baird Patterson 
Glaciers.   

Dispersed Recreation 
and Subsistence 
Gathering 

Tongass-wide 2015 and 
beyond 

There may be increasing recreational demand as the tourism industry continues to grow 
and increasing recreation around communities with population growth.  Gathering of 
subsistence resources is also expected to increase, although more slowly than recreation, 
with the growth of subsistence communities. 

Fishing and Recreation 
Lodges 

Tongass-wide 2015 and 
beyond 

Numerous lodges occur on private lands adjacent to the Tongass.  It is expected that 
most of these lodges will continue to operate, and new lodges will be opened, providing 
additional recreational opportunities. 

Recreation site 
development and 
closure 

Tongass-wide 2015 and 
beyond 

Continued use, maintenance and improvement of existing developed recreation sites 
(e.g., cabins, campgrounds, visitor centers, trails, and viewing areas, and other facilities), 
closures of such sites, or creation of new may occur.  Similarly, the State or communities 
may develop, improve, or modify recreation sites. 

Communities 
Population changes Tongass-wide Ongoing Human settlement expansion is expected to occur around the region’s larger cities, such 

as Juneau and Sitka, with residential expansion also expected as a result of state land 
auctions. 
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State land Offerings Tongass-wide Ongoing The State periodically offers land for settlement and development. Often, these lands are 
adjacent to NFS lands. No NFS lands are included in these State land offerings. 

POW Borough Prince of Wales Island unknown The Prince of Wales Community Advisory Council is investigating the formation of a 
Prince of Wales Borough. (speculative) 

Wildlife 
Pre-commercial 
thinning 

 2016 and 
beyond 

The Tongass Integrated Plan provides details on planned precommercial thinning projects 
that would benefit wildlife. A summary of acres by Ranger district is below. HRD: About 
2,270 acres; JRD: About 640 acres (Couverden); KMRD: About 2,780 acres; PRD: About 
3,890 acres; TBRD: About 6,000 acres (Big Thorne Stewardship); WRD: About 1,460 
acres. 

Mitkof Island Deer 
Habitat Enhancement 

Petersburg Ranger District 2016 Treat up to 1,114 acres of young-growth stands to benefit deer. 

Sport and Subsistence 
Harvest 

Tongass-wide 2016 and 
beyond 

Sport and subsistence harvests will continue throughout the forest.  Prediction of the 
future extent and intensity of such activities has a high degree of uncertainty associated 
with it on a Forest-wide basis over a broad time scale. 

Watershed Restoration 
Restoration Projects Tongass-wide 2016 and 

beyond 
Annually, the Forest Service will conduct watershed improvement projects including: 
watershed monitoring and assessments; instream and riparian rehabilitation; placement of 
large woody debris in streams; conducting landslide assessments; improving fish passage 
in streams (creating jump pools, barrier modifications, culvert replacements); 
decommissioning roads; and maintain fish passage structures. The number of locations 
and number of projects will vary year to year based on funding and need. 
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PAST ACTIONS 
Climate Change and Natural Processes 
Climate Change - General x        x x              

Yellow Cedar Decline        x x   x            
Fire x       x x   x            
Insects and Disease        x x   x            
Windthrow        x x   x            
Watershed Effects    x  x   x x              
                        
Timber Harvest Activities 
Past Harvest - NFS  x  x x x x  x x  x    x x x x x  x x 
Past Harvest – non-NFS  x  x x x x  x x  x    x x x x x  x x 
Past Road Construction/Use  x  x x x x  x x  x x   x x x x x  x x 
Past LTF Construction/Use    x x x x  x x      x x x x x  x x 
Land Adjustments 
Misty Fjords National Monument Wilderness 
Inholdings (2012)           x          x   

Public Law 113-291  x  x  x x  x x x x x x x x x x x x  x x 
Boomer Land Donation         x x x             
Other land adjustments    x  x   x x x x     x   x  x x 
Mining  
Various Mines  x x x x x x  x x  x   x x x       
Recreation and Tourism 
Cruise Ships x         x      x     x x x 
Outfitter Guides          x      x     x x  
Helicopter Landings and Tours          x      x     x x x 
Dispersed Recreation and Subsistence 
Gathering      x x  x x      x  x      

Fishing and Recreation Lodges      x x  x x  x    x x  x   x  
Recreation site development and closure      x x  x x  x    x x  x   x  
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Community Development 
Community Development         x x x  x x  x x x x   x x 
Wildlife Habitat Enhancement and Regulatory Actions 
Habitat Enhancement     x x x  x x        x      
State Hunting/Trapping and Federal 
Subsistence Regulations          x        x      

Watershed and Aquatic Habitat Improvement and Aquatic Regulatory Actions 
Restoration Projects    x x x            x      
State Fishing and Federal Subsistence 
Regulations     x x            x      

PRESENT AND REASONABLY FORESEEABLE ACTIONS 
Climate Change and Natural Processes 
General – Climate Change x   x  x  x x x  x  x  x      x x 
Yellow Cedar Decline        x x   x            
Fire x       x x   x            
Insects and Disease        x x   x            
Windthrow Events        x x   x            
Watershed Effects    x  x   x x              
                        
Timber Harvest Activities 
Future Harvest - NFS  x  x x x x  x x  x    x x x x x  x x 
Future Harvest – non-NFS  x  x x x x  x x  x    x x x x x  x x 
Future Road Construction/Use  x  x x x x  x x  x x   x x x x x  x x 
Future LTF Construction/Use    x x x x  x x      x x x x x  x x 
Land Adjustments 
Land Adjustments  x  x  x x  x x x x x x x x x x x x  x x 
Mining  
Various Mines  x x x x x x  x x  x   x x x       
Energy 
Hydroelectric Projects x  x x x x x  x x  x x x  x x  x x  x x 
Other Renewable Energy Projects x  x x x x x  x x  x x x  x x  x x  x x 
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Table C-3 (continued) 
Interactions Between Resources and Actions or Projects 
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Transmission Lines   x x x x x  x x  x x x  x x  x x  x x 
Communication Sites 
Existing and Future Communications Sites       x  x x    x   x  x     
Transportation 
Regional Transportation Systems x x x x x x x  x x   x x  x x x x   x x 
Local Transportation Systems x x x x x x x  x x   x x  x x x x   x x 
Alaska Marine Highway & Interisland Ferry x     x    x   x   x      x x 
Recreation and Tourism 
Recreation Developments/Actions x     x x  x x  x    x x x x  x x x 
Communities 
Community Expansion/Development x  x x x x x  x x x  x x  x x x x   x x 
Wildlife 
Pre-commercial thinning & habitat 
enhancement       x  x x  x      x      

Sport and Subsistence Harvests          x        x      
Watershed Restoration 
Restoration Projects   x x x x x  x x              
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Attachment 1 
Catalog of Past Harvest 

Introduction 
This appendix presents a catalog of past harvest for Southeast Alaska.  It is based on updated and 
extensive mapping of past harvest based on the Tongass GIS library, GIS data layers provided by 
Sealaska Regional Native Corporation, the State of Alaska, and Audubon Alaska/The Nature 
Conservancy, as well as supplemental interpretation of orthophotography and other aerial photography.  
It is also based on tabular information collected from the State of Alaska, Department of Natural 
Resources regarding state harvests and harvests under the Alaska Forest Resources and Practices Act.  
Appendix B provides more detailed information on the inventory methodology. 

Part II presents a tabular summary of information provided by the State of Alaska Department of Natural 
Resources, Division of Forestry. 

Part I – Acreage of Past Harvest by Ownership Category, by Landowner, 
by Biogeographic Province, by Approximate Decade 
Table I-1 
Acreage of Past Harvest by Landowner 

Ownership Category Landowner 

Est. Approx. 
Harvest 
Decade 

Acres 
Harvested 

Yakutat Forelands Biogeographic Province 
Tongass National Forest Tongass National Forest 1950s 28 
 Tongass National Forest 1970s 553 
 Tongass National Forest 1980s 1,812 
 Tongass National Forest 1990s 229 
 Tongass National Forest 2000s 987 
 Tongass National Forest -- 18 
 Total NFS Lands  3,627 
State of Alaska State of Alaska 1970s–1990s 1,315 
 Total State Lands  1,315 
 Yak-tat Kwaan Village Corporation 1980s 12,541 
 Other -- 134 
Private & Other Lands Total Private/Other Lands  12,675 
 TOTAL PROVINCE HARVEST  17,618 
Yakutat Uplands Biogeographic Province 
Tongass National Forest Tongass National Forest 1980s 665 
 Tongass National Forest 1990s 173 
 Tongass National Forest 2000s 552 
 Tongass National Forest -- 21 
 Total NFS Lands  1,411 
State of Alaska Total State Lands  0 
Private & Other Lands Total Private/Other Lands  0 
 TOTAL PROVINCE HARVEST  1,411 
East Chichagof Island Biogeographic Province 
Tongass National Forest Tongass National Forest <1950 1,016 
 Tongass National Forest 1950s 1,527 
 Tongass National Forest 1960s 6,053 
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Table I-1 
Acreage of Past Harvest by Landowner 

Ownership Category Landowner 

Est. Approx. 
Harvest 
Decade 

Acres 
Harvested 

 Tongass National Forest 1970s 13,232 
 Tongass National Forest 1980s 10,501 
 Tongass National Forest 1990s 11,713 
 Tongass National Forest 2000s 60 
 Tongass National Forest -- 105 
 Total NFS Lands  44,207 
State of Alaska State of Alaska 1980s 200 
 State of Alaska 1990s 227 
 State of Alaska 2000s 70 
 Total State Lands  497 
Private & Other Lands Hoonah -- 252 
 Huna Totem Village Corporation -- 11,449 
 Sealaska Regional Corporation 1970s 1,352 
 Sealaska Regional Corporation 1980s 7,670 
 Sealaska Regional Corporation 1990s 6,400 
 Sealaska Regional Corporation 2000s 6,825 
 Other Private Owners -- 81 
 Total Private/Other Lands  37,007 
 TOTAL PROVINCE HARVEST  81,711 
West Chichagof Island Biogeographic Province 
Tongass National Forest Total NFS Lands  0 
State of Alaska Total State Lands  0 
Private & Other Lands Total Private/Other Lands  0 
 TOTAL PROVINCE HARVEST  0 
East Baranof Island Biogeographic Province 
Tongass National Forest Tongass National Forest <1950 197 
 Tongass National Forest 1950s 223 
 Tongass National Forest 1960s 8,158 
 Tongass National Forest 1970s 2,725 
 Tongass National Forest 1990s 2,227 
 Total NFS Lands  13,530 
State of Alaska Total State Lands  0 
Private & Other Lands Other Private Land Owners -- 2 
 Total Private/Other Lands  2 
 TOTAL PROVINCE HARVEST  13,532 
West Baranof Island Biogeographic Province 
Tongass National Forest Tongass National Forest 1950s 1,085 
 Tongass National Forest 1960s 9,812 
 Tongass National Forest 1970s 5,556 
 Tongass National Forest 1980s 10 
 Total NFS Lands  16,978 
State of Alaska State of Alaska 1980s 696 
 State of Alaska 1990s 204 
 Total State Lands  900 
Private & Other Lands Shee Atika Village Corporation 1980s 1,184 
 Other Private Owners -- 271 
 Total Private/Other Lands  1,455 
 TOTAL PROVINCE HARVEST  19,332 
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Table I-1 
Acreage of Past Harvest by Landowner 

Ownership Category Landowner 

Est. Approx. 
Harvest 
Decade 

Acres 
Harvested 

Admiralty Island Biogeographic Province 
Tongass National Forest Tongass National Forest Prior to 1950 3,202 
 Tongass National Forest 1950s 771 
 Tongass National Forest 1960s 3,305 
 Tongass National Forest 1970s 1,108 
 Tongass National Forest 1990s 17 
 Tongass National Forest 2000s 105 
 Tongass National Forest -- 88 
 Total NFS Lands  8,595 
State of Alaska Total State Lands  0 
Private & Other Lands Shee Atika Village Corporation 1980s–1990s 20,080 
 Other Private Owners -- 110 
 Total Private/Other Lands  20,190 
 TOTAL PROVINCE HARVEST  28,785 
Lynn Canal Biogeographic Province 
Tongass National Forest Tongass National Forest 1960s 2,129 
 Tongass National Forest 1970s 1,177 
 Tongass National Forest 1980s 545 
 Tongass National Forest 1990s 1,527 
 Total NFS Lands  5,377 
State of Alaska State of Alaska 1980s 214 
 Total State Lands  214 
Private & Other Lands Other Private Owners 1990s 335 
 Total Private/Other Lands  335 
 TOTAL PROVINCE HARVEST  5,926 
North Coast Range Biogeographic Province 
Tongass National Forest Tongass National Forest 1950s 221 
 Total NFS Lands  221 
State of Alaska State of Alaska -- 24 
 Total State Lands  24 
Private & Other Lands Goldbelt Village Corporation 1980s 20,389 
 City and Borough of Juneau -- 1 
 Other Land Owners -- 147 
 Total Private/Other Lands  20,537 
 TOTAL PROVINCE HARVEST  20,782 
Kupreanof/Mitkof Biogeographic Province 
Tongass National Forest Tongass National Forest <1950 1,573 
 Tongass National Forest 1950s 1,096 
 Tongass National Forest 1960s 6,781 
 Tongass National Forest 1970s 10,183 
 Tongass National Forest 1980s 8,335 
 Tongass National Forest 1990s 5,539 
 Tongass National Forest 2000s 2,234 
 Total NFS Lands  35,742 
State of Alaska State of Alaska 1980s 3,648 
 State of Alaska 1990s 884 
 State of Alaska 2000s 54 
 Total State Lands  4,587 
Private & Other Lands Kake -- 126 
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Table I-1 
Acreage of Past Harvest by Landowner 

Ownership Category Landowner 

Est. Approx. 
Harvest 
Decade 

Acres 
Harvested 

 Petersburg -- 484 
 Kake Village Corporation 1970s–1990s 17,471 
 Sealaska Regional Corporation <1980 3,755 
 Sealaska Regional Corporation 1980s 1,831 
 Sealaska Regional Corporation 1990s 551 
 Sealaska Regional Corporation 2000s 6,009 
 Other Private Owners -- 823 
 Total Private/Other Lands  31,050 
 TOTAL PROVINCE HARVEST  71,379 
Kuiu Island Biogeographic Province 
Tongass National Forest Tongass National Forest <1950 2,570 
 Tongass National Forest 1950s 344 
 Tongass National Forest 1960s 3,428 
 Tongass National Forest 1970s 8,989 
 Tongass National Forest 1980s 7,852 
 Tongass National Forest 1990s 4,644 
 Tongass National Forest 2000s 667 
 Total NFS Lands  28,494 
State of Alaska State of Alaska -- 9 
 Total State Lands  9 
Private & Other Lands Sealaska Regional Corporation <1980 22 
 Other Private Owners -- 113 
 Total Private/Other Lands  135 
 TOTAL PROVINCE HARVEST  28,638 
Central Coast Range Biogeographic Province 
Tongass National Forest Tongass National Forest <1950 159 
 Tongass National Forest 1950s 910 
 Tongass National Forest 1960s 3,574 
 Tongass National Forest 1970s 1,087 
 Tongass National Forest 1980s 164 
 Tongass National Forest 1990s 586 
 Total NFS Lands  6,479 
State of Alaska State of Alaska 1970s–1980s 1,421 
 Total State Lands  1,421 
Private & Other Lands Other Land Owners -- 13 
 Total Private/Other Lands  13 
 TOTAL PROVINCE HARVEST  7,913 
Etolin Island and Vicinity Biogeographic Province 
Tongass National Forest Tongass National Forest <1950 2,565 
 Tongass National Forest 1950s 1,728 
 Tongass National Forest 1960s 2,593 
 Tongass National Forest 1970s 12,666 
 Tongass National Forest 1980s 8,964 
 Tongass National Forest 1990s 6,532 
 Tongass National Forest 2000s 1,016 
 Tongass National Forest -- 4 
 Total NFS Lands  36,066 
State of Alaska State of Alaska  3,764 
 Total State Lands  3,764 
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Table I-1 
Acreage of Past Harvest by Landowner 

Ownership Category Landowner 

Est. Approx. 
Harvest 
Decade 

Acres 
Harvested 

Private & Other Lands Wrangell  643 
 Other Land Owners  68 
 Total Private/Other Lands  712 
 TOTAL PROVINCE HARVEST  40,542 
North Central Prince of Wales Island Biogeographic Province 
Tongass National Forest Tongass National Forest <1950 1,772 
 Tongass National Forest 1950s 11,460 
 Tongass National Forest 1960s 50,216 
 Tongass National Forest 1970s 47,190 
 Tongass National Forest 1980s 35,623 
 Tongass National Forest 1990s 33,507 
 Tongass National Forest 2000s 4,343 
 Tongass National Forest -- 15 
 Total NFS Lands  184,125 
State of Alaska State of Alaska -- 15,384 
 Total State Lands  15,384 
Private & Other Lands Hydaburg -- 48 
 Kasaan -- 16 
 Thorne Bay -- 180 
 Haida Village Corporation 1980s–1990s 2,465 
 Kavilco Village Corporation 1990s 11,811 
 Klawock-Heenya Village Corporation 1980s–1990s 12,073 
 Sealaska Regional Corporation <1980        3,240  
 Sealaska Regional Corporation 1980s      32,741  
 Sealaska Regional Corporation 1990s      24,452  
 Sealaska Regional Corporation 2000s      22,835  
 Shaan Seet Village Corporation 1980s–1990s 6,858 
 Other Private Land Owners -- 3,304 
 Total Private/Other Lands  120,022 
 TOTAL PROVINCE HARVEST  319,531 
Revilla Island/Cleveland Peninsula Biogeographic Province 
Tongass National Forest Tongass National Forest <1950 2,181 
 Tongass National Forest 1950s 6,812 
 Tongass National Forest 1960s 6,389 
 Tongass National Forest 1970s 8,443 
 Tongass National Forest 1980s 5,827 
 Tongass National Forest 1990s 11,477 
 Tongass National Forest 2000s 4,470 
 Tongass National Forest -- 60 
 Total NFS Lands  45,658 
State of Alaska State of Alaska  4,043 
 Total State Lands  4,043 
Private & Other Lands Ketchikan -- 39 
 Sealaska Regional Corporation <1980 151 
 Cape Fox Village Corporation 1980s–1990s 13,266 
 Other Land Owners 1980s–1990s 7,406 
 Total Private/Other Lands  20,862 
 TOTAL PROVINCE HARVEST  70,563 
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Table I-1 
Acreage of Past Harvest by Landowner 

Ownership Category Landowner 

Est. Approx. 
Harvest 
Decade 

Acres 
Harvested 

Southern Outer Islands Biogeographic Province 
Tongass National Forest Tongass National Forest 1950s 569 
 Tongass National Forest 1960s 3,737 
 Tongass National Forest 1970s 3,058 
 Tongass National Forest 1980s 5,737 
 Tongass National Forest 1990s 1,683 
 Tongass National Forest 2000s 354 
 Total NFS Lands  15,138 
State of Alaska State of Alaska 1990s 2,102 
 Total State Lands  2,102 
Private & Other Lands Haida Village Corporation -- 4 
 Klawock-Heenga Village Corporation -- 366 
 Sealaska Regional Corporation 2000s 31 
 Shaan Seat Village Corporation 1980s–1990s 3,324 
 Total Private/Other Lands  3,725 
 TOTAL PROVINCE HARVEST  20,965 
Dall Island and Vicinity Biogeographic Province 
Tongass National Forest Tongass National Forest <1950 77 
 Tongass National Forest 1950s 79 
 Tongass National Forest 1960s 213 
 Total NFS Lands  369 
State of Alaska Total State Lands  0 
Private & Other Lands Haida Village Corporation 1980s–1990s 365 
 Klukwan Villa Village Corporation 1980s–1990s 17,265 
 Sealaska Regional Corporation <1980 630 
 Sealaska Regional Corporation 1980s 4,549 
 Sealaska Regional Corporation 1990s 1,831 
 Sealaska Regional Corporation 2000s 8,011 
 Other Land Owners -- 265 
 Total Private/Other Lands  32,916 
 TOTAL PROVINCE HARVEST  33,285 
South Prince of Wales Island Biogeographic Province 
Tongass National Forest Tongass National Forest <1950 410 
 Tongass National Forest 1950s 60 
 Tongass National Forest 1960s 467 
 Tongass National Forest 1970s 368 
 Tongass National Forest 1980s 276 
 Tongass National Forest 1990s 994 
 Tongass National Forest 2000s 716 
 Tongass National Forest -- 1 
 Total NFS Lands  3,292 
State of Alaska State of Alaska -- 351 
 Total State Lands  351 
Private & Other Lands Sealaska Regional Corporation <1980 79 
 Sealaska Regional Corporation 2000s 79 
 Haida Village Corporation 1980s–1990s 589 
 Kootznoowoo Village Corporation 1980s–1990s 13,491 
 Other Land Owners -- 25 
 Total Private/Other Lands  14,184 
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Table I-1 
Acreage of Past Harvest by Landowner 

Ownership Category Landowner 

Est. Approx. 
Harvest 
Decade 

Acres 
Harvested 

 TOTAL PROVINCE HARVEST  17,827 
North Misty Fiords Biogeographic Province 
Tongass National Forest Tongass National Forest 1950s 81 
 Tongass National Forest 1960s 960 
 Tongass National Forest 1980s 68 
 Tongass National Forest -- 260 
 Total NFS Lands  1,370 
State of Alaska State of Alaska -- 818 
 Total State Lands  818 
Private & Other Lands Sealaska Regional Corporation 1980s 16 
 Sealaska Regional Corporation 2000s 8 
 Total Private/Other Lands  23 
 TOTAL PROVINCE HARVEST  2,211 
South Misty Fiords Biogeographic Province 
Tongass National Forest Total NFS Lands  0 
State of Alaska Total State Lands  0 
Private & Other Lands Total Private/Other Lands  0 
 TOTAL PROVINCE HARVEST  0 
Ice Fields Biogeographic Province 
Tongass National Forest Tongass National Forest 1960s 1,732 
 Tongass National Forest 1970s 1,311 
 Tongass National Forest 1980s 996 
 Tongass National Forest 2000s 5 
 Total NFS Lands  4,044 
State of Alaska Total State Lands  0 
Private & Other Lands Total Private/Other Lands  0 
 TOTAL PROVINCE HARVEST  4,044 
Glacier Bay/Fairweather Range Biogeographic Province 
Tongass National Forest Total NFS Lands  0 
State of Alaska Total State Lands  0 
Private & Other Lands Glacier Bay N.P. -- 200 
 Total Private/Other Lands  200 
 TOTAL PROVINCE HARVEST  200 
Chilkat River Complex Biogeographic Province 
Tongass National Forest Total NFS Lands  0 
State of Alaska State of Alaska 1980s–2000s  17,069 
 Total State Lands  17,069 
Private & Other Lands BLM -- 136 
 Glacier Bay N.P. -- 568 
 Private/Other -- 2,864 
 Total Private/Other Lands  3,568 
 TOTAL PROVINCE HARVEST  20,637 
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Part II – Statistics on the Alaska Forest Resources and Practices Act 
Implementation and State Timber Sales in Southeast Alaska 
Part II presents a tabular summary of information provided by the State of Alaska Department of Natural 
Resources, Division of Forestry.  Statistical information is not available for harvests prior to the Alaska 
Forest Resources and Practices Act (AFRPA), nor for some years since the Act.  Tables II-1 through II-5 
provide statistics regarding the AFRPA, as it has been applied to private and other lands in Southeast 
Alaska.  Tables II-6 through II-18 provide information on State timber sales in Southeast Alaska. 

Table II-1 
Forest Practices Act – Summary Statistics for Southeast Alaska, 1991–1998 

 1991 1992 1993 1994 1995 1996 1997 1998 
New Notifications        
SSE 103 117 145 124 131 146 123 87 
NSE 2 0 8 0 3 1 0 0 
TOTAL 105 117 153 124 134 147 123 87 
Harvest Acreage in New Notifications Received 
SSE 21,016 37,971 28,769 33,038 22,745 30,509 26,034 16,291 
NSE 110 0 824 100 227 80 0 0 
TOTAL 21,126 37,971 29,593 33,138 22,972 30,589 26,034 16,291 
# Inspections 
SSE 146 134 98 119 93 90 42 56 
NSE 2 0 8 1 5 0 0 0 
TOTAL 148 134 106 120 98 90 42 56 
# Variation Trees Reviewed (=approved, denied, and other (e.g., withdrawn) 
SSE 350 1,344 3,581 1,660 1,054 1,116 2,571 4,113 
NSE 83 0 0 0 0 0 0 0 
TOTAL 433 1,344 3,581 1,660 1,054 1,116 2,571 4,113 

 
Table II-2 
Forest Practices Act – Summary Statistics for Southeast Alaska, 1999–2006 
 1999 2000 2001 2002 2003 2004 2005 2006 
New Notifications 
SSE 79 104 36 43 51 47 43 51 
NSE 0 0 19 10 6 6 5 3 
TOTAL 79 104 55 53 57 53 48 54 
Harvest Acreage in New Notifications Received 
SSE 11,705 20,542 5,599 7,667 12,197 30,488 27,733 37,313 
NSE 0 3,779 9,619 5,839 1,780 1,969 344 413 
TOTAL 11,705 24,321 15,218 13,506 13,977 32,457 28,077 37,726 
# Inspections 
SSE 32 89 44 43 58 35 59 20 
NSE 0 0 25 24 11 9 13 9 
TOTAL 32 89 69 67 69 44 72 29 
# Variation Trees Reviewed (=approved, denied, and other (e.g., withdrawn) 
SSE 1,522 330 103 58 336 948 411 0 
NSE 0 0 144 20 199 17 0 0 
TOTAL 1,522 330 247 78 535 965 411 0 
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Table II-3 
Forest Practices Act – Summary Statistics for Southeast Alaska, 2007–2014 
 2007 2008 2009 2010 2011 2012 2013 2014 
New Notifications 
SSE 34 27 32 61 54 32 14 14 
NSE 7 2 8 8 6 3 5 0 
TOTAL 41 29 40 69 60 33 19 14 
Harvest Acreage in New Notifications Received 
SSE 10,263 18,988 7,752 17,532 5,577 8,373 4,717 1,724 
NSE 1,039 211 1,858 1,740 2,241 6,379 40 0 
TOTAL 11,302 19,199 9,610 19,272 7,818 14,752 4,757 1,724 
# Inspections (Department of Forestry) 
SSE 39 42 29 37 18 6 20 31 
NSE 8 5 3 1 2 1 3 3 
TOTAL 47 47 32 38 18 7 23 34 
# Variation Trees Reviewed (=approved, denied, and other (e.g., withdrawn) 
SSE 0 538 222 14 6 46 312 202 
NSE 0 0 0 0 0 0 243 0 
TOTAL 0 538 222 14 6 46 555 202 

NR=Not reported in ADOF Annual Report 

 

Table II-4 
Forest Practices Act – Road Miles Summary for State of Alaska, 1997–2006 
Road Miles Notified 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 
SSE  156 104 101 130 39 58 71 69 34 25 
NSE  0 0 0 0 104 20 10 3 4 3 
Mat-Su/SW 13 3 28 0 0 3 5 13 12 46 
Kenai-Kodiak 195 50 146 44 65 146 96 57 25 11 
COASTAL 364 157 275 174 208 227 182 142 75 85 
Fairbanks 1 0 0 3 0 1 7 3 0 0 
Delta  0 0 0 0 0 0 0 0 4 0 
Tok  3 0 0 0 0 0 0 60 58 0 
Copper R. 7 5 0 0 0 0 0 46 0 0 
NORTHERN 11 5 0 3 0 1 7 109 62 0 
TOTAL  375 162 275 177 208 228 189 251 136 85 
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Table II-5 
Forest Practices Act – Road Miles Summary for State of Alaska, 2007-2014 
Road Miles Notified 2007 2008 2009 2010 2011 2012 2013 2014 
SSE  23 23 30 55 28 15 15 16 
NSE  1 0 0 0 10 16 0.3 0 
Mat-Su/SW 2 1 0 0 61 64 0 0 
Kenai-Kodiak 24 16 3 66 0 0 6 44 
COASTAL 50 40 33 122 99 95 21 60 
Fairbanks 0 0 0 3 0 6 4 2 
Delta  0 1 0 0 0 0 0 0 
Tok  0 0 0 0 27 31 0 1 
Copper R. 0 0 0 0 1 0 0 0 
NORTHERN 0 1 0 3 28 37 4 3 
TOTAL  50 41 33 124 127 132 26 63 

 

Table II-6 
State Timber Sales Sold  

Year 
Volume sold (MBF1) 

North-Central South-Central Southeast 
1983 5,964 51,985 54 
1984 14,735 4,445 1,907 
1985 12,182 4,698 3,298 
1986 4,450 2,587 424 
1987 9,352 3,081 7,174 
1988 16,510 4,513 6,452 
1989 13,872.5 1,990 5,738 
1990 14,317.9 3,398.8 18,064.5 
1991 9,519 565 72.2 
1992 20,613 3,306 186 
1993 17,208 1,020 9,065 
1994 1,569 5,564 8,903 
1995 107,521 28,332 4,455 
1996 182,131 9,368 1,109 
FY97 15,528 129 5,942 
FY98 13,211 17,754 14,623 
FY99 6,836 2,803 4,797 
FY00 6,637 5,774 8,365 
FY01 6,064 1,857 954 
FY02 4,207 1,333 11,340 
FY03 4,813 3,779 4,094 
FY04 2,708 957 8,064 
FY05 5,594 4,934 16,003 
FY06 12,478 6,638 10,777 
FY07 6,420 30,110 24,437 
FY08 7,163 4,316 4,059 
FY09 11,036 1,451 5,597 
FY10 5,445 2,460 4,626 
FY11 7,281 3,913 12,865 
FY12 8,815 11,067 1,346 
FY132 2,662 1,918 4,976 
FY14 19,621 379 8,512 

1 Converted from Mcf. 
2 FY13 values are timber volume offered.  
Note: data collection changed from calendar year (CY) to fiscal year (FY) with some overlap between 1996 and 
FY97. 
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Table II-7 
FY 97 State Timber Sales Sold – Southeast 
Area Sale Name Acres Sale Date Use Vol MBF 
Ketchikan Ronald Brown 6 7/22/1996 local 37 
Ketchikan Pat Richter 4 8/21/1996 local 43 
Ketchikan Ernie Eads 9 8/22/1996 local 34 
Ketchikan Last Chance Enterprises 5 1/13/1997 local 55 
Ketchikan Ernie Eads 1 2/3/1997 local 8 
Ketchikan Pat Richter 1 3/3/1997 local 4 
Ketchikan Warren Jones 2 3/7/1997 local 46 
Ketchikan Norman Canaday 5 3/18/1997 local 14 
Ketchikan Ralph Porter 1 5/26/1997 local 34 
Ketchikan Daryl Tinkness 1 6/16/1997 local 19 
Ketchikan Ernie Eads 9 6/9/1997 local 228 
Ketchikan Pete Smit 8 5/30/1997 local 54 
SUBTOTAL 12 52   576 
Haines Pond View 22 10/14/1996 local 249 
SUBTOTAL 1 22   249 
Juneau Shadow 45 7/26/1996 Export 1,455 
Juneau Corner 12 9/30/1996 local 141 
Juneau Blackheart 14 11/7/1996 local 425 
Juneau Nufie 79 2/11/1997 local 1,700 
Juneau Thumb Nail 45 2/11/1997 local 802 
Juneau Pt. Frederick #6 9 3/7/1997 Export 446 
Juneau Silas Triangle 6 6/30/1997 mixed 106 
Juneau Magazine Road 3 6/30/1997 Export 42 
SUBTOTAL  8 213   5,117 
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Table II-8 
State Timber Sales Sold – FY 98 – Southeast 

Area Sale Name Acres Sale date Use Vol MBF 
Ketchikan Fleenor 5 7/25/1997 local 178 
Ketchikan Sneather 0 10/21/1997 local 7 
Ketchikan Whale pass assoc. I 0 11/3/1997 local 55 
Ketchikan Whale pass assoc. Ii 0 2/26/1998 local 67 
Ketchikan Tinkess 1 11/14/1997 local 5 
Ketchikan Trumble 1 11/24/1997 local 1 
Ketchikan Fleenor #2 8 3/6/1998 local 147 
Ketchikan Gray 1 12/8/1997 local 2 
Ketchikan Smith 3 PENDING local 16 
Ketchikan Eads 2 5/12/1998 local 44 
Ketchikan Hammar 3 5/12/1998 local 21 
Ketchikan Hollis Comm. Council 0 5/12/1998 local 74 
Ketchikan Kitkun 160 6/29/1998 local 4,300 

Subtotal 13 184   4,917 
NSE Thunder Creek 565 7/15/1997 export 4,331 
NSE Buster Benson 7 8/18/1997 local 80 
NSE Highline 8 9/2/1997 local 244 
NSE Alaska Power & Tele. 0 9/18/1997 local 6 
NSE Fred Strong 4 10/9/1997 local 32 
NSE Scott Rossman 5 5/8/1998 local 23 
NSE Scott Rossman #2 2 5/28/1998 local 12 
NSE Scott Rossman #3 2 6/15/1998 local 58 
NSE Banana Pt. Salvage 2 7/9/1997 local 40 
NSE Roy's Breakdown 41 7/23/1997 local 1,339 
NSE Silas 14 7/23/1997 local 466 
NSE Roy Sokol Salvage 1 7/29/1997 local 9 
NSE Thumbnail Unit 3 2 9/12/1997 local 229 
NSE Thumbnail ii 29 9/15/1997 local 607 
NSE Mitkof Hwy Row 1 11/21/1997 local 16 
NSE Hemlock Salvage 0 11/21/1997 local 9 
NSE Shadow Salvage 0 11/24/1997 export 120 
NSE Hermit Creek 4 12/22/1997 local 102 
NSE Pt. Frederick #6 0 6/5/1998 local 58 
NSE Eastern Passage I 83 2/23/1998 local 1,681 
NSE Nufie II 19 6/9/1998 local 244 
Subtotal  21 788   9,706 
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Table II-9 
State Timber Sales Sold – FY 99 Coastal Region 

Area Sale Name Acres Sale Date MBF Use 
Ketchikan Fleenor No. 3 6 07/27/98 125 Local 
Ketchikan Small #2 4 08/17/98 123 Local 
Ketchikan Small #3 3 09/28/98 68 Local 
Ketchikan Small #4 6 11/30/98 382 Local 
Ketchikan Small #5 4 11/30/98 308 Local 
Ketchikan Small #6 1 11/24/98 18 Local 
Ketchikan Small #7 3 12/11/98 80 Local 
Ketchikan Small #8 3 12/24/98 67.7 Local 
Ketchikan Small #9 0.1 03/26/99 10 Local 
Ketchikan Small #10 9.9 05/19/99 357 Local 
Ketchikan Small #11 4.7 06/01/99 150 Local 
Subtotal 11 44.7   1,688.7   
NSE Thumbnail III 74 09/21/98 1,613 Local 
NSE Eastern Passage I 52 06/01/99 1,429 Local 

NSE 
McCormack Creek 
Rd. Project ROW 0 08/03/98 37.25 Local 

NSE Del Mikkelsen 5 12/03/98 29 Local 
Subtotal 5 131   3,108   

 
 

Table II-10 
State Timber Sales Sold – FY 00 – Southeast 

Area Sale Name Acres Sale Date MBF Mcf Use 
Ketchikan SE-959K 1 07/13/99 3  Local 
Ketchikan Coffman Cove 214 07/27/99 5,515  Local 
Ketchikan SE-960K 1 09/21/99 14  Local 
Ketchikan SE-962K 5 09/21/99 117  Local 
Ketchikan SE-1019K 1 03/13/00 12  Local 
Ketchikan SE-1021K 5 04/07/00 491  Local 
Ketchikan SE-970K 2 05/22/00 27  Local 
Ketchikan SE-971K 1 06/08/00 8  Local 
Ketchikan SE-1020K 1  34  Local 
Ketchikan SE-972K 5  468  Local 
Ketchikan SE-973K 8  257  Local 
Subtotal 11 244   6,945.9     
NSE Small #1, SE-474J 3 07/19/99 139  Local 

NSE 
Eastern Passage I, 
Unit 4 24 12/30/99 656  Local 

NSE Devils Elbow 2 07/19/99 24  Local 
NSE Porcupine Snow  12/22/99 41  Local 
NSE High Extension 8 02/01/00 49  Local 
NSE Porcupine Wings 24 03/28/00 419  Any 
NSE Porcupine Heights 5 04/05/00 38  Local 
NSE Roy's Favorite 3 06/02/00 53  Local 
Subtotal 8 69   1,419     
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Table II-11 
State Timber Sales Sold – FY 01 – Southeast 

Area Sale Name Acres 
Sale 
Date MBF Purchaser Use 

SSE SE-979-K 1 01/12/01 20 Jack Dupertuis local 
SSE SE-983-K 2 03/14/01 28 Sealaska export 

SSE SE-1020-K 2 10/16/00 34 
Naukati 
Adventures local 

SSE SE-976-K 7 10/03/00 391 Pat Richter local 

SSE SE-980-K 0 12/08/00 10 
Evergreen 
Timber export 

SSE SE-981-K 2 12/08/00 30 
Hummer 
Enterprises local 

SSE SE-982-K 4 05/16/01 80 B&W Lumber local 

SSE SE-984-K 0 05/17/01 10 
Hummer 
Enterprises local 

Subtotal 8 17   603   
NSE Ski Hill 5 07/29/00 34 The Stump Co. local 
NSE 37Mile 6 04/10/01 104 The Stump Co. local 
NSE Chilkat Lake 2 04/10/01 19 Bob Jensen local 
NSE Knob 4 2 04/10/01 28 Tophat Logging local 
NSE Birch Hill 1 04/30/01 9 Eager Beaver local 

NSE 
Knob 
Extension 1 06/18/01 1 Sage Thomas local 

NSE 
Knobs 
Backside 5 06/25/01 24 Carl Smith local 

NSE Half Load 1 01/18/01 11 Hidden Valley local 

NSE 
Knob 3 
Extension 2 02/05/01 16 Green Diamond local 

NSE Daisy 3 02/23/01 65 Hidden Valley local 
NSE SE-741 1 02/26/01 11 Don Peterson local 
NSE Three Peaks 2 03/12/01 20 Green Diamond local 
NSE Knob ABC 2 03/21/01 9 Green Diamond local 
Subtotal 13 33   351   
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Table II-12 
State Timber Sales – FY 02 – Southeast 

Area Sale Name Acres Sale Date MBF Use 
SSE Naukati West 70 04/29/02 2,685 V-A 
SSE East Pass #5 50 04/01/02 1,110 V-A 
SSE Tuxecan 134 04/15/02 4,018 V-A 
SSE Richter #2 4 07/09/01 187 V-A 
SSE Richter #3 3 02/08/02 90 V-A 
SSE Jones 1 0 09/18/01 13 V-A 
SSE Sunde 1 0 05/30/02 7 V-A 
SSE Clark Bay Group 3 11/02/01 26 V-A 
SSE Gildersleeve1 1 09/17/01 24 V-A 
SSE Thorne Bay #1 80 09/14/01 2,539 V-A 
Subtotal 10 345   10,699  
NSE 37.5 Mile Fall 4 10/25/01 51 V-A 
NSE 37-Mile Addition 4 07/24/01 28 V-A 
NSE Daisy Salvage 1 10/16/01 31 V-A 
NSE Birch Road A 2 07/13/01 17 V-A 
NSE Birch Pole 1 01/08/02 3 V-A 
NSE Backside 2 3 07/10/01 19 V-A 
NSE Daisy 2 7 05/24/02 117 V-A 
NSE Birch road 2 07/06/01 10 V-A 
NSE Daisy Dead 2 06/06/02 9 V-A 
NSE LS Mountain 10 07/09/01 357 V-A 
Subtotal 10 36   641   
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Table II-13 
State Timber Sales Sold – FY 03 – Southeast 

Area Sale Name Acres Sale Date MBF Use 
SSE Yatuk Creek #1 4 10/15/02 179 VA 
SSE Yatuk Creek #2 5 10/15/02 228 VA 
SSE Yatuk Creek #3 2 10/15/02 80 VA 
SSE Yatuk Creek #4 4 10/15/02 41 VA 
SSE Yatuk Creek #5 6 10/15/02 205 VA 
SSE Yatuk Creek #6 4 10/15/02 112 VA 
SSE Yatuk Creek #7 4 10/15/02 308 VA 
SSE Yatuk Creek #8 3 10/15/02 151 VA 
SSE Yatuk Creek #9 64 01/06/03 2,064 VA 
SSE Frederick Rd. #1 4 10/14/02 125 VA 
SSE Thorne Bay Burn #4 2 11/01/02 53 VA 
SSE Thorne Bay Burn #5 2 11/01/02 40 VA 
SSE Sandy Road #1 6 11/01/02 87 VA 
SSE Sunde #2 <1 05/06/03 10 VA 
Subtotal 14 110   3,683   
NSE Starigavin ROW NSE-

1026 1 09/27/02 6 VA 
NSE Tidy Stump SE-759 1 08/23/02 25 VA 
NSE Farm Wood 3 01/17/03 50 VA 
NSE Jensen Skid Road 3 02/18/03 19 VA 
NSE Hemlock Switch 5 02/10/03 67 VA 
NSE Spruce Addition 1 02/04/03 10 VA 
NSE 20 Mile Xing 2 02/26/03 13 VA 
NSE Half Dozen 1 02/28/03 4 VA 
NSE Wolf Pack 1 03/10/03 13 VA 
NSE Chilkat Lake Road 2 03/27/03 5 VA 
NSE Spruce Log 2 01/03/03 10 VA 
NSE Hemlock Home 1 01/13/00 13 VA 
NSE Porcupine Clean 1 11/04/02 11 VA 
NSE Farm Birch 2 12/17/02 6 VA 
NSE Wolf Skid 2 04/04/03 4 VA 
NSE Spruce Tap 2 05/05/03 7 VA 
NSE Hemlock Corner 2 05/05/03 41 VA 
NSE 37 Mile Patch 1 05/19/03 10 VA 
NSE 38 Mile Draw 9 05/21/03 84 VA 
NSE Daisy Cleanup 3 06/13/03 64 VA 
Subtotal 20 45   462  
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Table II-14 
State Timber Sales Sold – FY 04 – Southeast 

Area Sale Name Acres Sale Date MBF Use 
SSE Boy Scout 19 08/21/03 990.18 local 
SSE Intertie ROW n/a 07/21/03 172.00 local 
SSE Coffman Cove R 1 08/18/03 40.40 local 
SSE Kasaan 1 149 10/21/03 3,238.00 local 
SSE East Naukati 135 05/06/04 3,164.00 local 
SSE Thorne Bay ROW 1 12/12/03 42.43 export 
Subtotal 6 305   7,647.01   
NSE Deats 1-N. Douglas 1 03/14/04 1.00 local 
NSE Little Salmon Mt. 8 10/03/03 357.00 local 
NSE 38-mile Draw 5 1 10/02/03 10.00 local 
NSE Spruce Rose 1 07/08/04 11.00 local 
NSE Big Hemlock 2 07/23/03 34.00 local 
NSE Boulder Spruce 3 08/10/03 52.00 local 
NSE Boulder Spruce 2 10 10/30/03 24.00 local 
NSE 38 Mile Pocket 1 11/25/03 33.00 local 
NSE Stretch Time 2 12/10/03 29.00 local 
NSE Ice Road 2 02/06/04 28.00 local 
NSE Boulder 6 x 6 1 05/03/04 21.00 local 
NSE Stretch Melt 2 06/10/04 31.00 local 
NSE Nataga Skid 3 06/10/04 5.24 local 
NSE Stretch 6 11/28/03 53.00 local 
NSE 38 Mile Extension 1 12/09/03 22.00 local 
Subtotal 15 44   711.24   

 

  



Appendix C 

Catalog of Past Harvest  A1-18 Final EIS 

Table II-15 
State Timber Sales Sold – FY 05 – Southeast 

Area Sale Name Acres Sale Date MBF Use 
SSE 2058 Road 1/Jones #2 3 07/09/04 36 local 
SSE 2058 Road 2/Jones #3 2 07/09/04 28 local 
SSE 2058 Road 4/Jones #1 2 07/09/04 19 local 
SSE 2058 Road 5/Thorne Bay WP 6 07/27/04 107 local 
SSE 2058 Road 6/Thorne Bay WP 3 07/21/04 65 local 
SSE Sandy Road 2 20 08/20/04 419 local 
SSE Coffman Cove ROW #2 1 08/23/04 8 local 
SSE Thorne Bay 2 130 10/30/04 4130 local 
SSE Control Lake 1-mid 112 11/15/04 3627 local 
SSE Shady Tie-in 40 11/29/2004 987 local 
SSE Kasaan 6 6 11/17/04 179 local 
SSE Control Lake 2 5 12/03/04 121 local 
SSE Control L. 3 8 12/03/04 189 local 
SSE Control L. 4 17 12/09/04 491 local 
SSE Kasaan 2 108 12/17/04 4028 local 
SSE Mt. Point #1 3 05/12/05 149 export 
SSE Choker Setter Cir. 1 06/28/05 23 local 
Subtotal 17 466   14,606   
NSE Boulder Load 1 7/6/2004 8 local 
NSE Boulder Six X Six 2 1 7/12/2004 8 local 
NSE Alder Rerun 2 7/23/2004 27 local 
NSE Alder Rerun 2 2 9/1/2004 41 local 
NSE Nataga Skid 2 1 8/12/2004 17 local 
NSE Alder III 2 9/17/2004 59 local 
NSE Porcupine Mining 1 9/10/2004 20 local 
NSE Porcupine Mining II 1 9/10/2004 23 local 
NSE Klehini U14 Corner 2 12/11/2004 32 local 
NSE Porcupine Mining III 1 10/15/2004 13 local 
NSE Takshanuk Trail 3 11/7/2004 14 local 
NSE 37 Mile Ridge 2 11/11/2004 15 local 
NSE Porcupine Low Road 1 11/12/2004 10 local 
NSE Battleship Island 1 12/12/04 2 local 
NSE West Herman 2 9 1/3/2005 185 local 
NSE 37 Mile Bowl 2 1/4/2005 27 local 
NSE 37 Mile Bowl 2 1 1/24/2005 38 local 
NSE Purlin 1 02/16/05 1 local 
NSE Pondside 2 02/28/05 31 local 
NSE West Draw 2 03/14/05 21 local 
NSE West Herman 1 23 03/01/05 594 local 
NSE West Draw #2 1 04/01/05 21 local 
NSE Knobs Rerun 2 05/21/05 49 local 
NSE Fabrizio Mining 6 05/27/05 82 local 
NSE Birch Reload 1 05/18/05 6 local 
NSE Nataga Sky 1 06/10/05 22 local 
NSE Dunit Bench 2 06/20/05 31 local 
Subtotal 27 74   1,397   
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Table II-16 
State Timber Sales Sold – FY 06 – Southeast 

Area Sale Name Acres Sale Date MBF Use 
SSE 2058 Rd 8 small/Gutchi Creek #2 5 08/02/05 108 local 
SSE SSE 1230/2058 Rd 8 mid 18 10/01/05 588 local 
SSE Eastern Passage units 6-12 395 11/01/05 9110 local 
SSE Steep Drive 1 10/19/05 20 local 
SSE South Thorne Arm #1 0 10/01/05 2 local 
SSE Leask Lake Sort Yard 5 09/22/05 60 export 
SSE Kasaan 6 6 3/28/2006 179 local 
Subtotal 7 430   10,067   
NSE Tatshunak Trail 1 8/2/2005 5 local 
NSE Knobs B-C Timber 1 7/25/2005 16 local 
NSE Nataga Stretch 18 7/25/2005 173 local 
NSE Glacier Salvage 10 10/1/2005 100 local 
NSE Spruce Corner 1 10/3/2005 27 local 
NSE KB West Spur 1 10 10/10/2005 144 local 
NSE 1424 Hemlock Ridge 1 12/29/2005 46 local 
NSE 1425 Porcupine Salvage 3 1/6/2006 25 local 
NSE 1426 Billy Goat 3 1/6/2006 24 local 
NSE 1427 Farm Special 5 2/1/2006 38 local 
NSE 1428 Farm Spur 2 3 03/15/06 37 local 
NSE 1429 Billy Goat 2 3 04/11/06 55 local 
NSE Boulder Firewood 1 04/11/06 10 local 
NSE Porcupine Firewood 2 06/26/06 10 local 
Subtotal 14 62   710   
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Table II-17 
State Timber Sales Sold – FY 07 – Southeast 

Area Sale Name Acres Sale Date MBF Use 
SSE Bostwick #1 362 11/29/06 12,687 local 
SSE 2058 Road Small 6 07/10/06 182 local 
SSE 2058 Road Small 4 07/10/06 98 local 
SSE Control Lake Fir 1 08/25/06 0 local 
SSE Leask Lake Aide 1 08/25/06 19 research 
SSE South Thorne Bay 128 07/02/06 3,330 local 
SSE D-1 #1 1 04/02/07 7 export 
SSE 20 Road 26 05/29/07 5,145 local 
SSE Whipple Creek 26 04/02/07 2,334 export 
SSE Bostwick Trail Lo 0 6/20/2007 13 local 
Subtotal 10 555   23,815   
NSE KB2 1 7/28/2006 17 local 
NSE Cabin Log 4 8/10/2006 41 local 
NSE Spur Road 1 8/10/2006 12 local 
NSE West Herman 3 4 8/25/2006 105 local 
NSE Porcupine Spruce 3 9/12/2006 132 local 
NSE Hemlock Spruce 3 9/12/2006 55 local 
NSE KB3 6 10/26/2006 42 local 
NSE Winds  2 11/2/2006 119 local 
NSE Porucpine Road 1 11/7/2006 5 local 
NSE Warm Springs 5 10/01/06 1 local 
NSE Hidden 2 01/03/07 16 local 
NSE 35 Mile Snow Co 10 04/09/07 9 local 
NSE Sunlight Salvage 2 05/11/07 45 local 
NSE Ski Hill 3 06/05/07 23 local 
Subtotal 14 47   622   
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Table II-18 
State Timber Sales Sold – FY 08 through 14 – Southeast 

Area  Sale Name  Acres  Sale Date  MBF  Product 
 Fiscal Year 2008         

SSE  Java          44  12/14/2007      1,325  Sawlog 
SSE  Gutchi Creek          24  12/14/2007           34  Sawlog 
SSE  Squirrel          72  04/07/2008            -    Sawlog 
SSE  Kasaan Small Sale #2            5  04/16/2008           26  Sawlog 
SSE  Kasaan Small Sale #3            6  04/16/2008             8  Utility 
SSE  Indian Creek          72  07/14/2008         111  Sawlog 
SSE  Limestone Place            1  07/14/2008          0.4  Sawlog 
SSE  Mountain Pt. #2            2  08/13/2008          14  Sawlog 
SSE  Jinhi Bay          10  08/13/2008           54  Utility 
SSE  Kasaan Small Sale            5  09/17/2008             4  Utility 

Subtotal  10       241         1,576    
NSE  Old Highway 3            4  10/24/2007           21  Sawlog 
NSE  Revetment            3  01/18/2008           10  Sawlog 
NSE  Old Highway #4            2  04/16/2008             1  Utility 
NSE  Old Highway #5            2  05/09/2008           16  Sawlog 
NSE  Sunshine LSM Salvage            2  07/15/2008         100  Utility 
NSE  KB 6          14  07/21/2008           12  House Log 
NSE  Billy Goat Cleanup            2  08/06/2008           29  Sawlog 
NSE  Roads End            5  08/14/2008           95  Utility 
NSE  West Herman 4            5  09/04/2008           50  Sawlog 
NSE  Glacier Side Salvage            9  09/15/2008         100  Sawlog 
NSE  KB Firewood            8  09/25/2008             2  Utility 

Subtotal  11          52            436    
 Fiscal Year 2009     

SSE  Squirrel Export          15  01/06/2009         137  Sawlog 
SSE  Kasaan #2 Export          10  02/17/2009         105  Sawlog 
SSE  Jinhi Bay Export           -    02/17/2009           93  Sawlog 
SSE  Java Export           -    02/18/2009          0.2  Sawlog 
SSE  20 Road Export           -    02/18/2009           47  Sawlog 
SSE  S.Thorne Bay #1 Export           -    03/04/2009             4  Sawlog 
SSE  Heceta #2            1  04/02/2009             1  Sawlog 
SSE  S. Thorne Bay #2        107  06/10/2009      2,149  Sawlog 
SSE  Indian Creek - Export           -    07/02/2009         185  Sawlog 

Subtotal  9        133        2,720   
NSE  Gustavus Gravel FC            1  10/20/2008             8  Sawlog 
NSE  Big Spruce            1  03/03/2009             3  Sawlog 
NSE  KB-7          10  07/02/2009           25  Sawlog 
NSE  Jim Nail Mining Claim            2  08/15/2009             5  House Log 
NSE  Porcupine Bear II           -    09/02/2009           13  Sawlog 

Subtotal  5          14             54   
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Table II-18 
State Timber Sales Sold – FY 08 through 14 – Southeast 

Area  Sale Name  Acres  Sale Date  MBF  Product 
 Fiscal Year 2010         

SSE  Kasaan #7 Export            1  11/07/2009           18  Sawlog 
SSE  Zarembo        175  12/17/2009      1,803  Sawlog 
SSE  Kasaan Closout          21  04/26/2010           22  Utility 
SSE  S. Thorne Bay #2 Export           -    04/26/2010         242  Sawlog 
SSE  Bradford Yellow Cedar           -    08/05/2010            3  Sawlog 
SSE  Acorn            5  09/22/2010           73  Sawlog 

Subtotal  6        202         2,161    
NSE  Glacier Creek Rd Salvage            5  10/02/2009         100  Utility 
NSE  Elbow            5  10/20/2009         100  Utility 
NSE  Porcupine Bear III            2  10/25/2009             2  Sawlog 
NSE  Flower            5  10/25/2009         100  Utility 
NSE  State 38            3  12/09/2009           12  Sawlog 
NSE  38 Mile South            3  04/28/2010             2  House Log 
NSE  35 Times            2  07/15/2010           10  Utility 
NSE  West Herman Cleanup            1  07/15/2010             5  Utility 

Subtotal  8          26            331    
 Fiscal Year 2011     

SSE  D1 #2            7  02/01/2011             9  Utility 
SSE  D1 Heli-Dup1            8  02/17/2011         353  Sawlog 
SSE  D1 Heli-Dupe2            8  02/18/2011         360  Sawlog 
SSE  R/W Spruce Log           -    03/18/2011            4  Sawlog 
SSE  North Thorne Bay #3        122  04/22/2011      3,063  Sawlog 
SSE  Indian Creek #2        230  06/21/2011           11  Sawlog 
SSE  East Pass Units 9-12        194  08/28/2011         250  Sawlog 

Subtotal  7        569        4,050   
NSE  39 Mile ROW            2  11/17/2010             9  House Log 
NSE  37.5 Salvage            5  12/17/2010           50  Utility 
NSE  North 38            1  03/25/2011             3  House Log 
NSE  Bear Creek            2  05/13/2011           10  House Log 
NSE  Billy Goat Clean Up #2            1  06/13/2011           40  Utility 
NSE  Assisted Migration            4  06/17/2011           19  Sawlog 
NSE  Billy Goat Cleanup #3            1  06/27/2011             1  House Log 
NSE  Bear Creek 2            3  07/07/2011           13  Utility 
NSE  Jim Nail Salvage            1  07/18/2011           50  Utility 
NSE  Bear Creek SMZ            1  07/20/2011           11  Sawlog 
NSE  35 Times 2            2  07/21/2011           10  Sawlog 
NSE  Bear Creek SMZ 2            1  08/08/2011             1  Sawlog 

Subtotal  12          24           217   



Appendix C 

Final EIS  A1-23 Catalog of Past Harvest 

Table II-18 
State Timber Sales Sold – FY 08 through 14 – Southeast 

Area  Sale Name  Acres  Sale Date  MBF  Product 
 Fiscal Year 2012         

SSE  Chopsticks           -    10/14/2011             4  Sawlog 
SSE  Blind Slough Salvage            1  01/30/2012             2  Sawlog 
SSE  Beach Road #1          23  05/07/2012        191  Sawlog 

Subtotal  3          24            197    
NSE  38 Mile Salvage           4 02/07/2012         100  Utility 
NSE  37 Mile Creek            9  03/30/2012             4  Sawlog 
NSE  KB7 Leftovers            3  07/03/2012           12  House Log 
NSE  35 x 3            2  08/13/2012             5  Sawlog 
NSE  Houselog Bonanza            3  08/22/2012             4  Sawlog 
NSE  211 Road Salvage            3  08/24/2012           30  Fuel Wood 
NSE  Windthrown            3  08/28/2012             6  Sawlog 

Subtotal  7          27            161    
 Fiscal Year 2013     

SSE  S. Thorne Bay #3        196  11/17/2012           30  Sawlog 
SSE  Whitman Lake Penstock            1  02/12/2013          0.2  Sawlog 
SSE  Colier Tree            1  03/13/2013             8  Sawlog 
SSE  Heceta Second Growth        137  07/22/2013         301  Utility 

Subtotal  4        335           339   
NSE  Hemlock Revetment            3  10/08/2012           32  Sawlog 
NSE  13 Mile Bench #2            3  02/22/2013             2  Utility 
NSE  13 Mile Bench #2 Addition            1  03/14/2013             1  Sawlog 
NSE  KB9            3  06/04/2013             7  House Log 
NSE  KB 10            2  07/15/2013           19  Sawlog 
NSE  Tenekee Hydro            4  09/09/2013           55  Sawlog 

Subtotal  6          16           116   
 Fiscal Year 2014         

SSE  Whitman Lake Penstock #2         0.1  02/21/2014             2  Sawlog 
SSE  Control Lake Timber Sale          10  02/28/2014           46  Sawlog 
SSE  Hollis Slide USFS Wood           -    03/06/2014             4  Unknown 
SSE  Blankenship ROW           -    03/11/2014             4  Sawlog 
SSE  South Thorne Bay 4          98  03/12/2014           35  Sawlog 
SSE  Naukati Decks           -    06/10/2014             2  Sawlog 

Subtotal  6        108              93    
NSE  13 Mile Bench #5            1  02/12/2014           26  House Log 
NSE  13 MIle Bench #6            1  03/14/2014             1  Sawlog 
NSE  13 Mile Bench Birch            1  03/19/2014             2  Sawlog 
NSE  KB14            5  07/15/2014           25  Utility 

Subtotal  4            8              54    
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Introduction 
This appendix provides an overview of the rationale and assumptions used for evaluating proposed 
changes to the 2008 Tongass Land and Resource Management Plan (2008 Forest Plan) in relation to the 
Tongass Old-growth Habitat Conservation Strategy (conservation strategy). The conservation strategy, 
built from current conservation science, provides for an ecological approach to conservation of old-growth 
forest and associated species in the Forest Plan, and consists of a system of old-growth reserves (OGRs) 
and management restrictions on matrix lands (non-reserve areas). Riparian, beach, and estuary habitats 
are considered contributing elements to the OGR component of the strategy in that they were designed to 
maintain landscape connectivity among large and medium OGRs and non-development LUD 
designations.  An intensive scientific evaluation of the Conservation Strategy and species-specific viability 
assessments were included in the 1997 Forest Plan planning efforts (USDA Forest Service 1997b, 
Appendix N). This appendix builds on Appendix N of the 1997 Forest Plan and considers Appendix N a 
foundation and primary reference for the science behind the conservation strategy. 

On May 27, 2014, the Tongass National Forest initiated an amendment designed to transition from timber 
harvest dominated by old-growth to young-growth over the next 10 to 15 years (79 FR 30075). The need 
for change comes from a July 2013 memo from U. S. Department of Agriculture Secretary Tom Vilsack 
(Secretary’s Memorandum 1044-009). In this memo, the Secretary directs the Tongass to transition its 
forest management program to be more ecologically, socially, and economically sustainable by 
transitioning to young-growth harvest at the end of this 10 to 15 year period. 

In response, the Forest Service is proposing to amend the 2008 Forest Plan and prepared this 
Environmental Impact Statement (EIS) to evaluate the proposed changes. Five alternatives were 
developed for detailed analysis, including the No Action (Alternative 1). Alternative 1 represents current 
management (i.e., the 2008 Forest Plan). Alternatives 2, 3, 4, and 5 (the Preferred Alternative) were 
designed to accomplish a more rapid transition to young-growth management than considered in the 
2008 Forest Plan, while maintaining a viable timber industry in Southeast Alaska. The alternatives vary in 
how quickly the transition is reached, with some alternatives allowing young-growth harvest in non-
development LUDs and modifying other contributing elements of the conservation strategy to accomplish 
the transition in a shorter time frame than the current Forest Plan. Alternative 5 is the proposed Forest 
Plan, and the Preferred Alternative. It was developed by the Tongass Advisory Committee, a FACA 
committee. Each of these alternatives is described in detail below. 

New direction in the proposed Forest Plan was developed to facilitate this transition including the 
identification of lands suitable for timber production employing young-growth management. Under some 
alternatives, young-growth stands in the beach buffer and in RMAs outside of Tongass Timber Reform 
Act (TTRA) buffers or in non-development LUDs are considered suitable for timber production. The Forest 
Service has the dual responsibility of ensuring that the transition to young-growth management maintains 
a viable timber industry, while also maintaining the integrity of the conservation strategy. Other recent 
occurrences which affect the conservation strategy include the Carl Levin and Howard P. “Buck” McKeon 
National Defense Authorization Act for Fiscal Year 2015 (hereafter referred to as the National Defense 
Authorization Act for Fiscal Year 2015) and changes in the 2001 Roadless Rule. These factors, which are 
outside of the authority of the Forest Service, are also described below.  

The remainder of this appendix is broken into five major sections. They (1) provide an overview of the 
current conservation strategy (2) describe the scope of the analysis and discuss new science relevant to 
the conservation strategy since 2008, (3) summarize the status of land management on the Tongass and 
changes to the conservation strategy since 2008, (4) describe proposed modifications to contributing 
elements of the conservation strategy and evaluate these modifications in the context of maintaining a 
functioning conservation strategy, and (5) present a summary of the findings of this evaluation which can 
be used to support the analysis of effects to biodiversity and wildlife presented in Chapter 3 of the EIS. 
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Old-growth Habitat Conservation Strategy 
The conservation strategy was designed to maintain the integrity of the old-growth forest ecosystem (see 
USDA Forest Service 1997b, Appendix N pp. N-20 to N-24). This appendix presents the results of an 
evaluation of the ability of each of the alternatives analyzed in the EIS to maintain the integrity of the 
conservation strategy. Integrity is defined here based on standard language as ‘an unimpaired condition’ 
or “the quality or state of being complete or undivided” (http://www.merriam-
webster.com/dictionary/integrity). It is assumed that integrity is maintained when the conservation strategy 
is expected to continue to function effectively regardless of alteration or modification of individual parts, 
that is, its functioning as a whole remains unimpaired. Accordingly, throughout this evaluation, focus is 
placed on the proposed modifications to any contributing elements of the conservation strategy, such as 
the beach and estuary fringe and RMAs, and the associated potential to affect the functioning of the 
conservation strategy.  

The 1997 Tongass National Forest Plan established a comprehensive, science-based conservation 
strategy to provide for wildlife sustainability and viability across the Tongass.  The conservation strategy 
was developed to maintain a functional and interconnected old-growth forest ecosystem on the Tongass 
by retaining intact, largely undisturbed habitat. In doing so, it was also intended to ”[P]rovide sufficient 
habitat to preclude the need for listing of species under the Endangered Species Act, or from becoming 
listed as Sensitive due to National Forest habitat conditions” (USDA Forest Service 1997c, p.34). Its 
development is described in detail in Appendix N of the 1997 Forest Plan FEIS (USDA Forest Service 
1997a, 1997b) which is the foundation for this current analysis and will not be cited repeatedly but is 
incorporated throughout by reference. The conservation strategy was subsequently reviewed to confirm 
its validity given any new conservation science since 1997 and the proposed changes to the Old-growth 
Habitat LUD and amended for incorporation into the 2008 Forest Plan (USDA Forest Service 2008a, 
2008b; see below for additional discussion).   

The conservation strategy includes two major components: (1) a forest-wide network of large, medium 
and small OGRs allocated to the Old-Growth Habitat LUD and other non-Development LUDs plus all 
islands less than 1,000 acres, and (2) a series of standards and guidelines applicable to lands where 
timber harvest is permitted (the matrix; USDA Forest Service 2008a, 2008b).   

The system of OGRs was designed to maintain habitats of the species that have the most viability 
concerns (USDA Forest Service 2008b).  Other forested non-development LUDs such as Wilderness, 
LUD II, Remote Recreation, and Semi-Remote Recreation contribute in a substantial way to the old-
growth ecosystem.  The intent of the reserve system was to ensure the maintenance of well-distributed, 
viable populations of all old-growth associated wildlife species across the Tongass, with focus on those 
species that are most sensitive to habitat loss and fragmentation.  In general, the home range and 
dispersal capabilities of old-growth associated species were considered in determining the size, number 
and spacing of reserves.  For the most recent complete review of the Forest Plan Conservation Strategy, 
including assumptions underlying the design of the OGR system, refer to Appendix D of the 2008 Forest 
Plan Final EIS (USDA Forest Service 2008b).   

Within the matrix (areas outside of reserves), components of the old-growth ecosystem are maintained 
through standards and guidelines designed to provide for important ecological functions such as dispersal 
of organisms, movement between forest stands, and maintenance of ecologically valuable structural 
components such as down logs, snags, and large trees (USDA Forest Service 2008b).  Matrix lands 
include Timber Production, Modified Landscape, and Scenic Viewshed, LUDs.  Matrix management 
complements the reserve system by providing habitat at finer spatial scales, enhancing the effectiveness 
of reserves, and providing for landscape connectivity (USDA Forest Service 2008b).  Standards and 
guidelines applicable to these lands include the 1,000-foot beach and estuary fringe, variable-width 
stream buffers (Riparian Management Areas (RMAs), TTRA buffers, etc.), project-level legacy old-growth 
forest structure retention requirements, and species specific standards and guidelines.  In addition, other 
Forest-wide standards and guidelines preclude or limit timber harvest in areas of high-hazard soils, steep 
slopes, karst terrain, and visually sensitive travel routes and use areas, and require projects to be 
designed to maintain landscape connectivity (i.e., maintain corridors of forest among large and medium 
OGRs and other non-development LUDs at broad spatial scales).  Additional detail on the rationale 
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behind the standards and guidelines within the matrix is provided in Appendix D of the 2008 Forest Plan 
FEIS (USDA Forest Service 2008b). 

Young-growth forest stands within the matrix and within reserves have ecological values which contribute 
to the functioning of the reserve system. However, at the time of its development in 1997 it was assumed 
that the conservation strategy would maintain a functional and interconnected old-growth forest 
ecosystem without the additional contribution of previously harvested areas, either as young-growth or 
over time as these stands matured to old-growth condition. That is, it was designed acknowledging the 
consequences of past harvest and harvest proposed under the 1997 Forest Plan to ensure that an 
adequate amount of old-growth forest was protected within the planning area to maintain a functional and 
interconnected old-growth forest ecosystem, capable of supporting viable, well-distributed wildlife 
populations. 

The 1982 Planning Rule stated that the maintenance of a viable population requires providing habitat to 
support “at least a minimum number of reproductive individuals and that habitat must be well distributed 
so that those individuals can interact with others in the planning area” (36 CFR 219.19). In the context of 
the development of the conservation strategy, this was interpreted to mean that the condition of viable 
and well distributed allows for gaps within a species distribution as long as the population segments of the 
species continue to interact and are distributed throughout the planning area. (Appendix N (p. N-3), 
USDA FS 1997).  The 2012 Planning Rule now requires that the responsible official determine whether or 
not the plan components ‘‘provide the ecological conditions necessary to  contribute to the recovery of 
federally listed threatened and endangered species, conserve proposed and candidate species, and 
maintain a viable population of each species of conservation concern within the plan area” (36 CFR 
219.9). The 2012 Planning Rule defines a viable population as: ‘‘A population of a species that continues 
to persist over the long-term with sufficient distribution to be resilient and adaptable to stressors and likely 
future environments’’ (§ 219.19) (emphasis added).  Therefore, the ability of the conservation strategy to 
function as intended can be gauged on the scale of the Forest and beyond; however, it is acknowledged 
that some portions of the Forest may be better meeting the intent of the conservation strategy than 
others. It should be noted that the wildlife components of the Forest Plan remain under the 1982 Planning 
Rule, and specific updates to meet 2012 Planning Rule requirements are not proposed under this Forest 
Plan Amendment. 

Scope of the Analysis and Acknowledgement of New Science 
The scope of this analysis is the individual proposed modifications to the contributing elements of the 
conservation strategy and the associated potential to affect its functioning. The proposed Forest Plan 
amendment does not propose changes to the framework of the conservation strategy or the size or 
spacing of OGRs except for adjustments due to the National Defense Authorization Act for Fiscal Year 
2015. The proposed OGR modifications compensate for portions of individual OGRs that were located on 
National Forest System (NFS) lands that were conveyed to the Sealaska Native Corporation (see below).  
Therefore, this analysis is not a review of the underpinnings of the current conservation strategy. . 

Recent advancements in the fields of conservation science and landscape ecology and new knowledge of 
individual species’ biological needs is included in the following discussion. Some of these topics and 
others (described below) were identified during the original development of the conservation strategy for 
the 1997 Forest Plan and considered again during the Interagency Forest Plan Conservation Strategy 
Review (USDA Forest Service 2007) conducted for the 2008 Forest Plan Amendment (see New Relevant 
Science Since 1997 in Appendix D, USDA Forest Service 2008b).  The following discussion touches on 
some of the new science related these topic areas relevant to conservation planning on the Tongass 
National Forest. 

Recent research confirms the importance of including freshwater systems in conservation strategy design 
(Nislow et al. 2010).  The Tongass National Forest supports some of the most productive salmon 
spawning habitats in North America and salmon-derived nutrients are recognized as playing an important 
role in the productivity of coastal temperate forests (Hood et al. 2007; Fellman et al. 2008, 2009, D’Amore 
et al. 2011). The strong connections between aquatic and terrestrial ecosystems, as well as upstream 
and downstream linkages within stream and river systems, are also susceptible to disruption by human 
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actions and are therefore important elements to be considered in conservation planning (Nislow et al. 
2010). Aquatic systems and hydrologic connectivity are afforded protection by Forest Plan Riparian and 
Beach and Estuary standards and guidelines which were developed in part based on recommendations 
put forth in an Anadromous Fish Habitat Assessment (AFHA 1995). Best management practices for 
riparian and stream management, implemented at the project level, also provide protection to these 
resources. 

The contribution to conservation by matrix lands, or areas where active land management can occur, is 
receiving even greater emphasis. Matrix lands are critical to maintaining the connectivity of ecological 
flows across a landscape (e.g., flows of disturbance agents, organisms, water, and nutrients) and are also 
essential to the ability of protected areas to achieve their mandates for ecosystem conservation 
(Schmiegelow et al. 2006, Schmiegelow and Lisgo 2014). Conservation focused on the management of 
matrix lands is referred to as the reverse-matrix model of conservation design. Under this paradigm, the 
concept of habitat reserves as nodes of conservation land within a largely degraded environment is 
inverted, such that conservation lands are, in fact, the matrix within which development activities are 
carefully managed so as not to erode other values (Schmiegelow et al. 2006). More intensive activities 
would occur on “islands” within the sea of conservation land (Schmiegelow et al. 2006). Schmiegelow et 
al. (2006) identify four contributions of matrix lands to conservation goals including supporting populations 
of species, regulating the movement of organisms, buffering sensitive areas and reserves, and 
maintaining the integrity of aquatic systems. Thus, the ability to achieve conservation goals is clearly 
dependent in part on the management of activities within matrix lands.  

The Tongass conservation strategy is a reserve-based design, recognizing different functions of the 
reserve system and matrix lands. Ecological values within the matrix are protected by standards and 
guidelines, such as the beach and estuary fringe and riparian buffers, which provide physical connectivity 
via protected forested corridors. Matrix lands are also protected by standards and guidelines implemented 
at the project-level which contribute to functional connectivity through the additional retention of old-
growth forest in areas where timber harvest is restricted including areas of high-hazard soils, steep 
slopes, karst terrain, and visually sensitive travel routes and use areas (USDA Forest Service 1997c, 
p.32). However, the ecological functions of most upland young-growth stands were largely 
unacknowledged in the development of the conservation strategy except where they contributed to the 
beach and estuary fringe and riparian buffers. 

Young-growth stands can provide a range of functions including serving as dispersal corridors between 
old-growth stands as well as providing buffers between areas of suitable habitat and human activity (e.g., 
buffering forests from edge effects). Although immediately after harvest and until they become more 
structurally complex, young-growth stands can create dispersal barriers for certain old-growth associated 
species, over time, young-growth stands have the potential to return to old-growth conditions, a process 
that can be accelerated through active management such as thinning.  The Old-growth Habitat LUD 
standards and guidelines call for actions that would facilitate the transition to old-growth conditions. 
Similarly, Forest-wide standards and guidelines for landscape connectivity call for actions in young-
growth stands to accelerate the development of old-growth characteristics in order to increase 
connectivity for wildlife and to provide higher quality habitat within the matrix lands. The transition to 
young-growth management under the proposed Forest Plan amendment has the potential to both 
positively and negatively affect the condition and quality of matrix lands, and thus their contribution to the 
conservation strategy. This topic is addressed below in the context of the proposed modifications to 
contributing elements of the conservation strategy. 

Finally, the design of the original conservation strategy in 1997 was based in part on the needs of old-
growth associated species (see Appendix N of the 1997 Forest Plan FEIS). In general, the home ranges 
and dispersal capabilities of these species were taken into account during the design of the reserve 
system, including reserve size, spacing, and number, as well as in the development of provisions for 
matrix management (USDA 1997b). Since 2008, there have been research publications that address 
some of these species including goshawks (Smith 2013), wolves (Person and Russell 2008, 2009; 
Weckworth et al. 2010, 2011; ADF&G 2012; Person and Logan 2012), brown bears (Flynn et al. 2009), 
marten (Flynn and Schumacher 2009, Pauli et al. 2015), deer (White et al. 2009) and flying squirrels 
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(Flaherty et al.2008, 2010; Pyare et al. 2010; Shanley et al. 2013; Smith 2012; Smith et al. 2011) which 
provide additional considerations regarding their conservation needs. Information from these studies, 
other relevant studies and other best available science would be used to review the conservation strategy 
design if, in the future, data from various sources suggest that the conservation strategy is no longer 
functioning as originally intended. However the results of the analysis in this appendix indicate the 
conservation strategy currently functions as intended and is expected to function regardless of which 
alternative is selected.  

The conservation strategy was designed to maintain a resilient old-growth forest ecosystem in the face of 
uncertainty, including uncertainty associated with climate change. Climate change in Southeast Alaska 
may result in increased blowdown, increased tree mortality from insects and disease, increased fire 
frequency and severity, warmer temperatures and changes in precipitation patterns, and greater weather 
extremes (Haufler et al. 2010, Shanley et al. 2015). These effects are anticipated to result in changes to 
vegetation and thus, the suitability of wildlife habitats protected by the conservation strategy. Although the 
extent of changes in vegetation expected as a consequence of climate change is unknown, analysis on 
the neighboring Chugach National Forest suggests that the temperate coastal rainforest is expected to be 
resilient (see Hayward et al. in prep).  

Current Status of Land Management on the Tongass 
This section describes the land management activities that have altered the context within which the 
conservation strategy was designed. These include actual timber harvest levels, mapping updates that 
have resulted in a net increase in the amount of productive old-growth (POG) forest estimated on the 
Tongass, modifications to the conservation strategy since 2008, and Non-NFS land management 
decisions.  

Projected Versus Actual Timber Harvest Levels 
The design of the conservation strategy was intended to achieve multiple use objectives by allowing for 
activities such as timber harvest, recreation, and infrastructure development. Therefore, it was developed 
in the context of maintaining a robust timber harvest program over the life of the approved Forest Plan, 
while conserving old-growth forest and associated species. However, market conditions and other factors 
have resulted in harvest levels (in both spatial extent and volume) that are much lower than anticipated. 
Both the 1997 and 2008 Forest Plan EISs include projections of the amount of original productive old-
growth (POG) forest1 (existing in 1954 prior to large-scale timber harvest) remaining after 100 years 
(timber sale rotation) based on a decadal Allowable Sale Quantity (ASQ). The conservation strategy was 
based on an assumed harvest rate of about 83,400 acres per decade.  If harvest took place at this 
decadal rate from 1998 to 2015 and then continued until 2041, approximately 334,600 acres will have 
been harvested.  In contrast, combining the actual acres harvested from 1998 to 2015 with the projected 
harvest of old-growth under each of the alternatives would produce a total of 54,400 to 81,600 acres of 
POG harvest through 2041.  The acreage difference between these scenarios would result in between 
253,000 and 280,200 fewer acres of harvested POG by 2041. Thus, matrix lands contain a substantially 
greater amount of POG than was assumed in the 1997 Forest Plan revision and many OGRs and non-
Development LUDs are surrounded by additional unharvested areas. 

Road construction on the Tongass has occurred primarily to access timber resources and future new road 
construction is anticipated to be similarly motivated. Future road construction will vary among alternatives 
by the amount of old-growth harvest. The cumulative extent of roads after implementation of any of the 
action alternatives, however, will be lower than anticipated under the 1997 Forest Plan. The additional 
old-growth harvest that would have occurred under full implementation of the 1997 Forest Plan was 
474,000 acres of old-growth forest after 100 years.  This harvest would have resulted in the need to 
construct nearly 4,000 miles of new road.  As a result, NFS lands on the Tongass would have about 
8,500 miles of road.  This level of new road construction would create greater human access, increase 

                                                             
1 Productive forest is capable of producing at least 20 cubic feet of wood fiber per acre per year, or having greater 
than 8,000 board feet per acre.   
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road densities, and result in additional habitat fragmentation compared with the present and future under 
the current alternatives.  Instead, only about 440 miles of new road have been constructed during the 
past 20 years; about 1,800 miles of new road were expected to be constructed by the 1997 Forest Plan 
during the first two decades at full implementation.  Further, the total road mileage on NFS lands under 
the current alternatives would be a maximum of 6,148 after 100 years from the present. This is 2,000 
miles less than predicted by the 1997 Forest Plan, used in the evaluation of the conservation strategy.  In 
other words, the miles of new road constructed under the current alternatives after 100 years, would be 
less than half the additional new miles expected to be constructed by the 1997 Forest Plan.  

Overall, the conservation strategy protects slightly more than 90 percent of all existing POG forests on the 
Tongass National Forest. This percentage assumes that old-growth forest is harvested at the maximum 
allowable rate in each future decade before sufficient young-growth forest has reached harvestable size 
and can replace old-growth in the harvest. If this maximum rate does not occur, then the percentage of 
POG retained will be higher. 

Ongoing GIS Mapping Updates  
GIS mapping updates have resulted in substantial changes in estimated extent of the Tongass land base 
and vegetation mapping categories since 2008.  The Tongass land base acreage changed as a result of 
two factors. First, updates were made to improve the accuracy of shoreline mapping and to reflect the 
land adjustments that occurred since 2008, in particular the land adjustments in the National Defense 
Authorization Act for Fiscal Year 2015 discussed below. These land base changes have directly affected 
the acreages in each vegetation category.  Second, vegetation mapping is continually being updated; 
these updates have occurred both opportunistically in association with individual projects and forest-wide.  
A January 2015, forest-wide update corrected the mapping of a large number of polygons that were 
incorrectly mapped as size class 3 (young-growth sawtimber, less than 150 years old).  As these 
polygons were older than 150 years old, they were corrected to size class 4, which converted them to 
productive old growth. 

Modifications to the Conservation Strategy Since 2008 
Modifications to the strategy from 1997 to 2007 were incorporated into the 2008 Forest Plan Amendment. 
Since 2008, one project has included modifications to the system of old-growth reserves.  The Big Thorne 
Timber Sale project, located in north central Prince of Wales Island within the Thorne Bay Ranger District 
included small old-growth reserve boundary modifications intended to trade areas of inventoried roadless 
area (which would become Old-growth Habitat LUD) for roaded portions of old-growth reserves (which 
would become a development LUD and available for timber harvest). Small OGRs were modified in Value 
Comparison Units (VCU) 5790, 5800, 5810, 5820, 5830, 5850, and 5950, resulting in a net increase of 
645 acres of Old-growth Habitat LUD. The Big Thorne FEIS analysis concluded that the old-growth 
reserve modifications would provide comparable achievement of Old-growth Habitat LUD goals and 
objectives, and therefore assumed that the functioning of the conservation strategy (USDA Forest Service 
2013) would be maintained. These modifications amended the 2008 Forest Plan 

A correction to the 2008 Forest Plan was made in 2012 (Forest Plan Errata, February 6, 2012), to correct 
a mapping error for a small OGR in VCU 7470 on the Ketchikan-Misty Fiords Ranger District. As a result 
of the correction, the size of the small OGR, as well as the acres of POG contained within, increased. No 
other changes to the spatial distribution, size, and composition of the Old-growth Habitat LUD or other 
non-development LUDs have occurred since approval of the 2008 Forest Plan Amendment. 

External Factors that Have Affected the Conservation Strategy Since 2008 
The National Defense Authorization Act for Fiscal Year 2015 conveyed 69,585 acres of NSF forest lands 
to the Sealaska Native Corporation to fulfil the commitment in the Alaska Native Claims Settlement Act 
(Public Law 113-2910).  The conveyance affected old-growth reserves on Prince of Wales Island and in 
VCUs 5900, 5940, 6160, 6170, 6180, 6190, 6200, 6750, 6760 and 6850, and two smaller islands to the 
west (Kosciusko Island [VCUs 5450 and 5460] and Tuxekan Island [VCUs 5560, 5570, 5600 and 5872]).  
These areas are now non-NFS lands which are managed for timber production. In an effort to address 
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these effects under the proposed Forest Plan amendment, the Forest Service elected to propose 
boundary modifications to compensate for the loss of OGR acres. An Interagency Old-growth Reserve 
Review report is included in Appendix E of this EIS which outlines the proposed OGR modifications and 
rationale. Collectively the boundary modifications result in a net increase in 6,171 acres of OGR and 
7,148 acres of POG forest included in the reserve system from existing (post-conveyance) levels. These 
modifications are part of Alternatives 2, 3, 4, and 5. 

Another factor affecting the conservation strategy is the 2001 Roadless Area Conservation Rule 
(Roadless Rule).  Inventoried roadless areas provide large, relatively undisturbed blocks of important 
habitat for a variety of terrestrial and aquatic wildlife and plants. Since its adoption in 2001, the Roadless 
Rule has been the subject of litigation concerning how it is to be applied to the Tongass. The suitable land 
base where timber harvest can occur has continually decreased over the years on the Tongass. One 
reason for the decrease is the withdrawal of inventoried roadless areas from lands suitable for timber 
production (see Forest Plan Appendix A).  

When the 2008 Forest Plan was approved, the Tongass National Forest was temporarily exempted from 
the Roadless Rule per the 2003 Tongass Exemption (68 FR 75136). Exempting the Tongass from the 
application of the roadless rule left intact all old-growth reserves, riparian buffers, beach fringe buffers, 
and other protections contained in the 1997 Forest Plan, but made approximately 300,000 roadless acres 
available for forest management, including lands in development LUDs. 

In 2011, the United States District Court, District of Alaska set aside the 2003 Tongass Exemption and 
reinstated the Roadless Rule with respect to the Tongass. A March 2014 ruling by the Ninth Circuit Court 
of Appeals reversed that decision. The Ninth Circuit Court of Appeals subsequently granted a petition for 
rehearing en banc, held in December 2014 before an eleven judge panel. On July 29, 2015, a six judge 
majority of the en banc panel held that USDA’s justification for the Tongass Exemption was inadequate 
under the Administrative Procedure Act, holding it did not provide a reasoned explanation for 
contradicting the findings in the 2001 Record of Decision for the Roadless Rule. The majority upheld the 
District Court’s reinstatement of the Roadless Rule. Consequently, the Roadless Rule remains in effect in 
Alaska and the Forest Service continues to apply the Rule to the Tongass National Forest. Therefore, 
inventoried roadless areas maintain additional old-growth forest that augment the amount maintained by 
the contributing elements of the conservation strategy (USDA Forest Service 2008c, page 21). 

Proposed Modifications to Contributing Elements of the 
Conservation Strategy  
This section describes the proposed modifications to the contributing elements of the conservation strategy. 
The Tongass National Forest timber program has historically focused on economical harvest of old-growth 
to “seek to meet” demands as directed by TTRA and to provide jobs to local communities in Southeast 
Alaska. The 2008 Forest Plan (Alternative 1) would transition to young-growth timber program in about 32 
years, which reflects when the oldest young-growth stand within the development LUDs reach Culmination 
Mean Annual Increment (CMAI). On the Tongass National Forest, the CMAI occurs in stands at 
approximately 80 to 100 years. Therefore, to speed the transition to young-growth management over the 
next 10 to 15 years, the action alternatives propose young-growth harvest within non-development LUDs, 
the beach and estuary fringe, RMAs, and other areas within the matrix where suitable young-growth is 
available in order to get the necessary timber volume to meet these demands, such that at the end of this 
period the vast majority of timber sold by the Tongass National Forest will be young-growth. Anticipated 
transition times range from 12 years under Alternative 2 to 16 years under Alternatives 4 and 5. 

Overall Approach to Young-growth Management 
The general approach to young-growth management proposed under the alternatives is to speed the 
transition to a young-growth timber program. Young-growth harvest activities would occur within a 
previously disturbed footprint in areas of past timber harvest, and would maximize the use of existing or 
decommissioned roads to access harvest units where possible. The associated shift away from POG forest 
harvest would reduce the amount of future timber harvest and associated activities within intact and/or 
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unroaded areas. The alternatives that propose the fastest transition through more aggressive harvest 
strategies would result in less new road construction and less timber harvest in untouched areas; that is 
more timber harvest/road building would occur within previously disturbed areas, than alternatives with 
longer transition times. This tradeoff is the paramount difference among the alternatives. 

Over half of the past timber harvest on the Tongass National Forest occurred when relatively few 
restrictions were in place in the 1960s and 1970s during the initial period of commercial-scale timber 
harvest and prior to the adoption of the first Forest Plan in 1979. Little protection was afforded to features 
such as the beach and estuary fringe, RMAs, and other sensitive areas identified now at the project level, 
such as karst and steep slopes, during this time. Future young-growth management activities would be 
required to comply with requirements for maintaining landscape connectivity, scenery, protecting steep 
slopes, high vulnerability soils, karst, and TTRA buffers under the proposed Forest Plan. Thus, young-
growth harvest unit size in most cases would be smaller than the original units. Created openings within 
the beach and estuary fringe, RMAs, and OGRs proposed under the alternatives have the potential to 
reduce the functioning of these areas (discussed in detail below); however commercial thinning would 
enhance the habitat value of these areas by promoting the development of fewer, larger trees.  

Old-growth Habitat LUD and Other Non-Development LUDs 
The system of old-growth reserves (Old-growth Habitat LUD) and other non-development LUDs was 
established for the purpose of maintaining a functional and interconnected old-growth ecosystem (p. 3-11, 
USDA Forest Service 1997c). Of the 5.4 million acres of original (1954) POG that occurred on NFS lands 
on the Tongass National Forest about 92 percent remains in 2015. About 67 percent of the original 
acreage is protected within the reserve system.  No changes are proposed to the size or spacing of the 
reserve system or the productive old-growth forest within these areas under the proposed Forest Plan 
amendment.  Moreover, under all of the action alternatives the transition to young-growth management 
would substantially reduce the long-term POG forest harvest levels, with all of the alternatives retaining 
approximately 91 percent of the original POG after 100 years of plan implementation.  

Currently, limited management of young-growth stands within the Old-growth Habitat LUD and some 
other non-development LUDs is allowed under the Forest Plan (Alternative 1) when conducted for the 
purpose of habitat enhancement (e.g., pre-commercial thinning to accelerate stand development toward 
old-growth conditions and other young-growth treatments to increase connectivity for wildlife). Under 
Alternatives 1 and 4, forest land in the non-development LUDs is identified as not suited for timber 
production. Under Alternatives 2, 3, and 5 (Old-growth Habitat LUD only), forest land in non-development 
LUDs is identified as suited for young-growth timber production. Even-aged commercial young-growth 
harvest in these LUDs could increase habitat fragmentation or perforation and reduce the ecological 
contribution of young-growth stands to the reserve system by setting back the trajectory toward late seral 
forest condition by delaying the development of old-growth stand characteristics such as snags, downed 
logs, and diverse tree canopy layers required by some POG-associated species (e.g., marten, goshawks, 
flying squirrels). Effects would be greatest under Alternatives 2 and 3 which allow multiple entries into 
harvested stands which would intensify and prolong the effects; the size of created openings are limited 
by only by scenery issues, similar to the current Forest Plan . Effects would be less under Alternative 5 
which includes a one-time entry constraint and limits the size of created openings to less than 10 acres 
with maximum removal of up to 35 percent of the area of the original harvested stand, allowing the 
majority of each stand to mature to old-growth conditions after harvest (Tables 1 and 2).  Thinning the 
entire stand could also be used to accelerate old-growth characteristics. Under Alternatives 2, 3, and 5, 
individual small OGRs could be modified to compensate for young-growth harvest. No harvest, except 
personal use and potentially salvage, would occur in OGRs or other non-development LUDs under 
Alternatives 1 and 4. 

Young-growth forest comprises a relatively small proportion of the total area of these LUDs. The majority 
of the young-growth acres in the Old-growth Habitat LUD are concentrated in the North Central Prince of 
Wales and East Chichagof Island biogeographic provinces. The majority of the suitable young-growth 
acres in other non-development LUDs concentrated in the North Central Prince of Wales, West Baranof 
Island, and Kuiu Island biogeographic provinces (Table 3). These biogeographic provinces are therefore 
also where past timber harvest was concentrated.  
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Under Alternatives 2, 3, and 5 the maximum amount of young-growth harvest in the Old-growth Habitat 
LUD would comprise approximately 3.3 percent, 2.8 percent, and 0.2 percent of the forest land (young-
growth, POG, and unproductive forest) within the Old-growth Habitat LUD Forest-wide, respectively 
(Table 3). By biogeographic province, maximum young-growth harvest would comprise 0 to 13.5 percent 
of forest land within the Old-growth Habitat LUD under Alternative 2, 0 to 7.8 percent under Alternative 3, 
and 0 to 0.8 percent under Alternative 5 (Table 3). Under Alternatives 2 and 3, the maximum amount of 
young-growth harvest in other non-development LUDs would comprise less than 1 percent of the forest 
land within these LUDs (Table 4). By biogeographic province, maximum young-growth harvest would 
comprise 0 to 9.7 percent of forest land within these LUDs under Alternative 2 and 0 to 8.8 percent under 
Alternative 3 (Table 4).   

Suitable young-growth stands within OGRs and other non-development LUDS are typically located along 
the shoreline or adjacent to existing road systems. These easily accessible stands, particularly when 
located near other suitable young-growth stands in development LUDs, may be selected to avoid indirect 
effects to intact, relatively undisturbed POG forest within OGRs and other non-development LUDs. 

Table 1  
Proposed Young-growth Harvest after 100 Years in the Old-growth Habitat LUD and 
Other Non-Development LUDs by Alternative 

Alternative 

Proposed Young-growth Management in Non-development LUDs 

Total Projected 
Young-growth 

Harvest (Acres) 

Non-Development 
LUDs where Young-

growth Harvest 
Allowed 

Number 
of Entries 

Harvest 
Opening 
Limits 

Stand Retention 
Limits 

Alternative 1 NA NA NA NA 0 

Alternative 2 Non-development LUDs1 Multiple Limited by 
Scenery only None  44,507  

Alternative 3 Non-development LUDs1 Multiple  Limited by 
Scenery only None  39,043  

Alternative 4 NA NA NA NA    0 

Alternative 5 Old-growth Habitat LUD One-time 10 acres or 
less 

Maximum removal of 
35 percent of original 
harvested stand 
acres 

 1,811  

Note: NA = not applicable 
1 Does not include Experimental Forest, LUD II, Municipal Watershed, National Monument, Research Natural Area, Wilderness 
Monument, Wild River, and Wilderness 

Young-growth forest stands have ecological values which contribute to the functioning of the reserve 
system. However, at the time of its development in 1997 it was assumed that the conservation strategy 
would maintain a functional and interconnected old-growth forest ecosystem without the additional 
contribution of previously harvested areas, either as young-growth or over time as these stands matured to 
old-growth condition. For this reason, and due to the spatial distribution and quantity of suitable young-
growth, harvest in the Old-growth Habitat LUD and other non-development LUDs proposed under 
Alternatives 2, 3, and 5 would be expected to have a zero risk for Alternatives 1 and 4, a very low risk for 
Alternatives 2 and 3, and an almost zero risk for Alternative 5 of reducing the ability of the reserve system to 
maintain a functional and interconnected old-growth ecosystem,  Therefore, all of the alternatives would 
maintain the integrity of the conservation strategy by maintaining the functioning of the reserve system. 
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Table 2  
Proposed Young-growth Harvest by Treatment by Alternative 

Category Period 
Acres by Treatment 

Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 
Old-growth 
Habitat LUD 

1st 15 years 0 ac 2,477 CC ac 2,181 CC ac 0 ac 1,811 PC ac 

Last 85 years 0 ac 29,163 CC ac 24,005 CC ac 0 ac 0 ac 
Other Non-
Dev. LUDs 1st 15 years 0 ac 810 CC ac 726 CT ac 0 ac 0 ac 
 Last 85 years 0 ac 12,058 CT ac 12,131 CT ac 0 ac 0 ac 
Beach and 
Estuary Fringe 
 

1st 15 years 0 ac 8,791 CC ac 7,819 CT ac 4,436 CT ac 3,903 PC ac 

Last 85 years 0 ac 13,079 CT ac 22,950 CT ac 6,678 CT ac 0 ac 

RMA 1st 15 years 0 ac 2,327 CT ac 0 ac 0 ac 1,089 PC ac 
 Last 85 years 0 ac 23,703 CT ac 0 ac 0 ac 0 ac 
1 CC = Clearcut;; CT = Commercial Thin 
Note: 
For CT, only 33% of the stand is removed; therefore, 1,000 ac of CT is roughly equivalent to removing 333 ac of trees spread over 
1,000 ac 
For PC under Alternative 5, only 35% of the stand is removed in patches no larger than 10 ac; so 1,000 ac of these created 
openings is roughly equivalent to removing 350 acres of trees in patches spread over  1,000 ac 
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Table 3  
Distribution of Young-growth Harvest Acres (over 100 years) within the Old-growth Habitat LUD by 
Biogeographic Province and Alternative 

Biogeographic 
Province 

 Estimated Maximum Young-growth1 Harvest 
in the Old-growth Habitat LUD 

(Young-growth Harvest Acres / % of Forest Land Acres in LUD) 
Forest Land 

Acres2 
Alts 1 
and 4    Alt 2 Alt 3                   Alt 5 

1 Yakutat Forelands 8,386 0 0% 8  0.1% 7  0.1% 0 0.0% 
2 Yakutat Uplands 2,336 0 0%  0  0.0% 0  0.0% 0 0.0% 
3 East Chichagof Island 150,445 0 0%  6,121  4.1%  5,045  3.4% 360 0.2% 
4 West Chichagof Island 21 0 0% 0 0.0% 0 0.0% 0 0.0% 
5 East Baranof Island 35,255 0 0%  1,198  3.4%  978  2.8% 66  0.2% 
6 West Baranof Island 65,340 0 0% 2,038  3.1% 1,309  2.0%  124  0.2% 
7 Admiralty Island 0 0 0% 0 0.0% 0 0.0% 0 0.0% 
8 Lynn Canal 19,541 0 0% 855 4.4% 549 2.8% 51 0.3% 
9 North Coast Range 58,511 0 0% 0 0.0% 0 0.0% 0 0.0% 
10 Kupreanof/Mitkof Island 85,029 0 0% 2,470  2.9%  2,145  2.5% 129  0.2% 
11 Kuiu Island 24,071 0 0% 938  3.9% 818  3.4%  55  0.2% 
12 Central Coast Range 30,526 0 0% 48  0.2%  43  0.1%  3  0.0% 
13 Etolin Island & Vicinity 95,865 0 0% 2,406  2.5% 2,133  2.2%  132  0.1% 

14 North Central Prince of 
Wales 203,406 0 0% 10,844  5.3% 9,312  4.6%  622  0.3% 

15 Revilla Island/ 
Cleveland Pen. 103,574 0 0% 2,445  2.4%  2,265  2.2%  131  0.1% 

16 Southern Outer Islands 13,263 0 0% 573  4.3%  508  3.8%  34  0.3% 
17 Dall Island and Vicinity 2,776 0 0% 0 0.0% 0 0.0% 0 0.0% 
18 South Prince of Wales 35,627 0 0%  290  0.8%  313  0.9%  15  0.0% 
19 North Misty Fiords 5,072 0 0%  227  4.5%  83  1.6%  14  0.3% 
20 South Misty Fiords 0 0 0% 0 0.0% 0 0.0% 0 0.0% 
21 Ice Fields 8,702 0 0% 1,177 13.5% 679 7.8%  74  0.8% 

 Forest-wide 947,746 0 0% 31,640 3.3% 26,186 2.8% 1,811  0.2% 
1 For modeling purposes, it was assumed, based on an evaluation of economics, that the minimum harvestable age for young growth is 65 to 75 years 
old, depending on site index. 
2 Includes young-growth, productive old-growth, and unproductive forest; note that existing acreage does not include minor changes in the North Central 
Prince of Wales biogeographic province resulting from the proposed OGR modifications (Appendix E). 
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Table 4  
Distribution of Young-growth Harvest Acres (over 100 years) within Other Non-Development LUDs Allowing Harvest1 by 
Biogeographic Province and Alternative 

Biogeographic Province 

 Estimated Maximum Young-growth2 Harvest 
in Other Non-Development LUDs 

(Young-growth Harvest Acres / % of Forest Land Acres) 
Forest Land 

 Acres3      Alts 1, 4, and 5 Alt 2 Alt 3 
1 Yakutat Forelands 34,086 0 0%                 13  <0.1%  13  <0.1% 
2 Yakutat Uplands 5,763 0 0%              218  3.8%  216  3.8% 
3 East Chichagof Island 22,368 0 0%              186  0.8%  159  0.7% 
4 West Chichagof Island 20,992 0 0% 0 0% 0 0% 
5 East Baranof Island 51,589 0 0%                 90  0.2%  90  0.2% 
6 West Baranof Island 164,412 0 0%          2,508  1.5%  2,302  1.4% 
7 Admiralty Island 55,246 0 0%                 19  <0.1%  64  0.1% 
8 Lynn Canal 112,641 0 0%                 27  <0.1%  27  <0.1% 
9 North Coast Range 173,152 0 0%                    0  0%  252  0.1% 
10 Kupreanof/Mitkof Island 68,844 0 0%              516  0.8%  498  0.7% 
11 Kuiu Island 114,990 0 0%              618  0.5%  602  0.5% 
12 Central Coast Range 141,205 0 0%              477  0.3%  415  0.3% 
13 Etolin Island & Vicinity 7,722 0 0% 0 0% 0 0% 
14 North Central Prince of Wales 60,718 0 0%          5,890  9.7%  5,326  8.8% 
15 Revilla Island/ Cleveland Pen. 240,157 0 0%              983  0.4%  1,670  0.7% 
16 Southern Outer Islands 24,468 0 0%              810  3.3%  764  3.1% 
17 Dall Island and Vicinity 76,236 0 0%              242  0.3%  240  0.3% 
18 South Prince of Wales 62,168 0 0%              128  0.2%  127  0.2% 
19 North Misty Fiords 58,540 0 0%                 49  0.1% 49 0.1% 
20 South Misty Fiords 0 0 0% 0 0% 0 0% 
21 Ice Fields 122,223 0 0%                 92  0.1%  43  <0.1% 
 Forest-wide 1,617,519 0 0%       12,868  0.8%  12,857  0.8% 
1 Includes Semi-Remote Recreation, Remote Recreation, Special Interest Area, Recreational River, and Scenic River. 

2 For modeling purposes, it was assumed, based on an evaluation of economics, that the minimum harvestable age for young growth is 65 to 75 years old, depending on site index. 
3 Includes young-growth, productive old-growth, and unproductive forest. 
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Proposed Modifications to Forest Plan Standards and Guidelines 
This section describes the proposed modifications to contributing elements of the conservation strategy 
that are specifically addressed through Forest Plan standards and guidelines.  

Beach and Estuary Fringe  
The beach and estuary fringe is a 1,000-ft wide corridor adjacent to saltwater shorelines; it is consists of 
POG, but is also comprised of unproductive forest, previously harvested forest, and non-forest types. It 
serves as a transition zone between upland forest and saltwater influences, and as such is distinguished 
as a separate ecosystem (microclimate) within the larger old-growth forest ecosystem. The beach and 
estuary fringe is considered a high value habitat for many species including brown bears, black bears, 
bald eagles, goshawks, deer, marten, and others (Appendix D, USDA Forest Service 2008b). The beach 
and estuary fringe also provides horizontal or low-elevation connectivity between watersheds, many of 
which otherwise have very steep slopes and/or non-forested ridge tops, offering important travel corridors 
for wildlife. Although not explicitly discussed in the conservation strategy, the beach and estuary fringe 
also provides an important function to the marine and estuarine environment by reducing downslope 
effects to marine waters (e.g., sediment runoff), shading shoreline beach areas, providing large-woody 
debris and other organic inputs to the marine and estuarine systems, and providing bank stability (root 
system of large trees). The beach and estuary fringe is particularly critical on the Tongass National Forest 
given the extensive amount of shoreline (more than 17,000 miles) that exists on more than 22,000 
islands.  

Young-growth stands within the beach and estuary fringe are lower value habitat for old-growth 
associated wildlife species because they do not possess the stand characteristics required by some 
species (snags, downed logs, large trees). However, they contribute to functional connectivity for the 
movement and dispersal of wildlife and serve as buffers between areas of suitable habitat and human 
activity.  It can be assumed that the integrity of the conservation strategy is maintained when the beach 
and estuary fringe continues to provide the functions of a transition zone between interior forest and 
saltwater influences, landscape connectivity, and water quality and habitat benefits to the marine 
environment. 

The 2008 Forest Plan, Alternative 1, includes forest-wide Beach and Estuary Fringe standards and 
guidelines that prohibit timber harvest within 1,000 feet inland from mean high tide.  This buffer was 
intended to provide effective landscape linkages to enhance the reserve system, protect bald-eagle 
habitat, buffer the primary beach fringe zone (0 to 500 feet of the shoreline) from wind throw, maintain a 
functional interior forest zone within the beach fringe, and sustain habitats for goshawks (Appendix D, 
USDA Forest Service 2008b).  Currently, limited management of young-growth stands within the beach 
and estuary fringe is allowed under the Forest Plan for the purpose of habitat enhancement (e.g., pre-
commercial thinning to accelerate stand development toward old-growth conditions).  

Under Alternatives 2, 3, 4, and 5 forest land in the beach and estuary fringe is identified as suitable for 
young-growth timber production, and commercial young-growth harvest and road 
construction/reconstruction in the beach and estuary fringe is allowed under these alternatives (Table 5). 
Young-growth harvest in the beach and estuary fringe has the potential to locally decrease buffer width 
and reduce its effectiveness in facilitating the movement of organisms across the landscape and 
providing habitat for wildlife species that are negatively affected by edge.  Alternatives that allow 
clearcutting (Alternatives 2 and 5), or the greatest amounts of road construction/reconstruction 
(Alternatives 2 and 3) are most likely to increase habitat fragmentation if openings are too large to be 
crossed by species with limited dispersal capabilities.  Young-growth harvest may also delay the 
development of old-growth stand characteristics in the beach and estuary fringe or may enhance the 
growth of the remaining trees through thinning. 
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Table 5  
Proposed Young-growth Harvest after 100 Years in the Beach and Estuary Fringe by 
Alternative 

Alternative 

Beach and Estuary Fringe Management Approach  
Projected 

Harvest over 
100 yrs 
(Acres) 

Number 
of Entries 

Harvest 
Opening 

Limits 

Stand 
Treatments 
and Timing 

Restrictions1 
Timber Removal 

Limits 
Additional 
Measures 

Alternative 1 NA NA NA NA NA  0 

Alternative 2 Multiple 
Limited by 
Scenery 
only 

CC for first 15 
years; CT 
thereafter 

None 

1,000-foot-
wide corridor 
adjacent to 
even-aged 
harvest units 

 21,871 

Alternative 3 Multiple NA CT only (no 
time limit) 

Maximum removal of 
33 percent basal 
area 

None  30,769 

Alternative 4 Multiple NA CT only (no 
time limit) 

Maximum removal of 
33 percent basal 
area 

None  11,114 

Alternative 5 One-time 10 acres or 
less 

PC or CT for 
first 15 years 

Maximum removal of 
up to 35 percent of 
original stand acres 

200-ft buffer 
adjacent to 
shoreline 

 3,903 

Note: NA = not applicable 
1 CC = Clearcut; PC = Patch Cut; CT = Commercial Thin 

The most intensive young-growth harvest in the beach and estuary fringe would occur under Alternative 2 
which proposes the greatest amount of harvest and would allow clearcutting to the shoreline during the 
first 15 years after plan approval and commercial thinning thereafter (Table 2). Alternative 2 includes the 
following management approach:  When even-aged management of young growth occurs in the beach 
and estuary fringe, the intent is to maintain an approximate 1,000-foot wide protected corridor adjacent 
inland of the harvest unit to function as alternate, low elevation, forested habitat and corridor. This 
corridor should be in POG or young-growth, where present, that meets the objectives of the beach fringe, 
and should be located less than 800 feet in elevation. Beach and estuary standards and guidelines would 
apply as if this were the original beach buffer. Effects under this alternative would be long-term as 
multiple entries into stands, or reharvesting the same stand, would be allowed over the planning horizon. 
Under Alternative 2, shifting the beach and estuary fringe inland would maintain some level of 
connectivity between watersheds but would locally reduce the ability of the buffer to serve as a 
transitional zone between interior forest and marine influence. 

Less intensive effects to the beach and estuary fringe would occur under Alternatives 3 and 4 (second 
and third most young-growth acres proposed for harvest, respectively) which would allow commercial 
thinning (multiple entries) throughout Forest Plan implementation (Tables 2 and 5). Commercial thinning 
would maintain more of the functions of the beach and estuary fringe than clearcutting or group selection; 
however, some harvested stands would be managed (i.e., could have more than one entry) over the long-
term (i.e., 60 or more years after initial entry).  

The effects would be even lower to the beach and estuary fringe under Alternative 5 which proposes the least 
amount of harvest.  Although Alternative 5 would allow created openings of up to 10-acre or commercial 
thinning, harvest would be limited to the first 15 years after Forest Plan approval (Tables 2 and 5) and only 
3,550 acres of young-growth are projected to be managed with no more than 35 percent of each stand 
harvested).  Alternative 5 also includes a 200-foot-wide forested buffer along the shoreline adjacent to harvest 
units which would continue to protect forest in the beach and estuary fringe for connectivity and habitat while 
the harvested stand matures.  Thus, the functioning of the beach and estuary fringe may be reduced in places 
due to the reduced buffer, but effects would be long-term and more localized. 
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Overall, suitable young-growth comprises a small portion of the total amount of beach and estuary fringe 
within each biogeographic province, most of which occurs in the Etolin Island and Vicinity, North Central 
Prince of Wales, and Revilla Island/Cleveland Peninsula biogeographic provinces (Table 6). Forest-wide 
maximum young-growth harvest would affect approximately 2.4 percent, 3.3 percent, 1.2 percent, and 0.4 
of the forest land within the beach and estuary fringe (all acres included) under Alternatives 2, 3, 4, and 5, 
respectively (Table 6).  By biogeographic province, maximum young-growth harvest would affect 0 to 5.6 
percent of forest land within the beach and estuary fringe under Alternative 2, 0 to 8.1 percent under 
Alternative 3, 0 to 3.5 percent under Alternative 4, and 0 to 1.1 percent under Alternative 5. Due to the 
localized nature of anticipated effects, under all of the alternatives the beach and estuary fringe would 
continue to act as a transition zone between interior forest and saltwater influences, maintain landscape 
connectivity, and provide benefits to the marine environment across the planning area. Therefore, it would 
be expected that there may be localized reductions in the ability of the beach and estuary fringe to 
function as intended under the conservation strategy under each of the alternatives but Forest-wide 
effects would not measurably reduce the functioning of this contributing element of the conservation 
strategy.  
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Table 6  
Distribution of Young-growth Harvest Acres (over 100 years) within the Beach and Estuary Fringe by Biogeographic 
Province and Alternative 

Biogeographic Province 

Forest Land 
Acres in Beach 

& Estuary 
Fringe2 

Estimated Maximum Young-growth Harvest1 in the Beach Fringe 
(Young-growth Harvest Acres / % of Forest Land Acres)) 

Alt 1 Alt 2 Alt 3 Alt 4 Alt 5  
1 Yakutat Forelands  6,467  0 0% 7 0.1% 11 0.2% 3 <0.1% 2 <0.1% 
2 Yakutat Uplands  8,397  0 0% 0 0% 0 0% 0 0% 0 0% 
3 East Chichagof Island  63,036  0 0% 2,087 3.3% 2,470 3.9% 741 1.2% 420 0.7% 
4 West Chichagof Island  37,246  0 0% 0 0% 0 0% 0 0% 0 0% 
5 East Baranof Island  30,341  0 0%  1,513  5.0% 2,103 6.9% 992 3.3% 314 1.0% 
6 West Baranof Island  79,821  0 0%  1,168  1.5% 1,525 1.9%  177  0.2% 80 0.1% 
7 Admiralty Island  79,128  0 0%  12  <0.1% 54 0.1% 0 0% 0 0% 
8 Lynn Canal  17,923  0 0%  261  1.5% 231 1.3%  13  0.1% 58 0.32% 
9 North Coast Range  46,054  0 0%  44  0.1% 227 0.5% 0 0%  8  0.0% 
10 Kupreanof/Mitkof Island  38,537  0 0%  2,165  5.6% 3,135 8.1%  450  1.2%  398  1.0% 
11 Kuiu Island  70,721  0 0%  944  1.3% 1,351 1.9%  266  0.4%  175  0.2% 
12 Central Coast Range  23,755  0 0%  584  2.5% 788 3.3%  211  0.9%  74  0.3% 
13 Etolin Island & Vicinity  54,051  0 0%  2,922  5.4%  4,247  7.9%  1,874  3.5%  594  1.1% 

14 North Central Prince of 
Wales  88,369  0 0%  4,856  5.5%  6,872  7.8%  2,946  3.3%  815  0.9% 

15 Revilla Island/ Cleveland 
Pen.  84,629  0 0%  3,957  4.7%  5,892  7.0%  2,588  3.1%  728  0.9% 

16 Southern Outer Islands  44,539  0 0%  779  1.7%  1,062  2.4%  683  1.5%  164  0.4% 
17 Dall Island and Vicinity  22,452  0 0%  89  0.4%  132  0.6% 0 0%  0.0% 
18 South Prince of Wales  48,991  0 0%  438  0.9%  605  1.2%  169  0.3%  68  0.1% 
19 North Misty Fiords  26,483  0 0%  44  0.2%  64  0.2%  0  0%  4  0.0% 
20 South Misty Fiords  53,091  0 0% 0 0% 0 0% 0 0% 0 0.0% 
21 Ice Fields 0 0 0% 0 0% 0 0% 0 0% 0 0% 
 Forest-wide  924,030  0 0% 21,871 2.4% 30,769 3.3% 11,114 1.2% 3,903 0.4% 
1 For modeling purposes, it was assumed, based on an evaluation of economics, that the minimum harvestable age for young growth is 65 to 75 years old, depending on site index. 
2 Includes young-growth, POG, and unproductive forest. 
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Riparian Management Areas 
Riparian areas are the corridors along streams and rivers which provide an interface between upland 
forests and riverine influences, distinguishing them as a unique ecosystem within the larger forest 
ecosystem. Riparian areas support some of the most productive stands of old-growth on the Tongass 
National Forest, and provide habitat for species associated with aquatic environments (e.g., amphibians 
and furbearers such as river otters) and terrestrial species for which fish are an important food sources 
(e.g., brown bears and black bears). Riparian areas follow the dendritic nature of river systems and 
provide forested corridors connecting higher elevation regions in upper watersheds with lower elevation 
forests in the valley bottoms, providing connectivity within watersheds.  Young-growth stands within the 
riparian areas comprise lower value habitat for old-growth associated wildlife species; however, they 
maintain functional connectivity for the movement and dispersal of wildlife and serve as buffers between 
areas of suitable habitat and human activity.   

Riparian areas are protected through use of the Fish and Riparian Standards and Guidelines that prohibit 
timber harvest within a certain distance of streams (depending on stream type or process group).  These 
areas include the 1990 TTRA 100-foot-wide buffers and additional distances intended to preserve the 
functions of the riparian areas with the sum of both designated as RMA (Section 102 of TTRA).  They are 
intended to maintain anadromous fish habitat (e.g., supplying large-woody debris), maintain water quality 
(shading, reducing sediment runoff), and provide elevational connectivity within watersheds (Appendix D, 
USDA Forest Service 2008b).  It can be assumed that the integrity of the conservation strategy is 
maintained when riparian areas continue to support aquatic and terrestrial habitats, maintain water quality 
and provide landscape connectivity. Currently, limited management of young-growth stands within RMAs 
is allowed under the 2008 Forest Plan (Alternative 1) when conducted for the purpose of habitat 
enhancement (e.g., pre-commercial thinning to accelerate stand development toward old-growth 
conditions).  

Commercial young-growth harvest and road construction/reconstruction in the RMA (outside of TTRA 
buffers), is proposed under Alternatives 2 and 5 within the development LUDs and those non-
development LUDs discussed above; no young-growth harvest would occur in the RMA under 
Alternatives 1, 3, and 4 (Tables 2 and 7). Alternative 2 would allow commercial thinning throughout the 
life of the Forest Plan. Alternative 5 could be more intense in that it would allow clearings of up to 10 
acres or commercial thinning within RMAs, but only during the first 15 years after Forest Plan approval. 
Young-growth harvest in the RMA has the potential to locally decrease buffer width and reduce its 
effectiveness in facilitating the movement of organisms across the landscape and reduce the function of 
riparian areas. Young-growth harvest may also delay the development of old-growth stand characteristics 
in RMAs. Effects to the conservation strategy would be least under Alternative 5 due to the one-time entry 
constraint and limited number of harvested acres (Table 7). Under both alternatives, TTRA buffers would 
continue to protect aquatic systems and maintain functions such as large-woody debris input, shading, 
and nutrient inputs to streams. Additionally TTRA buffers would maintain elevational connectivity, though 
potentially through narrower corridors where young-growth harvest units occur.    

Overall, suitable young-growth comprises a small portion of the total amount of RMA (outside of TTRA 
buffers) within each biogeographic province (Table 8). Suitable young-growth in RMAs is spread 
throughout the forest, with larger concentrations occurring in the North Central Prince of Wales, West 
Baranof Island, and East Baranof Island biogeographic provinces (Table 8). Forest-wide maximum 
young-growth harvest would affect approximately 6.7 percent and less than 1 percent of the forest land 
within RMAs, outside of TTRA buffers under Alternatives 2 and 5, respectively (Table 8).  By 
biogeographic province, maximum young-growth harvest would affect 0 to 17.2 percent of forest land 
within RMAs (outside of TTRA buffers) under Alternative 2 and 0 to 0.8 percent under Alternative 5 (Table 
8). Due to the localized nature of anticipated effects, under all of the alternatives riparian areas would 
continue to maintain aquatic and terrestrial habitats, maintain water quality, and provide landscape 
connectivity across the planning area. Therefore, it would be expected that there may be localized 
reductions in the ability of the RMAs to function as intended under the conservation strategy under each 
of the alternatives but Forest-wide effects would not measurably reduce the functioning of this 
contributing element of the conservation strategy.   
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Table 7  
Proposed Young-growth Harvest after 100 Years in Riparian Management Areas (Outside 
of TTRA buffers) by Alternative 

Alternative 

RMA Management Approach Total 
Projected 
Harvest 
(Acres) 

Number 
of 

Entries 

Harvest 
Opening 

Limits 

Stand Treatments 
and Timing 

Restrictions1 
Timber Removal 

Limits 
Additional 
Measures 

Alternative 1 NA NA NA None NA 0 

Alternative 2 Multiple NA CT only (no time 
limit) None NA 26,030 

Alternative 3 NA NA NA None NA 0 
Alternative 4 NA NA NA None NA 0 

Alternative 5 One-
time < 10 acres PC or CT for first 15 

years 

Maximum removal of 
up to 35 percent of 
original harvested 
stand acre 

NA 1,089 

Note: NA = not applicable 
1 CC = Clearcut; PC = Patch Cut; CT = Commercial Thin 

 

Table 8  
Distribution of Young-growth Harvest Acres (over 100 years) in Riparian Management 
Areas by Biogeographic Province and Alternative 

Biogeographic 
Province 

Forest 
Land 

Acres in 
RMAs  

Outside 
of TTRA 
Buffers)2 

Estimated Maximum Young-growth Harvest1 in RMAs 
(Young-growth Harvest Acres / % of Forest Land Acres)) 

Alts 1, 3, and 4 Alt 2 Alt 5 

1 Yakutat Forelands 
             

28,564  0 0%  36  0.1%  1  <0.1% 

2 Yakutat Uplands 
                

4,059  0 0%  28  0.7%  1  <0.1% 

3 
East Chichagof 
Island 

             
41,682  0 0%  5,040  12.1%  222  0.5% 

4 
West Chichagof 
Island 

                
4,388  0 0% 0 0.0% 0 0% 

5 
East Baranof 
Island 

                
8,949  0 0%  1,540  17.2%  68  0.8% 

6 
West Baranof 
Island 

             
17,541  0 0%  2,725  15.5%  113  0.6% 

7 Admiralty Island 
             

16,096  0 0% 0 0.0% 0 0% 

8 Lynn Canal 
             

16,156  0 0%  1,551  9.6%  70  0.4% 

9 
North Coast 
Range 

             
22,508  0 0%  12  0.1%  0  0% 

10 
Kupreanof/Mitkof 
Island 

             
18,557  0 0%  637  3.4%  25  0.1% 

11 Kuiu Island 
             

14,984  0 0%  867  5.8%  38  0.3% 

12 
Central Coast 
Range 

             
27,947  0 0%  945  3.4%  38  0.1% 

13 
Etolin Island & 
Vicinity 

             
11,947  0 0%  797  6.7%  33  0.3% 
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Table 8 (continued) 
Distribution of Young-growth Harvest Acres (over 100 years) in Riparian Management 
Areas by Biogeographic Province and Alternative. 

Biogeographic 
Province 

Forest 
Land 

Acres in 
RMAs  

Outside 
of TTRA 
Buffers)2 

Estimated Maximum Young-growth Harvest1 in RMAs 
(Young-growth Harvest Acres / % of Forest Land Acres)) 

Alts 1, 3, and 4 Alt 2 Alt 5 

14 
North Central 
Prince of Wales 

             
49,627  0 0%  7,842  15.8%  314  0.6% 

15 
Revilla Island/ 
Cleveland Pen. 

             
36,834  0 0%  2,017  5.5%  82  0.2% 

16 
Southern Outer 
Islands 

                
5,553  0 0%  431  7.8%  16  0.3% 

17 
Dall Island and 
Vicinity 

                
2,830  0 0%  4  0.1% 0 0% 

18 
South Prince of 
Wales 

             
10,457  0 0%  183  1.7%  7  0.1% 

19 North Misty Fiords 
             

16,858  0 0%  320  1.9%  15  0.1% 

20 
South Misty 
Fiords 

             
17,462  0 0% 0 0.0% 0 0% 

21 Ice Fields 
             

17,489  0 0%  1,056  6.0%  46  0.3% 

 Forest-wide 
          

390,490  0 0%  26,030  6.7% 1,089  0.3% 
1 For modeling purposes, it was assumed, based on an evaluation of economics, that the minimum harvestable age for young growth is 
65 to 75 years old, depending on site index. 
2 Includes young-growth, productive old-growth, and unproductive forest. 

Legacy Forest Structure  
The Legacy Forest Structure (Legacy) standard and guideline was added to the Forest Plan in 2008, and 
was intended as an ecological approach to Forest-wide retention of old-growth habitat characteristics 
(e.g., large trees, downed logs, and snags) in high risk biogeographic provinces.  The Legacy standard 
and guideline evolved from considerations presented at the Interagency Conservation Strategy Review 
workshop (USDA Forest Service 2007) and replaced species-specific goshawk foraging and marten 
standards and guidelines. It applies to those VCUs that have had or are anticipated to have high levels of 
timber harvest (a list is provided in the Forest Plan; USDA Forest Service 2008a) for old-growth harvest 
openings greater than 20 acres in size.   

Alternative 1 includes the current Legacy standard and guideline. Alternatives 2, 3, 4, and 5 include the 
current Legacy standard and guideline with a proposed clarification that the VCUs where the Legacy 
standards and guidelines apply should be verified during project-specific planning and analysis based on 
harvest standards listed in the Forest Plan.  The Legacy Forest Structure standard and guideline would 
continue to maintain habitats used by old-growth associated species in the VCUs where it applies. 

Wildlife 
Alternatives 2, 3, 4, and 5 propose a revision to the Goshawk standards and guidelines which address 
nesting habitat. These standards and guidelines expand the requirement to maintain 100 acres of POG 
forest surrounding a nest tree or nest site to include the largest diameter young-growth forest if POG 
alone is not sufficient. The proposed modification would provide greater protection to goshawks and their 
habitat, and therefore would strengthen this standard and guideline because goshawks will nest in 
maturing young-growth forest with sufficient structure, if mature and old-growth forest is unavailable, and 
will also forage in these areas (Reynolds et al. 2006; Boyce et al. 2006). Therefore, the proposed 
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modification would provide enhanced protection to goshawk habitat in situations where there are less 
than 100 acres of POG surrounding a nest tree or nest site. 

Other Non-wildlife Standards and Guidelines 
The current Forest Plan includes a number of other standards and guidelines which preclude or 
significantly limit timber harvest to protect resources other than wildlife. They apply to areas of high 
hazard soils, steep slopes, karst terrain, scenic integrity objectives (SIOs) for visually sensitive travel 
routes and use areas, and timber stands that are technically not feasible to harvest.  The retention of old-
growth forest provided by these standards and guidelines enhances the conservation strategy, although 
they were designed with effects to visual resources in mind rather than their potential benefits to wildlife 
exclusively (Appendix D, USDA Forest Service 2008b).  

Alternatives that modify the current standards and guidelines to make young-growth available for harvest 
would reduce the amount of “additional” retention of forest within the matrix; however, they would not 
result in additional POG harvest. Alternatives 2, 3, and 4 would allow commercial thinning of young-
growth in high vulnerability karst areas. Alternatives 2, 3, and 5 would change the SIO to low SIO for 
young-growth harvest which allows for larger openings.  

Integrity of the Conservation Strategy 
Land management on the Tongass National Forest presents a careful balance between ecological, 
economic, and social (community) values. The conservation strategy is intended to maintain ecological 
values and certain economic and social values, while allowing other multiple uses (e.g., timber 
production, renewable energy/infrastructure development, recreation, tourism, mining, and subsistence) 
to occur on the Tongass National Forest. As such, the conservation strategy is not “risk free” but is 
intended to balance an acceptable level of risk in ensuring support of well-distributed, viable wildlife 
populations while meeting the requirements of the National Forest Management Act (PL 86-517; 16 USC 
§528) and Multiple Use Sustainable Yield Act (PL 94-588; 16 USC §1600). 

Overall, the conservation strategy is functioning under conditions that represent stronger conservation practice 
than anticipated at the time of its development. Actual and projected old-growth harvest under the existing 
Forest Plan are far below levels predicted under the 1997 Forest Plan, which formed the context within which 
the conservation strategy was analyzed and intended to function.  This has occurred because of economics 
and a significant decline in the timber industry due to various factors.  But most importantly, with the 2001 
Roadless Rule in effect, inventoried roadless areas (approximately 2,143,000 acres of development LUDs in 
roadless areas containing about 823,000 acres of POG) make a major contribution to the maintenance of 
ecological function on the Tongass National Forest but do so outside of the elements of the conservation 
strategy. Under the 1997 Forest Plan, it was projected that 84 percent of the original (1954) POG forest would 
remain in 100 years (Table 9).  Under the preferred alternative (Alternative 5) and the other action alternatives, 
91 percent of the original POG forest is anticipated to remain. This equates to approximately 400,000 acres of 
additional old-growth than were assumed during the development and evaluation of the conservation strategy. 
Likewise, under the 1997 Forest Plan approximately 8,500 miles of roads were anticipated to exist by 2095, 
whereas under the current Forest Plan Amendment alternatives less than 6,200 miles of roads are anticipated 
by 2095.  This translates to substantially lower road densities under the current Forest Plan and the action 
alternatives, compared to the 1997 Plan (Table 9).   The additional area of POG will function as additional 
reserves, enhancing the existing reserves, and increasing the effectiveness of the matrix when located around 
harvest units. As such, the substantially greater spatial extent of old-growth forest on the landscape and fewer 
roads across the planning area would outweigh the local, adverse effects of young-growth harvest proposed in 
the Old-growth Habitat LUD, the beach and estuary fringe, and RMAs that would result under the action 
alternatives as described below. 

Proposed modifications to contributing elements of the conservation strategy (e.g., beach and estuary 
fringe, RMAs, and non-development LUDs) under Alternatives 2, 3, 4, and 5 have the potential to result in 
localized reductions in the functioning of these elements. That is, young-growth harvest will locally alter 
forest structure and may reduce connectivity, but the beach and estuary fringe and RMAs would continue 
to function as intended across the planning area by serving as ecological transition zones, maintaining 
freshwater and marine aquatic and terrestrial habitat, and providing landscape connectivity. Therefore, 
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none of the alternatives, when considered in whole, would reduce the ability of the conservation strategy 
to maintain a functional and interconnected old-growth ecosystem across the planning area and the 
overall functioning of the conservation strategy in terms of its ability to maintain viable, well-distributed 
populations of wildlife across the planning area would remain.  

Under all of the alternatives the extent of localized effects to contributing elements of the conservation 
strategy would depend on project-level decisions and strategic implementation of standard and 
guidelines, such as the landscape connectivity standard and guideline, which are intended to provide 
important safeguards towards ensuring the sustainability of populations of old-growth associated species. 
The consideration of geographic scale is important on the Tongass National Forest because it is an island 
ecosystem, with individual islands at times functioning as metapopulations (many independent 
populations with limited interchange) for some species that do not frequently disperse between islands. 
The responsibility for ensuring the effectiveness of the conservation strategy at finer scales (i.e., 
biogeographic provinces or groups of island), falls on decisions made at the project scale taking into 
account the configuration of individual landscapes. All projects must demonstrate consistency with Forest 
Plan components, such as the Landscape Connectivity, Legacy, and species-specific standards and 
guidelines. This ensures that the Forest Plan is implemented effectively across the planning area, 
including portions, such as the North Central Prince of Wales biogeographic province which have 
experienced larger amounts of timber harvest and associated developments than other areas. Thus, the 
primary difference among alternatives is how the transition to young-growth management would be 
reached, including the timing, intensity, and extent of old-growth versus young-growth harvest; therefore, 
the alternatives vary in the approach employed to maintain the integrity of the conservation strategy. 
However, under all alternatives the integrity of the conservation strategy would be maintained.  

The following paragraphs summarize characteristics of each alternative and review how each maintains 
the integrity of the conservation strategy, beginning with the current Forest Plan (Alternative 1). The 
action alternatives are then described in order of the level of risk they present to localized reductions in 
the functioning of contributing elements of the conservation strategy, from greatest to least risk.  

Under Alternative 1, the current Forest Plan, the integrity of the conservation strategy would be 
maintained because no modifications to its contributing elements are proposed. The conservation 
strategy would continue to function as designed. As outlined above, the history of old-growth harvest 
since 1997 results in a stronger conservation environment than anticipated when the Forest Plan was 
developed and analyzed. Therefore, under Alternative 1 it is expected that viable, well-distributed wildlife 
populations would be maintained across the planning area (USDA Forest Service 2008b).  The level of 
old-growth harvest would be much lower than allowed by the existing Forest Plan, in order to transition 
toward a greater level of young-growth harvest.  However, Alternative 1 would not expedite the transition 
to young-growth management to the degree of the action alternatives, and therefore, would result in the 
greatest amount of old-growth timber harvest among the alternatives.  

Alternative 2 would have the greatest risk of localized reductions in the functioning of contributing 
elements of the conservation strategy because it would result in the most young-growth harvest, would 
allow clearcutting young growth in non-Development LUDs, would allow clearcutting young growth in the 
beach and estuary fringe for the first 15 years after Forest Plan approval, and would allow commercial 
thinning of young growth in RMAs (Table 9). Alternative 2 would mitigate beach fringe harvest by shifting 
the beach and estuary fringe inland, maintaining elements of horizontal connectivity between watersheds 
but reducing effectiveness to serve as a transitional zone between interior forest and marine influence in 
those areas of harvest. Alternative 2 would result in the shortest transition time (about 12 years) and 
would therefore result in the lowest amount of old-growth harvest, minimizing the amount of new road 
construction and POG harvest in undeveloped/intact areas. 

Alternative 3 would have the second greatest risk of localized reductions in the functioning of contributing 
elements of the conservation strategy. It would result in the second highest amount of young-growth 
harvest, but unlike Alternative 2 would not allow clearcutting in the beach and estuary fringe (commercial 
thinning only) or any harvest in RMAs. However, this alternative would involve the greatest amount of 
road construction/reconstruction some of which would occur within the beach and estuary fringe. 
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Alternative 3 would result in the second shortest transition time (about 13 years), and therefore would 
result in the second lowest amount of POG harvest (Table 9). 

Alternative 5 would have the third greatest risk of localized reductions in the functioning of contributing 
elements of the conservation strategy. It would allow created openings of less than 10 acres or 
commercial thinning of young growth in the beach and estuary fringe and RMAs but only during the first 
15 years after Forest Plan approval; effects to wildlife habitat and connectivity would be minimized by 
limiting the size of harvest openings, allowing removal of a maximum of 35 percent of a previously 
harvested stand, and implementing a one-time entry stipulation. Additionally, Alternative 5 would maintain 
a beach and estuary buffer, albeit at a reduced width (200-feetwide), adjacent to the shoreline, which 
would maintain some connectivity. Alternative 5 would allow young-growth harvest in the Old-growth 
Habitat LUD during the first 15 years after Forest Plan approval, but would not allow harvest in any other 
non-development LUD (Table 9). Alternative 5 would result in the third shortest transition time (about 16 
years), and would result in the third lowest amount of POG harvest.  

Alternative 4 would have the lowest risk of localized reductions in the functioning of contributing elements of 
the conservation strategy because no harvest would occur in any non-development LUD or within RMAs, and 
only commercial thinning of young growth would be allowed within the beach and estuary fringe. Alternative 4 
would affect the smallest land base (Phase I lands only), and would result in the third shortest transition time 
(about 16 years; same as Alternative 5), but with the least amount of total harvest (Table 89).   

One of the objectives of the Forest Plan was to “”[P]rovide sufficient habitat to preclude the need for listing of 
species under the Endangered Species Act, or from becoming listed as Sensitive due to National Forest 
habitat conditions” (USDA Forest Service 2008a p. 2-4). Although no terrestrial species in Southeast Alaska 
are listed under the ESA, petitions have been filed for the Alexander Archipelago wolf (2011), Queen Charlotte 
goshawk (1994), and Prince of Wales flying squirrel (2011). The conservation strategy was designed to 
conserve, and thereby avoid the need to list these and other old-growth associated species. All of the 
alternatives are expected to maintain a functional and interconnected old-growth ecosystem, capable of 
supporting well-distributed, viable wildlife populations of wildlife across the planning area; therefore none of 
them are expected to increase the likelihood of species listing under the ESA. 

Monitoring, the systematic process of collecting information to evaluate effects of actions or changes in 
conditions or relationships (36 CFR 219.19), is a quality control process for implementation of the 
Tongass Forest Plan. It provides the public, the Forest Service, and other involved resource agencies 
with information on the progress and results of Forest Plan implementation. As such, monitoring, along 
with the evaluation of that monitoring, comprise an essential feedback mechanism within an adaptive 
management framework to keep the Forest Plan dynamic and responsive to changing conditions. The 
evaluation process also provides feedback that can trigger corrective action, adjustment of plans and 
budgets, or both, to facilitate feasible and meaningful action on the ground.  

The Forest Plan monitoring program is an important mechanism for confirming that the transition to 
young-growth management is achieving the desired effects. It allows the Forest Service to respond to 
new information and/or changing conditions, thereby working to ensure that there are no unintended 
consequences of the transition to a young-growth based timber program. The monitoring program is 
being modified concurrently with the proposed Forest Plan amendment to meet the requirements of the 
2012 Planning Rule (Forest Service Handbook 1909.12, chapter 30, section 32.3). The Forest Service is 
developing monitoring questions associated with biodiversity, wildlife, and streams and fish habitat 
(among other topics) which speak to the effects of young-growth management. Draft monitoring questions 
address the ability of young-growth harvest to improve habitat for wildlife and timber production, and the 
ability of riparian vegetation to support key riparian functions. Monitoring data will allow the Forest Service 
to evaluate and change silvicultural prescriptions and other practices as needed to ensure continued 
functioning of contributing elements of the conservation strategy across the planning area.   
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Table 9  
Summary of Effects by Alternative and Comparison with 1997 Forest Plan 
 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 
Projected acres of POG harvested 
under 1997 Forest Plan through 
2095 

474,000 474,000 474,000 474,000 474,000 

Actual acres of POG 
harvested since 1995 plus 
projected acres of harvest under 
2016 Forest Plan through 2095  

100,517   70,274   73,233   80,262  80,144 

Projected Percent of POG 
remaining in 2095 under 1997 
Forest Plan 

84 84 84 84 84 

Projected Percent of POG 
remaining in 2095 under 2016 
Forest Plan 

90 91 91 91 91 

Projected Road Miles/Road 
Density (mi/sq mi) on NFS Lands 
under 1997 Forest Plan in 2095 

8,500 mi 
0.32 mi/mi2 

8,500 mi 
0.32 mi/mi2 

8,500 mi 
0.32 mi/mi2 

8,500 mi 
0.32 mi/mi2 

8,500 mi 
0.32 mi/mi2 

Projected Road Miles/Road 
Density (mi/sq mi) on NFS Lands 
under 2016 Forest Plan in 2095 

6,036 mi 
0.23 mi/mi2 

6,148 mi 
0.23 mi/mi2 

6,113 mi 
0.23 mi/mi2 

5,964 mi 
0.23 mi/ mi2 

6,086 mi 
0.23 mi/ mi2 

Estimated Years to Fully 
Transition to Young-growth 
Management 

32 years 12 years 13 years 16 years 16 years 

Projected Young-growth Harvest 
in Old-Growth Habitat LUD (acres) 0 31,640 26,186 0 1,811 

Projected Young-growth Harvest 
in Old-growth Habitat LUD as a % 
of Forest Land Acres in Old-
growth Habitat LUD  

 
0% 

 
3.3% 

 
2.8% 

 
0% 

 
0.2% 

Projected Young-growth Harvest 
in Other Non-Dev. LUDs (acres) 

 
0 

 
12,868 

 
12,857 

 
0 

 
0 

Projected Young-growth Harvest 
in Other Non-Dev. LUDs as a % of 
Forest Land Acres in Other Non-
Dev. LUDs 

 
0% 

 
0.8% 

 
0.8% 

 
0% 

 
0% 

Projected Young-growth harvest 
in Beach and Estuary Fringe (ac) 

 
0 

 
21,871 

 
30,769 

 
11,114 

 
3,903 

Projected Young-growth Harvest 
in Beach/Estuary Fringe as a % of 
Forest Land Acres in 
Beach/Estuary Fringe  

 
0% 

 
2.4% 

 
3.3% 

 
1.2% 

 
0.4% 

Projected Young-growth harvest 
in RMAs outside of TTRA Buffers 
(acres) 

 
0 

 
26,030 

 
0 

 
0 

 
882 

Projected Young-growth Harvest 
in RMAs as a % of Forest Land 
Acres in RMAs 

 
0% 

 
6.7% 

 
0% 

 
0% 

 
0.3% 
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Interagency Old Growth Reserve Review 
Sealaska Land Conveyance 

September 2015 
 
Meeting date: Craig Ranger District, February 3-5, 2015 
 
Attendees: Steve Brockmann (USFWS), Steve Bethune (ADF&G), Mark Minnillo (ADF&G); 
USFS: Brian Logan, Marla Dillman, Ray Slayton, Sally Burch, Lucy Maldonado (Day 1 only), 
Molly Simonson (note taker). 
 
INTRODUCTION  
The Sealaska Land Entitlement finalization of the Carl Levin and Howard P. ‘Buck’ McKeon 
National Defense Authorization Act for Fiscal Year 2015 conveyed 69,585 acres of Tongass 
National Forest lands to Sealaska Corporation to fulfill the commitment in the Alaska Native 
Claims Settlement Act.  Included in these acres are areas that are designated as Old Growth 
Reserves (OGRs) in the 2008 Tongass Land and Resource Management Plan (Forest Plan).  All 
of the OGRs reduced by the conveyance addressed here are on Prince of Wales Island and two 
smaller islands to the west.  

On February 3, 2015 an interagency review team (IRT) met to develop a biologically preferred 
option for OGRs that meets Forest Plan Appendix K criteria and to document why other 
proposals are not recommended. The IRT was comprised of biologists from the U.S. Fish and 
Wildlife Service (USFWS), the Alaska Department of Fish and Game (ADF&G), and the U. S. 
Forest Service (USFS) who met in Thorne Bay to review the small OGRs affected by the land 
conveyance.  
 
This meeting addressed how small OGRs have been affected by the Sealaska Land Entitlement 
finalization. The IRT came up with an interagency recommendation (biologically preferred 
location IOGRs) for each small OGR affected and one medium OGR. 
 
The 2008 Forest Plan uses Land Use Designations (LUD) to guide the management of NFS lands 
within the Tongass.  Each designation provides for a unique combination of activities, practices 
and uses.   LUD II areas are congressionally designated areas in a roadless state to retain the 
wildland character. Wildlife and fish habitat improvement and primitive recreational facility 
development may be permitted. Timber harvesting is limited to insect and disease control. Roads 
will not be built except to serve mining and other authorized activities and vital Forest 
transportation and utility system linkages.  LUD IIs are also designated as large OGRs.  Large 
OGRs have not been reviewed since 1997. Some of the LUD IIs changed as a result of the land 
conveyance. The 2008 Forest Plan defines LUD II as Congressionally designated areas that 
should be managed in a roadless state to retain the wildland character. Wildlife and fish habitat 
improvement and primitive recreational facility development may be permitted. Timber 
harvesting is limited to insect and disease control. Roads will not be built except to serve mining 
and other authorized activities and vital Forest transportation and utility system linkages.  
 
Our process was to look at large and medium OGRs and then move on to small OGRs.  
 
The land conveyance directly affected OGRs on POW, and neighboring islands) in VCUs 5450, 
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5460, 5560, 5570, 5600, 5872, 5900, 5940, 6180, 6190, 6200, and 6850 (see map 1). 

This document will discuss the effects to the VCUs listed above as well as OGRs in VCUs that 
were indirectly impacted by the land conveyance; most of these VCUs involve the medium 
OGR.  These VCUs include 6160, 6170, 6750 and 6760.   

VCUs 5450, 5460 are on Kosciusko Island; 5560, 5570, 5600 and 5872 are on Tuxekan Island; 
while 5900 and 5940 (Election Creek); 6180, and 6190 were a medium OGR in the Old Thom’s 
Research Natural Area; 6200 (Dog Salmon) and 6850 (Nutkwa) are all Prince of Wales Island. 

The 2015 Interagency review team proposal for the medium also affects VCUs 6160, 6170, 6750 
and 6760. 
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Map 1 
 
Conservation Strategy 
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Small OGRs were analyzed extensively during the 2008 Forest Plan Amendment process (USFS 
2008), and many were modified. This review is discussed as the 2006 IRT. The Forest Plan 
allows line officers to further modify the size and location of OGRs under certain circumstances 
(Forest Plan Appendix K). Modifications of small OGRs require an interagency review to ensure 
that OGRs meet Forest Plan criteria. Alternative locations for OGRs “must provide comparable 
achievement of Old–growth Habitat LUD goals and objectives” (Forest Plan, p. 3-57 and 3-62).  

Goals 
• Maintain areas of old-growth forests and their associated natural ecological processes to 

provide habitat for old-growth associated resources. 
• Manage early seral conifer stands to achieve old-growth forest characteristic structure 

and composition based upon site capability. Use old growth definitions as outlined in 
Ecological Definitions for Old-growth Forest Types in Southeast Alaska (R10-TP-28). 

Objectives 
• Provide old-growth forest habitats, in combination with other LUDs, to maintain viable 

populations of native and desired non-native fish and wildlife species and subspecies that 
may be closely associated with old-growth forests. 

• Contribute to the habitat capability of fish and wildlife resources to support sustainable 
human subsistence and recreational uses. 

• Maintain components of flora and fauna biodiversity and ecological processes associated 
with old-growth forests. 

• Allow existing natural or previously harvested early seral conifer stands to evolve 
naturally to old-growth forest habitats, or apply silvicultural treatments to accelerate 
forest succession to achieve old-growth forest structural features. Consider practices such 
as thinning, release and weeding, pruning, and fertilization to promote accelerated 
development of old-growth characteristics. 

• To the extent feasible, limit roads, facilities, and permitted uses to those compatible with 
old-growth forest habitat management objectives. 

• Significant modifications to OGRs (e.g. a land conveyance or substantial timber harvest) 
require consideration and review of factors such as connectivity, size, and shape of the 
reserve, as well as the basic assumptions behind the existing reserve location.  

 
Pursuant to Forest Plan Appendix K, OGR boundary changes require an interagency team of 
USDA Forest Service (USFS), U.S. Fish and Wildlife Service (USFWS), and Alaska Department 
of Fish and Game (ADF&G) biologists to jointly evaluate the location and habitat composition 
of the OGRs by reviewing such things as productive old growth (POG) blocks within a VCU.  
 
One goal of the Forest Plan is to maintain healthy forest ecosystems with a mix of habitats at 
different spatial scales capable of supporting the full range of naturally occurring flora, fauna, 
and ecological processes characteristic of Southeast Alaska. To accomplish this goal, an old-
growth habitat conservation strategy was incorporated into the Forest Plan. This strategy consists 
of two components. The first is a forest-wide system of old-growth reserves (OGRs) comprised 
of lands classified by the Forest Plan as non-development land use designations (LUDs). These 
LUDs include, among others, Wilderness, Wilderness National Monument, Remote and Semi-
Remote Recreation, Wild Rivers, Municipal Watersheds, and Old-growth Habitat LUDs. The 
Old-growth Habitat LUD is further subdivided into small, medium, and large old-growth 
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reserves. The second component of the old-growth strategy is the set of standards and guidelines 
for habitats that occur within the “matrix” or lands outside of the non-development LUDs.  
 
OGR Criteria  
The Forest Plan Appendix K and 2008 Forest Plan FEIS Appendix D describe the requirements 
for OGRs in detail. Primary OGR habitat criteria are summarized below. OGR calculations are 
based on the acres of National Forest Service lands within the VCU.  

• Small OGRs should encompass a contiguous landscape representing at least 16 percent of 
each VCU with at least 50 percent of that area in productive old growth (POG). The 
preferred biological objective is for each small OGR to contain at least 800 acres of POG.  

• OGRs must contain a minimum of 400 acres of POG.  
• Where VCU boundaries do not match watershed or ecological boundaries, up to 30 

percent of the OGR may be mapped in an adjacent VCU if the OGR objectives are met.  
• VCUs that are separated by saltwater channels, reserves may be separated, but attempt to 

retain 800 acres of productive old growth in each.  
• OGR boundaries should follow recognizable features that are identifiable on the ground 

such as streams, roads, distinctive ridges, watershed boundaries, or v-notches.  
• OGRs should be located so that spacing is maintained in the four cardinal directions.  
• Reserves should be more circular rather than linear to maximize the amount of interior 

forest habitat.  
• The amount of early seral habitat (young growth) and roads should be minimized within 

the OGRs.  
• Existing large blocks of contiguous high-volume old-growth forest should not be further 

fragmented by timber harvesting or road building.  
• Incorporate wider corridors. Designed corridors should be of sufficient width to minimize 

edge effect and provide interior forest conditions.  
• Do not differentially cut low altitude, high-volume old growth [represented by marten 

winter habitat: high-POG <800 feet elevation]  
• Site-specific factors in placing reserves should be considered to help meet multiple 

biodiversity or wildlife habitat objectives. Factors include, but are not limited to:  
1. The largest remaining blocks of contiguous old growth within a watershed. Old-

growth forest that constitutes scattered fragments of unsuitable timberland generally 
did not contribute to meeting small reserve design.  

2. Rare features such as underrepresented forest plant associations or stands with some 
of the Forest’s highest volume timber stands (defined as high-POG and particularly 
SD67).  

3. Known or suspected goshawk nesting habitat (defined as high-POG <1000 feet 
elevation).  

4. Known or suspected marbled murrelet nesting habitat. [Represented by large tree 
SD67]  

5. Important deer winter range to maintain important deer habitat capability to meet 
public demand for use of the deer resource (defined as high-POG <800 feet elevation 



6 

on south and west aspects for deep snow habitat and POG <1500 feet elevation for 
average winter habitat). 

 
Other Forest Plan Direction  
Forest Plan Management Prescriptions for Old-growth Habitat (Forest Plan FEIS p. 3-62)  

• During project-level environmental analysis, for projects areas that include or are 
adjacent to mapped old-growth habitat reserves, the size, spacing, and habitat 
composition of mapped reserves may be further evaluated (See Appendix K for mapping 
criteria.)  

• Adjust reserves not meeting the minimum criteria to meet or exceed the minimum 
criteria. Reserve location, composition, and size may otherwise also be adjusted.  

• Alternative reserves must provide comparable achievement of the Old-growth Habitat 
LUD goals and objectives. Determination as to comparability must consider the criteria 
listed in Appendix K.  

• Adjustments to individual reserves are not expected to require a significant plan 
amendment. Adjustments Forest-wide shall be monitored yearly to assess whether a 
significant plan amendment is warranted on the basis of cumulative changes.  
 

Forest-wide Standards and Guidelines for Landscape Connectivity (Forest Plan p. 4-91): 
 
Design projects to maintain landscape connectivity. The objective is to maintain corridors of old-
growth forest among large and medium Old-growth Habitat reserves (Appendix K) and other 
Non-development LUDs at the landscape scale. Review forest connectivity within and between 
OGRs and non-development LUDs during environmental review of projects proposing timber 
harvest, road construction, or other significant vegetation alteration. Where existing corridors are 
insufficient or vulnerable to harvest, stands of POG should be provided as corridors or small 
reserves should be relocated. 
 
HISTORY OF THE OGRS  
The following documents provide the history of OGRs:  

Developmental and National Setting LUD’s and VPOP (February 1997) 
Forest Plan (1997) 
Prince of Wales Island Interagency OGR Review Report (2002) 
Final Forest Plan (2008) OGR spreadsheet (09_092909_OGR_Tracking_Table.xls) 
 

Individual NEPA documents that included OGRs analysis: 
 
Central Prince of Wales (CPOW) EIS (1993) -VCU 5542 
Polk Inlet EIS (1995) - VCUs 6180, 6190 and 6200 
Control Lake EIS (1998) -VCUs 5940, 5950 and 5960 
Cholmondeley EIS (1998) -VCUs 6160, 6170, 6750 and 6760 
Kosciusko DEIS (2002) -VCUs 5450 and 5460 
Tuxekan Timber Sale DEIS (update 2004) – VCUs 5560, 5570, 5600 and 5872 
Staney Timber Sale (TEAMS) (2005) –VCU 5900 
Big Thorne EIS (2013) -VCU 5950   
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Not covered under any previous NEPA (except Forest Plan) – 6850 
 

ANALYSIS OF THE OGRS 
Past reviews of the small OGRs include the 2002 Review of the OGRs on Prince of Wales Island 
(2002 POW review team) and a 2006 Tongass wide review of the OGRs, including those on 
Prince of Wales, for the 2008 Forest Plan amendment (2006 IRT).  
 
The goals of the 2015 IRT included: 

• Review purpose, rational, and objectives used by previous interagency review teams for 
locating current OGRs; 

• Identify biologically preferred OGR locations for OGRs located in VCUs 5450, 5460, 
5560, 5570, 5600, 5872, 5900, 5940, 6180, 6190, 6200, and 6850.   
 

ANALYSIS OF OGRS by VCU 
 
Kosciusko Island  
Pre-conveyance: During the 2006 OGR review for the 2008 Forest Plan amendment the 
designated OGRs in VCUs 5450 and 5460 were combined.  All the OGR in VCU 5460 were 
counted towards the OGR in VCU 5450. The acres designated as a Special Interest Area (SA) 
LUD in VCU 5460 function and count as OGR acres in VCU 5460.  The required amount of 
acres for a small OGR is met in VCU 5460 by the designation of an SA in this VCU under the 
2008 Forest Plan. Both OGRs were modified to exclude units proposed in the Kosciusko Timber 
Sale. Acknowledge The IRT recommended that that Forest Road 1525225 which occurs within 
the OGR be closed.  
 
Post Conveyance: On Kosciusko Island the Defense Authorization Act for 2015 conveyed almost 
12,000 acres of National Forest land to the Sealaska Corporation. Nearly all of the acres were 
productive forest lands (11,161 acres) and the majority of these acres are young growth timber 
(7,328 acres).  
 
The land conveyance minimally affected the currently designated small OGR boundaries in VCU 
5450 and 5460.  The conveyance removed a small portion of the OGR in VCU 5450 in the 
southwest corner and the OGR in VCU 5460 lost the small western finger.  
 
VCU 5450 -Survey Cove 
In the 1997 TLMP there were two disconnected OGRs in this VCU that are mapped as small 
OGRs (see Figure 1).  The western OGR is overlap from and applies to VCU 5450.    
 
Pre-conveyance: The 2002 POW review team relocated the 1997 TLMP small OGR to increase 
POG acres because the 1997 TLMP OGR was mostly muskeg. The 2002 POW review team 
proposal expanded the OGR to the south and northeast to pick up POG acres.  Since there is not 
enough POG remaining in this VCU the 2002 POW review team expanded the OGR into 
adjacent VCU 5460. This OGR was linear, contained second growth, roads, and higher elevation 
stands.  The OGR did not include preferred habitat but it did include the only remaining habitat.   
 
2006 IRT recommended adopting the 2002 POW review team OGR.  The proposed 2006 IRT 
OGR in VCU 5450 overlaps into VCU 5460.  
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The 2006 IDT noted that the 2006 IRT OGR (that was originally proposed by the 2002 POW 
review team) included units in the Kosciusko Timber Sale and modified the IOGR to exclude 
these units.  A project level review was recommended to consider adding second growth habitat 
to make the OGR more circular. 
 
Post Conveyance: The conveyance removed a small southwest portion of the OGR in VCU 
5450. The land conveyance resulted in the removal of 68 acres from the OGR in VCU 5450; 53 
of these acres were POG. The resulting OGR still meets minimum Forest Plan acre and POG 
acre requirements. 
 
2015 IOGR Rationale/Notes: This VCU has been heavily impacted by past harvest. There are no 
large contiguous blocks of POG left in VCU 5450.  In order to replace the acres of POG lost due 
to the land conveyance the 2015 IRT proposes adding acres from adjacent VCU 5460.  The 
block of POG added from VCU 5460 is one of the largest remaining patches of contiguous old 
growth in that VCU. The 2015 IRT proposal also adds acres and POG acres to the OGR in VCU 
5450 from the adjacent VCU (5460) to try to compensate for the overall loss of POG in VCU 
5450. Adding the acres from VCU 5460 to the proposed 2015 biologically preferred OGR also 
helps to maintain connectivity through the central portion of south Kosciusko Island; this is 
especially important at the landscape scale when considering that this area is now surrounded by 
lands in other ownerships.  The 2015 IRT proposal would add 1260 total acres and 904 acres of 
POG to the OGR. As a result of these additional acres the 2015 IRT OGR would exceeds both 
the minimum acre requirements and the POG acres requirements. The 2015 IRT felt this was 
necessary given the amount of past harvest in the area, the current lack of remaining POG and 
lack of connectivity in this portion of Kosciusko Island (see Figure 1).  
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Comparison of Small OGR in VCU 5450   

  

Pre-conveyance Post-
conveyance 

2015 Biologically 
Preferred 

General VCU Info./Forest Plan Appendix K Criteria 
Total land all ownership (acres) 10,764 
Non-NFS land (acres) 3,109 6,249 6,249 
NFS land Total (acres) 7,655 4,515 4,515 
16% of NFS land (Min. Req. OGR acres) 1,211 722 722 
All Non-development LUD in VCU 1,993 1,917 1,994 
Small OGR (total acres)1/ 1,454 1,386 2,6521/ 
8% of NFS land (Min. POG Req. acres) 605 361 361 
OGR POG (total acres)2/ 867 814 1,718 
All Non-development POG (acres) 1,267 1,220 1,468 
Acreage requirements met? (Total/POG) Yes/Yes Yes/Yes Yes/Yes 

Small OGR LUD Overlap into Adjacent VCU 
VCU 5460    
Total  OGR Acres 266 260 1,448 
OGR POG Acres 266 260 1,159 

Small OGR LUD Overlap from Adjacent VCU 
VCU  NA NA NA 
Total Acres    
POG Acres    
Appendix D General Design Criteria 
Circular rather than linear to maximize interior 
habitat/minimize fragmentation effects  

Yes Yes Yes 

Minimizes roads (total road miles) 3.9 3.9 4.8 
Includes streams (Class I stream miles) 0.0 0.0 6.2 
Minimizes early seral habitat (acres) 293 293 463 
Includes largest remaining block of POG in VCU? No No Yes 
Rare/Underrepresented features (large tree POG acres) 3/ 499 453 1,016 
Deep snow deer/marten habitat (acres) 4/ 297 271 742 
Goshawk and murrelet nesting habitat (acres) 5/ 703 656 1,273 
Other Considerations 
Maintains Connectivity No No Yes 
Low elevation POG (acres)6/ 423 391 1,150 
1/Small OGR includes all OG and other Non-Dev LUDs that apply to the VCU to meet Forest Plan Standard and Guidelines for 
this reserve. This includes overlap into adjacent VCUs and excludes Non-Dev LUD in the VCU not associated with this reserve.  
2/ 50% of OGR acres 
3/ SD67 type 
4/ High-volume POG ≤ 800 feet in elevation 
5/ High-volume POG all elevations (indicative of optimal goshawk and marbled murrelet nesting habitat due to presence of large 
trees and snags, though both species may use all POG types; see Issue 3) 
6/ All POG ≤ 800 feet in elevation (representative of low-elevation travel corridors important for many species) 
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VCU 5460 -Edna Bay 
Pre Conveyance: In the 1997 TLMP there were two disconnected areas in this VCU that were 
both designated as small OGRs (see Figure 1).  The western OGR was overlap from and applies 
to the OGR in VCU 5450. The eastern OGR counted towards the OGR in this VCU (5460). The 
acres in the western OGR that count towards the OGR in VCU 5450 are discussed above under 
that VCU. 
 
Since eastern OGR was short total acres the 2006 IRT recommended expanding it to the north to 
create a more circular reserve and form a connection with the low elevation pass between Van 
Sant Creek and Trout Creek (in VCU 5430), where evidence of high deer use has been observed.  
This OGR includes the high vulnerability karst on west side of Van Sant Creek and a portion of 
the POG remaining at Van Sant Cove.  The 2006 IRT recommended prioritizing second growth 
included in the OGR for thinning.   
 
The 2006 IRT IOGR included units proposed in the Kosciusko Timber Sale. The 2006 IRT 
responded that it was preferable that the IOGR maintain the travel corridor/pass located on the 
east side of the VCU. The modified the IOGR excluded the Kosciusko Timber Sale units but 
maintains the low elevation east-west travel corridor/pass between Van Sant Creek and Trout 
Creek (in VCU 5430). The 2006 team recommended that Forest Service Road 1525225 be 
closed.  
 
For the 2008 Forest Plan the eastern OGR designation was changed from small OGR to SA; the 
boundary of the OGR was not changed. The acres now designated as SA count and function as 
the OGR in this VCU.  A portion of this SA overlaps into adjacent VCU 5430.  The contiguous 
acres of this SA in VCU 5430 also count towards the OGR in VCU 5460.  There is another non-
contiguous SA in VCU 5430 that functions as the OGR for VCU 5430 
 
Post conveyance: The land conveyance resulted in the loss of the western finger of the western 
OGR in this VCU; however these acres count towards the OGR in VCU 5450. The land 
conveyance also changed the area that was designated as SA to a LUD II designation. The 
boundaries of the SA/LUD II area were not changed (see Figure 1).  
 
2015 IOGR Rationale/Notes: For 2015 IRT comments on the affects to the western OGR see 
discussion under VCU 5450 above.   
 
Under the 2008 Forest Plan the SA in VCU 5460 functioned as the OGR in this VCU. As part of 
the defense bill the SA LUD in VCU 5460 was converted to a LUD II which the 2015 IRT 
believes meets the intent of and functions as an OGR in this VCU.  The minimum acreage 
criteria and POG acres required for a small OGR are met by the LUD II area. Therefore no 
changes are recommended and no additional acres are required for this SA/LUD II/OGR.  
 
Acreage differences in this OGR/SA/LUD II shown in the comparison table between pre 
conveyance and post conveyance are due to GIS edits, no changes were made to the boundary 
(see Figure 1). 
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Comparison of Small OGR in VCU 5460*   

  

Pre-
conveyance 

Post-
conveyance 

2015 Biologically 
Preferred 

General VCU Info./Forest Plan Appendix K Criteria 
Total land all ownership (acres) 14,655 
Non-NFS land (acres) 4,055 5,326 5,326 
NFS land Total (acres) 10,600 9,329 9,329 
16% of NFS land (Min. Req. OGR acres) 1,697 1,493 1,493 
All Non-development LUD in VCU 1,508 1,501 1,501 
Small OGR (total acres)1/ 0 1, 656 1, 656 
8% of NFS land (Min. POG Req. acres) 849 746 746 
OGR POG (total acres)2/ 0 1,167 1,167 
All Non-development POG (acres) 1,214 1,207 1,207 
Acreage requirements met? (Total/POG) Yes/Yes Yes/Yes Yes/Yes 

Small OGR LUD Overlap into Adjacent VCU 
VCU 5430    
Total  OGR Acres 519 519 519 
OGR POG Acres 305 305 305 

Small OGR LUD Overlap from Adjacent VCU 
VCU  NA NA NA 
Total Acres    
POG Acres    
Appendix D General Design Criteria 
Circular rather than linear to maximize interior 
habitat/minimize fragmentation effects  

No No No 

Minimizes roads (total road miles) 3.2 3.2 3.2 
Includes streams (Class I stream miles) 0.6 0.6 0.6 
Minimizes early seral habitat (acres) 360 360 360 
Includes largest remaining block of POG in VCU? Yes Yes Yes 
Rare/Underrepresented features (large tree POG acres) 3/ 935 935 935 
Deep snow deer/marten habitat (acres) 4/ 494 494 494 
Goshawk and murrelet nesting habitat (acres) 5/ 1,068 1,068 1,068 
Other Considerations 
Maintains Connectivity Yes Yes Yes 
Low elevation POG (acres)6/ 561 561 561 
1/Small OGR includes all OG and other Non-Dev LUDs that apply to the VCU to meet Forest Plan Standard and Guidelines for 
this reserve. This includes overlap into adjacent VCUs and excludes Non-Dev LUD in the VCU not associated with this reserve.  
2/ Should be approximately 50% of OGR acres 
3/ SD67 type 
4/ High-volume POG ≤ 800 feet in elevation 
5/ High-volume POG all elevations (indicative of optimal goshawk and marbled murrelet nesting habitat due to presence of large 
trees and snags, though both species may use all POG types) 
6/ All POG ≤ 800 feet in elevation (representative of low-elevation travel corridors important for many species) 
*Acreage differences between pre and post conveyance due to GIS map edits and not boundary changes 
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Sealaska Land Conveyance effect to SA/OGR in VCU 5410 with ROW at Shipley Bay 
There are no mapped OGR acres in this VCU; all acres are mapped as SA or LUD II acres.  The 
SA in this VCU is in two separate pieces. The northwestern piece functions as the OGR for VCU 
5430.  This piece was originally contiguous with the large Mt Calder-Mt Holbrook LUD II; 
however due to the land conveyance Sealaska now has a road right of way (ROW) through here 
to potentially connect to the old LTF/MAF in Shipley Bay.  As a result of the ROW the portion 
of the OGR/LUD II in VCU 5430 is now disconnected from the large Mt Calder –Mt Holbrook 
LUD II area (see Figure 1).  
 
These acres in the northwestern mapped SA/OGR in VCU 5430 are contiguous with the western 
OGR/SA acres in VCU 5410.  Combining the northern SA/OGR in VCU 5430 (4,669 acres) 
with the western portion of SA/OGR in VCU 5410 (3,234 acres) for a total of 7,933 acres.  The 
POG acres when these two areas are combined equal 6,008 acres. The small OGR requirements 
for this VCU are at least 2,522 acres with 1,261 acres of POG (without the reduction in required 
acres in the OGR due to the overall loss of Forest Service acres in the VCU). The Sealaska land 
conveyance resulted in a portion of the SA/OGR in this VCU being disconnected to the Mt 
Calder-Mt Holbrook LUD II area; however, despite loss of the connectivity between the 
OGR/LUD II in VCU 5430, the area still has adequate protected habitat to meet minimum small 
OGR requirements in this VCU. The 2015 IRT recommends no additional OGR designations in 
this VCU. 
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VCUs 5450 and 5460 and Right of Way in VCU 5410 

 
Figure 1 
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Tuxekan Island 
VCU 5560 -Northwest Tuxekan 
Pre Conveyance: The 2006 IRT proposed to adopt the POW 2002 Review and Tuxekan Timber 
Sale Draft ROD proposal to relocate 1997 Forest Plan small OGR.  This proposal added the 
largest remaining block of POG that includes south-facing slopes, high value deer winter range, 
and goshawk and murrelet nesting habitat.  This proposal increased total acres in the OGR and 
includes some young growth acres. 
 
The 2008 Forest Plan Amendment reduced the size of the small OGR to meet minimum acre 
criteria but retained the largest remaining block of POG, south-facing slopes, high value deer 
winter range, and potential goshawk and murrelet nesting habitat.   
 
The OG LUD was added to this VCU because while the non-development LUD acres in this 
VCU meet the acre criteria for a small OGR these acres occur on a series of small islands and not 
on Tuxekan Island.  
 
Post Conveyance: Most of the land in this VCU is now in Sealaska ownership including the 
entire area that was designated as small OGR in this VCU. The remaining acres of non-
development LUD in this VCU are on small islands mostly to the north of Tuxekan Island. These 
acres of non-development meet the Forest Plan minimum acres requirements for a small OGR.  
 
2015 IOGR Rationale/Notes: Most of the remaining Forest Service acreage in VCU 5560 is on 
El Cap Island and other small, isolated, non-timbered islands. There is only one substantial block 
of POG in Forest Service ownership left in this VCU on Tuxekan Island. The 2015 IRT 
recommends that this block be included in the OGR. Most of the block of POG is within the 
beach buffer and therefore low elevation POG. The 2015 IRT recommends that the OGR in this 
VCU connect with the OGR in VCU 5570 to maintain this block. The 2015 IOGR proposal in 
VCU 5560 is contiguous with the 2015 IOGR proposal in VCU 5570.  These two OGRs provide 
some connectivity between Tuxekan Island and mainland POW via a saltwater channel (see 
Figure 2). 
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Comparison of Small OGR in VCU 5560  

  

Pre-
conveyance 

Post-
conveyance 

2015 Biologically 
Preferred 

General VCU Info./Forest Plan Appendix K Criteria 
Total land all ownership (acres) 6,789 
Non-NFS land (acres) 843 4,359 4,359 
NFS land Total (acres) 5,946 2,430 2,430 
16% of NFS land (Min. Req. OGR acres) 951 374 374 
All Non-development LUD in VCU 3,055 1,866 2,321 
Small OGR (total acres)1/ 1,016 0 455 
8% of NFS land (Min. POG Req. acres) 476 187 187 
OGR POG (total acres)2/ 882 0 378 
All-Non-development LUD POG (acres) 2,167 1,229 1,609 
Acreage requirements met? (Total/POG) Yes/Yes No/No Yes/Yes 

Small OGR LUD Overlap into Adjacent VCU 
VCU  NA NA NA 
Total  OGR Acres    
OGR POG Acres    

Small OGR LUD Overlap from Adjacent VCU 
VCU  NA NA NA 
Total Acres    
POG Acres    
Appendix D General Design Criteria 
Circular rather than linear to maximize interior 
habitat/minimize fragmentation effects  

Yes No Yes 

Minimizes roads (total road miles) 1.6 0.0 0.0 
Includes streams (Class I stream miles) 4.2 0 0.6 
Minimizes early seral habitat (acres) 0 0 57 
Includes largest remaining block of POG in VCU? Yes No Yes 
Rare/Underrepresented features (large tree POG acres) 3/ 361 0 331 
Deep snow deer/marten habitat (acres) 4/ 418 0 363 
Goshawk and murrelet nesting habitat (acres) 5/ 418 0 363 
Other Considerations 
Maintains Connectivity Yes No Yes 
Low elevation POG (acres)6/ 882 0 381 

1/Small OGR includes all OG and other Non-Dev LUDs that apply to the VCU to meet Forest Plan Standard and Guidelines for 
this reserve. This includes overlap into adjacent VCUs and excludes Non-Dev LUD in the VCU not associated with this 
reserve.  
2/ Should be approximately 50% of OGR acres 
3/ SD67 type 
4/ High-volume POG ≤ 800 feet in elevation 
5/ High-volume POG all elevations (indicative of optimal goshawk and marbled murrelet nesting habitat due to presence of 
large trees and snags, though both species may use all POG types) 
6/ All POG ≤ 800 feet in elevation (representative of low-elevation travel corridors important for many species) 
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VCU 5570 -Northeast Tuxekan 
VCU 5570 is separated by a saltwater channel with a portion of the VCU on Tuxekan Island and 
part on Prince of Wales Island.  
 
Pre conveyance: The OGR in VCU 5570 overlaps into both VCU 5560 and VCU 5600.  This 
overlap is not required to meet acre criteria but to follow recognizable features.  The 2006 IRT 
adopted the 2006 Tuxekan Timber Sale Draft ROD OGR that relocated the small OGR to 
increase POG, maintain low elevation habitat, deer winter range, murrelet nest, and potential 
goshawk nesting habitat.  The 2006 IRT OGR was adopted in the 2008 Forest Plan. 
 
Post Conveyance: The Sealaska land conveyance resulted in the loss of most the acres 
designated as small OGR in this VCU. The remaining acres of OGR are now isolated and 
surrounded by lands in other ownership.  
 
2015 IOGR Rationale/Notes: The 2015 IRT recommends replacing the acres remaining in the 
existing small OGR on Tuxekan with acres on the northern tip of the island adjacent to the 2015 
IRT proposed OGR in VCU 5560 (see Figure 2). The intent of these acres is to provide 
connectivity between the large LUD II area around Sarkar Lake in VCUs 5541 and 5542 (on 
POW mainland) and the IRT proposed small OGR in VCU 5560 (on Tuxekan). The connectivity 
factor is of higher importance than trying to exclude the second growth that occurs within the 
2015 IRT proposed OGR. The 2015 IRT recommends selecting an area, mostly beach buffer, 
which is across the saltwater channel on mainland POW. Most of these proposed acres on 
mainland POW are still in VCU 5570; however in order to provide compete connectivity to the 
large LUD II area acres in VCU 5542 were also included.  These acres across the channel would 
extend from just south of Dargon Point north to Kahli Cove. Even though these two areas are 
separated by a saltwater channel they will contribute to the connectivity across to mainland 
POW.  The saltwater channel is at the most about 1 mile across; however this channel is 
interspersed with many smaller islands which would facilitate dispersal. By selecting the acres 
on mainland POW connectivity is improved between Tuxekan Island and the large LUD II area 
around Sarkar Lake. This LUD II area is then connected to other OGRs and LUD II areas on 
POW.  
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Comparison of Small OGR in VCU 5570  

  

Pre-
conveyance 

Post-
conveyance 

2015 Biologically 
Preferred 

General VCU Info./Forest Plan Appendix K Criteria 
Total land all ownership (acres) 8,520 
Non-NFS land (acres) 1,487 3,812 3,812 
NFS land Total (acres) 7,033 4,708 4,708 
16% of NFS land (Min. Req. OGR acres) 1,128 738 738 
All Non-development LUD in VCU 1,556 737 2,304 
Small OGR (total acres)1/ 1,309 328 1,566 
8% of NFS land (Min. POG Req. acres) 564 369 369 
OGR POG (total acres)2/ 884 280 810 
All Non-development LUD POG (acres) 4,097 576 1,328 
Acreage requirements met? (Total/POG) Yes/Yes No/No Yes/Yes 

Small OGR LUD Overlap into Adjacent VCU 
VCU 5560    
Total  OGR Acres 103 0 0 
OGR POG Acres 55 0 0 

Small OGR LUD Overlap into Adjacent VCU 
VCU 5600    
Total Acres 93 0 0 
POG Acres 62 0 0 

Small OGR LUD Overlap into Adjacent VCU 
VCU 5542    
Total Acres 0 0 70 
POG Acres 0 0 58 
Appendix D General Design Criteria 
Circular rather than linear to maximize interior 
habitat/minimize fragmentation effects  

Yes No Yes 

Minimizes roads (total road miles) 3.4 0.4 4.4 
Includes streams (Class I stream miles) 4.0 0.6 2.6 
Minimizes early seral habitat (acres) 9 9 734 
Includes largest remaining block of POG in VCU? Yes No Yes 
Rare/Underrepresented features (large tree POG acres) 3/ 444 66 432 
Deep snow deer/marten habitat (acres) 4/ 567 102 666 
Goshawk and murrelet nesting habitat (acres) 5/ 567 102 666 
Other Considerations 
Maintains Connectivity Yes No Yes 
Low elevation POG (acres)6/ 884 280 810 
1/Small OGR includes all OG and other Non-Dev LUDs that apply to the VCU to meet Forest Plan Standard and Guidelines for 
this reserve. This includes overlap into adjacent VCUs and excludes Non-Dev LUD in the VCU not associated with this reserve.  
2/ Should be approximately 50% of OGR acres 
3/ SD67 type 
4/ High-volume POG ≤ 800 feet in elevation 
5/ High-volume POG all elevations (indicative of optimal goshawk and marbled murrelet nesting habitat due to presence of large 
trees and snags, though both species may use all POG types) 
6/ All POG ≤ 800 feet in elevation (representative of low-elevation travel corridors important for many species) 
 
 
 
  
 
  



18 

VCU 5600 -Southwest Tuxekan 
Pre Conveyance: The 2006 IRT proposed to adopt the 2002 POW IRT and Tuxekan Timber Sale 
Draft ROD that modified the small OGR to increase acres to meet total and POG acre 
requirements; include both deer winter range and the largest contiguous block of POG, as well as 
the low elevation pass between the east fork of Karheen Creek and the large lake in VCU 5800. 
This modified OGR also follows recognizable features and improves connectivity.  The OGR is 
linear in shape because VCU is fragmented by past harvest.  The OGR was designed to include 
remaining POG and maintain connectivity.  
 
Post Conveyance: Due to the Sealaska land conveyance there is very little Forest Service land 
remaining in this VCU. Conveyance reduces connectivity between OGRs in VCUs 5600 and 
5872, which were linear spanning Tuxekan Island. 
 
2015 IOGR Rationale/Notes: The Sealaska land conveyance results in little National Forest 
Service (NFS) land remaining in this VCU.  The 2015 IRT suggested OGR includes most of the 
remaining NFS land in the VCU and as a result exceeds the 16 percent of NFS land in the VCU 
requirement in the Forest Plan (see Figure 2). Biologically Preferred OGR enhances connectivity 
to the beach.  
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Comparison of OGR in VCU 5600  

  

Pre-
conveyance 

Post-
conveyance 

2015 Biologically 
Preferred 

General VCU Info./Forest Plan Appendix K Criteria 
Total land all ownership (acres) 6,026 
Non-NFS land (acres) 2 5,264 5,264 
NFS land Total (acres) 6,024 762 762 
16% of NFS land (Min. Req. OGR acres) 964 122 122 
All Non-development LUD in VCU 1,213 563 761 
Small OGR (total acres)1/ 1,059 556 755 
8% of NFS land (Min. POG Req. acres) 482 61 61 
OGR POG (total acres)2/ 788 373 526 
All Non-development LUD POG (acres) 861 373 526 
Acreage requirements met? (Total/POG) Yes/Yes Yes/Yes Yes/Yes 

Small OGR LUD Overlap into Adjacent VCU 
VCU  NA NA NA 
Total  OGR Acres    
OGR POG Acres    

Small OGR LUD Overlap from Adjacent VCU 
VCU  NA NA NA 
Total Acres    
POG Acres    
Appendix D General Design Criteria 
Circular rather than linear to maximize interior 
habitat/minimize fragmentation effects  

No No Yes 

Minimizes roads (total road miles) 0.9 0.0 0.0 
Includes streams (Class I stream miles) 5.2 3.8 4.8 
Minimizes early seral habitat (acres) 0 0 21 
Includes largest remaining block of POG in VCU? No No No 
Rare/Underrepresented features (large tree POG acres) 3/ 382 95 116 
Deep snow deer/marten habitat (acres) 4/ 474 165 299 
Goshawk and murrelet nesting habitat (acres) 5/ 506 165 299 
Other Considerations 
Maintains Connectivity Yes No Yes 
Low elevation POG (acres)6/ 756 373 526 
1/Small OGR includes all OG and other Non-Dev LUDs that apply to the VCU to meet Forest Plan Standard and Guidelines for 
this reserve. This includes overlap into adjacent VCUs and excludes Non-Dev LUD in the VCU not associated with this reserve.  
2/ Should be approximately 50% of OGR acres 
3/ SD67 type 
4/ High-volume POG ≤ 800 feet in elevation 
5/ High-volume POG all elevations (indicative of optimal goshawk and marbled murrelet nesting habitat due to presence of large 
trees and snags, though both species may use all POG types) 
6/ All POG ≤ 800 feet in elevation (representative of low-elevation travel corridors important for many species) 
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VCU 5872 -Southeast Tuxekan 
Pre Conveyance: The 2006 IRT recommended adopting the past interagency proposal and 
Tuxekan Timber Sale Draft ROD that recommended relocating the small OGR to include the 
largest remaining block of POG and increase deer winter range.   
 
Post Conveyance: Due to the Sealaska land conveyance there is very little Forest Service land 
remaining in this VCU. The 2015 IRT suggested OGR includes most of the remaining NFS land 
in the VCU and as a result exceeds the 16 percent of NFS land in the VCU requirement in the 
Forest Plan.  
 
2015 IOGR Rationale/Notes: The 2015 IRT recommend the 1997 TLMP OGR boundary with 
some modifications (see Figure 3). Nichen Cove on Tuxekan Island has human impacts and 
activities (log transfer facility and roads etc.). The 2015 IRT determined that it was less 
important to include the Nichen Cove area in the OGR as one criterion is to reduce road miles in 
an OGR.  
 
The conveyance eliminates connectivity with the small OGR in VCU 5600 (see Figure 2).  The 
Biologically Preferred OGR adds connectivity to the beach. 
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Comparison of Small OGR in VCU 5872  

  

Pre-conveyance Post-
conveyance 

2015 
Biologically 

Preferred 

General VCU Info./Forest Plan Appendix K Criteria 
Total land all ownership (acres) 3,310 
Non-NFS land (acres) 0 2,087 2,087 
NFS land Total (acres) 3,310 1,223 1,223 
16% of NFS land (Min. Req. OGR acres) 530 196 196 
All Non-development LUD in VCU 553 228 858 
Small OGR (total acres)1/ 536 227 857 
8% of NFS land (Min. POG Req. acres) 265 98 98 
OGR POG (total acres)2/ 501 219 474 
All Non-development LUD POG (acres) 501 219 474 
Acreage requirements met? (Total/POG) Yes/Yes Yes/Yes Yes/Yes 

Small OGR LUD Overlap into Adjacent VCU 
VCU  NA NA NA 
Total  OGR Acres    
OGR POG Acres    

Small OGR LUD Overlap from Adjacent VCU 
VCU  NA NA NA 
Total Acres    
POG Acres    
Appendix D General Design Criteria 
Circular rather than linear to maximize interior 
habitat/minimize fragmentation effects  

Yes No Yes 

Minimizes roads (total road miles) 1.8 0.0 0.0 
Includes streams (Class I stream miles) 0.7 0.5 3.5 
Minimizes early seral habitat (acres) 1 1 5 
Includes largest remaining block of POG in VCU? Yes No Yes 
Rare/Underrepresented features (large tree POG acres) 3/ 293 32 36 
Deep snow deer/marten habitat (acres) 4/ 295 36 51 
Goshawk and murrelet nesting habitat (acres) 5/ 314 36 51 
Other Considerations 
Maintains Connectivity Yes No Yes 
Low elevation POG (acres)6/ 482 219 474 
1/Small OGR includes all OG and other Non-Dev LUDs that apply to the VCU to meet Forest Plan Standard and Guidelines for 
this reserve. This includes overlap into adjacent VCUs and excludes Non-Dev LUD in the VCU not associated with this reserve.  
2/ Should be approximately 50% of OGR acres 
3/ SD67 type 
4/ High-volume POG ≤ 800 feet in elevation 
5/ High-volume POG all elevations (indicative of optimal goshawk and marbled murrelet nesting habitat due to presence of large 
trees and snags, though both species may use all POG types) 
6/ All POG ≤ 800 feet in elevation (representative of low-elevation travel corridors important for many species) 
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VCU 5560, 5570, 5600 and 5872 

 
Figure 2 
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VCU 5940 -Election Creek 
Pre-Conveyance: During the 2006 review it was proposed to revert to the 1997 TLMP OGR to 
exclude contracted Timber Sale units.  The 2006 IRT proposed to add an area east of the 1997 
TLMP OGR to maintain connectivity.   
 
A project level review was recommended because the 2006 IDT Forest Plan proposed OGR did 
not maintain east/west connectivity.  Although the proposed OGR does maintain the largest 
contiguous block of POG and north/south connectivity, it is important to also maintain east/west 
connectivity in the area because of the amount of past harvest that has occurred in this area. 
 
Post Conveyance: The land conveyance resulted in the loss of the largest contiguous block of 
POG as well as connectivity between VCU 5940 and VCU 5900 (north/south connectivity). The 
connectivity between VCUs 5940 and 5900 provided connectivity between the OGR in VCU 
5940 and OGRs in VCUs to the north.  
 
2015 IOGR Rationale/Notes: Most of the existing small OGR in this VCU was conveyed to 
Sealaska.  The 2015 IRT proposes that the small remaining portion of the original OGR along 
the western edge of the land conveyance be dropped. The 2015 IRT proposed the small portion 
along the eastern edge of the Sealaska land conveyance be kept and expanded to the east to the 
VCU line with VCU 5950 to connect with the current OGR that exists in VCU 5950 (see Figure 
3).  This will provide the east/west connectivity mentioned in the 2006 review. This connectivity 
will help to compensate for the loss of the north/south connectivity lost due to the land 
conveyance. 
 
The 2015 IRT proposed OGR in VCU 5940 is short both total and POG acres; however the IRT 
determined that this was acceptable due to the fact that the proposed OGR is adjacent to the IRT 
proposed OGR in VCU 5950 and the connectivity that the placement of the OGR here provides. 
The OGR in VCU 5950 connects to the large Honker OGR complex via roadless.  The 2015 IRT 
OGR includes all remaining acres in this VCU east of the land conveyance; any additional acres 
in this VCU would be separated by Sealaska land. 
 
The conveyance splits this small OGR. The Biologically Preferred alternative maintains 
connectivity to small OGRs in VCUs 5900 and 5950 (see Figure 3). 
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Comparison of Small OGR in VCU 5940  

  

Pre-conveyance Post-
conveyance 

2015 Biologically 
Preferred 

General VCU Info./Forest Plan Appendix K Criteria 
Total land all ownership (acres) 33,334 
Non-NFS land (acres) 15,737 17,587 17,587 
NFS land Total (acres) 17,597 15,747 15,747 
16% of NFS land (Min. Req. OGR acres) 2,816 2,520 2,520 
All Non-development LUD in VCU 2,770 1,072 1,952 
Small OGR (total acres)1/ 2,270 1,072 1,499 
8% of NFS land (Min. POG Req. acres) 1,408 1,260 1,260 
OGR POG (total acres)2/ 1,824 438 607 
All Non-development LUD POG (acres) 1,824 438 805 
Acreage requirements met? (Total/POG) No/Yes No/No No/No* 

Small OGR LUD Overlap into Adjacent VCU 
VCU  NA NA NA 
Total  OGR Acres    
OGR POG Acres    

Small OGR LUD Overlap from Adjacent VCU 
VCU  NA NA NA 
Total Acres    
POG Acres    
Appendix D General Design Criteria 
Circular rather than linear to maximize interior 
habitat/minimize fragmentation effects  

Yes No No 

Minimizes roads (total road miles) 3.9 1.2 1.2 
Includes streams (Class I stream miles) 5.3 0.2 0.2 
Minimizes early seral habitat (acres) 83 83 90 
Includes largest remaining block of POG in VCU? Yes No No 
Rare/Underrepresented features (large tree POG acres) 3/ 735 71 71 
Deep snow deer/marten habitat (acres) 4/ 786 32 53 
Goshawk and murrelet nesting habitat (acres) 5/ 1,344 243 203 
Other Considerations 
Maintains Connectivity NA No Yes 
Low elevation POG (acres)6/ 945 65 125 
1/Small OGR includes all OG and other Non-Dev LUDs that apply to the VCU to meet Forest Plan Standard and Guidelines for 
this reserve. This includes overlap into adjacent VCUs and excludes Non-Dev LUD in the VCU not associated with this reserve.  
2/ Should be approximately 50% of OGR acres 
3/ SD67 type 
4/ High-volume POG ≤ 800 feet in elevation 
5/ High-volume POG all elevations (indicative of optimal goshawk and marbled murrelet nesting habitat due to presence of large 
trees and snags, though both species may use all POG types) 
6/ All POG ≤ 800 feet in elevation (representative of low-elevation travel corridors important for many species) 
*See discussion for this VCU and VCU 5950 
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VCU 5950 -Big Salt 
The land conveyance did not impact the OGR in this VCU directly; however, the 2015 IRT 
proposes expanding the OGR in this VCU to the north and west (see Figure 3). The 2015 IRT 
also proposes an expansion of the current OGR to the southeast to include an area of contiguous 
high volume POG (HPOG). This additional HPOG in VCU 5950 helps to compensate for loss of 
high volume POG in VCU 5940. This area of HPOG in VCU 5950 is currently mapped as 
roadless. 
 
The existing 2008 Forest Plan OGR in VCU 5950 was modified under the Big Thorne EIS.  The 
current proposed 2015 IRT expansions avoid Big Thorne units. 
 
The east/west connectivity that this OGR modification helps to provide includes a connection 
with currently mapped roadless acres in VCU 5950 that then connects to the OGR in VCU 5960 
which is included as part of the large Honker OGR complex (OG LUD designated areas as well 
as other non-development LUDs).  
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Comparison of Small OGR in VCU 5950  

  

Pre-conveyance Post-
conveyance 

2015 Biologically 
Preferred 

General VCU Info./Forest Plan Appendix K Criteria 
Total land all ownership (acres) 21,465 
Non-NFS land (acres) 3,741 3,741 3,741 
NFS land Total (acres) 17,724 17,724 17,724 
16% of NFS land (Min. Req. OGR acres) 2,836 2,836 2,836 
All Non-development LUD in VCU 4,230 4,230 5,215 
Small OGR (total acres)1/ 2,037 2,037 3,567 
8% of NFS land (Min. POG Req. acres) 1,418 1,418 1,418 
OGR POG (total acres)2/ 1,261 1,261 1,969 
All Non-development LUD POG (acres) 2,161 2,161 2,694 
Acreage requirements met? (Total/POG) No/No No/No Yes/Yes 

Small OGR LUD Overlap into Adjacent VCU 
VCU  NA NA NA 
Total  OGR Acres    
OGR POG Acres    

Small OGR LUD Overlap from Adjacent VCU 
VCU  NA NA NA 
Total Acres    
POG Acres    
Appendix D General Design Criteria 
Circular rather than linear to maximize interior 
habitat/minimize fragmentation effects  

Yes Yes Yes 

Minimizes roads (total road miles) 2.6 2.6 5.5 
Includes streams (Class I stream miles) 2.9 2.9 6.3 
Minimizes early seral habitat (acres) 256 256 295 
Includes largest remaining block of POG in VCU? No No No 
Rare/Underrepresented features (large tree POG acres) 3/ 477 477 755 
Deep snow deer/marten habitat (acres) 4/ 488 488 786 
Goshawk and murrelet nesting habitat (acres) 5/ 875 875 1,223 
Other Considerations 
Maintains Connectivity Yes Yes Yes 
Low elevation POG (acres)6/ 755 755 1,100 
1/Small OGR includes all OG and other Non-Dev LUDs that apply to the VCU to meet Forest Plan Standard and Guidelines for 
this reserve. This includes overlap into adjacent VCUs and excludes Non-Dev LUD in the VCU not associated with this reserve.  
2/ Should be approximately 50% of OGR acres 
3/ SD67 type 
4/ High-volume POG ≤ 800 feet in elevation 
5/ High-volume POG all elevations (indicative of optimal goshawk and marbled murrelet nesting habitat due to presence of large 
trees and snags, though both species may use all POG types) 
6/ All POG ≤ 800 feet in elevation (representative of low-elevation travel corridors important for many species) 
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VCU 5900 -North Election Creek 
Pre Conveyance: This OGR is directly north of and contiguous with the OGR in 5940.  As 
mapped the small OGR in VCU 5900 is 2,406 acres in size with 1,161 acres of POG (and 571 
acres of high volume POG).  
 
The 2002 POW review team modified 1997 TLMP small OGR to increase total acres. This 
proposal removed high-elevation areas from side slopes of middle fork of Staney Creek and adds 
low elevation stands along the north fork of Staney Creek, adds high value deer winter range and 
potential goshawk and murrelet nesting habitat. Addition of POG will aid in maintaining flying 
squirrel habitat.  About 50 percent of POG is in riparian buffer. This OGR provides connectivity 
through the Staney Creek watershed to the Small OGR in VCU 5940.  The 2006 Forest Plan 
adopted this proposal. 
 
Pre Conveyance: The land conveyance reduced the OGR in this VCU by 83 acres. As a result of 
the land conveyance the OGR in this VCU does not meet the minimum acres and POG acres 
requirements for a small OGR in this VCU (see Figure 3).  
 
2015 Rationale/Notes: The 2015 IRT did not evaluate the OGR in this VCU.  This OGR will still 
connected to the remaining OGR in VCU 5940 and so is connected through that OGR and the 
OGR in VCU 5950 to the Honker OGR. Via e-mails the OGR in this VCU was modified to 
improve the connectivity between this OGR and the OGR in VCU 5940.  As a result of the land 
conveyance the remaining corridor connecting these two OGRs was less than 1,000 feet wide. 
With the proposed modification the corridor width now exceeds 1,000 feet in width.  The 
modification results in the addition of about 395 total acres with about 189 of those acres being 
POG. The modification also added about 60 acres of young growth to the OGR.  
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Comparison of Small OGR in VCU 5900  

  

Pre-
conveyance 

Post-conveyance 2015 Biologically 
Preferred 

General VCU Info./Forest Plan Appendix K Criteria 
Total land all ownership (acres)  13,795 
Non-NFS land (acres) 0 168 168 
NFS land Total (acres) 13,795 13,627 13,627 
16% of NFS land (Min. Req. OGR ac) 2,207 2,180 2,180 
All Non-development LUD in VCU 2,406 2,323 2,323 
Small OGR (total acres)1/ 2,406 2,232 2,627 
8% of NFS land (Min. POG Req. acres) 1,104 1,090 1,090 
OGR POG (total acres)2/ 1,172 1,098 1,287 
All Non-development LUD POG 1,172 1,098 1,287 
Acreage requirements met? (Total/POG) Yes/Yes Yes/Yes Yes/Yes 

Small OGR LUD Overlap into Adjacent VCU 
VCU  N/A   
Total  OGR Acres    
OGR POG Acres    

Small OGR LUD Overlap from Adjacent VCU 
VCU  N/A   
Total Acres    
POG Acres    
Appendix D General Design Criteria 
Circular rather than linear to maximize interior 
habitat/minimize fragmentation effects  

Yes Yes Yes 

Minimizes roads (total road miles) 6.9 6.6 7.2 
Includes streams (Class I stream miles) 12.5 11.7 11.7 
Minimizes early seral habitat (acres) 435 435 +60 
Includes largest remaining block of POG in VCU? No No No 
Rare/Underrepresented features (large tree POG ac) 3/ 532 489 519 
Deep snow deer/marten habitat (acres) 4/ 592 548 554 
Goshawk and murrelet nesting habitat (acres) 5/ 615 571 648 
Other Considerations 
Maintains Connectivity Yes Yes Yes 
Low elevation POG (acres)6/ 1,114 1,041 1,041 
1/Small OGR includes all OG and other Non-Dev LUDs that apply to the VCU to meet Forest Plan Standard and Guidelines for 
this reserve. This includes overlap into adjacent VCUs and excludes Non-Dev LUD in the VCU not associated with this reserve.  
2/ Should be approximately 50% of OGR acres 
3/ SD67 type 
4/ High-volume POG ≤ 800 feet in elevation 
5/ High-volume POG all elevations (indicative of optimal goshawk and marbled murrelet nesting habitat due to presence of large 
trees and snags, though both species may use all POG types) 
6/ All POG ≤ 800 feet in elevation (representative of low-elevation travel corridors important for many species) 
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VCUs 5900, 5940 and 5950 

 
Figure 3 
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VCU 6850 -Nutkwa  
Pre Conveyance: The OGR in this VCU is contiguous with non-development LUDs in VCU 
compartments of this VCU; VCU 6851 and VCU 6852.  
 
The OGR maintains HPOG, deer winter range, and a low elevation corridor connecting Keeta 
Inlet to Nutkwa Lagoon.                                                           
 
Post Conveyance: The land conveyed to Sealaska consisted of mostly high volume POG; 
however even with land conveyance the remaining OGR will still be contiguous with the SPOW 
wilderness as well as Nutkwa LUD II area.  The remaining OGR maintains some low elevation 
connection between Keeta Inlet and Nutkwa Lagoon. 
 
2015 Rationale/Notes: The 2015 IRT recommends moving the OGR to the south to include the 
largest remaining contiguous block of POG outside the existing OGR. This modified OGR also 
includes potential murrelet and goshawk nesting habitat, western facing slopes, and provides an 
elevational corridor from the alpine to the saltwater (see Figure 4). 
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Comparison of Small OGR in VCU 6850  

  

Pre-
conveyance 

Post-
conveyance 

2015 Biologically 
Preferred 

General VCU Info./Forest Plan Appendix K Criteria 
Total land all ownership (acres) 17,490 
Non-NFS land (acres) 5,248 14,241 14,241 
NFS land Total (acres) 12,242 3,249 3,249 
16% of NFS land (Min. Req. OGR acres) 1,959 520 520 
All Non-development LUD in VCU 2,221 1,001 1,985 
Small OGR (total acres)1/ 2,058 914 984 
8% of NFS land (Min. POG Req. acres) 980 260 260 
OGR POG (total acres)2/ 1,458 453 555 
All Non-development LUD POG 1,500 484 1,038 
Acreage requirements met? (Total/POG) Yes/Yes Yes/Yes Yes/Yes 

Small OGR LUD Overlap into Adjacent VCU 
VCU 6870    
Total  OGR Acres 16 16 7 
OGR POG Acres 3 3 0 

Small OGR LUD Overlap from Adjacent VCU 
VCU  NA NA NA 
Total Acres    
POG Acres    
Appendix D General Design Criteria 
Circular rather than linear to maximize interior 
habitat/minimize fragmentation effects  

Yes No Yes 

Minimizes roads (total road miles) 0.0 0.0 0.0 
Includes streams (Class I stream miles) 1.0 0.0 0.0 
Minimizes early seral habitat (acres) 0 0 0 
Includes largest remaining block of POG in VCU? No No Yes 
Rare/Underrepresented features (large tree POG acres) 3/ 468 16 120 
Deep snow deer/marten habitat (acres) 4/ 501 11 90 
Goshawk and murrelet nesting habitat (acres) 5/ 858 227 342 
Other Considerations 
Maintains Connectivity Yes No Yes 
Low elevation POG (acres)6/ 745 16 1,119 
1/Small OGR includes all OG and other Non-Dev LUDs that apply to the VCU to meet Forest Plan Standard and Guidelines for 
this reserve. This includes overlap into adjacent VCUs and excludes Non-Dev LUD in the VCU not associated with this reserve.  
2/ Should be approximately 50% of OGR acres 
3/ SD67 type 
4/ High-volume POG ≤ 800 feet in elevation 
5/ High-volume POG all elevations (indicative of optimal goshawk and marbled murrelet nesting habitat due to presence of large 
trees and snags, though both species may use all POG types) 
6/ All POG ≤ 800 feet in elevation (representative of low-elevation travel corridors important for many species) 
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VCU 6850 

 
Figure 4 
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VCU 6200 -Dog Salmon 
This small OGR was only minimally impacted by the land conveyance; however most of these 
acres were high volume POG.  The OGR was adjusted to compensate for this loss. The 2015 IRT 
recommendation includes the addition of a similarly sized piece of high volume POG just to the 
south of what was conveyed (see Figure 5).  
 
Comparison of Small OGR in VCU 6200  

  

Pre-
conveyance 

Post-
conveyance 

2015 Biologically 
Preferred 

General VCU Info./Forest Plan Appendix K Criteria 
Total land all ownership (acres)                                                                    24,800 
Non-NFS land (acres) 1,310 4,013 4,013 
NFS land Total (acres) 23,490 20,787 20,787 
16% of NFS land (Min. Req. OGR acres) 3,758 3,326 3,326 
All Non-development LUD in VCU 3,874 3,710 3,943 
Small OGR (total acres)1/ 3,827 3,707 3,940 
8% of NFS land (Min. POG Req. acres) 1,879 1,663 1,663 
OGR POG (total acres)2/ 1,907 1,836 1,919 
All Non-development LUD POG (acres) 1,918 1,836 1,919 
Acreage requirements met? (Total/POG) Yes/Yes Yes/Yes Yes/Yes 

Small OGR LUD Overlap into Adjacent VCU 
VCU  NA NA NA 
Total  OGR Acres    
OGR POG Acres    

Small OGR LUD Overlap from Adjacent VCU 
VCU  NA NA NA 
Total Acres    
POG Acres    
Appendix D General Design Criteria 
Circular rather than linear to maximize interior 
habitat/minimize fragmentation effects  

Yes Yes Yes 

Minimizes roads (total road miles) 13.7 13.1 13.1 
Includes streams (Class I stream miles) 9.3 8.9 8.9 
Minimizes early seral habitat (acres) 716 716 745 
Includes largest remaining block of POG in VCU? No No No 
Rare/Underrepresented features (large tree POG acres) 3/ 963 912 991 
Deep snow deer/marten habitat (acres) 4/ 836 796 796 
Goshawk and murrelet nesting habitat (acres) 5/ 1,357 1,306 1,387 
Other Considerations 
Maintains Connectivity Yes Yes Yes 
Low elevation POG (acres)6/ 1,217 1,156 1,156 
1/Small OGR includes all OG and other Non-Dev LUDs that apply to the VCU to meet Forest Plan Standard and Guidelines for 
this reserve. This includes overlap into adjacent VCUs and excludes Non-Dev LUD in the VCU not associated with this reserve.  
2/ Should be approximately 50% of OGR acres 
3/ SD67 type 
4/ High-volume POG ≤ 800 feet in elevation 
5/ High-volume POG all elevations (indicative of optimal goshawk and marbled murrelet nesting habitat due to presence of large 
trees and snags, though both species may use all POG types) 
6/ All POG ≤ 800 feet in elevation (representative of low-elevation travel corridors important for many species) 
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VCU 6200 

 
Figure 5 
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Old Thom’s Medium 
Pre-Conveyance: The medium OGR in this area consisted of acres designated as OGR in VCUs 
6180 and 6190 and the Old Thom’s Natural Research Area (RNA) in VCU 6180. Included in the 
RNA was a USGS Gauging Station. Medium OGRs are supposed to be approximately 10,000 
acres in size with a minimum of 5,000 acres of POG and a minimum of 2,500 acres of HPOG, 
and no farther than 8 miles from other medium or large OGRs, in the four cardinal directions 
(1997 Forest Plan Appendix K).  
 
Post Conveyance: The Sealaska land conveyance affected the medium OGR in VCUs 6180 and 
6190.  The resulting acres do not meet the criteria in the 1997 TLMP Appendix K for a medium 
OGR. The loss of the medium OGR violates the 8 mile proximity requirement for the medium 
OGRs.  
 
2015 IOGR Rationale/Notes: Options for remedying the loss of the medium in this area include 
establishing new medium OGR, and/or adjusting/expanding current existing ones to decrease 
distance between OGRs. The 2015 interagency group considered the intent of the Conservation 
Strategy at the larger landscape scale for this land area. Lands near Sunny Cove are particularly 
valuable for wildlife, and could be a small OGR; however, Sunny Cove by itself can’t replace or 
replicate the medium OGR that was lost. Sunny Cove is an intact watershed that may serve as a 
good replacement for the Old Thom’s RNA. The Sunny Cove small OGR in VCU 6750 is near 
the Cholmondeley medium OGR (VCUs 6170 and 6760) (see Figure 6).  
 
There was discussion as to whether to add the entire Cholmondeley medium to the remaining 
Old Thom’s medium, drop part of the existing Cholmondeley medium, or trade it out entirely 
(but that option doesn’t account for the loss of the Old Thom’s medium OGR). 
 
The replacement of the medium in the Old Thom’s area needs to be considered at a landscape 
scale across many VCUs. The proposed replacement of the medium in this area impacts VCUs 
6160 (Monie Lake), 6170 (Clover Bay), 6180 (Old Thom’s), 6190 (Goose Bay), 6750 (Sunny 
Creek) and 6760 (Cholmondeley) (see Figure 6). 
 
The discussion involved trying to connect what is left of the Old Thom’s medium OGR in VCU 
6190 to what was the proposed 2006 interagency medium OGR in VCUs 6160, 6170, 6750 and 
6760.  The 2006 proposed medium OGR boundary would be modified in VCU 6750.  The 2015 
IRT proposed enlarging the 2006 OGR in VCU 6750 to include acres to the north to connect to 
the southern boundary of VCU 6180. The 2015 IRT proposal is to build off the remaining 
medium OGR acres in VCU 6180 and increase the OGR to the south to connect to the proposed 
OGR in VCU 6750. A disconnected piece of remaining OGR in VCU 6190 south of Goose Bay 
would be expanded to include all reaming Forest Service acres in this area.  VCU 6190 also 
includes acres across Polk Inlet.  The piece south of Goose Bay was included to help minimize 
the distance between medium OGRs. It is a small isolated piece of OGR that does include low 
elevation POG habitat (see Figure 6). 
 
The proposed new medium OGR has a total of 19,060 acres with 8,387 of POG and 4,121 acres 
of high volume POG. This new OGR is circular and includes only 0.7 miles of road, has 34 miles 
of Class I streams, only 229 acres of young growth, includes the largest block of POG, 1,184 of 
large tree POG (SD67), 2,697 acres of deep snow deer and marten habitat and 3,971 acres of 
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potential goshawk and murrelet nesting habitat.  This OGR maintains connectivity and includes 
5, 745 acres of low elevation POG. 
 
VCU 6160 -Monie Lake 
Pre Conveyance: Prior to the 2008 Forest Plan this VCU included both a medium and a small 
OGR. The location of the OGR was very controversial.  It was recommended to consider this 
OGR for future review. The 1997 TLMP small OGR is linear along the beach fringe, contains 
few south facing slopes with POG, little habitat for goshawks or marbled murrelet and does not 
contain the largest contiguous blocks of POG in the watershed.   
 
The 2002 POW review proposed changing the TLMP small OGR to a medium OGR and relocating 
the OGR to increase acres of POG and high volume POG and make the OGR more circular.  The 
2002 proposal includes most of the largest blocks of contiguous POG, potential goshawk and 
murrelet nesting habitat and important deer winter range. The proposed medium OGR would occur 
along the shore of VCUs 6160, 6170, 6750 and 6760.  The 2002 POW review added entire Monie 
Lake watershed from Lake to shoreline and includes large blocks of POG in this area.  The proposed 
medium would eliminate the need for a small OGR in VCUs 6160 and 6750.       
 
The 2006 IRT biologically preferred OGR in this VCU changed the designation from a small 
OGR to a medium OGR.  The OGR in this VCU would be combined with the OGRs in VCUs 
6170, 6750 and 6760 to form a medium OGR.                           
 
Post Conveyance: The OGR in this VCU was not directly impacted by the land conveyance.  
 
2015 IRT: The 2015 IRT proposes that the medium OGR in this VCU be the same as the 
biologically preferred IOGR proposed for the 2008 Forest Plan (2006 IRT IOGR).  The existing 
small OGR in VCU 6160 is expanded; as a result the small amount of existing medium OGR 
acreage goes away (see Figure 6). 

 
VCU 6170 -Clover Bay 
Pre Conveyance: The 2002 POW IRT relocated the TLMP OGR to increase acres of POG and 
high volume POG and to make more circular.  The proposal included most of the largest blocks 
of contiguous POG, potential goshawk and murrelet nesting habitat and important deer winter 
range.  The OGR in this VCU would be part of the medium OGR that also includes acres in 
VCUs 6160, 6170, 6750 and 6760.   
 
The 2006 IRT biologically preferred OGR in this VCU changed the designation from a small 
OGR to a medium OGR.  The OGR in this VCU would be combined with the OGRs in VCUs 
6750 and 6760 to form a medium OGR. 
 
Post Conveyance: The OGR in this VCU was not directly impacted by the land conveyance.  
 
2015 IRT: The 2015 IRT proposes that the medium OGR in this VCU be the same as the IOGR 
as proposed for the 2008 Forest Plan (2006 IRT IOGR) (see Figure 6). 
VCU 6180 -Old Thom’s Research Natural Area 
Pre Conveyance: The 2006 IRT modified the 1997 TLMP medium Old Thom Medium OGR by 
adding acres to south to increase both POG and high volume POG.  The medium OGR maintains 
connectivity in area heavily fragmented by harvest and private lands. 
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Post Conveyance: Most of what was medium OGR/RNA in this VCU was lost due to the land 
conveyance.  
 
2015 Review: The 2015 IRT recommends including both the remaining OGR acres and the remaining 
RNA acres in the proposed medium. The southern boundary of this proposed modified medium OGR 
will be a Sealaska ROW. This ROW interrupts the connectivity of the medium OGR with other 
proposed OGR acres in this VCU. The interagency group felt that this ROW was narrow enough as to 
not pose a significant problem for most species. The 2015 IRT proposed additional acres south of the 
ROW provide connectivity to OGR acres in VCU 6750 (Sunny Cove).  These acres also include low 
elevation habitat around the south end of McKenzie Inlet (see Figure 6).  
 
VCU 6190 -Goose Bay 
Pre Conveyance: According to 2002 POW IRT the medium IOGR exceeded the minimum acre 
criteria for POG and high POG and it was mentioned to consider reducing OGR size to allow for 
future management activities.     
 
The 2006 review team recommended modifying the 1997 TLMP medium Old Thom’s OGR by 
adding acres to the south.  This modification increased both POG and high POG acres.  The 
added area includes both roads and second growth stands.   
 
The consensus of the 2006 review team was to not adopt the IOGR so as to maintain future 
harvest opportunities because while the IOGR is preferred biologically reverting to the 1997 
TLMP OGR still maintains the integrity of the OGR. 
 
Post Conveyance: Most of what was medium OGR/RNA in this VCU was lost due to the land 
conveyance.  
 
2015 Review: The 2015 IRT recommends the creation of a new small OGR in this VCU. 
Alternatives for a small include the Goose Bay area which is currently mapped as part of the 
medium that was lost. The Goose Bay area is relatively intact, with the last portion of low-
elevation POG in this VCU remaining on Forest Service land.  
 
VCU 6750 -Sunny Cove 
Pre Conveyance: Prior to the 1997 TLMP, the entire Sunny Cove areas was proposed as a 
Habitat Conservation Area (HCA).  The 1997 TLMP excluded most of the south facing slopes on 
the north side of Sunny Creek.  The 1997 TLMP OGR includes high elevation, low volume 
isolated patches of narrow strips of timber.   
 
In the 1997 TLMP this VCU contained a small OGR. The 2006 IRT changed the 1997 TLMP 
small OGR to a medium OGR and added acres to increase POG.  The 2006 IRT proposal 
included most of the largest blocks of contiguous POG, potential goshawk and murrelet nesting 
habitat, important deer winter range and added a corridor that connects this OGR to the OGR in 
VCU 6170.  The medium OGR would occur along the shore of VCUs 6160, 6170, 6750 and 
6760.  This proposal dropped the 1997 TLMP small OGR in VCU 6750 and added an area north 
of Sunny Cove and along Sunny Creek to connect to OGR in VCU 6760.  This medium OGR 
would include acres in VCUs 6160, 6170, 6750 and 6760. This proposal did not include changes 
to the OGR in VCU 6760 but did included changes to the OGR in VCU 6160 and VCU 6170. 
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The proposed OGR includes HPOG and low elevation on both sides of Sunny Creek and higher 
elevation on south side of Sunny Creek. It also includes the large blocks of POG in this area.  
This option would eliminate the need for a small OGR in VCU 6750.  The Polk Timber Sale EIS 
confirmed the value of wildlife habitat in this only unharvested drainage and avoided harvest in 
this area.  This proposal does not include high value deer winter range north of Sunny Creek or 
goshawk use areas identified during field work for the timber sale (prey remains).   
 
The 2006 IRT recommended a review of this OGR especially if the Cholmondeley Timber Sale 
is not completed.  
 
The 2006 IRT changed the small OGR in this VCU (6750) to a medium OGR.  Past review 
document assumed OGR acres in VCU 6160 (Monie Lake) was part of the medium OGR.  
The location of the medium was very controversial.   
 
The 2006 Interagency Team preferred location was not implemented because there is a proposal 
for a timber sale with a supplemental ROD in this area.  If the timber sale does not occur, then 
consider implementing the interagency OGR.  Management recommended adoption of the 
Cholmondeley Timber Sale NEPA decision and Forest Plan Amendment OGR. 
 
In the 2006 review the Forest Supervisor decided on the 1997 TLMP OGR. It was also 
recommended that potential future LTF/MAF sites be maintained in VCUs 6150 or 6160.  
 
Post Conveyance: The OGR in this VCU was not directly impacted by the land conveyance.  
 
2015 Review: The 2015 IRT proposes that the medium OGR in this VCU be reverted back to the 
IOGR for the 2008 Forest Plan (2006 IRT IOGR). The 2015 IRT proposed moving the current 
small OGR from the west side of Sunny Creek to the east side and changing the designation from 
a small OGR to being included as part of the proposed medium (see Figure 6). This proposal 
includes most of the largest blocks of contiguous POG, potential goshawk and murrelet nesting 
habitat, important deer winter range and adds a corridor that connects this OGR to the OGR in 
VCU 6170.  The value of this area as an unharvest watershed has been recognized since the Polk 
Timber Sale EIS (1995).  
 
VCU 6760 -Cholmondeley 
Pre Conveyance: The 2006 IRT proposed modifying the 1997 TLMP medium OGR by adding 
acres to the west to connect to Sunny Point and proposed OGR in VCU 6750.  This proposal 
includes most of the largest blocks of contiguous POG, potential goshawk (prey remains were 
found) and murrelet nesting habitat and important deer winter range.   
 
Post Conveyance: The OGR in this VCU was not directly impacted by the land conveyance.  
 
2015 IRT: The 2015 IRT proposes that the medium OGR in this VCU be reverted back to the 
IOGR for the 2008 Forest Plan (2006 IRT IOGR) (Figure 6). 
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Medium OGR VCUS 6160, 6170, 6180, 6190, 6200, 6750 and 6760 

 
Figure 6 
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Comparison of Medium OGRs in VCUs 6160, 6170, 6180, 6190, 6750, and 6760 
(Monie Lake and Old Thom Medium OGRs) 

 

  

Pre-conveyance Post-
conveyance 

2015 
Biologically 

Preferred 

General VCU Info./Forest Plan Appendix K Criteria 
Total land ownership All VCUs (acres) 63,348 
Non-NFS land (acres) 4,651 12,842 12,842 
NFS land Total (acres) 58,697 50,801 50,801 
Min. Req. OGR acres 10,000 
Min. Req. POG acres 5,000 
Min. Req. High-Volume POG acres 2,500 

Old Thom Medium OGR (VCUs 6180/6190) 
Total Medium OGR Acres 10,238 4,159 See Below 
Total Medium OGR POG Acres 7,184 2,030 
Total Medium OGR High-Volume POG Acres 4,293 652 
Acreage requirements met? (Total/POG/HPOG) Yes/Yes/Yes No/No/No 

Monie Lake Medium OGR (VCUs 6160, 6170, 6760) 
Total Medium OGR Acres 15,527 15,527 See below 
Total Medium OGR POG Acres 4,223 4,223 
Total Medium OGR High-Volume POG Acres 1,429 1,429 
Acreage requirements met? (Total/POG/HPOG) Yes/No/No Yes/No/No 

New Cholmondeley Medium OGR (VCUs 6170, 6180, 6750, and 6760) 
Total Medium OGR Acres See Above See Above 19,060 
Total Medium OGR POG Acres 8,387 
Total Medium OGR High-Volume POG Acres 4,121 
Acreage requirements met? (Total/POG/HPOG) Yes/Yes/Yes 
Contributing VCUS    
VCU 6160    
Total land ownership (acres) 6,207 
Non-NFS land (acres) 0 0 0 
NFS Land (acres) 6,207 6,207 6,207 
Total Medium OGR (acres) 691 691 0 
All Non-development LUD in VCU (acres) 1,954 1,954 4,091 
Medium OGR POG (acres)2/ 16 16 0 
Medium OGR High-volume POG (acres)  0 0 0 
All Non-development LUD POG in VCU (acres) 620 620 1,822 
All Non-development LUD High-volume POG in VCU (ac) 132 132 473 
VCU 6170  
Total land ownership (acres) 14,370 
Non-NFS land (acres) 0 0 0 
NFS Land (acres) 14,370 14,370 14,370 
Total Medium OGR (acres) 10,786 10,786 5,721 
All Non-development LUD in VCU (acres) 10,927 10,927 11,876 
Medium OGR POG (acres)2/ 2,321 2,321 1,809 
Medium OGR High-volume POG (acres) 827 827 591 
All Non-development LUD POG in VCU (acres) 2,443 2,443 2,802 
All Non-development LUD High-volume POG in VCU (ac) 942 942 1,016 
VCU 6180    
Total land ownership (acres) 18,234 
Non-NFS land (acres) 1,075 6,573 6,573 
NFS Land (acres) 17,159 11,661 11,661 
Total Medium OGR (acres) 8,730 3,703 4,820 
All Non-development LUD in VCU (acres) 8,854 3,755 6,068 
Medium OGR POG (acres)2/ 6,009 1,715 2,408 
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Comparison of Medium OGRs in VCUs 6160, 6170, 6180, 6190, 6750, and 6760 
(Monie Lake and Old Thom Medium OGRs) 

 

  

Pre-conveyance Post-
conveyance 

2015 
Biologically 

Preferred 

Medium OGR High-volume POG (acres) 3,655 610 1,186 
All Non-development LUD POG in VCU (acres) 6,033 1,739 2,924 
All Non-development LUD High-volume POG in VCU (ac) 3,657 612 1,273 
VCU 6190    
Total land ownership (acres) 12,071 
Non-NFS land (acres) 3,563 5,962 5,962 
NFS Land (acres) 8,508 6,109 6,109 
Total Medium OGR (acres) 1,543 492 0 
All Non-development LUD in VCU (acres) 1,649 497 1,101 
Medium OGR POG (acres)2/ 1,176 315 0 
Medium OGR High-volume POG (acres) 638 41 0 
All Non-development LUD POG in VCU (acres) 1,210 320 647 
All Non-development LUD High-volume POG in VCU (ac) 655 44 69 
VCU 6750    
Total land ownership (acres) 6,887 
Non-NFS land (acres) 11 11 11 
NFS Land (acres) 6,876 6,876 6,876 
Total Medium OGR (acres) 0 0 3,984 
All Non-development LUD in VCU (acres) 2,522 2,522 6,024 
Medium OGR POG (acres)2/ 0 0 2,187 
Medium OGR High-volume POG (acres) 0 0 1,673 
All Non-development LUD POG in VCU (acres) 968 968 2,774 
All Non-development LUD High-volume POG in VCU (ac)  409 409 1,797 
VCU 6760     
Total land ownership (acres) 5,579 
Non-NFS land (acres) 0 0 0 
NFS Land (acres) 5,579 5,579 5,579 
Total Medium OGR (acres) 4,014 4,014 4,534 
All Non-development LUD in VCU (acres) 4,067 4,067 4,615 
Medium OGR POG (acres)2/ 1,886 1,886 1,983 
Medium OGR High-volume POG (acres) 601 601 671 
All Non-development LUD POG in VCU (acres) 1,925 1,925 2,022 
All Non-development LUD High-volume POG in VCU (ac)  614 614 682 
Appendix D General Design Criteria and Other Considerations 

Old Thom Medium OGR 
Appendix D Design Criteria   See Below 
Circular rather than linear to maximize interior 
habitat/minimize fragmentation effects  

Yes No  

Minimizes roads (total road miles) 0.0 0.0 
Includes streams (Class I stream miles) 10.7 2.9 
Minimizes early seral habitat (acres) 9 9 
Includes largest remaining block of POG in VCU? Yes No 
Rare/Underrepresented features (large tree POG acres) 3/ 3,229 456 
Deep snow deer/marten habitat (acres) 4/ 2,982 123 
Goshawk and murrelet nesting habitat (acres) 5/ 4,293 652 
Other Considerations   
Maintains Connectivity Yes No 
Low elevation POG (acres)6/ 4,218 473 

Monie Lake Medium OGR 
Appendix D Design Criteria   See Below 
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Comparison of Medium OGRs in VCUs 6160, 6170, 6180, 6190, 6750, and 6760 
(Monie Lake and Old Thom Medium OGRs) 

 

  

Pre-conveyance Post-
conveyance 

2015 
Biologically 

Preferred 

Circular rather than linear to maximize interior 
habitat/minimize fragmentation effects  

No No  

Minimizes roads (total road miles) 0.0 0.0 
Includes streams (Class I stream miles) 24.6 24.6 
Minimizes early seral habitat (acres) 0 0 
Includes largest remaining block of POG in VCU? No No 
Rare/Underrepresented features (large tree POG acres) 3/ 378 378 
Deep snow deer/marten habitat (acres) 4/ 1,196 1,196 
Goshawk and murrelet nesting habitat (acres) 5/ 1,429 1,429 
Other Considerations   
Maintains Connectivity Yes Yes 
Low elevation POG (acres)6/ 3,417 3,417 

Proposed New Cholmondeley Medium OGR 
Appendix D Design Criteria See Above See Above  
Circular rather than linear to maximize interior 
habitat/minimize fragmentation effects  

  Yes 

Minimizes roads (total road miles) 0.7 
Includes streams (Class I stream miles) 34.0 
Minimizes early seral habitat (acres) 229 
Includes largest remaining block of POG in VCU? Yes 
Rare/Underrepresented features (large tree POG acres) 3/ 1,884 
Deep snow deer/marten habitat (acres) 4/ 2,697 
Goshawk and murrelet nesting habitat (acres) 5/ 3,971 
Other Considerations  
Maintains Connectivity Yes 
Low elevation POG (acres)6/ 5,745 
1/Medium OGR includes all OG and other Non-Dev LUDs that apply to the VCU to meet Forest Plan Standard and Guidelines for 
this reserve. This includes overlap into adjacent VCUs and excludes Non-Dev LUD in the VCU not associated with this reserve.  
2/ Should also include 2,500 acres of high-elevation POG 
3/ SD67 type 
4/ High-volume POG ≤ 800 feet in elevation 
5/ High-volume POG all elevations (indicative of optimal goshawk and marbled murrelet nesting habitat due to presence of large 
trees and snags, though both species may use all POG types) 
6/ All POG ≤ 800 feet in elevation (representative of low-elevation travel corridors important for many species) 
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Comparison of Small OGR in VCU 6160  

  

Pre-conveyance Post-
conveyance 

2015 Biologically 
Preferred 

General VCU Info./Forest Plan Appendix K Criteria 
Total land all ownership (acres) 6,207 
Non-NFS land (acres) 0  0 
NFS land Total (acres) 6,207  6,207 
16% of NFS land (Min. Req. OGR acres) 992  992 
All Non-development LUD in VCU (acres) 1,954  4,091 
Small OGR (acres)1/ 1,247  2,558 
8% of NFS land (Min. POG Req. acres) 496  496 
OGR POG (acres)2/ 597  1,441 
All Non-development LUD POG in VCU (acres) 620  2,460 
Acreage requirements met? (Total/POG) Yes/Yes  Yes/Yes 

Small OG LUD Overlap into Adjacent VCU 
VCU # NA NA NA 
Total  OGR Acres    
OGR POG Acres    

Small OG LUD Overlap from Adjacent VCU 
VCU # NA NA NA 
Total Acres    
POG Acres    
Appendix D General Design Criteria 
Circular rather than linear to maximize interior 
habitat/minimize fragmentation effects  

No  Yes 

Minimizes roads (total road miles) 0.0  0.0 
Includes streams (Class I stream miles) 5.2  8.0 
Minimizes early seral habitat (acres) 0  0 
Includes largest remaining block of POG in VCU? No  Yes 
Rare/Underrepresented features (large tree POG acres) 3/ 38  270 
Deep snow deer/marten habitat (acres) 4/ 132  325 
Goshawk and murrelet nesting habitat (acres) 5/ 132  379 
Other Considerations 
Maintains Connectivity Yes  Yes 
Low elevation POG (acres)6/ 597  1,255 
1/Small OGR includes all OG and other Non-Dev LUDs that apply to the VCU to meet Forest Plan Standard and Guidelines for 
this reserve. This includes overlap into adjacent VCUs and excludes Non-Dev LUD in the VCU not associated with this reserve.  
2/ Should be approximately 50% of OGR acres 
3/ SD67 type 
4/ High-volume POG ≤ 800 feet in elevation 
5/ High-volume POG all elevations (indicative of optimal goshawk and marbled murrelet nesting habitat due to presence of large 
trees and snags, though both species may use all POG types) 
6/ All POG ≤ 800 feet in elevation (representative of low-elevation travel corridors important for many species) 
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Appendix F 
Comparison of Direction by Alternative 

Introduction   
Chapter 5 of the Forest Plan contains the proposed direction for Alternative 5 (the Preferred Alternative). 
Direction in Chapter 5 applies to the entire plan area (forest-wide) or to specific LUDs as explained in 
Chapter 3. Management direction includes plan components and management approaches. This 
appendix shows how direction for the other alternatives compares to Alternative 5, whether direction is 
identical, or how it differs. This appendix follows the organization of Chapter 5 and presents the 
comparison in this order: Young Growth, Renewable Energy, Transportation System Corridors, and 
Forest-wide direction. 

Young-Growth Direction 
Table F-1, located at the end of this appendix, displays the proposed young-growth direction for 
Alternative 5 (the Preferred Alternative), which is the basis for the Forest Plan (see Forest Plan Chapter 
5). The table also shows how direction for the other alternatives compares to Alternative 5, whether 
direction is identical, or how it differs. 

Management approaches for young growth for Alternative 5 are presented in the Forest Plan Chapter 5 
and are not repeated here. The following sections present how Alternatives 2 through 5 Management 
Approaches compare to those of Alternative 5. No management approaches would apply to Alternative 1, 
the No Action Alternative. 

Management Approaches for Young Growth 
Alternative 5:  
See Forest Plan Chapter 5. 

Alternative 2-4:  
The intent is that responsible officials engage stakeholders (for example, conservation interests, timber 
operators, permitted user groups, and other interested parties) early and often to best design projects that 
meet ecological, social, and economic interests. Such inclusion would surface and resolve differences, 
and minimize and avoid social, environmental, and natural resource conflicts.  At the earliest possible 
time, Interdisciplinary Teams (IDTs) would engage scientific and technical expertise, and knowledge of 
local resources to encourage creative thinking and enhance integration and coordination among 
jurisdictions.  

The intent is that during project planning, IDTs identify other resource opportunities in the project area, 
and integrate these opportunities into the project design. (See definition for Integrated Resource 
Management in Chapter 7.)  When designing young-growth projects that would advance old-growth 
characteristics in the beach fringe, riparian management area (RMA), or old-growth reserve (OGR), IDTs 
seek out stakeholders to encourage creative and innovative approaches for developing silvicultural 
treatments that imitate the natural scale and distribution of disturbance patterns on the Tongass (e.g., 
wind-thrown timber that creates gaps and patches; landslides that create corridors and gaps; mortality 
that naturally thins stand).  The intent is that treatments in RMAs would address stream process group 
objectives. (Consult Appendix D, and Exhibit 2 in the Tongass Young Growth Management Strategy 
[USDA Forest Service 2014d].)  
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Where appropriate, line officers would use Stewardship Authority (FSH 2409.19, Chapter 60) and other 
authorities to help achieve land management goals while meeting regional and local community needs. 

Management Approaches for Beach and Estuary Fringe 
Alternative 5:  
See Forest Plan Chapter 5. 

Alternative 2:  
The intent is that the IDT assesses the highly productive, sensitive, and valuable fish and wildlife habitat 
found in estuaries to determine how to protect these important resources. Forest Plan Appendix D 
provides guidance for delineating RMAs associated with estuarine stream process group.  

The intent is that the IDT consult and integrate permit holders, local users, and user groups in planning in 
the development of any management activity.  

When even-aged management of young growth occurs in the beach and estuary fringe, the intent is to 
maintain an approximate 1,000-foot-wide protected corridor adjacent and inland of the harvest unit to 
function as an alternate, low elevation, natural habitat corridor. 

Alternative 3:  
Same as Alternative 5. 

Alternative 4:   
Same as Alternative 5 with the addition of: 

To maintain or improve habitat conditions and long-term ecological function, it is expected that the IDT 
would minimize the size of created openings in stands previously treated for wildlife and fish habitat 
purposes. 

Management Approach for Karst and Cave Resources 
Alternatives 2-4:  
Same as Alternative 5. 

Management Approaches for Recreation and Tourism 
Alternatives 2-4:  
Same as Alternative 5. 

Management Approaches for Riparian 
Alternative 2:  
Same as Alternative 5. 
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Alternative 3:  
No management approaches. 

Alternative 4:  
To maintain or improve habitat conditions and long-term ecological function, it is expected that the IDT 
would minimize the size of created openings in stands previously treated for wildlife and fish habitat 
purposes. 

Management Approaches for Scenery 
Alternatives 2-4:  
No management approaches. 

Management Approaches for Soil and Water 
Alternatives 2-4: 
Same as Alternative 5. 

Management Approaches for Timber 
Alternatives 2-4: 
Same as Alternative 5. 

Management Approaches for Wildlife 
Alternative 2: 
It is expected that project IDT and the interagency review team of USDA Forest Service, U.S. Fish and 
Wildlife Service, and Alaska Department of Fish and Game biologists would jointly work to identify young 
growth for harvest within the Old-growth Habitat LUD that can be exchanged for old growth from adjacent 
landscapes, where a net gain of productive old growth habitat in the Old-growth Habitat LUD is possible 
while maintaining and enhancing landscape connectivity.  (See Appendix K.)   

Alternative 3: 
It is expected that project IDT and the interagency review team of USDA Forest Service, U.S. Fish and 
Wildlife Service, and Alaska Department of Fish and Game biologists would jointly work to identify young 
growth for harvest within the Old-growth Habitat LUD that can be exchanged for old growth from adjacent 
landscapes, where a net gain of productive old growth habitat in the Old-growth Habitat LUD is possible 
while maintaining and enhancing landscape connectivity.  (See Appendix K.)   

When implementing young-growth timber harvest projects larger than 20 acres in VCUs that have had 
concentrated past timber harvest, it is intended that 30 percent of the young growth stand acres should 
be left. The purpose is to retain sufficient residual trees to diversify the structural characteristics of the 
stand and provide for future recruitment of snags.  The VCUs where this is intended to apply are ones in 
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which 33 percent or more of the productive old growth has been harvested since 1954. (Consult Forest 
Plan Chapter 4 under Wildlife section (WILD1), IV. Legacy Forest Structure 

Alternative 4:  
When implementing young-growth timber harvest projects larger than 20 acres in VCUs that have had 
concentrated past timber harvest, it is intended that 30 percent of the young growth stand acres should 
be left.  The purpose is to retain sufficient residual trees to diversify the structural characteristics of the 
stand and provide for future recruitment of snags.  The VCUs where this is intended to apply are ones in 
which 33 percent or more of the productive old growth has been harvested since 1954. (Consult Forest 
Plan Chapter 4 under Wildlife section (WILD1), IV. Legacy Forest Structure.)   

To maintain or improve habitat conditions and long-term ecological function, it is expected that the IDT 
would minimize the size of created openings in stands previously treated for wildlife and fish habitat 
purposes. 

Renewable Energy Direction 
All plan content for Renewable Energy presented in proposed Plan Chapter 5 apply to Alternatives 3 and 
4.  They do not apply to Alternative 1, No Action.  For Alternative 2, the plan components are identical to 
the preferred alternative except S-RE-SCENE-01.  Under Alternative 2, the following standard would be 
applied: 

S-RE-SCENE-01: Apply the Low Scenic Integrity Objective (SIO) to renewable energy sites.  (Consult 
Forest Plan Chapter 4, Scenery Preparation: SCENE2 section.) 

Management Approach for Renewable Energy 
The management approaches for Renewable Energy presented in Chapter 5 apply to all action 
alternatives.  (They do not apply to Alternative 1, No Action.) 

Transportation System Corridors Direction 
All plan components for Transportation System Corridors presented in Chapter 5 apply to all action 
alternatives.  (They do not apply to Alternative 1, No Action.) 

Management Approach for Transportation System Corridors 
The management approaches for Transportation System Corridors presented in Chapter 5 apply to all 
action alternatives.  (They do not apply to Alternative 1, No Action.) 

Forest-Wide Direction 
Chapter 5 of the Forest Plan includes Forest-wide plan Desired Conditions (Chapter 2), Multiple-use 
Goals and Objectives (Chapter 2), Standards and Guidelines (Chapter 4).  The proposed direction 
presented for Alternative 5 (the Preferred Alternative) applies to all Action Alternatives.  
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Table F-1 displays the proposed Young-Growth direction for Alternative 5 (the Preferred Alternative), for which the Forest Plan has been prepared 
(see Chapter 5). This table also shows how direction for the other alternatives compares to Alternative 5, whether direction is identical, or how it 
differs. The LUDs that a particular plan component would apply to are indicated using the following abbreviations: Old-growth habitat (OGH); 
Remote Recreation (RM); Recreation River (RR); Special Interest Area (SA); Semi-Remote Recreation (SM); Scenic River (SR); Scenic Viewshed 
(SV); Modified Landscape (ML); Timber Production (TM) 

Table F-1.  
Comparison of Young-Growth Direction by Alternative 

Alternative 5 Alternative 1 Alternative 2 Alternative 3 Alternative 4 
Young Growth (YG) 
Desired Condition (DC) 
DC-YG-01: Young-growth forests 
produce desired resource values, 
products, services and conditions in ways 
that sustain the diversity and productivity 
of ecosystems. Lands suitable for timber 
production produce sawtimber and other 
wood products on an even-flow, long-term 
sustained yield basis; the timber yield 
contributes to the projected timber sale 
quantity (PTSQ).Timber and other 
ecosystem services from young-growth 
forest resources provide economical and 
sustainable opportunities that support 
Southeast Alaska communities. [OGH, 
SV, ML, TM] 

Desired Conditions for 
young-growth timber are 
found in Chapter 4 of the 
approved 2008 Forest Plan 
under Timber and in the 
Tongass Young Growth 
Management Strategy 
Exhibit 1-Timber Approach 
(2014). 

DC-YG-01 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

DC-YG-01 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

DC-YG-01 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 
 

DC-YG-02: Pre-commercial thinning  
treatment of young-growth timber stands 
approaching, or at, the stem-exclusion 
stage, increase stand growth and vigor 
(e.g., larger trees, small canopy gaps, 
diverse understory).Treatments occur 
where highest productivity,  harvest 
operability and access is favorable. 
[OGH, SV, ML, TM] 

DC-YG-02 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

DC-YG-02 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 
 

DC-YG-02 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 
 

DC-YG-03: Harvesting of young-growth 
stands provides opportunities to improve 
or maintain fish and wildlife habitat by 
accelerating old-growth characteristics.  
[OGH] 

DC-YG-03 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

DC-YG-03 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 
 

DC-YG-03 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 
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Table F-1.  
Comparison of Young-Growth Direction by Alternative 

Alternative 5 Alternative 1 Alternative 2 Alternative 3 Alternative 4 
DC-YG-04: Harvesting of young-growth 
stands in Riparian Management Areas 
(RMAs) and Beach Fringe provides 
opportunities to improve or maintain fish 
and wildlife habitat by accelerating old-
growth characteristics.  [OGH, SV, ML, 
TM] 

DC-YG-04 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 
 

DC-YG-04: Harvesting of 
young-growth stands in the 
Beach Fringe provides 
opportunities to improve or 
maintain fish and wildlife 
habitat by accelerating old-
growth characteristics. 
[OGH, RM, RR, SA, SM, 
SR, SV, ML and TM LUDs 
only] 

DC-YG-04 is identical to 
Alternative 3. [SV, ML and 
TM LUDs only] 

DC-YG-05: At the end of the planned 
rotation for young growth, stands are in a 
condition whereby regeneration harvests 
using even-aged, two-aged or uneven-
aged silvicultural systems are feasible 
and appropriate. [SV, ML, TM] 

DC-YG-05 is identical to 
Alternative 5. [RM, RR, SA, 
SM, SR, SV, ML and TM 
LUDs only] 

DC-YG-05 is identical to 
Alternative 5. [RM, RR, SA, 
SM, SR, SV, ML and TM 
LUDs only 

DC-YG-05 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 

Suitability of Lands (SUIT) 
SUIT-YG-01: Lands within Old-growth 
Habitat, Scenic Viewshed, Modified 
Landscape, and Timber Production LUDs 
are suitable for young-growth timber 
production, unless they do not meet the 
other suitability requirements (See 
Appendix A). Timber management within 
these LUDs is compatible with desired 
conditions for young-growth management. 
[OGH, SV, ML, TM] 

Suitability of lands for timber 
production are found in 
Appendix A of the current 
2008 Forest Plan. 

SUIT-YG-01: Lands within 
Old-growth Habitat, 
Remote Recreation, 
Recreational River, Special 
Interest Area, Semi-remote 
Recreation, Scenic River, 
Scenic Viewshed, Modified 
Landscape, and Timber 
Production LUDs are 
suitable for young-growth 
timber production if they 
meet the other suitability 
requirements in 36 CFR 
219.11. [OGH, RM, RR, 
SA, SM, SR, SV, ML and 
TM LUDs only] 

SUIT-YG-01 is identical 
to Alternative 2. [OGH, 
RM, RR, SA, SM, SR, SV, 
ML and TM LUDs only] 

SUIT-YG-01: Lands within 
Scenic Viewshed, Modified 
Landscape, and Timber 
Production LUDs are suitable 
for young-growth timber 
production if they meet the 
other suitability requirements 
in 36 CFR 219.11. [SV, ML 
and TM LUDs only] 

Objectives (O) 
O-YG-01: During the 15 years after plan 
approval, the amount of young-growth 
offered would gradually increase to 
exceed 50 percent of the timber offered 
annually. [OGH, SV, ML, TM] 

Objectives for young-growth 
timber are found in Chapter 
4 of the approved 2008 
Forest Plan under Timber 
and in the Tongass Young 

O-YG-01 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

O-YG-01 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

O-YG-01 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 
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Table F-1.  
Comparison of Young-Growth Direction by Alternative 

Alternative 5 Alternative 1 Alternative 2 Alternative 3 Alternative 4 
O-YG-02:  During the 15 years after plan 
approval, offer increasing annual volumes 
of economically viable young-growth 
timber. Old-growth timber harvest would 
gradually be reduced to an average of 5 
million board feet (MMBF) annually, to 
support local mills and investments in re-
tooling, depending on markets and 
demand. [OGH, SV, ML, TM] 

Growth Management 
Strategy Exhibit 1-Timber 
Approach (2014). 

O-YG-02 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

O-YG-02 is identical to Altern  
5. [OGH, RM, RR, SA, SM, S   
ML and TM LUDs only] 

O-YG-02 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 
 

O-YG-03: Annually, pre-commercially thin 
4,000 to 7,000 acres of young-growth 
stands. [OGH, SV, ML, TM] 

O-YG-03 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

O-YG-03 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

O-YG-03 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 

Goals (G) 
GL-YG-01: Provide a stable young-
growth timber supply that sustains long-
term timber yields while maintaining or 
improving habitat conditions for wildlife 
and fish at the landscape level (see 
Proposed Forest Plan Appendix B). 
[OGH, SV, ML, TM]  

Goals for young-growth 
timber are found in Chapter 
4 of the approved Forest 
Plan under Timber and the 
Tongass Young Growth 
Management Strategy 
Exhibit 1-Timber Approach 
(2014). 

GL-YG-01: Provide a 
stable young-growth 
timber supply that sustains 
long-term timber yields 
without impairment of the 
productivity of the land, 
with consideration being 
given to ecological, social, 
and economic factors. See 
Tongass Young Growth 
Management Strategy 
(2014). [OGH, RM, RR, 
SA, SM, SR, SV, ML and 
TM LUDs only] 

GL-YG-01 is identical to 
Alternative 2. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

GL-YG-01 is identical to 
Alternative 2. [SV, ML and 
TM LUDs only] 

GL-YG-02: Pre-commercially treat stands 
to reduce or eliminate stem exclusion, to 
decrease stand rotation time, and provide 
future silvicultural opportunities. [OGH, 
SV, ML, TM] 

GL-YG-02 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

GL-YG-02 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

GL-YG-02 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 

GL-YG-03: Create opportunities in young-
growth management and the use of forest 
products in a manner that enhances the 
economic vitality of the region and the 
resilience of local communities. [OGH, 
SV, ML, TM] 

GL-YG-03 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

GL-YG-03 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

GL-YG-03 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 
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Table F-1.  
Comparison of Young-Growth Direction by Alternative 

Alternative 5 Alternative 1 Alternative 2 Alternative 3 Alternative 4 
GL-YG-04: Harvest of young-growth 
timber supports a variety of mill sizes and 
operators across the forest, including 
small and micro sales that support 
economic opportunities. [OGH, SV, ML, 
TM] 

GL-YG-04 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

GL-YG-04 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

GL-YG-04 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 

GL-YG-05: Make available a variety of 
potential forest products that support the 
development of an integrated industry 
based primarily upon young-growth 
timber harvest. [OGH, SV, ML, TM] 

GL-YG-05 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

GL-YG-05 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

GL-YG-05 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 

Standard (S) 
S-YG-01: When harvesting trees prior to 
the culmination of mean annual increment 
(CMAI) of growth under the authority 
granted by Public Law 113–291, Sec. 
3002, subsection (e)(4)(A), the limitation 
of subsection (e)(4)(B) shall be applied.  
[OGH, SV, ML, TM] 

Standards for young-growth 
timber are found in Chapter 
4 of the approved Forest 
Plan under Timber and the 
Tongass Young Growth 
Management Strategy 
Exhibit 1-Timber Approach 
(2014). 

S-YG-01 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

S-YG-01 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

S-YG-01 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 

Beach and Estuary Fringe (BEACH) 
Desired Condition (DC) 
DC-YG-BEACH-01: Active management 
of young-growth stands within the beach 
and estuary fringe supports a range of 
social, economic and ecological needs. 
These areas provide habitat and 
connectivity for wildlife and opportunities 
for accelerating old-growth characteristics 
while also providing commercial timber 
byproducts. [OGH, SV, ML, TM] 

Desired Condition of the 
beach and estuary fringe are 
found in Chapter 4 of the 
approved 2008 Forest Plan 
under Beach and Estuary 
Fringe. 

DC-YG-BEACH-01 is 
identical to Alternative 5. 
[OGH, RM, RR, SA, SM, 
SR, SV, ML and TM LUDs 
only] 

DC-YG-BEACH-01 is 
identical to Alternative 5. 
[OGH, RM, RR, SA, SM, 
SR, SV, ML and TM LUDs 
only] 

DC-YG-BEACH-01 is 
identical to Alternative 5. [SV, 
ML and TM LUDs only] 
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Table F-1.  
Comparison of Young-Growth Direction by Alternative 

Alternative 5 Alternative 1 Alternative 2 Alternative 3 Alternative 4 
Objectives (O) 
O-YG-BEACH-01:  Offer about 3,500 
acres of young-growth in the beach and 
estuary fringe to provide commercial 
timber during the 15 years after Plan 
approval. [OGH, SV, ML, TM] 

Objectives of the beach and 
estuary fringe are found in 
Chapter 4 of the approved 
2008 Forest Plan under the 
Beach and Estuary Fringe 
section. 

O-YG-BEACH-01:  Offer 
about 11,300 acres of 
young-growth in the beach 
and estuary fringe to 
provide commercial timber 
during the 15 years after 
Plan approval. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

O-YG-BEACH-01:  Offer 
about 8,000 acres of 
young-growth in the beach 
and estuary fringe to 
provide commercial timber 
during the 15 years after 
Plan approval. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

O-YG-BEACH-01:  Offer 
about 5,500 acres of young-
growth in the beach and 
estuary fringe to provide 
commercial timber during the 
15 years after Plan approval. 
[SV, ML and TM LUDs only] 

Suitability of Lands (SUIT) 
SUIT-YG-BEACH-01: Young growth 
stands within the beach and estuary 
fringe are suitable for timber production; 
timber management within these stands 
is compatible with desired condition DC-
YG-BEACH-01. See SUIT-YG- 01 and 
Appendix A. [OGH, SV, ML, TM] 

Lands within the beach and 
estuary fringe are not 
suitable for timber 
production. See DEIS 
Chapter 2 for Alternative 1 
Suitability. 

SUIT-YG-BEACH-01 is 
identical to Alternative 5.  
See SUIT-YG -01 and 
DEIS Chapter 2 for 
Alternative 2 Suitability. 
[OGH, RM, RR, SA, SM, 
SR, SV, ML and TM LUDs 
only] 

SUIT-YG-BEACH-01 is 
identical to Alternative 5.  
See SUIT-YG- 01 and 
DEIS Chapter 2 for 
Alternative 3 Suitability. 
[OGH, RM, RR, SA, SM, 
SR, SV, ML and TM LUDs 
only] 

SUIT-YG-BEACH-01 is 
identical to Alternative 5.  See 
SUIT-YG- 01 and DEIS 
Chapter 2 for Alternative 4 
Suitability. [SV, ML and TM 
LUDs only] 

Standards (S) 
S-YG-BEACH-01: The maximum size of 
any created opening for commercial 
timber harvest in the beach fringe must 
not exceed 10 acres and a maximum 
removal of up to 35 percent of the acres 
of the original harvested stand is allowed. 
Commercial thinning is limited to 35 
percent of the stand’s basal area. A 
combination of the two treatments may be 
used, with no more than 35 percent of the 
total stand removed in either basal area 
and/or acres. TTRA and other 
administratively withdrawn areas do not 
count towards the stand’s total acreage. 
[OGH, SV, ML, TM] 

Standards and Guidelines 
for the beach and estuary 
fringe are found in Chapter 4 
of the approved 2008 Forest 
Plan under the Beach and 
Estuary Fringe section. 

S-YG-BEACH-01: Even 
aged management is not 
allowed in young-growth 
stands within the beach 
and estuary fringe after 15 
years from plan approval. 
[OGH, RM, RR, SA, SM, 
SR, SV, ML and TM LUDs 
only] 

S-YG-BEACH-01: Even-
aged management of 
young-growth timber is not 
allowed for commercial 
timber harvest purposes. 
Commercial Thinning is 
allowed. [OGH, RM, RR, 
SA, SM, SR, SV, ML and 
TM LUDs only] 

S-YG-BEACH-01 is identical 
to Alternative 3. [SV, ML and 
TM LUDs only] 
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Table F-1.  
Comparison of Young-Growth Direction by Alternative 

Alternative 5 Alternative 1 Alternative 2 Alternative 3 Alternative 4 
S-YG-BEACH-02: Harvest of commercial 
timber within young-growth stands is 
limited to a one-time only entry and to the 
first 15 years unless best available 
scientific information shows that 
additional entries are: a) warranted, and 
b) meet the LUD objectives. [OGH, SV, 
ML, TM] 

S-YG-BEACH-02 does not 
apply. See S-YG-BEACH-
01 above. 

S-YG-BEACH-02 does not 
apply. 

S-YG-BEACH-02 does not 
apply. 

S-YG-BEACH-03: Commercial harvest 
within beach fringe and estuary is not 
allowed within a minimum 200-foot 
forested buffer beginning at mean high 
tide (that is, a no commercial harvest 
buffer). This does not preclude wildlife 
enhancement projects and providing 
access to timber harvest units as long as 
process group objectives can be met in 
the RMA. [OGH, SV, ML, TM] 

S-YG-BEACH-03 does not 
apply. 

S-YG-BEACH-03 does not 
apply. 

S-YG-BEACH-03 does not 
apply. 

Facilities (FAC) 
Standard (S) 
S-YG-FAC-01: Authorize only those 
facilities (recreation and administrative) 
that are compatible with young-growth 
objectives O-YG-01 and O-YG-02. [OGH, 
SV, ML, TM] 

Standards and Guidelines 
for facilities are found in 
Chapter 4 of approved 2008 
Forest Plan. 

S-YG-FAC-01 is identical to 
Alternative 5 

S-YG-FAC-01 is identical to 
Alternative 5 

S-YG-FAC-01 is identical to 
Alternative 5 

Karst and Cave Resources (KC) 
Desired Condition (DC) 
DC-YG-KC-01: The karst and cave 
ecosystems (or landscapes) maintain 
natural processes and the productivity, 
while providing for other land uses. [OGH, 
SV, ML, TM] 

Desired Conditions for Karst 
and Cave Resources are 
found in Chapter 4, Karst 
and Cave Resources, and 
Appendix H of the approved 
2008 Forest Plan. 

DC-YG-KC-01 is identical 
to Alternative 5 

DC-YG-KC-01 is identical 
to Alternative 5 

DC-YG-KC-01 is identical to 
Alternative 5 
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Table F-1.  
Comparison of Young-Growth Direction by Alternative 

Alternative 5 Alternative 1 Alternative 2 Alternative 3 Alternative 4 
Standard (S) 
S-YG-KC-01: Commercial timber harvest 
is not allowed on lands identified as high 
vulnerability karst lands. (Consult 
Appendix H.) [OGH, SV, ML, TM] 

Standards and Guidelines 
for Karst and Cave 
Resources are found in 
Chapter 4, Karst and Cave 
Resources, and Appendix H 
of the approved 2008 Forest 
Plan. 

S-YG-KC-01: Commercial 
thinning on high 
vulnerability karst is 
allowed on a case-by-case 
basis. (See young-growth 
management on karst in 
Appendix H)  [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

S-YG-KC-01 is identical to 
Alternative 2. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

S-YG-KC-01 is identical to 
Alternative 2. [SV, ML and 
TM LUDs only] 

S-YG-KC-02: On lands identified as 
medium vulnerability karst (see Appendix 
H), patch clearcuts are allowed but may 
not exceed 10 acres with a maximum 
removal of 35 percent of the acres of the 
original harvested stand. [OGH, SV, ML, 
TM] 

S-YG-KC-02: Even-age 
management is allowed on 
moderate vulnerability karst 
when karst management 
objectives (Appendix H) 
can be met. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

S-YG-KC-021 is identical to 
Alternative 2. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

S-YG-KC-02 is identical to 
Alternative 2. [SV, ML and 
TM LUDs only] 

S-YG-KC-03: Even-aged management is 
allowed on lands identified as low 
vulnerability karst lands. (Consult 
Appendix H.) [OGH, SV, ML, TM] 

S-YG-KC-03: Even-age 
management is allowed on 
low vulnerability karst when 
karst management 
objectives (Appendix H) 
can be met. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

S-YG-KC-03 is identical to 
Alternative 2. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

S-YG-KC-03 is identical to 
Alternative 2. [SV, ML and 
TM LUDs only] 

Lands (LAND) 
Standard (S) 
S-YG-LAND-01: Authorize only those 
uses that are compatible with young-
growth objectives O-YG-01 and O-YG-02. 
[OGH, SV, ML, TM] 

Standards and Guidelines 
for Lands are found in 
Chapter 4 of the approved 
2008 Forest Plan. 

S-YG-LAND-01 is identical 
to Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

S-YG-LAND-01 is identical 
to Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

S-YG-LAND-01 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 

Recreation and Tourism (REC) 
Standard (S) 
S-YG-REC-01: Authorize only those uses 
that are compatible with young-growth 
objectives O-YG-01 and O-YG-02. [OGH, 
SV, ML, TM] 

Standards and Guidelines 
for Recreation and Tourism 
are found in Chapter 4 of the 
approved 2008 Forest Plan. 

S-YG-REC-01 is identical 
to Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

S-YG-REC-01 is identical 
to Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

S-YG-REC-01 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 
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Alternative 5 Alternative 1 Alternative 2 Alternative 3 Alternative 4 
Riparian (RIP) 
Desired Condition 
DC-YG-RIP-01: Active management of 
young-growth stands that are suitable for 
timber production within riparian 
management areas (RMAs) supports a 
range of social, economic and ecological 
needs. These areas are managed to 
accelerate old-growth characteristics in 
order to improve riparian functions for 
soil, water, fish, wildlife and other 
resources (see Appendix D), while also 
providing a commercial timber byproduct. 
[OGH, SV, ML, TM] 

Desired Conditions for 
riparian management areas 
are found in Chapter 4, 
Riparian, and Appendix D of 
the approved 2008 Forest 
Plan 

DC-YG-RIP-01 is identical 
to Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

DC-YG-RIP-01 is identical 
to Alternative 1. 

DC-YG-RIP-01 is identical to 
Alternative 1. 

Suitability of Lands (SUIT) 
SUIT-YG-RIP-01: Young-growth stands 
within RMAs (excluding Tongass Timber 
Reform Act buffers) are suitable for timber 
production; timber management within 
these stands is compatible with desired 
condition DC-YG-RIP-01. See SUIT-YG-
01 and Appendix A for Alternative 5. 
[OGH, SV, ML, TM] 

Lands within Riparian 
Management Areas are not 
suitable for timber 
production. See DEIS 
Chapter 2 for Alternative 1. 

SUIT-YG-RIP-01 is 
identical to Alternative 5.  
See SUIT-YG-TIM-01 and 
DEIS Chapter 2 for 
Alternative 2.  [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

Lands within Riparian 
Management Areas are not 
suitable for timber 
production. See DEIS 
Chapter 2 for Alternative 3. 

Lands within Riparian 
Management Areas are not 
suitable for timber production. 
See DEIS Chapter 2 for 
Alternative 4. 

Objectives (O) 
O-YG-RIP-01:  During the 15 years after 
plan approval, treat about 900 acres of 
young-growth in RMAs to provide a 
commercial timber byproduct. [OGH, SV, 
ML, TM] 

Objectives for riparian 
management areas are 
found in Chapter 4 of the 
approved Forest Plan under 
Riparian (RIP2). 

O-YG-RIP-01:  During the 
15 years after plan 
approval, treat about 1,600 
acres of young-growth in 
RMAs to provide a 
commercial timber 
byproduct. [OGH, RM, RR, 
SA, SM, SR, SV, ML and 
TM LUDs only] 

Identical to Alternative 1. Identical to Alternative 1. 
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Comparison of Young-Growth Direction by Alternative 

Alternative 5 Alternative 1 Alternative 2 Alternative 3 Alternative 4 
Standards (S) 
S-YG-RIP-01: The maximum size of any 
created opening for commercial timber 
harvest in the RMA must not exceed 10 
acres and a maximum removal of up to 
35 percent of the acres of the original 
harvested stand is allowed. Commercial 
thinning is limited to 35 percent of the 
stand’s basal area. A combination of the 
two treatments may be used, with no 
more than 35 percent of the total stand 
removed in either basal area and/or 
acres. TTRA and other administratively 
withdrawn areas do not count toward the 
stand’s total acreage. [OGH, SV, ML, TM] 

Standards and Guidelines 
for riparian management 
areas are found in Chapter 4 
of the approved 2008 Forest 
Plan under the Riparian 
section. 

S-YG-RIP-01: Even-aged 
management is not allowed 
in RMAs.  [OGH, RM, RR, 
SA, SM, SR, SV, ML and 
TM LUDs only] 

 Identical to Alternative 1.  Identical to Alternative 1. 

S-YG-RIP-02: Harvest of commercial 
timber within young-growth stands is 
limited to a one-time only entry and to the 
first 15 years unless best available 
scientific information shows that 
additional entries are: a) warranted, and 
b) meet the LUD objectives. [OGH, SV, 
ML, TM] 

S-YG-RIP-02: Commercial 
thinning is allowed in RMAs 
with a maximum removal of 
33 percent of the stand. 
[OGH, RM, RR, SA, SM, 
SR, SV, ML and TM LUDs 
only] 

Scenery (SCENE) 
Standards (S) 
S-YG-SCENE-01: Apply the Very Low 
Scenery Integrity Objectives (SIO) for 
young-growth harvest. (Consult Forest 
Plan Chapter 4, Scenery Preparation: 
SCENE2 section.)  For combined young-
growth and old-growth projects within the 
same viewshed, apply the Very Low SIO. 
[SV, ML, TM] 

Standards and Guidelines 
for Scenery are found in 
Chapter 4 of the approved 
2008 Forest Plan under the 
Scenery section. 

S-YG-SCENE-01 is 
identical to Alternative 5. 
[OGH, RM, RR, SA, SM, 
SR, SV, ML and TM LUDs 
only] 

S-YG-SCENE-01: For 
young-growth harvests 
outside of Timber 
Production LUD, adopted 
Scenery Integrity 
Objectives for Each Land 
Use Designation shall be 
reduced by one level. 
(Consult Chapter 4 of the 
approved 2008 Forest Plan 
under the Scenery section 
There is no change to the 
SIOs for the Timber 
Production LUD. [OGH, 
RM, RR, SA, SM, SR, SV, 
ML and TM LUDs only] 

Identical to Alternative 1. 
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Alternative 5 Alternative 1 Alternative 2 Alternative 3 Alternative 4 
Soil and Water (SW) 
Desired Conditions (DC) 
DC-YG-SW-01: Long-term soil quality 
and site productivity in the suitable land 
base is not impaired and is capable of 
supporting the regeneration, growth and 
successional pathways of naturally 
occurring plant communities. (Consult 
FSM 2554 Supplement No.: R-10 2500-
2006-1.)  Soil surface erosion and mass 
wasting from management activities is 
minimized. [OGH, SV, ML, TM] 

Desired Conditions for Soil 
and Water are found in 
Chapter 4 of the approved 
2008 Forest Plan under the 
Soil and Water section. 

DC-YG-SW-01 is identical 
to Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

DC-YG-SW-01 is identical 
to Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

DC-YG-SW-01 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 

Guidelines (G) 
G-YG-SW-01: During timber harvest or 
vegetation treatment operations, dense 
slash and woody debris accumulations 
are not allowed.  [OGH, SV, ML, TM] 

Standards for Soil and 
Water are found in Chapter 
4 of the approved 2008 
Forest Plan under the Soil 
and Water section. 

G-YG-SW-01 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

GS-YG-SW-01 is identical 
to Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

G-YG-SW-01 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 

G-YG-SW-02: Ground-based yarding 
should avoid creating ruts that are more 
than 12 inches deep. [OGH, SV, ML, TM] 

Guidelines for Soil and 
Water are found in Chapter 
4 of the approved 2008 
Forest Plan under the Soil 
and Water section. 

G-YG-SW-02 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

G-YG-SW-02 is identical to 
Alternative 5. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

G-YG-SW-02 is identical to 
Alternative 5. [SV, ML and 
TM LUDs only] 

Wildlife (WILD) 
Desired Conditions (DC) 
DC-YG-WILD-01: Active management of 
young-growth stands within the Old-
growth Habitat LUD supports the 
integrated consideration of social, 
economic and ecological needs of 
regional and local communities. Young-
growth stands within the Old-growth 
Habitat LUD maintain habitat and 
connectivity for wildlife and are managed 
to accelerate development of old-growth 
characteristics while also providing 
commercial timber byproducts. [OGH] 

Desired Conditions for 
wildlife management in 
young-growth timber are 
found in Chapter 4 of the 
approved Forest Plan under 
the Wildlife section. 

DC-YG-WILD-01: Non-
development LUDs, 
maintain habitat and 
connectivity for wildlife at 
the landscape scale while 
also providing commercial 
timber byproducts. [OGH 
LUD only] 

DC-YG-WILD-01 is 
identical to Alternative 2. 
[OGH, RM, RR, SA, SM, 
SR, SV, ML and TM LUDs 
only] 

Identical to Alternative 1. 
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Alternative 5 Alternative 1 Alternative 2 Alternative 3 Alternative 4 
DC-YG-WILD-02: In the Old-Growth 
Habitat LUD, treated young-growth 
emulates the natural scale and 
distribution of disturbance patterns (for 
example, wind-thrown timber that creates 
gaps and patches; landslides that create 
corridors and gaps; and mortality that 
naturally thins stands). [OGH] 

DC-YG-WILD-02 does not 
apply. 

DC-YG-WILD-02 does not 
apply. 

DC-YG-WILD-02 does not 
apply. 

Objective (O) 
O-YG-WILD-01: During the 15 years after 
plan approval, treat about 1,800 acres of 
young-growth in the Old-growth Habitat 
LUD to promote the development of old-
growth characteristics while also 
providing commercial byproducts. [OGH] 

Objectives for wildlife 
management in young-
growth timber are found in 
Chapter 4 of the approved 
2008 Forest Plan under the 
Wildlife section  

During the 15 years after 
plan approval, treat about 
3,200 acres of young 
growth in the Old-growth 
Habitat LUD to promote the 
development of old-growth 
characteristics while also 
providing commercial 
byproducts. [OGH LUD 
only] 

During the 15 years after 
plan approval, treat about 
2,200 acres of young 
growth in the Old-growth 
Habitat LUD to promote the 
development of old-growth 
characteristics while also 
providing commercial 
byproducts. [OGH LUD 
only] 

Identical to Alternative 1. 

Standards (S) 
S-YG-WILD-01: The maximum size of 
any created opening in the Old-growth 
Habitat LUD must not exceed 10 acres 
and a maximum removal of up to 35 
percent of the acres of the original 
harvested stand is allowed. Commercial 
thinning is limited to 35 percent of the 
stand’s original basal area. A combination 
of the two treatments may be used, with 
no more than 35 percent of the total stand 
removed in either basal area and/or 
acres. TTRA and other administratively 
withdrawn areas do not count towards the 
stand’s total acreage. [OGH] 

Standards for wildlife 
management in young-
growth timber are found in 
Chapter 4 of the approved 
2008 Forest Plan under the 
Wildlife section. 

S-YG-WILD-01: Allow 
management of young 
growth stands to produce 
commercial wood products 
in all LUDs suitable for 
timber production.  [OGH, 
RM, RR, SA, SM, SR, SV, 
ML and TM LUDs only] 

S-YG-WILD-01 is identical 
to Alternative 2. [OGH, RM, 
RR, SA, SM, SR, SV, ML 
and TM LUDs only] 

Identical to Alternative 1. 

S-YG-WILD-02: Commercial young-
growth harvest within the Old-Growth 
Habitat LUD is limited to a one-time only 
entry unless best available scientific 
information shows that additional entries 
are: a) warranted, and b) meet the LUD 
objectives. [OGH] 

S-YG-WILD-02 does not 
apply. 

S-YG-WILD-02 does not 
apply. 

S-YG-WILD-02 does not 
apply. 
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Alternative 5 Alternative 1 Alternative 2 Alternative 3 Alternative 4 
Guideline (G) 
G-YG-WILD-01: Road construction 
should be kept to the minimum necessary 
for the removal of young-growth timber 
within the Old-Growth Habitat LUD. 
[OGH] 

Guidelines for wildlife 
management in young-
growth timber are found in 
Chapter 4 of the approved 
2008 Forest Plan under the 
Wildlife section. 

G-YG-WILD-01 is identical 
to Alternative 5. [OGH LUD 
only] 

G-YG-WILD-01 is identical 
to Alternative 5. [OGH LUD 
only] 

G-YG-WILD-01 does not 
apply. 

Land Use Designations: Old-growth habitat (OGH); Remote Recreation (RM); Recreation River (RR); Special Interest Area (SA); Semi-Remote Recreation (SM); 
Scenic River (SR); Scenic Viewshed (SV); Modified Landscape (ML); Timber Production (TM). 
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Summary 
Since 1990, when the Tongass Timber Reform Act (Public Law 101-626) required the Tongass National 
Forest to take economics into account in planning timber sale programs, multiple demand studies have 
been published by the US Forest Service Pacific Northwest (PNW) Research Station assessing derived 
demand for Alaska forest products.  Demand assessment information is incorporated into short-term 
timber sale planning through a supply model and into long-term planning through the Forest Plan 
process.  Appendix G supports Forest Plan amendment environmental impact statement (EIS) text, 
provides additional information regarding Daniels et al. (in press) demand estimates, and outlines how 
Daniels et al. (in press) demand projections are incorporated into annual timber sale offer target 
calculations for the Tongass National Forest.   

Introduction 
Section 101 of the 1990 Tongass Timber Reform Act (TTRA) states: 

Subject to appropriations, other applicable law, and the requirements of the National 
Forest Management Act of 1976 (Public Law 94-588), except as provided in subsection 
(d) of this section, the Secretary shall, to the extent consistent with providing for the 
multiple use and sustained yield of all renewable forest resources, seek to provide a 
supply of timber from the Tongass National Forest which (1) meets the annual market 
demand for timber from such forest and (2) meets the market demand from such forest 
for each planning cycle. 

The 1997 Record of Decision for the Tongass Land and Resource Management Plan revision committed 
the US Forest Service to develop procedures to ensure annual timber sale offerings would be consistent 
with implementing TTRA’s “seek to meet” market demand language.  Those procedures were completed 
in 2000 and have become known as the “Morse methodology”, in acknowledgement of the author, and 
are based on the following assumptions:  

• Forest products markets are volatile, especially in the short term.   
• Southeast Alaska timber purchasers have few alternative suppliers if they cannot obtain timber 

from the Tongass National Forest.  Oversupplying this market has relatively few adverse 
economic effects; undersupplying it can have much greater negative economic consequences. 

• It takes years to prepare national forest timber for sale, including completion of environmental 
impact statements. 

• It is difficult to estimate Tongass National Forest timber demand, even a year or two in advance. 
• To remain competitive, Alaska’s forest products industry must be able to respond to rapidly 

changing market conditions. 
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The Morse methodology establishes a system that strives to build and maintain sufficient volume of 
timber under contract (i.e., timber purchased but not yet harvested – the primary indicator of timber 
inventory available to the industry) to allow the industry to react promptly to market fluctuations.  Industry 
actions such as annual harvest levels are monitored and timber program targets are developed by 
estimating the amount of timber needed to replace volume harvested from year to year.  The Morse 
methodology is self-correcting: if harvest levels drop below expectations, future timber sale offerings will 
also be reduced to levels needed to maintain the target level of volume under contract.  Conversely, if 
harvest levels unexpectedly rise, future timber sale targets will also increase to ensure inventory of 
volume under contract is not exhausted.  By dealing with uncertainty in a flexible science-based manner, 
the Morse methodology is an example of adaptive management.  The US Forest Service intended for the 
Morse methodology to be the means by which the agency complies, year-to-year, with the annual 
demand portion of TTRA’s “seek to meet” requirement.  Similarly, the agency intended to comply with the 
requirement to seek to meet demand “for each planning cycle” through a series of annual applications of 
the Morse methodology. 

During the past 25 years, the PNW Research Station has published several studies in support of Tongass 
National Forest land management planning that estimate derived demand for Southeast Alaska timber 
including Brooks and Haynes (1990, 1994, 1997), Brackley et al. (2006a), and Daniels et al. (in press).  
Procedures developed by Morse (2000) to estimate the timber offer target (supply) incorporate demand 
estimates from PNW studies as a spreadsheet input.  PNW derived demand projections are trend 
projections.  The Morse methodology relates these derived demand projections into an annual calculation 
of timber sale offer levels. 

Procedures developed by Morse (2000) to estimate annual timber sale offering targets from the Tongass 
National Forest address the uncertainty associated with forecasting market conditions, considering the 
continuing transformation of the timber industry and the inability of the US Forest Service to respond 
quickly to market fluctuations due to the time it takes to prepare timber for sale.  The basic approach is to 
allow the industry to accumulate an adequate volume under contract (i.e., a measure of inventory), then 
monitor industry behavior and adjust timber program levels to keep pace with harvest activity.  Key 
economic indicators and stumpage market conditions are also monitored.  Of noteworthy importance, the 
Morse methodology underwent rigorous technical and public review before it was implemented.  Since 
the method was initially developed by Morse (2000), inputs to the model have been adjusted to reflect 
new understandings and information including share of raw material provided by the Tongass National 
Forest to local processors, amount of time between timber sale purchase and harvest, and sawmill 
capacity.  In this way, the approach has allowed for adaptations to better reflect current conditions.   

An update of the timber demand assessment by Brackley et al. (2006a) was requested from the PNW 
Research Station to inform new efforts to amend the Tongass Land and Resource Management Plan.  
New timber demand projections were also needed to accommodate changes in forest policy regarding 
Tongass National Forest timber harvest, land ownership, shipping policy, and profile of foreign log 
demand.  PNW Research Station published new demand projections (Daniels et al. in press), in support 
of forest plan amendment efforts, with three alternative future scenarios.  Scenario 1 incorporates the 
young growth transition and resulting changing quality of timber from the Tongass over time.  Scenario 2 
builds upon Scenario 1 by adding markets for wood energy products.  Scenario 3 is motivated by 
uncertainty surrounding the domestic housing market and assumes a rebound in construction activity by 
only considering the pre-recession rate of growth in domestic lumber.  New timber demand projections do 
not require significant change in the basic methodology for timber offer calculations in the procedure 
outlined by Morse (2000).   

During the 1990s, competition with production in other regions and market conditions led to the closure of 
Southeast Alaska’s two pulp mills and numerous other sawmill closures.  From 2002 to 2006, the 
Tongass National Forest supplied approximately 65 percent of wood sawn by local sawmills (Kilborn et al. 
2004; Brackley et al. 2006b; sawmill survey data collected by Dan Parrent of US Forest Service and on 
file with the US Forest Service Alaska Region).  This percentage has increased in recent years with the 
Tongass National Forest providing an estimated three-quarters (78%) of wood sawn by local sawmills in 
2013; nearly one-quarter (21%) of sawn wood originated from State of Alaska lands.  State lands 
comprise a small percentage of Southeast Alaska forest lands and cannot indefinitely supply such a high 
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proportion of timber needed by remaining sawmills.  A very small proportion (< 1%) of sawn timber has 
come from private lands in recent years.  On average, the ten remaining local sawmills in the study 
operated at approximately 15 percent of their estimated capacity in 2013 (sawmill survey data collected 
by Dan Parrent of US Forest Service and on file with the US Forest Service Alaska Region).   

The primary destination for Southeast Alaska sawn wood is other US states.  Brackley and Haynes 
(2008) concluded many of the lumber and wood product markets Alaska sawmills compete in are higher-
end markets in which foreign and domestic prices have become fairly similar, through market arbitrage.  
Haynes at al. (2007) found that since 1994, the value of US forest product exports has been in gradual 
decline while the value of imports has steadily increased.  Hansen (2006) further states US companies 
have historically jumped into the export market when the domestic market is down – and shifted back to 
the US market when the domestic market improves.  Haynes et al. (2007) state US demand for forest 
products is varied and large, averaging 71 cubic feet per person per year.  Furthermore, per capita 
consumption of wood products in the US has been relatively constant for 50 years.  Since the national 
recession (2007 – 2009) and prolonged period of economic recovery, the US market has been slowly 
rebounding with housing starts and forest product prices again on the rise.  Global population growth will 
also drive increases in wood products demand both domestically and internationally.   

In 2007, the US Forest Service in Alaska approved a new policy under which timber purchasers may ship 
to Lower 48 states unprocessed certain small-diameter and low-quality logs harvested from the Tongass 
National Forest, up to 50 percent of the volume harvested on each sale.  This interstate shipment policy 
places purchasers of Tongass National Forest timber in a similar position as their counterparts in the 
Lower 48, where there is no restriction on interstate shipments of timber harvested from National Forest 
System lands.  Implementation of this policy has made Alaska forest products producers more 
competitive with their counterparts in the Lower 48 states.  Of noteworthy importance, the emergence of 
the Tongass National Forest as an international supplier of softwood logs is a major development since 
the prior demand study (Brackley et al. 2006a) that Daniels et al. (in press) incorporated into new demand 
projections.     

On the supply side, the cost of preparing stumpage for sale and delivering it to sawmills has increased 
due to decreased size of sales, increased fuel costs, legal and procedural challenges to federal timber 
sales, and more constraints on harvest activity in the interest of resource protection.  The uncertainty 
surrounding Tongass National Forest sale quantities has increased the risk faced by potential purchasers 
and investors in local processing capacity. 

Demand Estimation 
The method to project Alaska timber harvest and output followed by Daniels et al. (in press) is essentially 
the same as employed in previous estimates of Alaska timber demand by Brooks and Haynes (1990), 
Brooks and Haynes (1994), Brooks and Haynes (1997), and Brackley et al. (2006a).  Derived demand is 
estimated by converting the volume of demand for Alaska forest products in all markets, foreign and 
domestic, to the timber volume required to produce those products.  In the model, ratios are used to 
assign a portion of the total global demand to producing regions.  Daniels et al. (in press) then estimate 
Alaska forest products output, by product, required to meet projected demand and calculate the raw 
material requirements necessary to support this production, using explicit product recovery and 
conversion factors.  The total raw material requirement (i.e., total derived demand for timber) is a 
combined projection of timber harvest from private ownership, national forest, and non-national forest 
public owners.  Projected national forest timber demand is the quantity of timber required to satisfy 
projected derived demand given harvest by other owners, explicit assumptions about markets, and 
implicit assumptions about prices.  The study analyzes past trends over a period of nearly 25 years (1990 
to 2013), which forms the basis for a 15-year projection (2015 to 2030) incorporating three key 
parameters: 

1. The level of forest product imports in Canada and Pacific Rim nations.  Daniels et al. (in 
press) define the Pacific Rim as Japan, Korea, and China.  Based on other research 
regarding these markets, Daniels et al. (in press) projects imports of sawn wood products 
and softwood logs will increase over the next 15 years. 
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2. The share of Canadian and Pacific Rim markets that will be supplied by US forest 
products producers will remain relatively constant. 

3. The share of US exports to Pacific Rim and Canada that will come from Alaska.  Daniels 
et al. (in press) examines three alternative assumptions regarding future trends of 
Alaska’s share of US exports to the Pacific Rim and Canada. 

 

Daniels et al. (in press) assembled historic data describing relevant components of the Alaska forest 
products sector and calculated possible future wood needs by analyzing trends that influence harvests.  
They also used assessments of current markets from other analysts.  Data from the historic period of 
1990 to 2013 were used as the basis for projecting the future (2015 to 2030) to avoid overemphasizing 
short-term cycles.  Trends in imports and consumption (for example, sawn wood in the Pacific Rim) and 
production trends represented by shipments (for example, lumber to all destinations) comprise the basic 
structure of the model.  Demand for wood products is global in nature and the US is a net importer of 
timber.  A sawmill in Alaska has the option to ship products to international export destinations, new 
markets in the Lower 48, or local Alaska purchasers.  Price is the primary determinant of where products 
will be shipped.  There are many high-value products (e.g., large timbers for architectural designed 
buildings and shop grades of lumber) that are shipped to the Lower 48 from Alaska.  The vast majority of 
timber harvested in Alaska, however, is exported as softwood logs to Pacific Rim nations.   

The demand model calculates the quantity of national forest timber needed by sawmills and exporters as 
a residual necessary to balance the model.  In other words, Daniels et al. (in press) estimated the 
roundwood equivalent of all material used to produce products from Alaska and subtracted estimated 
future volume harvested from other landowners to derive national forest roundwood needs (i.e., the 
“residual”).  Of noteworthy importance, the results in Daniels et al. (in press) reflect standing timber 
volume necessary to meet product demand from federal, state, and private lands.   

Stumpage price projections in PNW Research Station demand studies are linked to price series used and 
projected in Resource Panning Act assessments (i.e., Haynes et al. 2007).  Stumpage prices in Alaska 
are estimated as a function of Washington and Oregon prices.  Alaska markets directly interact with 
producers and consumers in other US regions through this price relationship.  Brackley and Haynes 
(2008) explain that “market arbitrage is used to understand parity among prices in spatially distinct 
markets where there is the opportunity for open exchange (trade). Market arbitrage is a powerful force 
that keeps prices of different species, grades, and locations within some fixed proportion to each other.  
Abstracting from transportation and transactions costs, for example, prices of one species and grade will 
not exceed prices for other species of similar grade in the long run because of possibilities of 
substitution.”  Tying price in Alaska to price in the Pacific Northwest is how market arbitrage is implicitly 
included in the demand assessment.  The mix of products that enter end markets from Alaska are, on 
average, higher quality and more valuable than the average lumber markets in Washington, Oregon, and 
British Columbia (Brackley and Haynes 2008).  The type of lumber products in the demand projections 
reflects this higher value by the type of markets they compete in.  Although price is not explicit in the 
PNW Research Station demand studies, it is reflected through this mix of generally higher-value products 
that go into various end markets and by the assumption that Alaska price is a function of US price. 

Southeast Alaska is one of the last places in western North America that produces products from slow-
grown large old trees.  Alaska’s old-growth trees, and some younger trees, have special high-quality 
strength and appearance characteristics.  Wood products manufactured in Alaska are generally destined 
for high-end markets, such as window casings and door moldings.  These markets are arbitraged 
throughout the Pacific Rim, meaning prices for these products are similar regardless of what market it 
enters – domestic or foreign.  Brackley and Haynes (2008) illustrate how Alaska producers have shifted in 
and out of domestic markets.  Daniels et al. (in press) accounted for this market arbitrage by assuming 
export products would be synonymous with products that could be sold in domestic or foreign markets 
based on price. 

Data regarding domestic end markets for sawn wood production from Southeast Alaska have been 
available since about 2000, however, information on domestic end markets can be difficult to verify.  A 
major unresolved challenge is determining how much of the product shipped to the Pacific Northwest is 
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ultimately transshipped to another final destination.  Transshipments are products that are shipped to 
foreign markets from a different customs district than the one in which they were manufactured.  In the 
case of Southeast Alaska, lumber manufactured in Alaska is oftentimes shipped to foreign markets from 
the Seattle customs district, making it difficult to track many of the very recent end markets and 
subsequent demand for manufactured products from Alaska.  Trade statistics for softwood log exports 
from Alaska are also confounded by transshipments.  Other data used in the Daniels et al. (in press) 
analysis includes harvest of sawlogs and utility logs from all Southeast Alaska ownerships, production of 
lumber and other products from Southeast Alaska sawmills, log and lumber shipments out of Alaska to 
various destinations, Alaska market share of US forest products, and US market share in Canada and 
Pacific Rim nations.   

Daniels et al. (in press) developed a baseline demand model, projecting from 2015 to 2030, to construct 
three scenarios representing alternative futures for timber harvest – all incorporating a transition from 
predominantly old growth to young growth timber harvest.  The baseline demand model assumes 
projected trends in imports, consumption, and market share will remain constant.  Additional assumptions 
include softwood log exports from all owners will continue at current five-year average, “other” production 
will remain constant, markets for utility logs and other low grade material will remain elusive, and the large 
majority of residues are sold.  Alternative future scenarios reflect conditions related to changing timber 
quality, growing wood energy markets, and rebounding housing market demand.        

Scenario 1.  The first scenario incorporates the young growth transition and resulting 
changing quality of timber from the Tongass National Forest over time.  It includes a 
transition period of ten years of tapering levels of old growth harvest as the industry 
adjusts and more young growth becomes available.  By 2025, old growth harvest will be 
limited to five million board feet annually for small and micro sales designed to provide 
raw material for small businesses and specialty products. Prior to 2025, scenario one 
reflects the baseline model.  

Scenario 2.  The second scenario builds upon the first scenario by adding markets for 
wood energy products.  It is US Forest Service policy to support the conversion from 
distillate fuel to wood-based energy in Southeast Alaska’s residential, commercial, and 
industrial sectors.  Expanding markets for biomass energy will impact Tongass National 
Forest timber harvest by generating demand for two biomass sources – sawmill residues 
and low- and utility-grade logs.  Scenario two includes derived demand estimates as the 
conversion is phased in over time.   

Scenario 3.  The third scenario is motivated by uncertainty in the US housing market – a 
traditional driver of global lumber demand.  Notably, scenario three assumes a higher 
trajectory for the market by considering only pre-recession (prior to 2007) domestic 
consumption growth rates.  During recent years, US sawnwood consumption levels have 
grown at levels nearly matching those of the pre-recession housing boom.  The third 
scenario is based on the possibility that domestic sawnwood demand growth will continue 
at a pre-recession rate throughout the projection period.       

Daniels et al. (in press) indicate there are several challenges with developing timber demand projections. 
Most notable is the lack of published market data for Alaska forest products.  Their analysis was based 
primarily on two data sources – one of which only collects data from a predetermined set of sawmills.  
The second data source is a full census survey of sawmills, but is only completed every five years.  
Furthermore, because Southeast Alaska forest products industry is relatively small, issues related to 
confidentiality and disclosure further hindered data collection and analysis.   
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Using Derived Demand Estimates to Estimate Supply 
Determining what demand estimates mean for timber sale offered from the Tongass National Forest  
involves taking the results from Daniels et al. (in press) and using them as input to a supply calculation 
that seeks to meet annual market demand from the forest.  Derived demand projections in Daniels et al. 
(in press) are one of the inputs to the timber offer calculation developed by Morse (2000).  In the 
development of the original model (Morse 2000), the derived demand input was total harvest volume, 
over time, from PNW Research Station projections developed by Brooks and Haynes (1997).  Timber 
volume in the Daniels et al. (in press) demand projections, including scenarios one, two, and three, 
include export logs, lumber, residue, and “other” forest products (i.e., bowls, furniture, houselogs, 
molding, shakes, posts and poles, and siding).  Table G-1 summarizes estimated sale volume 
represented by Daniels et al. (in press) in their projections. 

Table G-1 
Tongass National Forest Timber Sale Volume to Meet Derived Demand as 
Reported in Daniels et al. (in press) 

Year 

Projected Tongass National Forest Timber Harvest 
(MMBF; includes logs, lumber, residue, and other) 

Scenario 1 
Young Growth 

Transition 

Scenario 2* 
Wood Energy 

Growth 

Scenario 3* 
Housing Market 

Recovery 
2015 40.9 40.9 40.8 
2016 41.6 41.6 41.6 
2017 42.3 43.4 42.5 
2018 43.1 46.3 43.3 
2019 43.8 49.2 44.1 
2020 44.5 52.1 45.0 
2021 45.3 55.1 45.8 
2022 46.0 58.0 46.7 
2023 46.7 60.9 47.5 
2024 47.5 63.8 48.4 
2025 44.0 63.0 45.0 
2026 44.5 65.7 45.6 
2027 45.0 68.4 46.2 
2028 45.5 71.0 46.8 
2029 45.9 73.7 47.4 
2030 46.4 76.4 47.9 

* Scenario 2 and Scenario 3 include the transition to predominantly young growth timber harvest (Scenario 1).  

Demand numbers reported by Daniels et al. (in press) are projections of how much wood will be used to 
meet derived demand projections.  Timber sales take years to process and can be held for several years 
by the purchaser in anticipation of future needs.  Sales must be planned and timber made available in 
advance of projected needs.  The derived demand projections do not include increased timber sale 
volume in anticipation of increases in wood processing (i.e., increasing use of existing infrastructure, 
construction of new sawmills).  Additional timber to supply existing infrastructure operating at higher 
capacity or the construction of new sawmills would need to be sold in preceding years to provide 
sufficient timber supply.   

Demand is an estimate, and translating that demand to on-the-ground sale numbers is also an estimate.  
The derived demand projections developed by Daniels et al. (in press) are used to estimate the market 
demand for the current Tongass National Forest planning cycle.  They are also, as noted above, an 
important input to the model (Morse 2000) that the US Forest Service uses to compute the offer target or 
supply of timber from the Tongass National Forest in a given year.  That procedure is outlined in the 
following section.   

Development of Timber Sale Requirements to Meet Market Demand 
New demand projections in Daniels et al. (in press) required that the spreadsheet model outlined in 
Morse (2000) for estimating timber sale goals be slightly modified to reflect the three alternative future 



Appendix G 

Final EIS G-7 Timber Demand 

scenarios.  Modification of the spreadsheet model allows continued implementation of Forest Service 
Sale Preparation Handbook direction (FSH 2409.18, R-10 Supplement 2409.18-2006-5; Ch. 11.4), which 
states that the procedure outlined in Morse (2000) will be followed in developing short-term offer targets. 

The general approach of the timber sale offer model (Morse 2000) is to consider timber requirements of 
the region’s sawmills at different levels of operation and under different assumptions about market 
conditions and technical processing capacity.  These assumptions provide a basis for estimating the 
volume of timber likely to be processed by the industry as a whole in any given year.  The specific steps 
in the process are outlined below. 

Volume of Timber Processed Locally.  The first step in the calculations adjusts sawmill capacity estimates 
by the utilization rate assumed for each of the three scenarios, and by the percent of volume expected to 
come from the Tongass National Forest.  This provides an estimate of the volume of logs from the 
Tongass National Forest likely to be processed into lumber by sawmills in Southeast Alaska under the 
different scenarios.  These figures are then adjusted upward to account for species and grades of timber 
that are not processed into lumber locally.  Given this set of assumptions, the timber supply expected to 
be consumed in a given fiscal year is then computed. 

Inventory Requirements.  The second stage provides an estimate of the volume of uncut timber inventory 
to carry under different demand scenarios.  As described on pages 19-20 of Morse (2000), target 
inventory levels depend on the volume expected to be processed each year and the amount of time 
needed to replenish inventory.  The relationship is summarized in Morse (2000; equation 2, page 20) and 
by the timber inventory requirements in the model itself.  Because the volume of timber expected to be 
processed varies by scenario, timber inventory requirements also vary from one scenario to another. 

Harvest Projections.  The next step in the process is to incorporate the derived demand estimates 
developed by Daniels et al. (in press), adjusted as shown in Table G-1. 

Range of Expected Timber Purchases.  By subtracting the volume under contract at the beginning of the 
year from the required inventory, the projected inventory shortfall is calculated.  The low range of 
expected timber purchases is replacement for the volume harvested; the high range is the volume 
harvested plus the inventory shortfall so that the inventory requirement is met at the end of the year. 

Between fiscal years 1999 and 2008, annual US Department of the Interior and Related Agencies 
Appropriations Acts allocated specific funds to the Tongass National Forest for the purpose of preparing a 
reliable timber supply.  These “pipeline” funds were in addition to regular agency funding for forest 
management and timber sales.  While “pipeline” funding varied by fiscal year, ranging from four to five 
million dollars, the objective remained the same – to establish a three-year timber supply to provide 
industry enough volume to maintain a viable inventory for financial integrity and to respond to market 
changes.  While US Congress discontinued “pipeline” funding, the Tongass National Forest still strives to 
maintain a three-year timber supply.    

Three-Year Timber Supply.  The annual timber supply needs from the Tongass National Forest is 
considered synonymous with the annual timber consumption (i.e., the amount that is expected to be 
harvested in a given year).  To estimate the three-year timber supply, the annual consumption is 
multiplied by three years. 

Timber Pipeline.  The Tongass National Forest timber pipeline was established as a process to “ramp-up” 
to the three-year supply over a period of years.  It takes approximately four years to get a project through 
the analysis and preparation process – to be ready to offer for sale.  The additional average annual 
volume needed to meet the three-year timber supply in a given fiscal year is the three-year timber supply 
of timber inventory minus timber inventory requirement, spread evenly over a four-year period. 

Total Timber Sale Requirement.  By taking the median between the low and high range of the volume 
expected to be purchased, and combining it with the average annual pipeline volume, the total volume 
anticipated for purchase is estimated. 

The measure of meeting TTRA’s “seek to meet” requirement while also developing a three-year timber 
supply is volume sold from the Tongass National Forest.  To meet these objectives, a sufficient amount of 
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volume must be offered to account for any fall-down between the volume offered and the volume sold.  
The final step in projecting the amount of volume to be purchased is to evaluate the anticipated volume 
that needs to be offered. 

Timber Sale Fall-Down.  Historically, there has been a difference between volume offered and volume 
sold from national forest timber sales.  The reluctance of purchasers to buy timber sales tends to increase 
as markets decrease and/or logging costs increase.  Mason et al. (2004) examined why some offerings in 
Southeast Alaska go unsold and concluded that the probability of a timber sale being successfully sold is 
tied to downstream markets that are inherently difficult to predict rather than factors directly controlled by 
the US Forest Service. 

Projected Offer Objectives.  To project the amount of volume that needs to be offered for each of the 
alternative scenarios, the total timber sale projection is increased to account for fall-down and litigation to 
provide a rough estimate of the volume to be offered for each scenario to meet timber sale objectives. 

Conclusion 
Many challenges have confronted the Southeast Alaska forest products industry over the past two 
decades.  Southeast Alaska’s two pulp mills and numerous sawmill facilities have closed.  Remaining 
active sawmills operate at about 15 percent of their estimated capacity, on average.  During 2013, the 
Tongass National Forest supplied approximately three-quarters of logs for local sawmills followed by one-
quarter from state land; less than one percent is from private lands.  The destination for material sawn in 
Southeast Alaska is now primarily other US states (Kilborn et al. 2004; Brackley et al. 2006b; Backley and 
Crone 2009; Alexander and Parrent 2010, 2012).  Demand for Southeast Alaska sawnwood products in 
export markets continues to be relatively low, while exports of softwood logs have remained strong.  
Hansen (2006) states US companies have historically jumped into the export market when the domestic 
market is down, and shifted back to the US market when the domestic market improves.  In recent years, 
the US domestic market has been attractive with rising housing starts and forest product prices.   

On the supply side, the cost of preparing stumpage for sale and delivering it to sawmills in Alaska is 
generally higher than in Oregon and Washington, due to transportation and labor costs, decreased timber 
sale size, increased fuel costs, legal and procedural challenges to federal timber sales, and more 
constraints on harvest activity on federal lands in the interest of resource protection.  The uncertainty 
surrounding Tongass National Forest sale quantities has increased the risk faced by potential purchasers 
and investors in local processing capacity. 

In choosing the timber sale offer level, it is important to anticipate the consequences of decisions.  In 
terms of short-term economic consequences, over-supplying the market is less damaging than under-
supplying it.  If more timber is offered than purchased in a given year, the unsold volume is still available 
for purchasing off-the-shelf or re-offered at a minimal investment.  However, a significant shortfall in 
timber supply available for harvest can be financially devastating to the industry. 

The purpose of this paper is to identify the extent to which economic analysis contributes to this decision-
making process.  In the final analysis, planning a timber sale program is an exercise in professional 
judgment and needs to consider more than economic factors.  Realistic timeframes account for delays in 
timber sale preparation, administrative appeals, and/or litigation with sufficient contingent volume included 
in the annual timber sale program.  Budget and organizational constraints also limit the extent to which 
the US Forest Service can respond to economic cycles and associated fluctuations in timber demand.  
These are all important considerations in evaluating market demand for timber and setting timber 
offerings.  
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Appendix H 
Alaska Limited Export  

The concerns raised in public comment that log exports reduce the number of local jobs are not new and 
are not unique to the Tongass National Forest. Reviewers claim timber export employs fewer people than 
are required to process wood products domestically, or in this case, in Southeast Alaska. As a result then, 
fewer manufacturing facilities are built to process timber domestically, or within Southeast Alaska.  
Historically, those arguments have been effective in raising public concern and have resulted in 
legislation restricting exports since the 1930s. However, it has been long recognized that special 
circumstances exist in Alaska such that limited export allowance of forest products from the Tongass 
actually works to maintain local industry. Accordingly, the Forest Service allows, but appropriately limits, 
the export of unprocessed timber from National Forests in Alaska under general authority of the Organic 
Administration Act,1 National Forest Management Act (NFMA),2 and 36 Code of Federal Regulations 
(CFR) 223.201. 

One of the primary goals of the Tongass National Forest timber program is to contribute to the local and 
regional economies of Southeast Alaska. In keeping with this long-standing goal, current law allows 
timber harvested from federal lands in Alaska to be shipped out of Alaska only if “the supply of timber for 
local use will not be endangered.”3 In 2007, the Forest Service Region 10 approved a Limited Export 
Policy in an effort to boost appraised values and provide purchasers economical sale opportunities and 
additional processing options.  In this case, such shipments actually increase the utilization of timber 
harvested on the Tongass because it allows local sawmills to make a profit when they purchase timber 
sales, keeping loggers, road construction crews, transporters and sawmill workers employed. These 
goals remain on the Tongass today, and will be especially important as the Tongass National Forest 
accelerates the transition to young-growth harvest.  

Background 
For over 100 years, numerous laws, regulations, and policies have imposed varying degrees of export 
restrictions on timber harvested from Alaska federal lands. The common thread and purpose has always 
been to sustain the local timber industry. From the beginning, the 1897 Organic Administration Act 
prohibited interstate export of national forest timber.4 However, in departmental appropriations acts from 
1917 to 1926, Congress granted the Secretary of Agriculture the discretionary authority to allow interstate 
exports.5 The 1926 Exportation of Timber Act permanently codified this Secretary’s authority to allow 
interstate exports of National Forest System (NFS) timber if, “in the judgment of the [Secretary of 
Agriculture], the supply of timber for local use will not be endangered thereby.”6  

                                                            
1 Organic Administration Act of 1897 (Organic Act), Act of June 4, 1897, ch. 2, 30 Stat. 11, 34-36 (codified as amended at 16 U.S.C. 
§§ 473-482, 551 (2000)). 
2 National Forest Management Act of 1976, 16 U.S.C. §§ 1600, 1611-1614 (2000) (amending Forest and Rangeland Renewable 
Resources Planning Act of 1974, Pub. L No. 93-378, 88 Stat. 476). 
3 16 U.S.C. § 616 (1960) (originally enacted in 1926). Further detail on implementing this requirement is provided by regulations 
found at 36 C.F.R. 223.201. 
4 Organic Administration Act of June 4, 1897, Ch. 2, 30 Stat. 11, as amended; 16 U.S.C. §§ 473-475, 477-482, 551. The Act of May 
14, 1898 extended the homestead laws to Alaska, and authorized the sale of timber from public lands in Alaska for use only within 
the Territory.  
5 16 U.S.C. § 461 (1960).  
6 16 U.S.C. § 616.. Local use, the primary qualifier for future regulating decisions, was later interpreted as “the supply of timber for 
local consumptive use rather than the supply of timber to meet the needs of local mills processing timber for non-local markets as 
well as local markets.” See Brief Summary of General Counsel’s Memorandum of July 10 in Reply to the Questions Submitted by 
Senator Morse of Oregon relative to the Secretary’s Authority to Sell Timber from the National Forests for Export. [Date unknown]. 
Washington, DC: U.S. Department of Agriculture, Office of the General Counsel: 4. This interpretation remains the primary authority 
regarding timber sales from National Forests in Alaska. 
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In 1928, the Secretary exercised his discretion and permitted export from all States, except from the 
Territory of Alaska.7 The prohibition on the export of logs from Alaska originated in a 1928 memorandum 
from then Regional Forester W.B. Greeley who sought to promote development of Alaska’s pulp and 
paper industry by requiring primary manufacture of high-grade Sitka spruce and hemlock to bolster the 
value of lower-value material for the pulp and paper mills. The prohibition of raw log exports from Alaska 
did not appear in federal regulations until 1946, where discretionary authority was expressly granted to 
the Chief of the Forest Service to consent to export allowances for certain product considerations.8 Those 
regulations were again modified in 1974 to delegate exclusive approval authority to the Alaska regional 
forester.9 The regulations, still in effect, recognize Alaska’s unique circumstances by allowing national 
forest lands timber purchasers, who cannot locate a buyer in their market area, to apply for an export 
exemption:10 

36 CFR 223.201 Limitations on Unprocessed Timber Harvested in Alaska 
Unprocessed timber from [NFS] lands in Alaska may not be exported from the U.S. or 
shipped to other States without prior approval of the Regional Forester. This requirement 
is necessary to ensure the development and continued existence of adequate wood 
processing capacity in Alaska for the sustained utilization of timber from the National 
Forests which are geographically isolated from other processing facilities. In determining 
whether consent will be given for the export of timber, consideration will be given to, 
among other things, whether such export will: a) permit more complete utilization on 
areas being logged primarily for local manufacture; b) prevent loss or serious 
deterioration of logs unsalable locally because of an unforeseen loss of market; c) permit 
the salvage of timber damaged by wind, insects, fire, or other catastrophe; d) bring into 
use a minor species of little importance to local industrial development; or e) provide 
material required to meet urgent and unusual needs of the Nation. 

Several other special accommodations recognizing the circumstances in Alaska have been made.11 For 
example, another disadvantage for Alaska is that the available old-growth is often defective, with over 50 
percent of some harvests unsuitable for sawing and therefore of limited market value. Because the local 
sawmills did not have the capacity to utilize the volume of chips produced from national forest timber, in 
1977 the Forest Service removed the export ban of chips, effectively expanding market opportunity for the 
sale of chips made from those defective logs.12 Similarly, export of salvage materials were expressly 
allowed to boost the local industry during the early 1980’s global recession that depressed timber 
prices.13 

Another hurdle for the Alaska timber industry is that no timber sale on the Tongass National Forest may 
be advertised if the appraised value is deficit when using residual value appraisal and red cedar domestic 
processing. This restriction was first imposed by Section 318 of the Consolidated Appropriations 
Resolution, 2003 (Public Law 108-7), with identical language included in subsequent annual 
appropriations acts. 14 In 1969, yellow cedar was declared (by both Secretaries of Agriculture and Interior) 

                                                            
7 The Secretary has consistently interpreted 16 U.S.C. § 616 as authorizing the conditioning of export upon primary manufacture 
within the State of Alaska. See also 36 C.F.R. 221.25(g) (1970)). 
8 Lane, Christine L. 1998. Log export and import restrictions of the U.S. Pacific Northwest and British Columbia: past and present. 
Gen. Tech. Rep. PNW-GTR-436. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 
9 36 CFR 223.161 (1974) (current version at 36 CFR 223.201).  
10 36 CFR 223.201. 
11 Lane, Christine L. 1998. Log export and import restrictions of the U.S. Pacific Northwest and British Columbia: past and present. 
Gen. Tech. Rep. PNW-GTR-436. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research 
Station.; i.e., substitution does not apply to Alaska (U.S. Department of Agriculture, Forest Service, Alaska Region. 1987. USDA 
Forest Service Manual; Alaska Region Supplement 275). 
12 Lane, Christine L. 1998. Log export and import restrictions of the U.S. Pacific Northwest and British Columbia: past and present. 
Gen. Tech. Rep. PNW-GTR-436. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 
Federal Register. 1977. Vol. 42, No. 129. Wednesday, July 6. 
13 Lane, Christine L. 1998. Log export and import restrictions of the U.S. Pacific Northwest and British Columbia: past and present. 
Gen. Tech. Rep. PNW-GTR-436. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 
14 Most recently as part of the Carl Levin and Howard P. 'Buck' McKeon national Defense Authorization Act for Fiscal Year 2015, 
Public law No. 113-291, December 19, 2014, 128 Stat. 3729, section 3720(e)(4). 
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surplus to Alaska domestic manufacturing needs and continues to be freely exportable to foreign markets. 
Section 318 allowed red cedar to be shipped to the Lower 48 when local domestic markets do not exist. 
Because, before 2007, the Alaska Region only approved out-of-state shipments on a case-by-case basis 
after the sale, the appraisals (developed before the sale) assumed that all timber except Alaska yellow 
cedar would be processed in Alaska.  The list of export policy changes spanning 100 years is long, but 
the clear focus throughout this time has been on the need to ensure the development and continued 
existence of adequate wood processing capacity for the sustained utilization of timber.  

Section 705(a) of the Alaska National Interest Lands Conservation Act (ANILCA), as amended by Section 
101 of the Tongass Timber Reform Act (TTRA), also guides the timber program on the Tongass. TTRA 
provides that the Secretary of Agriculture shall “…seek to provide a supply of timber from the Tongass 
National Forest which (1) meets the annual market demand for timber from such forest and (2) meets the 
market demand for timber from such forest for each planning cycle.” Although all national forests are 
required to estimate demand for timber during forest planning efforts, the “seek to meet” requirement is 
unique to the Tongass National Forest. 

Alaska Region Limited Export Policy 
In keeping with the regulations cited above, shipment outside Alaska of unprocessed timber from NFS 
lands requires prior approval by the regional forester. Historically, such approvals were granted on a 
case-by-case basis at the request of the purchaser after the sale was awarded. The Forest Service began 
analyzing the benefits and potential impacts of easing the export restriction on the Tongass as early as 
1978.15 As timber prices fell dramatically in response to the so-called Great Recession of 2007 to 2009 
and prolonged period of economic recovery, the Forest Service recognized that because Alaska is far 
from most of its markets, it is the first to suffer in a recession and the last to benefit from economic 
recovery.  

The wood products market crises made it difficult for the Forest Service to offer timber that would 
appraise positive, yet Section 318 prohibits the Forest Service from offering sales that do not. Timber 
values are lower in Alaska than elsewhere, largely due to higher operating and transportation costs in 
Alaska.16 Even if deficit sales could be offered, doing so would not be economically viable in the long run, 
since the purchasers would most likely lose money on them. 

Non-federal lands adjacent to the Tongass National Forest have no log export restrictions so the Tongass 
National Forest has historically been the major supplier of timber to local sawmills. Unless the Tongass 
National Forest can offer a reliable supply of timber with a positive appraisal, the few remaining locally-
owned sawmills in Southeast Alaska would find it very difficult to stay in business. Closure of the 
remaining sawmills, even on a temporary basis, would run counter to the objective of supporting local 
economies and wood processing capacity in Southeast Alaska. 

Because Southeast sawmills do not have extensive supplies of timber available, even a short-term hiatus 
in offering sales from the Tongass National Forest could result in losses from which the sawmills, the rest 
of the timber industry in Southeast Alaska, and the entire Tongass timber program might never recover. 
Once a sawmill shuts down, re-opening becomes more difficult over time, as skilled employees find other 
jobs, equipment becomes obsolete or is sold, and capital becomes more difficult to obtain. Cessation of 
the program and the related private-sector activities would have very noticeable adverse consequences in 
several local economies across Southeast Alaska. 

                                                            
15 Darr, David R. 1978. Potential Impact of Easing the Log Export Restriction on the Tongass National Forest. USDA Forest Service 
Resource Bulletin PNW-77. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Forest and Range 
Experiment Station, available at http://www.fs.fed.us/pnw/pubs/pnw_rb077.pdf (citing the 1969 recommendation of the Public Land 
Law Review Commission to ease the export restriction to allow higher stumpage revenues). 
16 Alaska Dept. of Labor. Alaska Economic Trends, at 11 (Dec. 2003), available at http://labor.alaska.gov/trends/dec03.pdf. 

http://www.fs.fed.us/pnw/pubs/pnw_rb077.pdf
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The Forest Service recognized appraisals of proposed Tongass timber sales would rise if they assumed 
that a portion of the unprocessed Sitka spruce and hemlock logs were to be shipped to lower 48 markets, 
such that timber sale appraisals would reflect beneficial pricing in markets outside of Alaska. That 
assumption would be possible if shipments were approved prior to the sales being appraised, instead of 
authorizing shipments only after the timber is sold. Allowing routine interstate shipment of a portion of 
unprocessed Sitka spruce and hemlock logs from Alaska provides Alaska operators the opportunity to 
capture some of the economic efficiency available from the vertical integration (i.e. consolidation) that 
exists in the lower 48. This approach would also lower some of the operating and transportation costs that 
are deducted from selling prices in the appraisal calculations. Between the higher prices and lower costs, 
limited interstate shipments significantly increase the likelihood that timber sales in parts of the Tongass 
would have a positive appraisal under poor market conditions. Such shipments would also increase the 
utilization of timber harvested on the Tongass. 

Consequently, the Forest Service analyzed seven limited export scenarios it designed to establish a 
programmatic approach that would best meet the following objectives: 

1. Ensure that economic timber sales can continue to be offered from the Tongass National Forest. 

2. Ensure the continuation of wood processing capacity in Alaska. 

3. Minimize the amount of unprocessed logs being shipped outside of Alaska. 

4. Maximize employment in the United States from timber harvest activities conducted on the Tongass. 

It is important to recognize that, to some degree, these are competing objectives. For example, if the first 
objective were all that mattered, positive appraisals could be achieved by allowing all logs to be shipped 
out-of-state without any in-state processing. That approach would result in positive appraisals under most 
market conditions in most areas of the Tongass, so timber could continue to be offered for sale. It would 
not, however, support continuation of Alaska’s wood processing capacity or minimize the shipment of 
unprocessed logs out-of-state Likewise, if the third objective were all that mattered, it could be 
accomplished by not allowing any shipment of unprocessed logs outside of Alaska. As described above, 
however, that approach would soon prevent many Tongass sales from being offered, which would 
endanger the continuation of wood processing capability rather than ensure it. Without a reliable supply of 
timber from the Tongass, the remaining locally-owned sawmills would probably be forced to close. 

Consistent with the results of that analysis, in 2007 the Alaska regional forester adopted the Limited 
Export Policy, intended to boost appraised timber values, provide economic sale opportunities for 
purchasers, and provide additional processing options for purchasers. The policy modified how timber 
sales were appraised and allowed timber purchasers options on shipping certain small diameter logs from 
national forest timber sales to the Lower 48 states. Designed to allow flexibility for timber purchasers, the 
Limited Export Policy was not, nor is today, something mandated by the Forest Service on a timber 
purchaser or automatically or immediately applied to all timber sales. Rather, the policy is applied by 
request of the timber purchaser after the contract offering is awarded or any time thereafter.  

The Limited Export Policy established a programmatic limited approval for export so that total shipments 
of unprocessed logs outside of Alaska were limited to no more than 50 percent of the total volume of all 
species harvested on each sale. This included shipments of western red cedar to the Lower 48 and 
exports of Alaska yellow cedar to foreign markets. Requests to ship more than 50 percent of the total 
volume of a sale out of Alaska continued to be considered on a case-by-case basis. 

Restrictions on the out-of-state shipment of unprocessed logs were put in place, among other things, to 
ensure the continuation of wood processing capability in Alaska. The programmatic limited approval of 
interstate shipments achieved that result by increasing the Forest Service’s ability to design sales with 
greater utilization and a positive appraisal.  
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In recognizing that the Limited Export Policy is intended to support local manufacturing in down markets, 
the Limited Export Policy is reviewed on an annual basis to determine whether it should be adjusted or 
discontinued. Since 2007, the policy has continued, with modifications, which have provided additional 
options for purchasers while maintaining goals established by the Agency. Although improvements to 
markets have occurred since 2007, challenges continue for purchasers seeking domestic markets for 
Alaska timber.  

After a year of implementation, it became clear that the interstate shipment of unprocessed Sitka spruce 
and hemlock did not offset costs for fuel, barging/shipping, insurance, and manufacturing being 
experienced by Southeast Alaska’s timber industry. A corresponding decline in orders and values for 
wood chips in the Lower 48 states, coupled with 12 consecutive quarters of decline in the softwood 
lumber indices, threatened the viability of the timber industry, and dependent Southeast Alaska 
communities. Thus, in 2008 the regional forester responded to industry request by expanding the scope 
of the policy to also allow foreign export in 2008 for existing contracts if a premium was paid for certain 
species. The policy was again expanded in November 2009 to apply to all contracts and allowed export of 
unprocessed Sitka spruce and hemlock logs, up to 50 percent of the total sale sawtimber volume, to be 
shipped to the most advantageous markets. At that time, a foreign market appraisal was established for 
use on timber sales to reflect export values for Sitka spruce and hemlock. 

In 2011, the policy was expanded to consider applications on settlement sales. Beginning in 2012, in a 
continuing effort to encourage and support domestic processing, the regional forester agreed to begin 
reviewing requests to allow increased export of Western hemlock and Sitka spruce from sales where an 
approved export permit was already in place. This increase in export has been approved on a case-by-
case basis, in exchange for purchasers providing an equivalent amount of Alaska Yellow Cedar to small 
business operators who would process the timber locally. In 2014, the regional forester approved a rebate 
for young-growth Sitka spruce when timber had been appraised for export, but primary manufacture 
occurs in Alaska.  

The regional forester noted in the 2015 review that, while improvements occurred nationally over the past 
three years, challenges continue for purchasers seeking domestic markets for Alaska timber. As a result 
of this review, the Limited Export Policy remained in place for calendar year 2015. The current residual 
value appraisal allows a higher percentage of volume to be appraised for domestic processing, when 
indicated advertised values are very positive for a planned sale offering. Domestic processing is 
encouraged when a perceived opportunity exists. For example, sales with greater quantities of large 
diameter hemlock and Sitka spruce volume may be profitable for processing locally (i.e., > 20 inches for 
hemlock and > 18 inches for Sitka spruce). Hemlock and Sitka spruce volume approved for export that 
has not been appraised using the residual value appraisal have a premium fee requirement of $40/MBF 
for shipment of these species out of Alaska. The regional forester also continues to encourage and 
support domestic processing by considering requests on a case-by-case basis, to allow increased export 
in exchange for equivalent volume supplied directly to small local operators who would process the timber 
locally. 

The Limited Export Policy was developed under existing authority, which up until 2007 had been 
exercised only on a case-by-case basis; the only difference is to grant such limited authority for interstate 
shipments of unprocessed Sitka spruce and hemlock logs on a programmatic basis applicable to all sales 
across the Tongass. The Forest Service undertook notice and comment rulemaking in adopting 
regulations allowing the limited export of forest products in Alaska, as well as in granting this authority to 
the Alaska regional forester. The Limited Export Policy represents the exercise of the regional forester’s 
express authority to provide “prior approval” for limited export allowances consistent with the regulation. 
The establishment of a programmatic policy was needed to ensure the continued existence of adequate 
wood processing capacity in Alaska. The policy also permits more complete utilization of small diameter 
and low grade logs which cannot be profitably processed in Alaska. By limiting export of unprocessed 
Sitka spruce and hemlock logs to no more than 50 percent of the total sale sawtimber volume, the policy 
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ensures that the Tongass timber program will continue to be operated primarily for local manufacture. The 
2007 Limited Export Policy is reviewed on an annual basis and adjustments have been made reflecting 
the current needs of the industry based on that review. As the young-growth transition proceeds, 
additional policy changes may become necessary to align with market developments. 

Effects Analysis 
The authorization for limited interstate shipments of unprocessed Sitka spruce and hemlock logs may 
increase the amount of harvest on the Tongass above the amount that could occur without it. This is the 
case because with the positive appraisal requirement, many sales would not be offered if not appraised 
for export. However, in order to ensure that timber sale offerings are consistent the agency’s obligations 
under TTRA, timber sales must be offered so long as there is a demand for Tongass timber. The Limited 
Export Policy provides flexibility for the region to balance the economics of timber sales to meet both of 
those statutory requirements.  

While it may be the case that more timber is cut than without the policy because sales would not appraise 
positive and could not be offered, this does not increase the amount of timber harvested beyond that 
analyzed and disclosed pursuant to the National Environmental Policy Act (NEPA), NFMA, and the 
Administrative Procedures Act. The policy itself has no environmental effects—implementation of the 
policy involves further Forest Service action, which is subject to NEPA analysis, including public notice 
and opportunity for comment.  

NEPA analysis of the effects of the Limited Export Policy has been conducted at both at the 
programmatic and site-specific levels since its adoption. While analysis at the forest plan level assists the 
agency in selecting among management alternatives, the forest plan itself also does not authorize the 
harvest of timber without further, site-specific NEPA review. Project-level NEPA analyses evaluate the 
effects of timber sales in light of the policy including potential effects on in-state employment and the 
financial efficiency of project alternatives. Project-level NEPA documents also describe how each specific 
timber sale meets the TTRA requirement to seek to meet market demand for Tongass timber while also 
providing for the multiple use and sustained yield management of the Forest’s renewable resources.  

When it was adopted, the Limited Export Policy was also applied to projects already approved but not yet 
fully implemented. In each of those cases, an evaluation was completed to determine whether limited 
interstate shipments of unprocessed timber would meaningfully change the environmental effects of the 
project in a manner that was relevant to issues that were factors in the NEPA analysis and decision. Such 
determinations were and continue to be rare, because the environmental effects of timber harvest 
activities do not materially change as a function of where the timber is processed. 

Timber sales are sold to purchasers with different business goals and ever-changing markets. Historically, 
the percentage of the volume harvested on the Tongass that has been shipped out-of-state has fluctuated 
so it is not possible to precisely predict what will be manufactured locally. Therefore, a range of 
employment and income figures is considered the most reasonable approach to display potential effects 
of the policy on jobs and income. Most of the purchasers, since they are trying to make a profit, want to 
optimize the value of their products and use export as a means to do this. At the present time, some of 
the volume from larger sales is shipped out of state to optimize the return to the purchaser. Information on 
the amount of volume exported from 2001 to 2015 is located on the Tongass website 
(http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3845620.xlsx) and shows an annual range of 
2.7 MMBF to 19.5 MMBF. The highest volume reflects a 2005 salvage sale from the Yakutat Ranger 
District, the value of which the Forest Service wanted to ensure was captured before the wood decayed. 
On average, export represented only 28.2 percent of what was harvested during that period. Thus, an 
average of 71.8 percent of the timber harvested on the Tongass National Forest over the last 15 years 
received primary manufacture in Alaska sawmills. 

http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3845620.xlsx
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Estimated employment is analyzed and presented as a range based on the existing Limited Export Policy. 
Direct employment and income estimates are presented as a range in the 2016 Forest Plan Amendment 
Final Environmental Impact Statement (FEIS) in Table 3.22-19. These estimates are for employment that 
would take place in Southeast Alaska. Although estimates of value for timber in the various alternatives 
are based on maximizing shipments of timber sold out of state (Table 3.22-17), purchasers have the 
choice to sell as much as they can to other markets as allowed under the Limited Export Policy, or 
process part or all of the material in local sawmills. Actual employment and income in Southeast Alaska 
would depend on choices made by purchasers; those choices may change as markets and prices shift. 
Under current market conditions, purchasers are likely to export as much as they can while processing 
enough material locally to keep manufacturing facilities open, and take advantage of opportunities to 
produce high-value sawn material in Southeast Alaska. 

Transportation and other services include water transportation, independent trucking, stevedoring, 
scaling, and export marking and sort yard employment for export volume, and water transportation, 
scaling, and independent trucking for locally-sawn volume. Export employs more workers in 
transportation and other services per MMBF harvested than domestic production. This is reflected in the 
range of values presented in the FEIS. 

When the Limited Export Policy was adopted in 2007, the Forest Service utilized the NEPA Economic 
Analysis Tool-RV (NEAT-R) model to analyze the policy potential effects on employment to aid the 
agency in selecting among various alternatives in its NEPA analysis. NEATR calculated jobs in two 
categories: logging and sawmill.  Following adoption of the policy, sawmill jobs were presented as a 
range, representing 50 to 100 percent domestic processing.  The job calculation for 50 percent export 
assumed a 50 percent reduction in sawmill jobs, but did not consider that export supported transportation-
related, as well as logging jobs.  In March 2011, the Forest Service implemented a new model, known as 
the Financial Analysis Spreadsheet Tool-RV (FASTR), which addressed this shortcoming by estimating 
jobs in four categories: logging, sawmill, transportation related to domestic manufacturing, and 
transportation related to export.  The model estimates jobs and associated income by utilizing annual 
trend-based employment information collected by the agency from 2007 to 2010. These annual sawmill 
surveys continue to inform the employment coefficients assigned to job categories in the FASTR model.  

As described in the Plan Amendment FEIS, the analysis presents a range for annualized sawmill jobs 
which reflects the range of export options that may be available to a timber sale purchaser. The 
employment and income analysis in the FEIS assumed a range from maximum possible shipment out of 
state (export of all Alaska yellow cedar plus hemlock and Sitka spruce export equal to 50 percent of total 
sale net sawlog volume), to no shipment of hemlock and Sitka spruce and export of 100 percent of Alaska 
yellow cedar (see Table 3.22-19 in the FEIS). It may overestimate the low range since the volume that 
can be shipped is limited to certain species and grades unless exemptions are approved by the current 
export policies. The analysis in the FEIS also presents employment and income estimates for this range. 

The assumptions used with respect to the Limited Export Policy for the financial, employment, and 
income analyses are appropriate for programmatic analysis. Additional analyses will be conducted as part 
of the project-specific environmental analysis that will be prepared as part of future timber sale projects, 
as done since the Limited Export Policy was adopted. These analyses take into account the Limited 
Export Policy as well as any other potential restrictions on export or production in place at that time.  

While the current policy allows case-by-case consideration for export in quantities beyond that which is 
programmatically approved by the regional forester, for the purposes of the programmatic analysis, it is 
reasonable to evaluate the upper limit as prescribed by the current version of the Limited Export Policy. If 
purchasers were allowed on a case-by-case basis to export a larger share of a particular sale in 
unprocessed form, there would be a commensurate reduction in sawmilling jobs and an increase in 
transportation-related jobs. This is explained in the Plan Amendment FEIS. In such cases, the agency 
undertakes analysis to determine the significance of the change.  
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The information presented in the Plan Amendment DEIS reflects the current industry and recent trends 
that are operating in Southeast Alaska. It is not intended to illustrate the full extent of the reduction in 
wood products employment that has occurred since it peaked at 3,543 jobs in 1990. At that time, there 
were two 50-year contracts that guaranteed a steady supply of timber. These long-term contracts 
involved supplying two pulp mills, which required a large workforce both to supply and operate the mills. A 
more complete explanation of the timber industry since 1990 is in the 2008 Forest Plan Amendment 
FEIS, p. 3-499 to 3-511. 

Looking Forward 
In 2010, the US Department of Agriculture announced a “Transition Framework” Policy aimed at 
diversifying the Southeast Alaska economy and shifting the timber industry to young-growth harvest and 
management. In 2013, Secretary Vilsack announced the Department’s goal “to effectuate this transition 
over the next 10 to 15 years, so that at the end of this period the vast majority of timber sold by the 
Tongass will be young-growth.” Since that time, the US Forest Service, USDA Rural Development, local 
businesses, conservation groups, and others have been evaluating how the region can develop a locally-
based, properly-scaled young-growth industry that provides greater economic security for local 
communities, builds regional knowledge and skillsets, and restores critical forest habitat in the Tongass. 

The agency has the authority to amend the forest plan to accelerate the transition to young-growth, which 
is one step in addressing sustainable forestry in Southeast Alaska. Additional steps in the Tongass 
Advisory Committee’s (TAC) detailed transition implementation recommendations provide guidance on 
elements for success in implementing the transition, and identify opportunities by which the agency, 
stakeholders, and greater community will share ownership of the transition strategy and embrace its 
successful implementation. The work done by the TAC offers the possibility of a regionally focused, 
collaborative path toward an innovative opportunity for a viable young-growth timber industry while 
honoring the suite of economic, ecological, social, and cultural values inherent in the forest. The TAC 
provided detailed recommendations for targeted investment, financial assistance, and financing 
mechanisms for stand inventory, research, infrastructure, and retooling. These investments are intended 
to help communities and businesses successfully transition to, and thrive within, a new young-growth 
economy. 

A recent report by Government Accountability Office (http://gao.gov/products/GAO-16-456) outlines 
additional steps taken or planned by the Forest Service, including comparing potential market prices for 
young-growth timber or products to the cost to harvest, transport, and process the timber; refining of 
young-growth timber data; lengthening the duration of small sale contracts to provide small sawmill 
owners with flexibility; and expanding collaborative projects to support job creation through sustainable 
forest management and improve predictability of timber supply.  

It is important to retain the expertise and infrastructure of the existing industry to allow businesses the 
opportunity to quickly retool. These businesses are fundamental to both the young-growth and restoration 
components of the future timber program, and to the economic vitality of the region. The Forest Service 
will continue to offer a supply of old-growth while increasing the supply of young-growth to provide the 
industry the opportunity to develop new markets, learn new skills, and acquire new equipment. This will 
include offering old-growth timber sales like the Big Thorne timber sale to provide “bridge timber, as well 
as continuation of the micro-sale programs and old-growth small sale program which target niche 
markets. In addition, young-growth timber sales may include old-growth to help boost appraisal values of 
young-growth sales until a reliable supply of economically viable young-growth may be established. It has 
been acknowledged since 2000, that the transition to young-growth in Southeast Alaska would be 
shortened and more abrupt because less unmanaged second growth, which has characteristics 
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intermediate between old-growth and young-growth, is available to ease the transition.17 This is why 
bridge timber is a critical factor to maintain a viable industry while the transition takes place.  

Successfully transitioning the Tongass timber sale program from one based on old-growth to young-
growth is dependent on a range of economic, social, and ecological factors, not all of which are under 
Forest Service control. Since the closure of the pulp mills, there is no local market for lower-grade 
materials that historically supplied the mills. Without the opportunity to export these products, utility and 
lower grade materials would be left in the woods. Allowing export of these materials which have no local 
market allows for more complete utilization of Tongass National Forest resources. Similarly, in the early 
years of the transition it may be the case that there is a very limited local market for young-growth logs. In 
order to keep local operators in business, young-growth timber sale purchasers will have the option to 
export those logs which cannot be locally utilized, consistent with the Limited Export Policy. As the Forest 
Service builds the capability to provide a reliable supply of economically viable young-growth timber, local 
processing capability is expected to develop to utilize the material that has formerly been left in the woods 
or is currently being largely exported. 

The agency’s long-range goal to ensure that Tongass timber is available primarily for local and domestic 
processing is a priority, in order to create more local economic benefits. Therefore, a glide path of 
increasing supply of young-growth gradually over time makes sense. Alternatively, young-growth might 
be entirely exported, a scenario that may not result in the same amount of local economic and community 
benefits. However, consistent with existing authority to allow export of forest products from public lands, 
export allowances may not endanger the supply of timber for local use.  As shelf volume for young-growth 
becomes available as the young-growth ages and the economics and market demand become more 
favorable, industry can re-tool. As the local demand for young-growth grows, the export of unprocessed 
young-growth logs should taper down so as to provide a supply of Tongass timber for local use. The 
transition is not expected to “generate jobs” but rather support existing jobs. Once the timber supply 
reaches a long-term stability above the needs of the current operators, other timber industry operators 
may move into Southeast Alaska. Currently, those purchasers that have been interested are discouraged 
by the lack of a stable timber supply. 

The 2016 forest plan amendment FEIS was designed to analyze the feasibility of shifting from an old-
growth forest management regime towards young-growth management on an accelerated timeline, so 
that within 10 to 15 years the vast majority of timber sales on the forest will be from young-growth forests. 
How rapidly and effectively this is accomplished depends on local support from Alaska markets for young-
growth forest products. The ability to export some timber beyond Alaska may serve as a strategic option 
that can be used to help maintain workforce skills, industry expertise, and the physical infrastructure 
needed to develop a future young-growth industry. The Limited Export Policy will continue to be subject to 
review and modification on an annual basis, as noted above. 

Although the Tongass young-growth resource is several years away from being able to support a region-
wide industry, local harvesters, processors, builders and others are already building the skills, knowledge, 
infrastructure and demand needed to capture emerging opportunities. Still, transitioning to a young-
growth timber program is dependent on many factors outside the Forest Service’s control, including 
timber markets, industry changes, uncertainty in future supply, and litigation among others. Yet it is 
important to consider the different factors that could influence the duration and trajectory of switching to 
young-growth, such as changes in policy, the role of state and private timber lands and public-private 
partnerships. Given the high cost of operating in Alaska, it is important that this transition be planned in a 
way that allows wood processors a maximum of options, including current limited export options provided 
by the Limited Export Policy.  

                                                            
17 Duncan, Sally, based on science by Eini Lowell, Glenn Christensen, and Jim Stevens. Facing the Challenge of the Young, the 
Small, and the Dead: Alaska’s New Frontier. USDA Forest Service Pacific Northwest Research Station Science Findings, Issue 30, 
Dec. 2000, available at http://www.fs.fed.us/pnw/sciencef/scifind30.pdf. 
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Conclusion 
It is commonly claimed that allowing limited log exports reduces the number of local jobs, but this has not 
proven true for the Tongass National Forest.  In practice, the current Limited Export Policy has allowed a 
steady supply of volume from the Tongass National Forest which supports the local industry. Eliminating 
the Limited Export Policy under current market conditions would result in a significant reduction in 
volume, value, and jobs. The purpose of all Forest Service export policy changes have focused on the 
development and continued existence of adequate wood processing capacity needed to meet national, 
regional, and forest management goals and objectives. The ultimate purpose of allowing export on a 
limited basis is to help achieve forest plan goals and objectives for which the effects have been analyzed 
during development of the Forest Plan as amended. The key goal is to accelerate the transition to young-
growth while seeking to provide a supply of timber that meets planning cycle and annual demand from the 
Tongass. The Limited Export Policy is even more vital to sustain the local industry during the transition to 
young-growth by allowing timber purchasers to export lower value logs while establishing a market for 
young-growth sawn products. 
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Appendix H 
Comments and Responses 

 

A.  Introduction 
The Tongass Land and Resource Management Plan Amendment Draft Environmental Impact Statement 
(EIS) and the Draft Proposed Land and Resource Management Plan were completed and mailed out in 
November 2015 to organizations and individuals on the Tongass National Forest’s mailing list.  On 
November 20, 2015, an NOA of the DEIS was published in the Federal Register (80 FR 72719), which 
started the 90-day public comment period. The document and supporting documents were also posted on 
the project web site (http://www.fs.usda.gov/goto/R10/Tongass/PlanAmend).     

This appendix presents a summary of the comments received during the public comment period and 
provides the Forest Service’s responses to these comments.  In addition, Attachment A provides copies 
of the letters received from government agencies, elected officials, and tribal governments. 

Public Meetings  
In January and February 2015, public open house were held in Juneau, Sitka, and Ketchikan to engage 
the public in the planning process and share information about the progress being made on the Proposed 
Forest Plan and DEIS.  All of the open house materials were posted on the Forest Plan Amendment Web 
site. 

In January and February 2016, the Forest Service hosted nine public open house meetings, each 
followed by a subsistence hearing.  These public open house meetings were held in the following 
Southeast Alaska communities: Klawock, Ketchikan, Wrangell, Petersburg, Juneau, Sitka, Hoonah, 
Yakutat, and Kake. Participants had the opportunity to review the contents of the Proposed Forest Plan, 
including the five alternatives analyzed in the DEIS. Forest Service staff provided an overview, listened to 
public concerns, and was available to answer questions.  The public was informed on how to submit 
comments, invited to submit written comments during the open house, and informed on the date 
comments must be received by.  Although an ANILCA Section 810 evaluation and determination was not 
required for approval of a Forest Plan amendment (see Subsistence section in Chapter 3 of FEIS), 
subsistence hearings were held after each open house meeting, which gave the public an opportunity to 
provide oral testimony regarding concerns about the Proposed Forest Plan Amendment on subsistence 
uses. 

Public Input 
The Forest Service received more than 165,000 comments during the public comment period.  These 
pieces of input, referred to here as “comment documents,” were provided in a number of different forms, 
including email, letter, fax, public testimony, and written comments. As part of the initial comment 
evaluation process, comment documents were initially divided into unique comment documents and form 
comment documents.  Less than 1 percent of these documents received were classified as unique 
comment documents; with the rest being either form letters or non-substantive comments.  Comments are 
considered substantive when they are within the scope of the proposal, are specific to the proposal, have 
a direct relationship to the proposal, and include supporting reasons for the responsible official to 
consider.  

Many of the comments received by the Forest Service during the public comment period were determined 
to be form letters.  A document was considered to be a form letter when copies of the same or 
substantially similar document (letter, email, comment form, etc.) were submitted by five or more people.  
Form letters are typically generated by special interest organizations that encourage their members to 
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write letters, and provide a written template for them to use.  In some cases members are encouraged to 
add their own personal message to the template.    

A total of 16 different form letter templates were identified.  These templates are summarized below: 

• Form letter template one requested that the Tongass “take bold action to protect the Tongass” 
and stated that “15 years for a transition is far was too long” to protect the sensitive resources 
found on the Tongass.  It went on to say that the range of alternatives considered in the EIS was 
inadequate, and requested that the logging of old-growth be ended immediately. 

• Form letter template two stated that “Alaskan’s want a Tongass Forest plan that works for all of 
us, not just the timber industry”, and that the Forest Service should shift their priorities to “meet 
the needs of the local small mills who are adding a tremendous amount of value to their 
produces”.  The form letter went on to ask the Forest Service to enhance the salmon and tourism 
sectors of the economy. 

• Form letter template three addressed the role the Tongass plays in global climate change, and 
stated that “old-growth is much more valuable for carbon storage than timber production”.   

• Form letter template four urged the Forest Service to ensure that the amendments to the Forest 
Plan protect high value fish watersheds and make the production of wild salmon, trout, and 
steelhead their highest management priority. 

• Form letter template five requested that the clearcutting of old-growth be ended in 5 years instead 
of 15 years.  It further stated that the 17 million that is annually generated by timber in the region 
is less than 1 percent of the combined 2 billion generated by fishing and tourism in the region, 
and that the Forest Service should focus on these resources instead of timber. 

• Form letter template six stated that the draft plan is inconsistent with the current U.S. policies 
regarding climate change, and that the forest plan should focus on establishing an economic 
future for southeast Alaska that is based on restoration, recreation, fishing, and tourism instead of 
timber. 

• Form letter template seven requested that the practice of “industrial-scale clearcutting” of old-
growth be stopped as soon as possible. 

• Form letter template eight requested that the Tongass transition away from harvesting old-growth 
sooner than 10 years, and that the Forest Service should “stop preparing more old-growth timber 
sales like the massive and highly ill-advised Big Thorne Project”. 

• Form letter template nine requested that all proposed harvesting of old-growth be removed from 
the plan.  The form letter also requested that the Tongass “stop cutting its budget for programs 
that support education, tourism, recreation, and public outreach”.  

• Form letter template ten requested that clearcutting be ended in 3 years not 15.  It further 
requested that the Tongass manage and protect the forests instead of “selling them at wholesale 
rates to Asia”. 

• Form letter template eleven stated that because the Prince of Wales wolves are no longer 
protected under the ESA, protecting the old-growth trees on the Tongass, which the wolves 
depend on, is critically important. 

• Form letter template twelve requested that the Tongass end all “large-scale clearcutting of old 
growth as soon as possible”, and that the old-growth trees are far more valuable standing than 
they are cut down.  Reasons to support this claim is that these trees provide habitat for wildlife, 
have benefits to carbon sequestration, have cultural values, and provide opportunities for tourism. 
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• Form letter template thirteen requested that the Tongass adopt Alternative 5; remove salmon 
producing watersheds, priority conservation areas, and roadless areas from the timber pool; and 
make Fish Bay and old-growth reserve. 

• Form letter template fourteen requested that forests in general be preserved globally to enhance 
carbon sequestration and protect wildlife habitats. 

• Form letter template fifteen requested that instead of clearcutting the maturing forests found on 
the Tongass to “prop up a timber industry in economic transition”, the Forest Service should focus 
on the restoration of forests and watersheds. 

• Form letter template sixteen requested that the Forest Service “not pass the Tongass Land 
Management Plan”, and stated that there is more than enough renewable timber in the U.S. 

The large number of documents reflects the importance of the Tongass National Forest at a national 
level.  It also reflects the membership and geographic reach of the organizations that prepared the 
original written templates. 

The total number of form comment documents received in response to this Draft EIS (over 165,000) is 
more than double the comments received on the 2008 Forest Plan DEIS (82,407).  

Comment Document Evaluation 
Each comment document was assigned a unique identifier (number) upon receipt and entered into a 
database.  Documents were numbered in the order received by the comment management team.  
Summary demographic information for each response was entered into a database, including the name 
and address of the comment author (when provided), the type of comment author (individual, government 
agency, environmental organization, etc.), and the method of transmittal (online comment form, email, 
U.S. Mail, public hearing testimony, hard copy comment form).   

Members of the comment management team read each comment document and identified the comments 
within each document.  Comments were identified for one copy of each form comment document.  
Comments were defined for the purposes of this initial identification phase as a coherent segment of text 
that stood alone as a suggestion, idea, request, or critique.  Comments were delineated on a hard copy of 
the comment document and each comment was assigned a number.  The comment number was entered 
into a database and assigned to a coding category.  Up to three key words or terms that further 
characterized the comment, along with additional notes, were entered in separate fields in the database, 
as appropriate.  The initial coding categories corresponded for the most part with the resource areas 
addressed in the Draft EIS.  A copy of each coded comment document was scanned and saved as a 
unique PDF file.   

Comment Summaries and Responses  
The database allowed the comments to be sorted by coding category and key words.  Resource 
specialists and members of the Forest Service interdisciplinary team reviewed all the comments and 
consolidated the individual comments into logical comment summaries, developed responses to the 
comment summary, and revised the analysis or text in the Final EIS, as appropriate.  The comment 
summaries and responses are presented in Section B of this appendix.  Some comment summaries 
represent a concern raised once; others represent a concern, opinion, or preference that was repeated in 
a number of different comments.   

Many of the comments consisted of statements of opinion or preference, and while they were considered, 
they did not require a written response.  For substantive comments that require a response, comment 
summaries and responses are presented in Section B for a number of these types of comments, primarily 
to provide information to the public or clarify popular misconceptions. In some cases, comments prompted 
the Forest Service to review additional references that were submitted and some of these have been 
included in the EIS where they improved the analysis or discussion. 
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In accordance with 40 Code of Federal Regulations (CFR) 1503.4, the Forest Service generally 
considered responding in five basic ways to the substantive public comments identified in the following 
sections. 

Modifying alternatives.  
Developing and analyzing alternatives not given serious consideration in the Draft EIS. 
Supplementing, improving, or modifying the analysis that the Draft EIS documented.  
Making factual corrections.  
Explaining why the comments do not need further Forest Service response. 

Review of the public comments resulted in Alternative 5 being modified between the Draft and Final EIS 
to add a 100-foot no harvest buffer around anadromous lakes.  Additionally, some wording that was 
deleted in the Proposed Forest Plan was restored (See Chapter 1, Changes between Proposed Forest 
Plan and Forest Plan.)  After substantial consideration, it was decided that the range of alternatives was 
sufficient.  The results of the public involvement and comment process did, however, lead to a number of 
improvements, clarifications, and updates between the Draft and Final EIS.  These changes are identified 
where applicable in the following section (Section B). 

The following section presents the comments and responses developed by the resource specialists and 
Forest Service managers that comprise the Interdisciplinary Team for this project.  Copies of the 
comment documents received during the public comment period from government agencies, elected 
officials, and tribal governments are presented in Attachment A.  All of the responses received are 
available for review in the project planning record.  
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B.  Comments and Responses 
General Comments (GEN) 

COMMENT 
GEN-1:  The DEIS project planning record was incomplete. Scoping comments were missing and 
were not considered or responded to during the development of the DEIS. (NGO2-101) 

RESPONSE 
The planning record includes documents that support analytical conclusions made and alternatives 
considered throughout the planning process. It also includes all comments received during opportunities 
for public participation provided during the planning process (e.g., scoping, DEIS, and objections).  The 
planning record also tiers to and incorporates by reference records from the 1997 Forest Plan Revision, 
2003 SEIS, and the 2008 Forest Plan amendment. All timely comments, including any attached 
references or exhibits, have been considered and are included as part of the planning record for this 
Tongass Forest Plan amendment process. 

The May 27, 2014 Notice of Intent (NOI) (79 FR 30074) included instructions in the “Addresses” section 
about how to submit written comments. All comments, including any attached references and exhibits that 
were submitted during the scoping comment period (May 28 – June 26, 2014) were included in the USDA 
Forest Service Comment Analysis and Response Application (CARA) database and were considered by 
the interdisciplinary team (IDT) during the scoping process. The CARA database is used to collect all 
letters and comments for a particular project in an easily accessible and searchable centralized repository 
regardless of how they were received. If written comments were submitted via U.S. mail or facsimile, the 
Forest Service scanned these documents and uploaded them into the CARA database.  

The process of scoping is an integral part of environmental analysis, and provides an “early and open 
process for determining the scope of issues to be addressed and for identifying the significant issues 
related to a proposed action.” (40 CFR 1501.7) The Forest Service Handbook (FSH 1909.15, Ch. 10, sec. 
11) also provides guidance for conducting scoping to include refining the proposed action, determining 
the responsible official and lead and cooperating agencies, identifying preliminary issues, and identifying 
interested and affected persons. The results of scoping are used to clarify public involvement methods, 
refine issues, select an interdisciplinary team (IDT), establish analysis criteria, and explore possible 
alternatives and their probable environmental effects.  

In July and August 2014, the IDT conducted a content analysis on the scoping comments received, and 
included this analysis (excel spreadsheet) as record 769_02_000017 (planning record index # 817) in the 
planning record. The planning record also included record 769_02_000024 (planning record index # 908), 
which was a link to the CARA database where the public could access all scoping comments.  This link 
includes both scoping comments and DEIS comments. 

The FEIS planning record has been updated to include all comments (in .pdf) received during a formal 
comment period to include scoping and DEIS comments. Subsistence testimony provided during the 
subsistence hearings for the DEIS was transcribed and are also included in the planning record. 

COMMENT 
GEN-2:  The Forest Service should add information from Secretary’s Memorandum regarding the 
retention of existing industry and the need for old-growth timber until the transition is complete.  

RESPONSE 
Text was added to Chapter 1, Introduction, to clarify. Further, the Need statement in Chapter 1 makes it 
clear that the transition is intended to be implemented in a manner that preserves a viable timber industry. 
Chapter 2, Alternatives Considered in Detail, discloses that all alternatives were designed to correspond 
with current demand projections with old growth making up a decreasing percentage of the total. Old-
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growth volume would continue to decrease until it reaches about 5 MMBF per year and it would remain at 
that level, to support limited small timber operators.  

The Secretary’s Memorandum 1044-009 is included in the planning record, and has been made available 
on the Tongass Plan Amendment website http://www.fs.usda.gov/goto/R10/Tongass/PlanAmend  

COMMENT 
GEN-3:  The effects of a larger harvest on the environment, commercial fishing, and tourism are 
unsupported by the record  

RESPONSE 
You are correct that a larger harvest does not always mean greater environmental effects.  It depends on 
the type of harvest, the location of harvest, and whether old growth or young growth is being harvested, 
among other factors.  These are the types of questions that are the primary subjects analyzed in the 
FEIS.  The FEIS record supports the document.  Thank you for your comment. 

COMMENT 
GEN-4:  An Executive Summary should be included in the FEIS. 

RESPONSE 
A plan amendment summary was provided as part of the proposed Forest Plan and Draft Environmental 
Impact Statement (DEIS) for the Tongass National Forest. This summary was made available on the CD-
ROM, on the Tongass Plan Amendment website http://www.fs.usda.gov/goto/R10/Tongass/PlanAmend, 
and was made available at the public open house meetings / subsistence hearings in January 2016. A 
summary will also be included as part of the Final Environmental Impact Statement (FEIS) package. 

COMMENT 
GEN-5:  Concerns were expressed that the amendment process is being rushed to comply with a 
directive from the Secretary of Agriculture and is unlikely to produce a viable, sustainable 
transition plan. 

RESPONSE 
See response to P&N-3 and P&N-4 

If a need for change is determined by the responsible official an amendment may be considered. Plan 
amendments are intended to be an adaptive management tool to keep plans current, effective, and 
relevant between required plan revisions (every 15 years) (see FSH 1909.12 Chapter 20, Section 21.3). 

COMMENT 
GEN-6. The Forest Plan should provide sustainable management, maintain a viable timber 
industry with local processing, and encourage renewable energy development. 

RESPONSE 
We appreciate this input.  The range of alternatives analyzed in detail support these and other goals to 
varying degrees.   

COMMENT 
GEN-6: Protect Tongass old growth and/or stop clearcutting. 

The Forest Service should protect the Tongass and stop industrial-scale logging, clearcutting, and high-
grading old-growth, or stop resource extraction altogether. The Forest should be protected for its many 
values (e.g. habitat, streams, fisheries, species diversity, runoff and flood control, recreation, hunting and 
subsistence, commerce, its role in addressing air quality and climate change, the potential for 
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undiscovered value, and providing human health benefits) and to preserve the forest for future 
generations. Some recommended the entire forest be set aside as a national park or wilderness.  

RESPONSE 
See responses to TIM-19, ALT-3, and ALT-11. 

COMMENT 
GEN-7: The Forest Service did not do enough public notification for this project and information 
was hard to find. 

RESPONSE 
Public notification and opportunities to participate and comment are described in Chapter 1. 

COMMENT 
GEN-8: Suggestions to recommend Wilderness or other special designation for specific areas 
including all of the areas proposed for protection by Trout Unlimited, Audubon Alaska, Southeast 
Alaska Conservation Council, and Tenakee Inlet by the Chichagof Conservation Council, among 
other areas.  

RESPONSE 
Wilderness designations are outside of the scope of this plan amendment, as well as outside of 
the authority of the Forest Service. 
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Purpose and Need (P&N) 
COMMENT 
P&N-1:  The purpose and need section ignores some of the aspects outlined in the Secretary’s 
Memo, such as transitioning forest management on the Tongass to be more ecologically, socially, 
and economically sustainable. Commenters believe that the Secretary’s intent to transition away 
from old-growth harvesting in 10 to 15 years “so that after this timeframe the vast majority of 
timber sales on the forest will be from second-growth forests,” was meant to end old-growth 
logging on the Tongass. Commenters are concerned that the DEIS preferred alternative 
(Alternative 5) increases rates of old-growth logging higher than the recent 10-year average for at 
least another 16 years.  

RESPONSE 
The Purpose and Need statement responds to the Secretary’s Memorandum 1044-009 that directs a 
“transition over the next 10 to 15 years, so that at the end of this period the vast majority of timber sold by 
the Tongass will be young growth.”  The Secretary did not envision an end to old-growth logging, and this 
is made clear in the Memo under 1. PURPOSE AND BACKGROUND where it reads as follows: 

“To ensure a smooth transition, the Forest Service will continue to offer a supply of old growth 
timber while increasing the supply of young growth to provide industry in Alaska the opportunity to 
develop new markets, learn new skills, and acquire new equipment. The continuation of limited 
sales of old growth timber is essential to maintain the existing industry until young growth can 
efficiently be processed. The Forest Service will also continue the Tongass National Forest’s 
micro-sale program and the old growth small sale program that targets niche markets, while 
developing a new integrated program of work focused on young growth, ecological restoration, 
and forest stewardship that protects and restores the Forest’s extraordinary fish and wildlife 
habitat.”  

The 2008 Forest Plan “planned” for a longer transition to young-growth management, and the ROD made 
it clear that there was an “expected increase in young-growth management over the next few planning 
cycles.” (USDA 2008a, p. 10). The Secretary’s memo directs the Tongass National Forest to “expedite” 
this transition.   

Basic tools used in the development of the alternatives include recent draft timber demand projections in 
Daniels et al. (USDA 2015). Alternatives 1 through 5 were designed to correspond with current demand 
projections and produce a projected timber sale quantity (PTSQ) of about 46 MMBF per year during the 
next 15 years, with old growth making up a decreasing percentage of the total. Old-growth volume would 
continue to decrease until it reaches about 5 MMBF per year and it would remain at that level, to support 
limited small timber operators. As more young growth becomes economic to harvest, the PTSQ would be 
allowed to increase. In no case, would the harvest level be allowed to exceed the sustained yield limit 
(SYL). 

Also, see the recently finalized Tongass National Forest timber demand: projections for 2015 to 2030 
(Daniels et al 2016), available online at: http://www.treesearch.fs.fed.us/pubs/50909 

COMMENT 
P&N-2:  Changes to the Forest Plan’s direction for transportation does not fulfill the Purpose and 
Need. The Purpose and Need section of the DEIS simply states that “[c]hanges to the Forest Plan 
are needed to make the development of renewable energy resources more permissible, including 
considering access and utility corridors to stimulate economic development in Southeast Alaska 
communities.” The new Transportation Systems Corridor direction in the Proposed Forest Plan is 
not related to or limited to renewable energy projects.  
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RESPONSE 
The responsible official has the discretion to determine whether and how to amend the plan (36 CFR 
219.13(a)). Based on comments received on the Five-Year Review of the Forest Plan, completed in 2013, 
the responsible official determined that there was a need “to make the development of renewable energy 
resources more permissible, including considering access and utility corridors to stimulate economic 
development in Southeast Alaska communities, and provide low carbon energy alternatives, thereby 
displacing the use of fossil fuel.”   

The responsible official has the authority to remove the existing Transportation and Utility System (TUS) 
Land Use Designation (LUD) overlay under the action alternatives in the DEIS under 36 CFR 219.13(a). 
The last sentence of 36 CFR 219.13(a) states that: “Except as provided by paragraph (c) of this section, a 
plan amendment is required to add, modify, or remove one or more plan components, or to change how 
or where one or more plan components apply to all or part of the plan area (including management areas 
or geographic areas).” (Emphasis added). The Department added the phrase “including management 
areas or geographic areas” to the final planning rule to clarify that an amendment is required for any 
change in how or whether plan components apply to those areas (77 FR 21238). That addition to the final 
rule and the provision that an amendment is necessary to remove plan components shows that the 
proposed amendment is legitimate. An amendment may remove all the plan components within a LUD 
and remove the LUD itself. 

To meet the purpose and need, new direction (i.e., plan components and management approaches) was 
developed for renewable energy. To ensure future project decision-making was consistent with the 
amended plan, the responsible official decided to remove the TUS LUD and add to and modify the TUS 
LUD management prescription as plan components (see 36 CFR 219.7 (e)) in the amended plan. This 
new direction for renewable energy and transportation systems corridors is applied to the remaining 18 
LUDs. 

The intent of the Forest Plan direction for transportation systems corridors is not to change the process 
the Forest Service will go through when developing future transportation systems. The purpose of the 
plan direction for transportation systems corridors is the same as the 2008 TUS LUD management 
prescription; to facilitate the availability of National Forest System land for the development of existing 
and future transportation systems such as those identified by the State of Alaska in the current version of 
the Southeast Alaska Transportation Plan (SATP) and applicable laws. (See Forest Plan Chapter 5.) The 
applicable transportation systems corridors direction in Chapter 5 is included for each LUD in Chapter 3 in 
a table that cross-references, by category, the plan content, found in Chapter 5. 

COMMENT 
P&N-3:  The Department of Agriculture’s policy to expedite a transition away from old-growth 
timber harvesting and towards a forest industry that utilizes second growth – or young growth – 
forests as expressed in the Secretary’s Memorandum (1044-009), is premature and would not 
restore a viable timber supply in Southeast Alaska. 

RESPONSE 
Under the direction of Thomas Vilsack, Secretary of Agriculture, the U.S. Department of Agriculture 
(USDA) administers the U.S. Forest Service. The Secretary of Agriculture is a member of the president's 
cabinet who takes the lead with USDA for the development of implementing policy on a variety of 
programs and services. The Secretary’s Memorandum (1044-009) Addressing Sustainable Forestry in 
Southeast Alaska was signed on July 2, 2013 and sets forth USDA policy for the Forest Service on the 
Tongass National Forest. Secretary Vilsack was quoted in a USDA Forest Service news release on July 
2, 2013: 

"Today, I am outlining a series of actions by USDA and the Forest Service that will protect the 
old-growth forests of the Tongass while preserving forest jobs in southeast Alaska… I am asking 
the Forest Service to immediately begin planning for the transition to harvesting second growth 
timber while reducing old-growth harvesting over time." 
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The actions outlined in the Secretary’s Memo that are carried forward in the amended plan are focused 
on conserving old-growth temperate rainforests of the Tongass, while ensuring a  transition to second-
growth forests so that current forest industry can continue to provide jobs and opportunities in Southeast 
Alaska. A transition timeframe of 10 to 15 years is intended to conserve old growth forests while allowing 
the forest industry time to adapt to this shift away from old-growth to young-growth forest management.  

Flexibility, like that provided by Congress in the National Defense Authorization Act for Fiscal Year 2015 
(Public Law 113-291, December 19, 2014, 128 Stat. 3729, section 3720(e)(4)) allows the harvest of trees 
prior to the culmination of mean annual increment of growth on lands identified as suitable for timber 
production to facilitate the transition from commercial timber harvest of old growth stands. 

Alternatives 1 through 5 in the EIS were designed to correspond with current demand projections and 
produce a projected timber sale quantity (PTSQ) of about 46 MMBF per year during the next 15 years, 
with old growth making up a decreasing percentage of the total. As more young growth becomes 
economic to harvest, the PTSQ would be allowed to increase. In no case, would the harvest level be 
allowed to exceed the sustained yield limit (SYL). 

See response to P&N-9. 

COMMENT 
P&N-4:  The young-growth inventory and associated modeling used by the agency for the 
amended plan is not reliable to support the purpose and need. 

RESPONSE 
The 2008 Forest Plan Record of Decision (ROD) highlights the uncertainty about short- and long-term 
social, economic, and environmental risks and preparing to adjust promptly if conditions change. The 
responsible official noted in the 2008 ROD that there was an “…expected increase in young-growth 
management over the next few planning cycles; and the increasing public interest in this conversion, 
which will ultimately reduce the need for old-growth timber resources…” (USDA 2008a, P. 10).  

With this in mind, the agency has made a concerted effort in the last decade to increase knowledge and 
information of the young-growth resource that is being used as the forest moves toward a forest 
management program that is focused on young-growth management. The agency has expended 
considerable effort and funds to acquire data and expertise to prepare for and define realistic 
expectations for a transition to young-growth forest management.  In 2009, the Tongass acquired the 
Forest Projection and Planning System (FPS) software to serve as the Forest’s primary growth and yield 
model, which allows us to store, track and grow our stand inventory. This model is spatially explicit and is 
robust enough to handle forest wide analyses. This model has also allowed us to apply stand information 
that was collected in one stand to similar stands. As more data is collected on the ground, this model will 
become a more robust resource management tool.  

The Tongass is an annual contributor to the Forest Biometrics Research Institute (FBRI) which is a non-
profit public corporation dedicated to research, development, service and education organization in the 
field of forest inventory, forest growth and forest planning for sustainable and scientific forest 
management.  This ensures that the regional species library used in the FPS growth and yield library 
remains certified and updated in a manner that is repeatable and scientifically based. In order to provide 
updated information to FBRI, the Tongass has funded the Pacific Northwest Research Station’s (PNW) 
Juneau Forestry Sciences Laboratory to remeasure their extensive network of permanent growth and 
yield plots. The permanent plots of the Cooperative Stand Density Study that were established 40 years 
ago provide long-term growth response of thinned and unthinned even-aged stands at over 50 locations 
throughout southeast Alaska. PNW is also monitoring permanent plots established in the 1920s. The 
long-term growth and yield record from the PNW permanent plots was used to create the southeast 
Alaskan variant of FPS in 2005 and more recently collected data were used in the 2015 recalibration of 
the Southeast Alaska information.  
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Some of the efforts that have been undertaken since 2005, more information is included in FEIS and the 
planning record: 

• 2005 and 2011 - Two large scale young growth inventories of the Forest’s oldest young-growth 
stands. 

1. 2009 - FPS growth and yield model software obtained to serve as the Forest’s primary growth 
and yield model  to store, track and grow our stand inventory forward in time.  

2. 2010 - ongoing work with FBRI to establish the Tongass Inventory Database within the FPS 
growth and yield model, FBRI developed a forest wide site productivity based upon a stratified 
distribution of Forest Inventory Analysis (FIA) site measurements across the Forest.  

3. 2014 - Tongass, in conjunction with Sealaska, signed a cost share agreement with the Working 
Forest Group to hire an independent consultant to evaluate the FPS model who found the overall 
volume projections are within an acceptable range. 

4. 2014 – a review of the young-growth forest management and conditions in GIS was conducted.  

5. 2015 - “Woodstock”, a forest management modeling system was used for long term strategic 
planning in order to define the long-term, non-declining, sustained yield from our land base.  

6. 2016 – Challenge cost share agreement with the State of Alaska to conduct the currently ongoing 
young growth inventory. See response to ECON-6. 

COMMENT  
P&N-5:  The need expressed in the “purpose and need” section of the EIS is not warranted. Fuel 
prices have dropped precipitously over the last year or so, and there is no factual basis to support 
a pending climate change impact on the quality of life in the region.  

RESPONSE 
See responses to P&N-1 and P&N-3. 

The Forest Service identified the need to make the development of renewable energy resources more 
permissible…thereby displacing the use of fossil fuel” is a valid one. A fall 2015 science update entitled 
Energy Anxiety, published by the USDA Forest Service Pacific Northwest Research Station states, 
“[r]ecently, crude oil prices have dropped considerably, but it is unclear what percentage of these cost 
savings will find its way to remote communities. The statewide average annual energy costs per 
household are frequently more than twice the national average. The price of heating oil, diesel fuel, and 
gasoline weighs heavily on Alaskans, particularly for isolated and economically struggling villages.” 
(USDA 2015k) The Climate and Air section in Chapter 3 of the FEIS includes a section on climate 
change, and the effects of climate change are disclosed.  

COMMENT 
P&N-6:  The purpose and need statement is arbitrarily narrow and results in a range of 
alternatives that limit the transition timeframe and timber volume. Some concerns expressed that 
this results in a transition that is too slow and focused on timber industry needs, while other 
express the opposite, that this results in a transition that is too fast with not enough timber 
volume.  

RESPONSE 
See response to P&N-3.  

The Purpose and Need was based on a need for change. Chapter 1 of the FEIS includes a section 
entitled, Factors That Led to the Need for Change, which provides the context for the factors that led to a 
need for change.  
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The responsible official has the discretion to determine whether and how to amend the plan (36 CFR 
219.13(a)) and the Forest Service has flexibility in defining the purpose and need for action so long as it is 
not arbitrarily narrow. The Purpose and Need responds partly to the Secretary’s Memorandum that directs 
a “transition over the next 10 to 15 years, so that at the end of this period the vast majority of timber sold 
by the Tongass will be young growth.” Secretary Vilsack’s memorandum also guides that the transition 
should be implemented in a manner that preserves a viable timber industry that provides jobs and 
opportunities for Southeast Alaska residents. The Purpose and Need also responds to information 
generated during the Five-Year Review of the Forest Plan in 2013. The scope of the plan amendment is 
narrow because it is an amendment; not a revision, and the range of alternatives in the DEIS concentrate 
solely on the need for change as documented in the 5/27/14 NOI and the refined Purpose and Need 
statement in the DEIS.  

The Secretary’s Memo stated that “[the 10-15 year] timeframe will conserve old growth forests while 
allowing the forest industry time to adapt.” The Secretary did not envision an end to old-growth logging, 
and this is made clear where the Memo reads, “To ensure a smooth transition, the Forest Service will 
continue to offer a supply of old growth timber while increasing the supply of young growth to provide 
industry in Alaska the opportunity to develop new markets, learn new skills, and acquire new equipment. 
The continuation of limited sales of old growth timber is essential to maintain the existing industry until 
young growth can efficiently be processed.” In terms of “preserving a viable timber industry that provides 
jobs and opportunities for Southeast Alaska residents,” an effort to document current timber industry 
trends and to project future timber demand was undertaken. The Tongass National Forest requested the 
Pacific Northwest Research Station to update long-term Tongass National Forest timber demand 
projections, 2015 – 2030.  During the past 25 years, the U.S. Forest Service, Pacific Northwest (PNW) 
Research Station has published several studies in support of Tongass National Forest land management 
planning that estimate derived demand for Southeast Alaska timber including Brooks and Haynes (1990, 
1994, 1997), Brackley et al. (2006a), and Daniels et al. (2016).  Daniels et al. (2016) is the fifth such 
analysis performed since 1990 to assist forest planners in meeting statutory requirements for estimating 
planning cycle demand for timber from the Tongass National Forest.  The PNW Research Station’s timber 
demand projections are based on solid economic theory, peer-reviewed methodology, and rigorous and 
objective analysis.   

The intent of the Tongass Timber Reform Act (TTRA) was to maintain a timber industry in southeast 
Alaska while providing more resource protection, particularly forested buffers to fish-bearing streams in 
support of economic diversity. Providing old-growth ‘bridge’ timber during the transition is designed to 
fulfill the ‘seek to meet’ intent of TTRA. This will give industry the needed time to retool their mills or new 
industry to start up.  Determining what demand estimates mean for timber sales offered from the Tongass 
National Forest involves taking the results from Daniels et al. (2015, 2016) and using them as input to a 
supply calculation that seeks to meet annual market demand from the forest. The derived demand 
projections developed by Daniels et al. were used to estimate the market demand for the current Tongass 
National Forest planning cycle, which is 46 MMBF per year.  

Alternatives were modeled to ensure that land allocations and output schedules for alternatives are 
realistic and meet Forest Plan direction in a cost-efficient manner. Results from the modeling process are 
only approximations of what to expect when any given alternative is implemented. The main purpose of 
modeling is to aid planners in estimating likely future consequences of management prescriptions. A 
choice between alternatives can be made even though the model may lack precision in describing 
specific attributes of a given alternative. 

All action alternatives in the DEIS were developed to address the significant issues and meet the Purpose 
and Need. It is not always possible to provide all resource use opportunities in the amounts desired by 
everyone. The National Forest Management Act (NFMA) mandates the Forest Service to provide for 
multiple use and the sustained yield of the products and services obtained from the Forest. In an effort to 
help the Forest Service balance multiple use goals on the Tongass and continue to seek input from and 
work with stakeholders in the region towards this transition, the USDA established a Federal Advisory 
Committee under the Federal Advisory Committee Act to advise the Secretary and Chief on transitioning 
the Tongass to young-growth forest management. The committee, known as the Tongass Advisory 
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Committee (TAC), consisted of members from the timber industry, conservation community, Native 
interests, state and local governments and other interests. 

In January 2015, the TAC recommended the Purpose and Need should consider an alternative that 
“[maximizes] the opportunities for social and economic returns from other economic sectors that depend 
on the Forest.”  The Under Secretary responded to the TAC in writing in May 2015 stating the following: 

“Let me be clear that USDA's top priority with the Transition Framework is maintaining resilient 
communities in Southeast Alaska… Including the language in the Purpose and Need as you 
suggest would broaden the scope of the Plan Amendment in a way that would require a corrected 
NOI, and an additional public comment period prior to the Draft Environmental Impact Statement 
(DEIS).  We therefore propose recognizing the values that your suggested language addresses, 
without changing the purpose and need under NEPA.  Meeting your interests this way, the 
agency could recognize the range of social and economic values supported by the Tongass, 
without needing to re-issue the NOI for a new round of public comment.” 

The TAC recommendations were carried forward in the amended plan as Alternative 5 (preferred 
alternative), and this will enable the Forest to move out of old growth as quickly as possible and 
accelerate the transition while sustaining an economically viable timber industry. The agency has the 
authority to amend the forest plan, which is one step in addressing sustainable forestry in Southeast 
Alaska. Additional steps in the TAC’s detailed implementation recommendations provide guidance on 
elements for success in implementing the transition, and identify opportunities by which the agency, 
stakeholders, and greater community will share ownership of the transition strategy and embrace its 
successful implementation. The work done by the TAC offers the possibility of a regionally focused, 
collaborative path toward an innovative opportunity for a viable young-growth timber industry while 
honoring the suite of economic, ecological, social, and cultural values inherent in the Forest. The TAC 
provided detailed recommendations for targeted investment, financial assistance, and financing 
mechanisms for stand inventory, research, infrastructure, and retooling. These investments are intended 
to help communities and businesses successfully transition to, and thrive within, a new young-growth 
economy. 

Plan amendments are intended to be an adaptive management tool to keep plans current, effective, and 
relevant between required plan revisions (every 15 years).  Amendments help Responsible Officials adapt 
an existing plan to new information and changed conditions.  Maintaining plans through amendment also 
may reduce the workload for subsequent plan revisions.  Amendments may be broad or narrow in scope, 
depending on the need to change the plan.  An assessment for a plan amendment is not required, but 
may be developed at the discretion of the Responsible Official (see FSH 1909.12, chapter 10, section 
15).  Whether an amendment is proposed in response to changing conditions or in relation to a specific 
project, the Responsible Official should keep the scope and scale of the process, including public 
participation, commensurate with the scope of the plan amendment (CFR 219.13(b)(2)).   

The Forest Service has the authority to amend the forest plan, which is one step in addressing 
sustainable forestry in Southeast Alaska. Additional steps in the TAC’s detailed implementation 
recommendations provide guidance on elements for success in implementing the transition, and identify 
opportunities by which the agency, stakeholders, and greater community will share ownership of the 
transition strategy and embrace its successful implementation. The work done by the TAC offers the 
possibility of a regionally focused, collaborative path toward an innovative opportunity for a viable young-
growth timber industry while honoring the suite of economic, ecological, social, and cultural values 
inherent in the Forest. The TAC provided detailed recommendations for targeted investment, financial 
assistance, and financing mechanisms for stand inventory, research, infrastructure, and retooling. These 
investments are intended to help communities and businesses successfully transition to, and thrive within, 
a new young-growth economy. 

A recent report by Government Accountability Office (http://gao.gov/products/GAO-16-456) outlines 
additional steps taken or planned by the Forest Service, including comparing potential market prices for 
young-growth timber or products to the cost to harvest, transport, and process the timber; refining of 
young-growth timber data; lengthening the duration of small sale contracts to provide small-mill owners 
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with flexibility; and expanding collaborative projects to support job creation through sustainable forest 
management and improve predictability of timber supply.   

COMMENT 
P&N-7:  The Forest Service has abandoned prior commitments to Southeast Alaska communities, 
citing the July 2013 memo, signed by USDA Secretary Vilsack, to expedite the transition from old-
growth to young-growth timber harvest while supporting a viable timber industry, retaining 
industry expertise and infrastructure, and ensuring young-growth harvest in tandem with 
continued old-growth harvest to maintain the industry during the transition.  

RESPONSE 
Chapter 1 of the FEIS includes a section entitled, Factors That Led to the Need for Change, which 
provides the context for the factors that led to a need for change. One of the factors discussed in this 
section is about collaboration and the important relationships that were established that laid the 
groundwork for the “Transition Framework.”   

In a May 24, 2014 letter to the Tongass Futures Roundtable, signed by Alaska Regional Forester Beth 
Pendleton, the agency effectively announced the “Transition Framework”.  The letter indicated the 
Agency’s belief that it is possible to “provide economic opportunity and jobs to local residents and to 
sustain a viable timber industry while at the same time transitioning from timber harvesting in roadless 
areas and old-growth forests to long-term stewardship contracts and young-growth management.” (USDA 
2014).  The letter further outlines an approach to collecting input from Southeast residents and 
communities, a priority to support regional economic diversification, and a new vision for forest 
management.  Since this time, the agency has invested significant resources in conducting public 
outreach, facilitating economic development, and amending the forest plan.  As stated in the original letter 
announcing the “Transition Framework”, the agency maintained focus on the overarching goal of working 
with community members to create jobs in Southeast Alaska (USDA 2010).   

In an effort to document current timber industry trends and to project future timber demand, the Tongass 
National Forest requested the U.S. Forest Service, Pacific Northwest (PNW) Research Station update 
long-term Tongass National Forest timber demand projections, 2015 – 2030.  During the past 25 years, 
the Pacific Northwest Research Station has published several studies in support of Tongass National 
Forest land management planning that estimate derived demand for Southeast Alaska timber including 
Brooks and Haynes (1990, 1994, 1997), Brackley et al. (2006a), and Daniels et al. (in press).  Daniels et 
al. (in press) is the fifth such analysis performed since 1990 to assist forest planners in meeting statutory 
requirements for estimating planning cycle demand for timber from the Tongass National Forest.  PNW 
Research Station’s timber demand projections are based on solid economic theory, peer-reviewed 
methodology, and rigorous and objective analysis.   

PNW Research Station scientists made two trips to Southeast Alaska with the specific purpose of 
collecting information and data from public and private sector stakeholders.  Multiple meetings were 
conducted during summer and fall 2014 with the State of Alaska Department of Natural Resources, 
Alaska Mental Health Trust, Sealaska Corporation, Thuja Plicata, Western Gold Cedar Mill, Good Faith 
Lumber, and ALCAN Forest Products.  Information provided by the aforementioned, among many other 
sources, where considered in the development of long-term timber demand projections. 

Additionally, Management Approaches in Chapter 5 for the Forest Plan state the intent to “engage 
stakeholders (for example, conservation interests, timber operators, permitted user groups, and other 
interested parties) early and often to best design projects that meet ecological, social, and economic 
interests. Such inclusion would surface and resolve differences, and minimize and avoid social, 
environmental, and natural resource conflicts.  At the earliest possible time, IDTs would engage scientific 
and technical expertise, and knowledge of local resources to encourage creative thinking and enhance 
integration and coordination among jurisdictions.” 
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COMMENT 
P&N-8:  The purpose and need statement is arbitrarily narrow, resulting in a range of alternatives 
that is not broad enough to address ecological and social and economic sustainability.  Concern 
was expressed about the ecological and socio-economic changes that have occurred in the 
region since the 1997 Forest Plan was revised. The forest plan should be revised since the 2012 
Planning Rule requires that “plans to be “revised at least every 15 years.” (36 CFR 219.7(a))  

RESPONSE 
See responses to P&N-6 and P&N-7. 

The purpose and need does not support a plan revision.  We are making changes to:  

1. Amend plan direction for timber harvesting to expedite the transition to young-growth forest 
management 

2. Amend the plan direction to make the development of renewable energy resources more 
permissible, and  

3. Make miscellaneous technical adjustments to the plan.  

Because the 2008 plan amendment essentially completed the process of revising the Tongass Forest 
Plan that was initiated in 1987, the Forest Plan will not need to be revised again until 2023, unless 
changed conditions require it sooner. (USDA 2008a).  No matter when the time starts to do a plan 
revision, the annual appropriations acts for the Department of the Interior, Environment, and Related 
Agencies have regularly permitted Forest Service land management plans to be more than 15 years old if 
USDA is acting in good faith to update the plans.  The Chief’s schedule for plan revision is available 
online at http://www.fs.fed.us/emc/nfma/index.htm 

COMMENT 
P&N-9:  The purpose and need is arbitrarily narrow because it is unreasonable to focus an entire 
Plan Amendment on satisfying the perceived needs of two timber exporters at the expense of 
social, economic and ecological sustainability.  

RESPONSE 
See responses to P&N-1, P&N-6, P&N-7 and ALT-1. 

The need for change comes from a July 2013 memo from U. S. Department of Agriculture  Secretary Tom 
Vilsack (Secretary’s Memorandum 1044-009) directing the Tongass to transition its forest management 
program to be more ecologically, socially, and economically sustainable, as well as information generated 
during the Five-Year Review of the Forest Plan in 2013. 

COMMENT 
P&N-10:  Purpose and Need aims to support a marginal component of the regional economy 
instead of recreation, wildlife and fishing, which are the regional economic drivers. The Purpose 
and Need arbitrarily focuses on preserving a viable timber industry and fails to respond to 
changed conditions and circumstances in terms of multiple uses that are relevant to public land 
management in southeast Alaska. The amended plan does not meet the substantive requirement 
to provide for social, economic and ecological sustainability (36 CFR parts 219.8) and that 
substantial changes are needed to allow for a broader planning process.  

RESPONSE 
See responses to P&N-6, P&N-9, ALT-1 

Chapter 1 of the FEIS includes a section entitled, Factors That Led to the Need for Change, which 
provides the context for the factors that led to a need for change.  The purpose and need responds to the 
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specific factors identified in the Secretary’s memo - primarily rapid reduction of old-growth harvest and 
maintenance of a viable timber industry.  The purpose and need does not respond to changed conditions 
and circumstances in terms of other multiple uses because changes that have occurred and will occur in 
these areas are generally well within the range of changes anticipated by the 1997 Revision and the 2008 
Amendment.  The Responsible Official determines how broad or narrow the scope of the amendment will 
be and thereby what provisions of the Rule apply; based on the narrow scope of this amendment, the 
sustainability provision at 36 CFR 219.8 was not invoked. 

COMMENT 
P&N-11:  Consolidating the modifications made to the Forest Plan since its approval does not 
require an early transition to young-growth harvesting. 

RESPONSE 
Chapter 1 of the FEIS includes a section entitled, Factors That Led to the Need for Change, which 
provides the context for the factors that led to a need for change.  

It is not necessary to transition to young-growth harvesting to consolidate the modifications to the Forest 
Plan.  However, this is a good opportunity to include the amendments made since the decision for the 
Forest Plan was signed in 2008, update the land status from the recent Sealaska land entitlement 
finalization in the Carl Levin and Howard P. ‘Buck’ McKeon National Defense Authorization Act for Fiscal 
Year 2015, and include new resource inventory and information.  This is similar to what was done with the 
2008 amendment when there were changes to the Land Use Designations and other updates. This keeps 
the Forest Plan current as described in FSH 1909.12, chapter 20, section 21.3.   
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Range of Alternatives (ALT) 
COMMENT 
ALT-1:  The development of the preferred alternative (Alternative 5) focused narrowly on the 
sustaining or increasing jobs that facilitate the timber industry transition. Options for sustaining 
or increasing jobs in other industry sectors should have been considered.  

RESPONSE 
See responses to P&N-6, P&N-7, and P&N-9. 

In a September 30, 2013 memo entitled, Tongass Land and Resource Management Plan 5-Year Review 
Determination, the responsible official acknowledged the Secretary of Agriculture’s commitment to 
approve the establishment of an advisory committee under the Federal Advisory Committee Act (FACA) 
as amended (5 U.S.C, App. 2), and he proposed establishment of such committee to provide stakeholder 
input on the transition (USDA 2013). In an effort to assist the Forest Service in balancing multiple use 
goals on the Tongass and ensuring input from and work with stakeholders in the region towards this 
transition, the USDA established an advisory committee to provide advice and recommendations to the 
Secretary and Chief on transitioning the Tongass on transitioning to young growth forest management. A 
charter was established under FACA for the advisory committee that outlined the objectives and scope of 
advice sought from the committee. 

The advisory committee, known as the Tongass Advisory Committee (TAC), offers a regionally focused, 
collaborative path toward an innovative opportunity for a viable young-growth timber industry while 
honoring the suite of values – economic, ecological, social, and cultural – inherent in the Forest. Their 
recommendations related to modifications of the forest plan were carried forward in the amendment  as 
Alternative 5 (preferred alternative), which  enables the Forest to move out of old growth as quickly as 
possible and accelerate the transition while sustaining an economically viable timber industry.  

The agency has the authority to amend the forest plan, which is one step in addressing sustainable 
forestry in Southeast Alaska as outlined in the Secretary’s Memo. Additional steps in the TAC’s detailed 
implementation recommendations provide guidance on elements for success in implementing the 
transition, and identify opportunities by which the agency, stakeholders, and greater community will share 
ownership of the transition strategy and embrace its successful implementation. The work done by the 
TAC offers the possibility of a regionally focused, collaborative path toward an innovative opportunity for a 
viable young growth-timber industry while honoring the suite of economic, ecological, social, and cultural 
values. The TAC provides detailed recommendations for targeted investment, financial assistance, and 
financing mechanisms for stand inventory, research, infrastructure, and retooling. These investments are 
intended to help communities and businesses successfully transition to, and thrive within, a new young-
growth economy. 

COMMENT 
ALT-2:  The range of alternatives is arbitrarily narrow and a supplemental DEIS is warranted. 
Alternatives should have considered economic contributions of other industry sectors, such as 
the fishing and tourism industries that contribute to the region’s most important economic 
sectors.  

RESPONSE 
See responses to P&N-4, P&N-6, P&N-7 and P&N-9. 

COMMENT 
ALT-3:  The agency failed to fulfill its obligations under NFMA with respect to wildlife and plant 
populations because it did not analyze a no old-growth logging alternative in the EIS. Dismissal of 
the no old-growth harvest alternative was improper and no rationale was given. All Old-growth 
should be unsuitable for timber production and the PTSQ for old-growth should be zero. 
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RESPONSE 
See response to PLR-2. 

An alternative that immediately eliminates old-growth logging was analyzed during the 1997 Forest Plan 
Revision (Alternative 1). This analysis is an amendment to that revision and further consideration is not 
necessary. The rationale for not selecting that alternative is discussed on p. 16 in the record of decision 
(ROD) of the 1997 Forest Plan Revision (USDA 1997a).   

In terms of meeting the purpose and need for the amended plan, an immediate end to old-growth logging 
would not allow industry to transition. Under the TTRA (Public Law 101-626), as amended, the Forest 
Service is obligated, subject to applicable law, to meet market demand annually and for the planning 
cycle.   

COMMENT 
ALT-4:  The Purpose and Need did not accurately reflect the Secretary’s intent to transition “no 
later than 10 to 15 years” and that the agency erred by eliminating from detailed analysis an 
alternative that proposes a five-year transition. The agency’s rationale for not analyzing this 
proposal in detail is flawed.  

RESPONSE 
The Secretary’s Memo stated that “[the 10-15 year] timeframe will conserve old growth forests while 
allowing the forest industry time to adapt.” In terms of “preserving a viable timber industry that provides 
jobs and opportunities for Southeast Alaska residents,” a report was completed by the US Forest Service 
Pacific Northwest (PNW) Research Station assessing derived demand for Alaska forest products. The 
derived demand projections developed by Daniels et al. were used to estimate the market demand for the 
current Tongass National Forest planning cycle, which is 46 MMBF per year. The derived demand 
projections developed by Daniels et al. were used to estimate the market demand for the current Tongass 
National Forest planning cycle, which is 46 MMBF per year. Determining what demand estimates mean 
for timber sales offered from the Tongass National Forest involves taking the results from Daniels et al. 
(2015) and using them as input to a supply calculation that seeks to meet annual market demand from 
the forest.  

The Forest Service considered a Five-Year Transition Alternative in the DEIS and it was modeled and 
extensively analyzed; however, there were several reasons that this alternative did not meet the Purpose 
and Need and it was not carried forward for detailed analysis.  

The goal of the Five-Year transition proposal was to increase young-growth volume during this 5-year 
period to transition out of old growth logging more rapidly. Several “sideboards” were provided as part of 
this proposal to include the following: 1) total volume ≤35 MMBF per year after the transition (31.5 MMBF 
of young growth and 3.5 MMBF of old growth); 2) harvest only in Development LUDs; 3) old-growth 
harvest only in Timber Sale Program Adaptive Management Strategy Phase I lands and outside of 2001 
Roadless Areas; 4) young-growth harvest allowed only in Phase I lands outside of 2001 Roadless Areas; 
5) no harvest in beach and estuary fringe, RMAs, or in low, medium, or high vulnerability karst; and 6) 
apply CMAI flexibility - stands as young as 55 years of age (producing one-log/ tree). 

When modeled, this proposal showed that it would provide for a more rapid transition compared to the 
other alternatives, but would not allow the Forest Service sufficient time to offer enough economic old-
growth and young-growth volume during the next 10 or more years to maintain viable timber industry. 
Rationale for not analyzing in detail is disclosed in Chapter 2 of the EIS. 

COMMENT 
ALT-5:  The Forest Service should complete all old-growth timber sale planning and offerings 
within five years or sooner.  
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RESPONSE 
The Secretary’s Memo stated that “[the 10-15 year] timeframe will conserve old growth forests while 
allowing the forest industry time to adapt.” The Secretary did not envision an end to old-growth logging, 
and this is made clear where the Memo reads, “To ensure a smooth transition, the Forest Service will 
continue to offer a supply of old growth timber while increasing the supply of young growth to provide 
industry in Alaska the opportunity to develop new markets, learn new skills, and acquire new equipment. 
The continuation of limited sales of old growth timber is essential to maintain the existing industry until 
young growth can efficiently be processed.” 

Timber sale scheduling, as with any project scheduling, needs to be flexible to accommodate changes in 
policy, needs, timber appraisals, and funding. Intensive inventory work has been begun to identify the 
next old-growth ‘bridge’ timber projects but is at a stage where all of these projects cannot be identified.  
An effort is being made to include young-growth timber offerings along with old-growth timber to facilitate 
the transition. In order to have a successful transition to young-growth management, industry needs time 
to convert or retool to manufacture smaller logs and  support with old-growth timber.  

The suggested estimate that all sales need to be planned and sold by 2018 is contrary to the process 
used to offer Forest Service timber.  Sales are typically spread out over time to account for demand, 
market fluctuations, and availability of NEPA cleared timber. These will be sales of various sizes and 
would not require a 10-year contract. Old-growth is planned to be offered throughout the range of the 
transition years and beyond  

COMMENT 
ALT-6:  The range of alternatives does not include restoration options that focus on restoring the 
forest to natural processes that preserve remaining old-growth and allow young-growth forests 
set aside for conservation purposes to mature naturally and eventually develop increased wildlife 
habitat value.  Economic considerations could reallocate the old-growth timber budget toward 
restoration, supporting the fishing and tourism industries, as well as selective logging for high-
end specialty lumber operations. The Forest Service should prioritize spending to improve wildlife 
habitat, restore watersheds, and address the unmet needs of tourism, recreation, and commercial 
and sport fishing and hunting users.  

RESPONSE 
The proposed amendment has a narrow scope, which is fundamentally different from a plan revision. The 
scope of the amendment is defined in the Purpose and Need.  As such, this proposal is outside of the 
scope of the plan amendment. The responsible official has the discretion to determine whether and how 
to amend the plan (36 CFR 219.13(a)). Amending the Forest Plan responds to the July 2013 memo from 
the Secretary of Agriculture directing the Tongass National Forest to transition its forest management 
program to be more ecologically, socially, and economically sustainable. The Forest is also being 
responsive to comments from the Five-Year Review of the Forest Plan. All action alternatives in the DEIS 
were developed to address the significant issues and meet the Purpose and Need and are designed to 
protect and maintain natural processes. Setting aside young-growth forests for conservation purposes 
does not meet the Purpose and Need.  

The approved (2008) forest plan, and the ongoing program of the Tongass National Forest under that 
plan currently includes restoration actions particularly in young-growth stands, riparian areas and stream 
courses. Restoration activities would occur under all alternatives. 

COMMENT 
ALT-7:  The range of alternatives should have included eliminating even-flow harvest.  

RESPONSE 
Managing on a non-declining even-flow is a requirement established by the National Forest Management 
Act. (See Pub. L. 93-378, §13, as added Pub. L. 94-588, §11, Oct. 22, 1976, 90 Stat. 2957.) See 
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response to comment TIM-5. It is the goal of the Tongass to provide an even-flow of timber on a 
sustained-yield basis and in an economically efficient manner. The amount of timber offered each year is 
based on the objective of offering enough volume to meet the projected annual demand. That annual 
demand projection starts with installed mill capacity, and then looks to industry rate of capacity utilization 
under different market scenarios, the volume under contract, and a number of other factors, including 
anticipated harvest and the range of expected timber purchases. 

An even-flow harvest scenario provides potential purchasers sufficient volume to maintain their 
operations, keep skilled workers and allow them to maintain/ increase their skills, ensure their employees 
steady employment, and allow the purchasers to secure the financial support as needed.  Fluctuation in 
harvest already occurs with the markets, the amount of timber available and at which location due to 
mobilization and to some extent the weather. This is one of the reasons that 3 years of volume under 
contract is preferable to allow these fluctuations.  

COMMENT 
ALT-8:  Support for Alternative 5 because it transitions away from old-growth timber harvesting 
and protects some of the most important salmon producing watersheds and other biologically 
rich areas. Some expressed that it is a workable option that still provides some old-growth to local 
mills, but could be modified to exclude old-growth and/or clearcutting or to transition faster. 
Alternative 5 also opportunities for management of young growth that is in the stem exclusion 
phase. 

RESPONSE 
Thank you for your comment. The rate of transition is based on the availability of suitable young-growth 
that can be harvested economically. We agree that young-growth management will enhance forage 
availability and achieve the desired condition of stands faster in many locations.  Alternative 5 also 
protects roadless areas, T77 watersheds and TNC/Audubon conservation priority areas from old-growth 
harvest. 

See response to TIM-8 and YGAT-2. 

COMMENT 
ALT-9:  The range of alternatives does not include an environmentally preferred alternative.  There 
are many similarities between the action alternatives and that it is difficult to characterize which 
alternative is the environmentally preferable. 

RESPONSE 
The Forest Service has provided a reasonable range of alternatives that address the significant issues in 
different ways and varying degrees, and the analysis that has been completed is adequate to discuss 
preferences among alternatives based on relevant factors to identify an environmentally preferable 
alternative.  

The mere presence of timber harvest in young-growth or the amount of harvest does not preclude 
resulting benefits, such as commercial thinning in stands to encourage growth of the residual trees and 
promote understory. Each alternative differs in terms of suitability of lands (i.e., determination made 
regarding the appropriateness of various lands within a plan area for various uses or activities, based on 
the desired conditions applicable to those lands) and other plan components (goals; desired conditions; 
objectives; standards; guidelines) that provide direction and may apply forest-wide or to specific LUDs.  

The alternative or alternatives that are considered to be environmentally preferable will be identified in the 
record of decision. 

See response to comments ALT-3, ALT-6, and ALT-11. 

DEIS Comments and Responses I-20 Final EIS 



Appendix I 

COMMENT 
ALT-10:  Specific high-value suitable lands should be removed from the timber base, and 
managed primarily for restoration and for special management. On these lands, the Forest Service 
should not permit new roads, except for spur roads which extend less than one-quarter of a mile 
from an existing road. These areas should be identified for a microsale program designed in 
collaboration with local communities. 

RESPONSE 
See response to ALT-6 regarding restoration options in alternatives.  

The lands identified as suitable for timber production were determined by using a collaborative approach 
either by the Tongass Advisory Committee (Alternative 5) or by the Forest Service interdisciplinary team 
that includes a cooperative agency, the U.S. Fish and Wildlife Service (Alternatives 2, 3 and 4).   

Areas that are to be restored or enhanced are also determined through the interdisciplinary process 
including public involvement or collaboration.  

The lands proposed for special management (identified by commenters) will be managed in accordance 
with Forest Plan direction with various silvicultural prescriptions considered.  Extensions of roads or new 
roads will be the minimum amount needed to access the timber and will consider the effects to various 
resources as well as the length. Areas for microsales are identified by potential purchasers and will reflect 
their needs. 

Incidentally, for the microsale program, the potential purchasers identify the dead and down trees for 
harvest; not the Forest Service.  That way, the purchaser is identifying trees that suit the needs of their 
operation. 

COMMENT 
ALT-11:  The DEIS failed to analyze a reasonable range of alternatives by unreasonably rejecting 
the conservation group alternative that would complete the transition within five years. This 
alternative was based on using the agency’s authority to follow industry practice by cutting trees 
well before they reached CMAI, minimizing environmental impacts and maximizing reliability by 
avoiding sensitive areas, and enhancing economic viability by focusing on stands near existing 
road infrastructure and off of steep slopes. The proposal took into account research and analysis 
undertaken by Mater, Ltd., based on Forest Service data, which concluded sufficient volume 
should be available close to currently open FS roads in the Southern Tongass, in the existing 
suitable land base, and avoiding sensitive lands, to conclude a transition to young growth within 5 
years. None of the specific reasons in the DEIS for not carrying forward this alternative for 
detailed analysis, or some version of it consistent with existing data and the basic request of the 
conservation groups, is well-founded or supported.  

RESPONSE 
Although the Forest Service did commit to a quick transition in 2010 the Transition Framework (May 
2010), and initiated a process to transition the timber program on the Tongass National Forest to young 
growth management, many questions persisted about what the transition means, why we are doing it, 
how we plan to accomplish it, and how it fits in with other programs. In January 2013, a “Leader’s Intent” 
document was released by the R10 Regional Forester and the Tongass Forest Supervisor that explicitly 
outlined the vision and goals for the future young-growth timber program on the Tongass National Forest. 
While the document affirms that a future forest industry will be supported mainly by young growth harvest, 
it acknowledges that the transition to young growth will be gradual rather than abrupt to allow time for the 
young trees to mature and allow operators to adjust, adapt, and develop markets for new products 
(Leaders Intent, January 2013). 

While it is pointed out that industry in other parts of the country has been able to transition more quickly 
than 10-15 years, the direction for the Tongass has been clear that industry will have at least 10-15 years 
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(see Leader’s Intent, January 2013) and USDA Secretary’s Memorandum 1044-009 (July 2013) to 
transition. This length of time is not only to allow for a re-tooling of industry, but will also allow for the 
current young-growth stands to mature to a point where there are significant acreages of an age and size 
that could be economically harvested. The Tongass has worked diligently to update forest inventories that 
have improved our understanding of the age, location, and amount of young growth across the Tongass, 
and helped clarify the challenges in establishing an economically viable young growth program due to the 
relatively young age of the available stands. While there is a long history of timber harvest on the forest, 
large acreages were not harvested until the startup of the pulp mills in the mid-1950s. This means that 
many of the oldest young-growth stands are still just barely 60 years old. This age is considered to be on 
the low end of stands that may have economical value.  

The comment is a misinterpretation of the reason why the Forest Service cannot move more quickly than 
10-15 years. In Chapter 2, the DEIS provided detailed rationale for not carrying forward alternatives that 
would complete the transition soon (specifically looking at immediate and 5-year timeframes). Based on 
current demand projections, neither of these alternatives would provide sufficient timber volume to 
maintain the current industry (Table 2-1) due to the lack of economically viable young-growth timber. The 
Tongass Young Growth Management Strategy (2016), exhibit 9, shows acres of harvest by suitability by 
age class. Young-growth acres that were harvested prior to 1960 are fairly limited, but after 1960, there is 
an increasing amount of young-growth acreage that will be available for harvest making the transition 
much more feasible in 10-15 years.  

Four scenarios were developed in response to USDA Secretary’s Memorandum 1044-009 (July 2013). 
The resulting paper, Scenario Analysis: Young Growth Management on the Tongass National Forest, was 
completed in August, 2013 but was authorized for internal use at the time. The report analyzed four 
scenarios related to the transition of the timber program on the Tongass National Forest away from a 
reliance on old growth forest stands toward a reliance primarily on the harvest of young growth forest 
stands, to evaluate ways to achieve such a transition within 10-15 years. 

The report concluded that the only option that seems to have a realistic chance of achieving the 
Secretary's goals of implementing the transition to young growth management over the next 10-15 years 
while maintaining the current forest products industry was to make changes to the Tongass Forest Plan to 
allow young growth timber to be harvested in most areas where it currently is not allowed (for example, in 
the beach fringe and riparian management areas), except for roadless and congressionally designated 
areas. Specifically, the report concluded that: 

“There appear to be three ways to transition the Tongass timber program to young growth:  wait at least 
10 years for young growth stands to mature further before beginning the transition in earnest; provide 
additional funding for a sustained annual expenditure of several million dollars for a thinning program; or 
make changes to the Tongass Forest Plan to allow young growth timber to be harvested in most areas 
where it currently is not allowed, except for roadless and congressionally designated areas. 

Only the last option, represented in this paper by Scenario 4, seems to have a realistic chance of 
achieving the Secretary's goals of implementing the transition over the next 10-15 years while maintaining 
the current forest products industry. 

In addition to modifying the Forest Plan, transitioning under Scenario 4 requires the following:  

“Enactment of the Sealaska Lands bill, S.340 as currently drafted, including the limited exemption 
from current CMAI requirements.” (since completed); and 

“Completion of the Alaska Mental Health Trust land exchange.” 

See above discussion relating to the scenario’s analysis. The conclusion was that even with a removal of 
the requirement to meet Culmination of Mean Annual Increment (CMAI) prior to rotational harvest, the 
most aggressive scenario analyzed in the Scenario Analysis: Young Growth Management on the 
Tongass National Forest still requires a timeline of 10-15 years.  

In regards to ‘delayed regeneration’, in Ms. Mater’s report from November, 2015, it is stated that “Years to 
reach breast height is notably different based on stand age: 12 years for stands harvested 50-55 years 
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ago; 9 years for stands harvested 45-49 years ago; and just 3 years for stands harvested 40-45 years 
ago.” This is not consistent with findings from PNW growth and yield studies and we believe this 
statement is erroneous. The CSDS data show that the time required to reach breast height (4.5 feet) 
ranges from 6 to 11 years and typically it takes 7 to 9 years. Counting the annual rings in increment cores 
under field conditions is subject to considerable error. The age data for the CSDS study was obtained 
from prepared cores in the laboratory, with magnification used as necessary. 

Although a GIS analysis of the entire forest may show enough acres of young-growth, it cannot reflect the 
great amount of variability in site productivity, growth rates, species composition and access to a mill 
and/or market across the entire forest, which spans a very large geographical area. These factors are 
incredibly important when considering and planning for a transition to young-growth. If the young-growth 
stands are not economically viable at age 55, then they cannot be harvested and therefore do not help 
contribute to the supply of volume in an immediate transition to young-growth. Many acres, particularly on 
the more remote districts that do not have mills or other processors like Sitka and Juneau Ranger 
Districts, will not meet the economic requirements. In accordance with Public Law 113-291, young-growth 
timber sales may not be offered unless they represent non-deficit sales. A transition to young growth 
cannot only be based upon modeled, available volumes.  

In order to provide updated information to FBRI for the Southeast Alaska library update, the Tongass has 
funded the Pacific Northwest Research Station’s (PNW) Juneau Forestry Sciences Laboratory to 
remeasure their extensive network of permanent growth and yield plots. The permanent plots of the 
Cooperative Stand Density Study (a.k.a. the Farr Plots) were established 40 years ago and provide us 
with the long-term growth response of thinned and unthinned even-aged stands at over 50 locations 
throughout southeast Alaska. PNW is also monitoring permanent plots established by R.F. Taylor in the 
1920s. The long-term growth and yield record from the PNW permanent plots was used to create the 
southeast Alaskan variant of FPS in 2005 and more recently collected data were used in the 2015 
recalibration of the Southeast Alaska library. 
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Planning Rule (PLR) 
COMMENT 
PLR-1: The explanation in the DEIS of how the 2012 planning rule applies to the amendment is 
arbitrary and capricious because the “Forest Service is merely picking and choosing which 
provisions of each planning rule to apply.”  

The Forest Service should have complied with section 219.9 since a valid decision document 
cannot be written without explaining how the amendment complies with the 2012 planning rule’s 
substantive requirements. The Forest Service quotes section 219.14(a)(2) that says the decision 
document must include: “An explanation of how the plan components meet the sustainability 
requirements of § 219.8, the diversity requirements of § 219.9, the multiple-use requirements of § 
219.10, and the timber requirements of § 219.11.” 

The 2012 planning rule requires plans to provide for social, economic, and ecological 
sustainability (36 CFR 219.8), and the preferred alternative is contrary to the provisions in the 2012 
planning rule on ecological integrity and ecosystem diversity (36 CFR §§ 219.8(a), 219.9(a)).  

The Forest Service is charged with sustaining wolf and wildlife populations at scales smaller than 
the entire forest. The 2012 planning rule requires plans to maintain and restore ecosystem 
function on the watershed level because of the following statement from 36 CFR 212.9(a)(1): “As 
required by § 219.8(a), the plan must include plan components, including standards or guidelines, 
to maintain or restore the ecological integrity of terrestrial and aquatic ecosystems and 
watersheds in the plan area, including plan components to maintain or restore their structure, 
function, composition, and connectivity.” 

A plan revision is needed to remove the existing Transportation and Utility System overlay LUD 
under the action alternatives in the DEIS. Under the 2012 planning rule, the amendment process 
should not be used to add or remove a geographic or management area delineation from a Forest 
Plan. Instead, the amendment process envisions changing the way in which the Forest Plan 
components interact with a particular geographic or management area delineation. (36 CFR § 
219.13(a)). 

RESPONSE 
The Forest Service believes that the Agency has followed the requirements for a plan amendment 
process (36 CFR 219.13) and applied the rule appropriately. The Agency─ 

Began scoping for the plan amendment with a notice in the Federal Register on  
May 27, 2014, as required by 36 CFR 219.16 (79 FR 30074).  

Applied the best available scientific information in analyzing the effects of the proposal and the 
alternatives, as required by 36 CFR 219.3.  

Gave public notice and gave ample opportunities for public participation, as required by 36 CFR 
219.4. (See Forest Plan newsroom web page and DEIS p. 1-6.)  

Wrote the proposed direction in Chapter 5 of the proposed amended plan in the form required by 36 
CFR 219.7(e).  

Will give the public an opportunity to object to the proposed decision, as required by 36 CFR 219 
subpart B.  

Developed the proposed amendment to change substantive direction about timber harvest for 
purposes of timber production and for other multiple use purposes, including improving wildlife or fish 
habitat, so that it meets the 2012 Rule’s substantive requirements regarding timber harvest for timber 
production and other multiple-use purposes, as required by 36 CFR 219.11.  
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Integrated plan components for renewable energy direction and transportation systems corridors into 
the proposed plan amendment after consideration of the appropriate placement and sustainable 
management of infrastructure, as required by 36 CFR 219.10(a)(2) and (3).  

After careful consideration the Agency has concluded that the only practical way to interpret the 2012 
planning rule’s application to plan amendments is to focus on the proposed action—the responsible 
official’s proposed action will determine the scope and scale of the change to the plan.  To have the 
scope of an amendment be determined by all the possible resource effects could have a cascading effect, 
necessitating a broadening of the responsible official’s proposed action, and a change to the plan with 
respect to any and every affected resource.   

The rule does not explicitly direct how changes to an “old rule” plan are to be made with “new rule” 
amendments, but it clearly does not change the fundamental principle that a line officer proposes and 
decides on an action. The rule provides that “[p]lan amendments may be broad or narrow, depending on 
the need for change,” and that “[t]he responsible official has the discretion to determine whether and how 
to amend the plan.” (36 CFR 219.13(a)) (emphasis added). The rule reinforces the principle by providing 
that the rule “does not compel a change to any existing plan.” (36 CFR 219.17(c)).  

Furthermore, the rule continues to say at 36 CFR 219.17(c) that “None of the requirements of this part 
apply to projects or activities on units with plans developed or revised under a prior planning rule until the 
plan is revised under this part, except that projects or activities on such units must comply with the 
consistency requirement of § 219.15 with respect to any amendments that are developed and approved 
pursuant to this part.” This provision reflects the Agency’s intent that an amendment of an “old rule” plan 
will not require the entire plan to conform to the new rule’s substantive provisions (§§ 219.8 through 
219.11) and to be subject to the new rule’s consistency provisions (§ 219.15).  

The following words from the preamble for the planning rule show that the Department does not expect 
plan amendments to be comprehensive and meet all of the substantive provisions (36 CFR 219.8-219.11) 
of the planning rule: “[P]lans will be kept more current, effective, and relevant by the use of more frequent 
and efficient amendments, and administrative changes over the life of the plan, also reducing the amount 
of work needed for a full revision. Plan amendments incrementally change the plan as need arises. Plan 
amendments could range from project specific amendments or amendments of one plan component, to 
the amendment of multiple plan components.” (77 FR 21237 (April 9, 2012)).  

Because the responsible official has the discretion to determine whether and how to amend the plan, the 
responsible official has the discretion to determine the specific changes to propose and approve. Here, 
the forest supervisor has the duty to determine the purpose and need for the proposal. The purpose and 
need for the specific changes proposed to the Tongass plan do not support making extensive changes to 
conform the plan to §§219.8-219.10.  

The provision in 36 CFR 219.13(a), that the responsible official has the discretion to determine how to 
amend the plan, has been interpreted by some people to confer discretion regarding the amendment 
process, but not the scope and scale of the actual proposal. Such an interpretation, however, overlooks 
the fact that the rule already sets out a required process for plan amendment, at 36 CFR 219.13(b). 

Section 219.17(c) clearly states that the rule does not compel any changes to any existing plan. 
Therefore, the responsible official, not the rule, determines the scope of any amendment. By choosing the 
scope and scale of the proposed plan amendment, the responsible official determines which of the new 
rule’s substantive provisions or parts thereof are applicable.  

The determination of which of the new rule’s substantive provisions are applicable, that the amendment 
meets them, and the finding that the amendment is not opposed to the Rule’s substantive provisions must 
be supported by rationale, as documented in the DEIS.   

In this case, the Tongass proposed plan amendment appropriately meets the applicable provisions of 36 
CFR 219.11 and 219.10(a)(2) and (a)(3) and will not be opposed to any of the other substantive 
provisions of the 2012 rule.   
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With respect to whether removing the existing Transportation and Utility System overlay LUD may be 
achieved through an amendment, the Rule provides an unequivocal affirmative answer.  The last 
sentence of 36 CFR 219.13(a) states that: “Except as provided by paragraph (c) of this section [regarding 
administrative changes], a plan amendment is required to add, modify, or remove one or more plan 
components, or to change how or where one or more plan components apply to all or part of the plan 
area (including management areas or geographic areas).” (Emphasis added.) The Department added the 
phrase “including management areas or geographic areas” to the final planning rule to clarify that an 
amendment is required for any change in how or whether plan components apply to those areas (77 FR 
21238). An amendment may remove all the plan components within a LUD and remove the LUD itself.  

COMMENT 
PLR-2:  The proposed plan amendment does not meet requirements for viability, and does not 
meet the viability requirements of 1982 rule (section 219.19 of the 1982 rule). The proposed 
amendment would make substantive changes to the existing wildlife standards and guidelines 
thereby affecting the Tongass National Forest Old-growth Habitat Conservation Strategy. Those 
changes make the diversity requirements in 36 CFR 219.9 of the 2012 rule applicable. The Forest 
Service should therefore comply with 36 CFR 219.9. 

RESPONSE 
The Tongass Land and Resource Management Plan was developed using the 1982 rule. No obligations 
exist from the 1982 rule, as that rule no longer exists (36 CFR 219.17(c)). Implementing the viability 
requirement of the now superseded planning regulations, the Tongass Forest Plan contains a goal of 
providing an abundance and distribution of old-growth habitat to maintain viable populations of wildlife in 
the forest.  The proposed amendment retains that goal in the Old-growth Habitat Conservation Strategy 
(hereafter ‘Conservation Strategy’) and the Wildlife Forest-Wide Standards and Guidelines, with plan 
direction to “Provide the abundance and distribution of habitat necessary to maintain viable populations of 
existing native and desirable non-native species well-distributed in the planning area (i.e., the Tongass 
National Forest).” (WILD1IIB, Proposed Forest Plan, p. 4-82). 

Whether the diversity requirements of the 2012 rule applies to this amendment is determined by what the 
responsible official proposes. Here, the proposal is focused on accelerating the transition to young-growth 
timber harvest. The timber focus of the amendment therefore causes the 2012 rule’s timber provisions, at 
section 219.11, to apply. The proposed amendment would not change the plan’s Conservation Strategy 
for wildlife, and so does not require the application of section 219.9. Even so, the Tongass Old-growth 
Habitat Conservation Strategy (“Conservation Strategy”) in the forest plan meets the intent of the 2012 
planning rule to provide the ecological conditions to both maintain the diversity of plant and animal 
communities and support the persistence of most native species in the plan area. The amended plan also 
provides the additional species-specific plan components to maintain viable populations. The amended 
plan, under any alternative proposed, will therefore be at least as protective as 36 CFR 219.9.  

At this time, the responsible official does not propose to redesign the Tongass Conservation Strategy in 
light of 36 CFR 219.9 for diversity of plant and animal communities. In particular, the regional forester is 
retaining and using the list of Alaska Region Sensitive Species (“sensitive species”) for the Tongass and 
is not designating species of conservation concern (SCC) at this time under 36 CFR 219.9.   

The proposed amendment includes plan components to improve habitat conditions in young growth 
stands and, as part of that direction, to mitigate effects on fish and wildlife, consistent with 36 CFR 
219.11(c) and 36 CFR 219.11(d)(3). This amendment triggers section 219.11(d)(3), which requires that 
timber harvest “would be carried out in a manner consistent with the protection of soil, watershed, fish, 
wildlife, recreation, and aesthetic resources.” Also, section 219.11(c) gives discretion to allow timber 
harvest for purposes other than timber production including improving fish and wildlife habitat. The 
amended plan therefore includes S&Gs to mitigate effects of harvest on fish and wildlife.  

The plan as amended will continue to fulfill our obligations under the NFMA to “provide for diversity of 
plant and animal communities based on the suitability and capability of the specific land area to meet 
overall multiple-use objectives.” (16 U.S.C. 1604(g)(3)(B)). The plan as amended would continue the 
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Tongass strategy to provide for the diversity of plant and animal communities, through management of 
both ecosystem conditions (the Conservation Strategy) and species-specific conditions (through S&G’s) 
as set forth in the 2012 planning rule at 36 CFR 219.9. This approach is sometimes characterized as the 
‘coarse-filter/fine-filter’ approach to conservation.  

The coarse-filter/ fine-filter approach is a complementary ecosystem and species-specific approach to 
provide for the diversity of plant and animal communities and the long-term persistence of native species 
in the plan area. This approach is a well-developed concept in the scientific literature and has broad 
support from the scientific community. Indeed, this approach has been used on the Tongass since 1997. 

The coarse filter focuses on ecological integrity, maintaining or restoring characteristics of the 
environment as expressed by features such as composition, structure, function, and connectivity of 
ecosystems, to maintain diversity and persistence of native species. Land management units with 
ecosystems exhibiting a high level of integrity or with plans that maintain and restore ecosystems are 
assumed to support the conservation of the vast majority of species.  

The fine filter, and associated plan components, complements the coarse filter by providing for additional 
specific habitat needs or other ecological conditions of at-risk species, when the responsible official 
determines those needs are not met through the coarse-filter.  

Implementing the viability requirement of the now superseded planning regulations, the 1997 Forest Plan 
developed a conservation framework for wildlife and integrated several elements into its Tongass 
Conservation Strategy. The proposed amended plan retains that framework, including a standard 
requiring the plan provide the abundance and distribution of habitat necessary to maintain viable 
populations of existing native and desirable non-native species well-distributed in the plan area. Below we 
explain the Tongass Conservation Strategy, the history of the Tongass Conservation Strategy, the 
proposed amendment, the effects of the proposed amendment on the Tongass Conservation Strategy, 
and the effects of the proposed amendment to species.  

The Tongass Conservation Strategy  

The Tongass National Forest Old-growth Habitat Conservation Strategy also uses the approach to 
conservation outlined at 219.9 in the 2012 Rule, the so-called coarse-filter/fine-filter approach to maintain 
ecological integrity while allowing multiple uses to occur. The Agency designed the Tongass 
Conservation Strategy to provide the spatial extent, distribution, and connectivity of old-growth forest 
ecosystems to support well-distributed, viable populations of old-growth associated species. Based on 
principles of conservation, a network of large, medium, and small sized old-growth reserves (OGRs) 
allocated to the Old-Growth Habitat Land Use Designation (LUD) plus all small islands less than 1,000 
acres remain intact. This largely undisturbed habitat is distributed across the Tongass National Forest. In 
addition to the broad, ecosystem-focused OGRs, additional conservation measures are provided through 
the standards and guidelines that apply to timber harvest in the matrix (DEIS, p. 3-186).  

The old-growth reserves retain ecosystem integrity by maintaining a functional and interconnected 
ecosystem. The standards and guidelines applicable to matrix lands ensure ecological conditions that 
support at-risk species and other old-growth associated species. The plan includes specific direction to 
provide ecological conditions for many species, including: bald eagle, brown bear, goshawk, heron, 
marbled murrelet, marten, mountain goat, river otter, deer, and wolf.  

At-risk species include federally listed species under the Endangered Species Act (ESA), and sensitive 
species. No federally listed fish species originate from Alaska streams. Some federally listed fish stocks 
occur in marine waters near the forest (DEIS, p. 2-110). No federally listed plants occur on the Tongass 
National Forest. The regional forester identified 16 plants which are known or suspected to occur on the 
Tongass as sensitive species (DEIS, p. 3-134). Some federally listed wildlife species occur in the marine 
waters: humpback whale, fin whale, sperm whale, and Steller sea lion (Western Alaskan distinct 
population segment) (DEIS, p. 3-210).  

The proposed amended plan adds standards to protect the Aleutian Tern and black oystercatcher, which 
were identified as sensitive species since the plan was last amended. Although several species were also 
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removed from the species list, the proposed amended plan retains standards and guidelines protecting 
those species.  

History of the Tongass Conservation Strategy  

The Tongass Old-Growth Conservation Strategy was designed through a collaborative effort by a broad 
range of scientists, Alaska Department of Fish and Game, and U.S. Fish and Wildlife Service, and 
underwent intensive peer review. The strategy was initially established as part of the 1997 plan revision 
process. The Tongass Conservation Strategy was developed to maintain a functional and interconnected 
old-growth forest ecosystem on the Tongass by retaining intact, largely undisturbed habitat. Outside of 
reserves, components of the old-growth ecosystem are maintained by standards and guidelines to protect 
important areas and provide old-growth forest habitat connectivity. A series of expert risk assessment 
panels prepared viability risk assessments based on this framework. Using the panels’ assessments, the 
Agency determined that there was a moderate to very high probability of maintaining sufficient habitat to 
maintain viable populations of wildlife species on the Tongass under the 1997 Plan.  

The Agency believes those probability estimates are very conservative because the panels of experts 
assumed timber harvest at 267 MMBF annually for 100 consecutive years, with no change in applicable 
S&Gs. (ROD 2008, p. 19)  

The Tongass Conservation Strategy was designed to take into account extensive timber harvest on non-
NFS lands and relied little on non-NFS lands to maintain ecological integrity. (DEIS, p 3-202 to 203). The 
strategy maintains habitat for well-distributed, viable wildlife populations in the plan area (DEIS, Appendix 
D, p. D-16). 

The 2008 Tongass amended plan added to the Tongass Conservation Strategy a forest-wide legacy 
forest structure standard, replacing the 1997 goshawk foraging and marten habitat S&Gs. This standard 
applies to watersheds with high levels of timber harvest. It requires the retention of forest structural 
components such as patches of large trees, downed logs, and snags (dead trees) after timber harvest.  

The 2008 amended plan enhanced the network of small OGRs by reconfiguring the network based on an 
interagency review to increase habitat protection and to reduce operational conflicts. In addition, the 2008 
amended plan increased the amount of land allocated to other non-development LUDs by 69,000 acres, 
effectively increasing the extent of the old-growth habitat reserves.  

In 2015, the National Defense Authorization Act for Fiscal Year 2015 conveyed 69,585 acres of NFS land 
to the Sealaska Native Corporation. To compensate for the loss of OGR lands, the Agency proposed 
boundary modifications that would result in a net increase of 6,171 acres of OGR and 7,148 acres of 
productive old growth (POG) forest included in the reserve system from existing (post-conveyance) levels. 
(DEIS, Appendix E).  

The Proposed Amendment 

The proposed amendment accelerates the transition to young-growth timber harvest and makes the 
development of renewable energy more permissible. The proposed amendment maintains the integrity of 
the Tongass Conservation Strategy. To ensure the transition does not adversely affect wildlife, the 
proposed amendment includes standards and guidelines to improve wildlife habitat conditions and long–
term ecological function in young growth stands. (36 CFR 219.11(d)). In addition, the proposed 
amendment makes technical corrections to fix clerical errors, to conform the plan to changes of new 
statutory or regulatory requirements, and to add explanatory material about how the amendment will 
apply to projects on the ground.  

The proposed amendment accelerates the transition time from primarily old growth harvest to primarily 
young growth harvest from 32 years to 16 years resulting in a reduction in the extent of old-growth forest 
harvest. The proposed amendment would change the suitability of specific young-growth stands in beach 
and estuary fringe, old growth habitat LUD, and riparian areas from “not suitable for timber production” to 
“suitable for timber production.” (DEIS, Appendix D, Table 2, p. D-9).  
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By shifting away from old-growth harvest, the Agency would preserve undeveloped land in unroaded 
areas, contributing to unfragmented wildlife habitats. Young-growth timber harvest would occur within the 
previously harvested footprint and maximizes the use of existing roads to access young-growth stands. 
The proposed amendment identifies 11 percent of the productive forest land as suitable. However, the 
proposed amendment would only harvest 0.8 percent of the productive old growth (POG) after 100 years. 
Under the proposed amendment, the annual PTSQ would be 46 MMBF during the first decade and 56 
MMBF during the second decade (DEIS, p. 3-307). Therefore, more old-growth is retained under the 
proposed amendment than under the current plan. (DEIS, Appendix D, p. D-7).  

Alternatives 2, 3, and 4 would relax the S&Gs for “high vulnerability” karst areas. Alternatives 2, 3, and 5 
would relax the scenic integrity objectives to allow additional harvest. Given that these non-wildlife S&Gs 
are not part of the Conservation Strategy, relaxing these S&Gs will have no effect on the functioning of 
the Conservation Strategy. (DEIS, Appendix D, p. D-16). 

Effects of the proposed amendment on the Tongass Conservation Strategy  

The Agency has disclosed the effects of the proposed amendment on plant and animal communities in 
the environmental impact statement. The Tongass Conservation Strategy, particularly the extent and 
distribution of old-growth habitat, has been found to be stronger than anticipated in the 1997 analysis.  
Past and projected harvest of old-growth forest are far lower than predicted in 1997. In addition, the 
Forest Plan designates Inventoried Roadless Areas, even if part of the land within the forest development 
LUD, as not suited for timber production, subject to the District Court of Alaska’s 2011 judgment 
reinstating the Roadless Rule on the Tongass (Organized Village of Kake v. USDA, 1:09-cv-00023 (May 
24, 2011)). Timber harvest in these roadless areas is prohibited (Appendix D, p D-6). The forest contains 
about 111,000 more acres of POG today, than was predicted in 1997 (DEIS, Appendix D, D-17). Today, 
92 percent of the original productive old growth that was inventoried in 1954 (5.4 million acres) still occurs 
on the Tongass. Under all alternatives, we estimate 91 percent will remain in 100 years. (DEIS, p. 3-195; 
DEIS Table 3.9-12).  

Within the Old-growth Habitat LUD and other non-development LUDS, young-growth forest stands do 
have ecological value. Under the action alternatives, openings created by even-aged timber harvest 
provide abundant forage for deer as sunlight reaches the forest floor enhancing the growth of forage 
(DEIS, p. 3-217). In addition, thinning of young-growth stands in the stem exclusion stage would also 
improve the forage for deer for 15 to 25 years (DEIS, p. 3-244). The Tongass Conservation Strategy, as 
designed in 1997, did not rely on the value of young-growth forest stands when assessing the risk to 
viability of old-growth associated at-risk species (DEIS, Appendix D, p. D-8). For this reason, and due to 
the spatial distribution and quantity of suitable young-growth harvest in the non-development LUDs, 
harvest of young-growth in these areas would pose a zero to very low risk, depending on the selected 
alternative, to the function and integrity of the Tongass Conservation Strategy that maintains old-growth 
associated species (e.g., marten, goshawks, flying squirrels). (DEIS, Appendix D, p. D-7 to D-10). 
Therefore, there would be no change to the functioning of this contributing element of the Conservation 
Strategy. (DEIS, Appendix D, p. D-8). 

The beach and estuary fringe is a 1,000-ft wide corridor adjacent to saltwater shorelines; it consists of 
productive old growth, unproductive forest, young growth forests, and non-forest types. For all 
alternatives, due to the very local nature of effects, the beach and estuary fringe would continue to act as 
an ecological transition zone between interior forest and saltwater influences, maintain landscape 
connectivity, and provide benefits to the marine environment across the planning area, including sustain 
habitats for goshawks and bald eagles. (DEIS, Appendix D, p. D-11 to D-13). Therefore, there would be 
no measurable change to the functioning of this contributing element of the Conservation Strategy. (DEIS, 
Appendix D, p. D-13). 

For all alternatives, the riparian areas would continue to maintain ecological functions of aquatic and 
terrestrial habitats, maintain water quality, and provide connectivity across the planning area for all the 
alternatives due to the local and short term nature of effects to the riparian areas. (DEIS, Appendix D, p. 
D-14). Therefore, there would be no measurable change to the functioning of this contributing element of 
the Conservation Strategy. (DEIS, Appendix D, p. D-14). 

Final EIS I-29 DEIS Comments and Responses 



Appendix I 

Effects of the proposed amendment to species 

Across the landscape of Federal and non-Federal lands within the boundary of the Tongass, ecological 
conditions (habitat) support viable populations of fish, plants, and wildlife. The likelihood of a wildlife 
population persisting over time has been suggested to be related to maintaining 20 to 50 percent of the 
habitat on the landscape (DEIS, p-3-261). Looking at all lands, all of the biogeographic provinces on the 
Tongass are projected to maintain at least 57 percent of the original (1954) POG after 100 years of Forest 
Plan implementation under the proposed amendment. (DEIS, p. 3-261).  

The Agency prepared a draft biological evaluation (BE) to analyze and document the effects of the 
proposed action on sensitive species. The review included consideration of the following sensitive 
species: Steller sea lion (Eastern Alaskan DPS), Queen Charlotte goshawk, Aleutian tern, black 
oystercatcher, and Kittlitz’s murrelet. The overall findings for all sensitive species was that the plan, as 
amended, may affect individuals but is not likely to result in a trend toward federal listing or loss of viability 
of the species.  

Allowing harvest in young-growth stands in the Old-growth Habitat LUD and other non-development 
LUDS, the beach and estuary fringe, and the riparian management areas may reduce the local function of 
these areas to for  some species, and but opening up these areas for commercial harvest would also 
allow for commercial thinning to improve habitat quality in lower value stands. (DEIS, p. 3-237).   

All of the alternatives would maintain the integrity of the Conservation Strategy by maintaining the 
functioning of the system of old-growth reserves in the Old-growth Habitat LUD and other non-
development LUDS (DEIS, Appendix D, p. D-8). Also, the effects to the beach and estuary fringe would 
be short-term (10-15 years) after each entry and more localized in these areas (DEIS, Appendix D, p. D-
12. Also, because of the local nature of effects under all of the alternatives, riparian areas would continue 
to maintain aquatic and terrestrial habitats, maintain water quality, and provide landscape connectivity 
across the planning area (DEIS Appendix D, p. D-14).  

In addition, “all of the alternatives are expected to maintain a functional and interconnected old-growth 
ecosystem, capable of supporting well-distributed, viable wildlife populations across the planning area; 
therefore none of them are expected to increase the likelihood of species listing under the ESA.” (DEIS, 
Appendix D, p 18).  

The 2012 rule at 36 CFR 219.17(c) makes it clear that the responsible official determines the scope and 
content of any amendment and therefore determines which substantive provisions of the 2012 rule are 
applicable. This determination must be supported by rationale and informed by the best available 
scientific information and cannot be opposed to the applicable substantive provisions of the 2012 rule. 

The proposed amendment meets the applicable substantive provisions of the 2012 rule, i.e., 36 CFR 
219.11.  In addition, the amended plan will meet the intent, if not the letter, of other substantive provisions 
of the 2012 rule, such as the diversity provisions of 36 CFR 219.9. The amended plan would retain the 
underlying plan’s coarse/fine filter approach to maintain ecological integrity and provide ecological 
conditions for at-risk species.  None of the proposed alternatives would reduce the ability of the 
Conservation Strategy to maintain a functional and interconnected old-growth ecosystem across the 
planning area and the overall functioning of the Conservation Strategy in terms of its ability to maintain 
viable, well-distributed populations of wildlife across the planning area would not be affected.  The 
amended plan will be consistent with the NFMA requirement to “provide for diversity of plant and animal 
communities based on the suitability and capability of the specific land area to meet overall multiple-use 
objectives” (16 U.S.C. 1604(g)(3)(B)). Therefore, no additional changes are needed to the amended plan 
to implement any other substantive provisions of the rule. (36 CFR 219.8 through 219.11). 

COMMENT 
PLR-3:  Concerns were expressed about the approach that was taken to amend the 2008 Forest 
Plan saying it is confusing and will likely result in decisions that are inconsistent and lead to 
conflict. The priority of direction now includes both direction from both the 1982 and 2012 
planning rules. There is acknowledged variance among standards and guidelines between 
Chapters 3, 4 and 5 and inconsistent definition of terms. Using the blended planning rule 
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approach is confusing and would likely contribute to inconsistent and poorly understood decision 
making. 

RESPONSE 
Additional text has been added to Chapter 1 of the Forest Plan to clarify; see Priority of Direction. 

COMMENT 
PLR-4. The proposal implicates wildlife habitat and makes substantive changes to the existing 
wildlife standards and guidelines previously contained for the Forest Plan Conservation Strategy, 
and that these changes make the diversity requirements of the 2012 Planning Rule (36 CFR 219.9) 
applicable. 

RESPONSE 
See response to PLR-2. 

COMMENT 
PLR-5:  The 2012 Planning Rule represents the best available scientific process for maintaining 
diversity of plant and animal communities, but the Forest Plan Amendment did not name species 
of conservation concern, nor employ an updated population viability analysis. The Forest Service 
must explain that the Forest Plan Amendment complies with NFMA’s diversity mandate, and this 
explanation must be added to the FEIS and record of decision (ROD).  

RESPONSE 
See response to PLR-2. 

COMMENT 
PLR-6:  The agency is required to identify species of conservation concern to comply with the 
2012 Planning Rule’s monitoring provisions. Not updating the monitoring plan as part of the 
Forest Plan Amendment represents a waste of government resources.  

RESPONSE 
See response to PLR-2 regarding diversity requirements of 36 CFR 219.9. 

The plan monitoring program has been modified to meet the requirements of 36 CFR 219.12 (c). The final 
planning directives, (Forest Service Handbook [FSH] 1909.12, ch. 30, sec. 32.3) provide guidance 
regarding identifying species of conservation concern (SCC) when transitioning to the plan monitoring 
program. Because SCC is a new category of species that did not exist before the 2012 Planning Rule, 
there is no requirement for SCC to be identified and monitored before a plan is revised under the rule.  

COMMENT 
PLR-7:  To comply with 36 CFR 219.14, the Forest Service cannot amend a forest plan under the 
2012 Planning Rule without first implementing the four substantive provisions (sections 219.8, 
219.9, 219.10 and 219.11). Nothing in section 219.14 or the preamble to the 2012 Planning Rule 
indicates that the Forest Service intended those explanations to be discretionary. 

RESPONSE 
See response to PLR-1 for planning rule applicability and PLR-2 regarding diversity requirements of 36 
CFR 219.9. Chapter 2 of the DEIS (p. 2-3) explains how the 2012 Planning Rule applies. 

The proposed plan amendment adds provisions to and modifies provisions of the 2008 Forest Plan. As 
explained in Chapter 6 of the amended plan, the 2012 Planning Rule requirements for project consistency 
with plan components apply only to additions and modifications (36 CFR 219.15(d)). 
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The Agency has reviewed the wording of both the 1982 planning rule and the 2012 planning rule dealing 
with the NFMA requirements of providing for diversity of plant and animal communities. The Agency has 
disclosed the effects to plant and animal communities in the EIS.  

The final planning directives, effective January 30, 2015, are now available. These directives are the key 
set of agency guidance documents that direct implementation of the 2012 planning rule. The Agency’s 
goal is to ensure an adaptive land management planning process that is inclusive, efficient, collaborative 
and science-based to promote healthy, resilient, diverse and productive National Forests and 
Grasslands. The final directives will support consistent approaches to achieving the broad goals of the 
2012 planning rule.  

The 2012 planning rule was developed through the most collaborative rulemaking effort in Agency history. 
The complete planning rule, including the preamble and rule text, along with other informational materials, 
is listed in the News section below. 

Please see the Collaboration and Public Involvement webpage for information on the collaborative efforts 
used during development of the rule. Links are also located in the left banner of this website providing 
information on the history of forest planning; the basics on what's involved in forest planning and why it's 
important; as well as answers to frequently answered questions (FAQs) about the rulemaking process. 

Text has been added to Chapter 1 of the Forest Plan to clarify; see Priority of Direction. Additionally, 
management approaches have been added to Chapter Five to clarify the intent to consider all resources 
in Renewable Energy and TSC planning. 

COMMENT 
PLR-8:  Changes made to the old-growth Conservation Strategy in the amendment are significant 
and trigger compliance with the viability requirements of 36 CFR 219.9 of the 2012 Planning Rule. 
The approach to modifying the Conservation Strategy without conducting a new viability analysis 
for each affected species violates NEPA and NFMA. 

RESPONSE 
See response to PLR-2. 

COMMENT 
PLR-9:  Concerns were expressed regarding the proposed Amendment’s “Priority of Direction” in 
Chapter 1 of the Proposed Forest Plan.  The problem with the Amendment’s priority of direction is 
that Chapter 5 plan components were developed under the 2012 Planning Rule without regard to 
wildlife viability or diversity. Chapter 5 direction now takes priority over all other plan direction, 
but wildlife diversity was not properly considered in developing those priority components. That 
represents an arbitrary and capricious agency decision, and it is inconsistent with NFMA and both 
2012 and 1982 Planning Rules. 

RESPONSE 
See response to PLR-1 and PLR-2. 

Text has been added to Chapter 1 of the Forest Plan to clarify; see Priority of Direction. Additionally, 
management approaches have been added to Chapter Five to clarify the intent to consider all resources 
in Renewable Energy and TSC planning. 
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Timber (TIM) 
COMMENT 
TIM-1:  Use of the Sustained Yield Limit is incorrect. This limit includes logging on lands not 
suited for timber production. This violates the National Forest Management Act, the Multiple-Use 
Sustained-Yield Act, and implementing regulations.  

RESPONSE 
Refer to Table 3.13-10 in the DEIS. This table shows the PTSQ as compared to the Sustained Yield Limit 
(SYL) which is the amount of timber, meeting applicable utilization standards, “which can be removed 
from [a] forest annually in perpetuity on a sustained-yield basis” (16 U.S.C. part 1611(a); 36 CFR 
219.11(d)(6)). It is the volume that could be produced in perpetuity on lands that may be suitable for 
timber production. Calculation of the limit includes volume from lands that may be deemed not suitable for 
timber production after further analysis during the planning process. The calculation of the SYL is not 
limited by land management plan desired condition, other plan components, or the planning unit's fiscal 
capability and organizational capacity. The SYL is not a target but is a limitation on harvest. Chapter 5 of 
the Forest Plan now includes the following forest-wide timber standard: 

S-TIM-01: Not including salvage or sanitation harvest, the quantity of timber sold in a decade may not 
exceed the sustained yield limit of 2480 million board feet (MMBF). 

The PTSQ of each of the alternatives is an indicator of possible future timber supply level that each 
alternative would produce. PTSQ is the estimated quantity of timber meeting applicable utilization 
standards that is expected to be sold during the plan period. The PTSQ is also based on the planning 
unit’s fiscal capability and organizational capacity. It should be noted in Table 3.13-10, that the 
percentage of the SYL that each PTSQ represents ranges from 36 to 54 percent, depending on the 
alternative, with the preferred alternative representing 38 percent of the SYL. These percentages are for 
decades 3 and later; for decades 1 and 2 the percentages range from 19 to 27 percent. 

COMMENT 
TIM-2:  Young-growth harvest should increase at a rate equivalent to the decrease in old-growth 
harvest. 

RESPONSE 
Page 9 of the Tongass Advisory Committee’s Final Recommendations (Forest Plan, Appendix B) refers to 
replacing old-growth harvest with young growth on a one-to-one volumetric basis. This is addressed in 
the Forest Plan, Chapter 5 under the Forest-wide Multiple-use Goals and Objectives (Chapter 2) section 
where forest-wide timber objectives O-TIM-01 and 02 refer to offering a combination of old growth and 
young growth to meet demand. Forest-wide objective O-TIM-01 refers to the one-to-one exchange where 
it states …”When young growth offered is less than 41 MMBF, provide old growth to make up the 
difference and achieve the annual market demand of 46 MMBF.” 

COMMENT 
TIM-3:  The Forest Service should cease its practice of implementing project-specific plan 
amendments to facilitate timber sale planning at the expense of the Conservation Strategy. 

RESPONSE 
See response to PLR-1. 

A plan amendment process relies on the Responsible Official’s identification of the need to change a 
plan. If a proposed project is not consistent with the plan, the Responsible Official has the option to start a 
plan amendment that, if approved, would accommodate the project. The final planning directives (FSH 
1909.12, chapter 20, section 21.31) provide guidance for project-specific plan amendments and 
administrative review. 
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See Management Approaches for Wildlife in Forest Plan Chapter 5, Young Growth plan content.  

COMMENT 
TIM-4:  The Forest Service should release a full and detailed sale schedule for the transition and 
identify the caps that will not be exceeded during Transition Years. 

RESPONSE 
The Woodstock model analysis involved first maximizing young-growth harvest under a non-declining 
even flow and then adding old-growth volume to reach an annual average harvest of 46 MMBF and 
maximizing the net present value.  The alternatives were designed to include the maximum amount of 
young growth that can be sold on a sustainable basis, but this amount is limited by the economics of 
young-growth harvest.  Figures 3.22-12 to 3.22-16 in the Final EIS display the amount of young-growth 
and old growth projected to be sold during 5-year periods, based on modeling.  However, these amounts 
would be affected by the actual annual demand, market fluctuations, NEPA-cleared volumes available, 
and other factors, so specific limits on old-growth harvest cannot be committed to in advance.  The only 
commitment that can be made is that young-growth volume will replace old-growth volume over time as 
rapidly as the economic availability of young-growth allows (see the response to Comment TIM-2). 

FSH 1909.12, Section 22.34 states that the plan should not include a “to do” list of projects and expected 
dates. While a full and detailed schedule for the next 5 years is certainly desirable and every effort will be 
made to obtain it, it is not immediately able to be produced.  An intense inventory of young growth is just 
now begun in collaboration with the State of Alaska to get information that will better enable the Forest 
Service to identify those areas of both young growth and old-growth that meet the criteria of feasible, 
economic offerings and meet all Forest Plan Direction.  

Two tables have been added to Forest Plan Appendix A. 1) Vegetation Management Practices (acres) 
Annual Average per Decade; and 2) Average volume outputs for the 1st and 2nd decades for Tongass 
National Forest planned timber sale program.  

In addition, the following forest-wide timber standard has been added to Chapter 5 of the Forest Plan:  

S-TIM-01 Not including salvage or sanitation harvest, the quantity of timber sold in a decade may 
not exceed the sustained yield limit of 2480 million board feet (MMBF). 

COMMENT 
TIM-5:  The Forest Service should manage on an even-flow, long-term sustained yield basis. 

RESPONSE 
The Tongass is currently and will continue to manage on a non-declining even-flow as required by the 
National Forest Management Act. (See Pub. L. 93-378, §13, as added Pub. L. 94-588, §11, Oct. 22, 
1976, 90 Stat. 2957.) For the Forest Plan in 1997 and in 2008, the Allowable Sale Quantity was 
determined for suitable lands. It was determined that 267 MMBF/year could be harvested on the suitable 
lands on an even-flow, long-term sustained yield basis. The analysis in this EIS determines how much all 
lands that carry productive forest land could produce if these lands were not withdrawn from the suitable 
base due to legislated or administrative withdrawals. This is the sustained yield limit (SYL). Projected 
Wood Sale Quantity (PWSQ) is an estimate of the volume of all timber and other wood products that is 
expected to be sold during the plan period from expected harvests for any purpose (except salvage 
harvest or sanitation harvest) on all lands in the plan area. The PWSQ includes all woody material likely 
to be sold from these harvests whether or not the woody material meets the utilization standards. The 
Projected Timber Sale Quantity (PTSQ) is an estimate of the volume of timber that is expected to be sold.  
PWSQ and PTSQ must take into account the fiscal capability of the planning unit and be consistent with 
all plan components. The PWSQ and PTSQ have been determined in the proposed Forest Plan and 
includes both young-growth and old-growth yields. 
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Two tables have been added to Forest Plan Appendix A. 1) Vegetation Management Practices (acres) 
Annual Average per Decade; and 2) Average volume outputs for the 1st and 2nd decades for Tongass 
National Forest planned timber sale program.  

In addition, the following forest-wide timber standard has been added to Chapter 5 of the Forest Plan:  

S-TIM-01 Not including salvage or sanitation harvest, the quantity of timber sold in a decade may not 
exceed the sustained yield limit of 2480 million board feet (MMBF). 

COMMENT 
TIM-6:  The Forest Service should not allow old-growth clearcutting as part of a stewardship 
contract. Concerns were expressed in reference to the Big Thorne Stewardship Integrated 
Resource Timber Contract where this sale included thinning of young growth stands that 
provided stewardship credits for large old-growth clearcuts. This does not follow the original 
intent of stewardship contracts. 

RESPONSE 
Stewardship contracts are but one mechanism for funding resource enhancement projects.  Stewardship 
was not used for years in the Alaska Region even though it was used elsewhere in the Forest Service for 
the very reason you mention. However, by not using the money generated from stewardship contracts, 
we were losing the opportunities to fund not only precommerical thinning, but also other projects such as 
trail restoration and stream enhancement. As we transition to young-growth, less and less old-growth 
forest will be harvested and eventually stewardship contracts may not be used for the remaining old-
growth harvest. 

COMMENT 
TIM-7:  Ecological concerns should be considered as a priority as part of “favorable logistical 
access” in Timber Sale planning. 

RESPONSE 
The first management approach for young-growth in Chapter 5 of the Forest Plan states: “The intent is 
that young-growth areas are generally treated in priority of most return and least environmental risk.” 
Favorable logistical access is an economic criteria and is considered along with “least environmental risk.”  

Additional management approaches for young growth provide the intent for integrated resource 
management when designing projects. For example, “The intent is that responsible officials engage 
stakeholders (for example, conservation interests, timber operators, permitted user groups, and other 
interested parties) early and often to best design projects that meet ecological, social, and economic 
interests. Such inclusion would surface and resolve differences, and minimize and avoid social, 
environmental, and natural resource conflicts.” 

COMMENT 
TIM-8:  Trees are a renewable resource and removal of old-growth habitat is not an irreversible 
commitment. 

RESPONSE 
Irreversible includes loss of future options, primarily for non-renewable resources but also includes those 
that are only renewable over long periods of time.  Under the current Forest Plan 100 year rotation, 
young-growth timber in development LUDs would be re-harvested before the stands develop old-growth 
characteristics (150+ years).  Following complete removal of the overstory, it may take 300 years or more 
for a stands in Southeast Alaska and Northern coastal British Columbia to develop old-growth ecological 
characteristics (Orians and Schoen 2013).  Therefore, clearcut timber harvest creates a permanent loss 
of old-growth habitat within development LUDs and a permanent reduction of habitat capability to support 
old-growth associated species.   
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COMMENT 
TIM-9:  A complete inventory and a better growth model are needed for young growth. 

RESPONSE 
The Tongass has conducted young growth inventories covering 60,000 acres and we are planning new 
inventories of all young growth stands over 55 years old and 15,000 acres in stands 40 to 55 years old. 
Additionally, The Forest Planning and Projection System (FPS) growth and yield model is well tested and 
calibrated with long-term growth and yield data from Pacific Northwest. 

See response to P&N-4.  

COMMENT 
TIM-10:  Agency fails to completely identify Tongass lands not suited for timber production. The 
Forest Service should remove all unsuitable lands from the development LUD Group in the FEIS 
to assure the public that the Projected Timber Sale Quantity is consistent with all plan 
components. Neither the public nor agency must await a Plan Revision before removing these 
unsuitable acres from the timber base.  

RESPONSE 
The model implementation reduction factor (MIRF) is intended to capture those acreages that have been 
mapped as “suitable” but are actually not suitable due to unmapped streams or unstable slopes or other 
resource features that would preclude timber harvest. See the Forest Plan FEIS, Appendix B, pp. B-17, 
B-23 and B-24.  MIRF does not influence how much is scheduled but rather helps identify how much is 
available for scheduling.  We start out with the mapped suitable lands, which represents what is suitable 
based on GIS mapping.  Then we apply the MIRF and reduce the acreage of the mapped suitable, 
producing an estimate of the actual suitable acreage.  Finally, the scheduled suitable acreage is that 
acreage that was needed to meet the outputs over 100 years based on the Woodstock model. An 
explanation of how the scheduled acreage was determined has been added to the FEIS, Appendix B.  
The suitable acres not scheduled are not harvested because of economics or they were not needed to 
achieve modeling objectives.  The acres are still considered to be suitable and may be harvested in the 
next planning cycle if they still meet the criteria for suitable at the time. 

During forest land and resource management planning, the Forest Service is required to identify lands 
suited and not suited for timber production (36 CFR 219.11). Suitability of Lands is considered a plan 
component in the 2012 Planning Rule, and modifying or removing suitable lands requires a plan 
amendment. The Forest Service followed the guidance in Forest Service Handbook (FSH 1909.12, 
chapter 60) to meet the requirements in 36 CFR 219.11. A review of the suitable lands was completed for 
Alternative 5 (preferred alternative) and it is displayed in Appendix A of the Forest Plan.  This has been 
carried forth and unsuitable acres have been removed from the timber base.  

Proposed LUD changes common to the action alternatives are described in Chapter 2 of the FEIS. No 
other LUD changes are proposed to remove the lands not suited for timber production from the 
Development LUDs and incorporate these lands into the natural setting LUDs because that would require 
additional scoping. 

COMMENT 
TIM-11:  The proposed Forest Plan objective O-TIM-01 violates the Tongass Timber Reform Act 
(TTRA) because it essentially makes the planning cycle demand projection of 46 MMBF into an 
annual timber target. 

RESPONSE 
As discussed in Appendix G to the Draft EIS, Section 101 of the 1990 Tongass Timber Reform Act 
(TTRA) states:  
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Subject to appropriations, other applicable law, and the requirements of the National Forest 
Management Act of 1976 (Public Law 94-588), except as provided in subsection (d) of this 
section, the Secretary shall, to the extent consistent with providing for the multiple use and 
sustained yield of all renewable forest resources, seek to provide a supply of timber from the 
Tongass National Forest which (1) meets the annual market demand for timber from such forest 
and (2) meets the market demand from such forest for each planning cycle. 

Starting in 1990, the PNW Research Station has developed a series of trend projections that estimate 
market demand for each planning cycle (Brooks and Haynes 1990, 1994, 1997; Brackley et al. 2006a, 
Daniels et al. 2016).  These studies address the planning cycle demand portion of TTRA’s “seek to meet” 
requirement.  The Forest Service developed the Morse methodology in 1990 as a means to comply, year-
to-year, with the annual demand portion of the “seek to meet” requirement.  This is discussed further in 
Appendix G to the Draft EIS. 

The comment is concerned that a new Forest Plan objective for Timber (O-TIM-01) included in the Draft 
Forest Plan essentially makes the latest planning cycle projections (Daniels et al. 2016) equivalent to 
meeting annual market demand, with the level fixed at 46 MMBF each year.  This is not the case.  The 
Morse methodology will continue to be used to comply, year-to-year, with the annual demand portion of 
the “seek to meet” requirement.  The Forest-wide multiple-use objectives O-TIM-01 and O-TIM-02 have 
been revised in the Final Forest Plan to make this clearer and avoid further confusion. 

COMMENT 
TIM-12:  The legacy forest structure standard should be designed specifically for young-growth 
harvest, and new Forest Plan components should consider the amount and distribution of 
residual old-growth and require retention of additional young-growth as necessary to meet the 
intent of the standard. The Forest Service should develop guidance on treatments that would 
accelerate succession of retained young-growth toward old-growth conditions.  If retention of 
structure in young-growth stands would delay the transition to primarily young-growth harvest, 
additional alternatives that use a longer transition period should be developed and fully evaluated.  

RESPONSE 
Alternatives 3 and 4 included the following management approach for wildlife (FEIS Appendix F): 

“When implementing young-growth timber harvest projects larger than 20 acres in VCUs that have had 
concentrated past timber harvest, it is intended that 30 percent of the young growth stand acres should 
be left. The purpose is to retain sufficient residual trees to diversify the structural characteristics of the 
stand and provide for future recruitment of snags. The VCUs where this is intended to apply are ones in 
which 33 percent or more of the productive old growth has been harvested since 1954. (Consult Forest 
Plan Chapter 4 under Wildlife section (WILD1), IV. Legacy Forest Structure.)” 

Forest-wide wildlife standard for Legacy Forest Structure in Chapter 4 in the Forest Plan was clarified to 
make this more clear by adding the following clarification: 

“The list of VCUs where Legacy Standards and Guidelines apply should be verified during project-specific 
planning and analysis based on the harvest standards above.” 

Specific stand treatments are determined at the project level after site-specific analysis by an 
interdisciplinary team (IDT), and the IDT can recommend the use of legacy retention or similar measures 
to the responsible official through the harvest prescription or as project mitigation measures. 

In responding to the USDA Secretary’s Memo (1044-009), the Forest Service identified the need (in 
Purpose and Need) to expedite the transition away from old-growth timber harvesting and towards a 
forest products industry that uses predominantly second-growth – or young-growth – forests. The goal is 
to “transition over the next 10 to 15 years, so that at the end of this period the vast majority of timber sold 
by the Tongass will be young growth.” A longer transition period does not meet Purpose and Need. Action 
alternatives are not “reasonable” if they do not respond to the purpose and need for the action. 

Final EIS I-37 DEIS Comments and Responses 



Appendix I 

Developing additional alternatives outside the range of alternatives analyzed in the DEIS would require a 
supplement.  

COMMENT 
TIM-13:  The Forest Plan authorization for clearcutting young-growth is arbitrary and does not 
include a justification for clearcutting. The DEIS never considers whether clearcutting should be 
the primary method for removing trees given that less destructive means of removing the trees 
are available. Clearcutting it is not the optimum method if there other ways to achieve 
regeneration goals, such as maintaining stands of Sitka spruce or Alaska yellow cedar within 
timber units, or through pre-commercial or commercial thinning. 

RESPONSE 
The silviculture prescriptions, such as clearcutting or thinning, are not decided at the Forest Plan level. 
Therefore, a justification for clearcutting is not required. Any clearcut prescriptions at the project level will 
have a justification at that time. The Forest Plan has the latitude for all prescriptions to be used (see 
Chapter 4 of the Forest Plan, Timber section, Silvicultural Examination and Prescription: TIM2) and 
further direction is provided in the Forest Service Handbooks. 

The timber section in Chapter 3 of the FEIS, Table 3.13-8 displays the timber management practices as 
modeled. As explained in the text, this does “not limit the manager’s ability to use any regeneration 
method to best meet project goals and objectives.”   

COMMENT 
TIM-14: The Forest Service should take closer account of the TAC's detailed recommendation that 
if any suitable young-growth acres are removed from the timber base as a result of future review 
processes, an equal number of acres should be added to the young-growth base. 

RESPONSE 
Alternative 5 is based on the Final Tongass Advisory Committee (TAC) Final Recommendations (Forest 
Plan, Appendix B). Under Alternative 5, areas identified as not suited for timber production are partially 
based on the Land Use Designation (LUD).  On Page 4 of the TAC recommendations, Overarching 
Principles (4) states “Co-intent occurs on all suitable and non-suitable acres, and with proper S&Gs can 
work to meet multiple uses associated with the Forest.” However, on page 6, under Recommendations for 
Land Use Designations and Standards and Guidelines, the TAC recommended that “the USFS does not 
seek young growth volume or change S&Gs…” in specific non-development LUDs and areas (e.g., 
Remote Recreation LUD, roadless areas, high vulnerability karst, steep slopes). 

The only Forest Plan LUDs not included in this list that address forested land as not suited for timber 
production are the Research Natural Areas LUD and Experimental Forest LUD.  Research Natural Areas 
are unmodified environments where natural processes prevail and therefore do not lend themselves to 
timber production and young-growth harvest would be incompatible. Experimental Forests are to be 
managed for the purpose for which they were established. Young-growth harvest has occurred in the 
Maybeso Experimental Forest for research needs rather than for timber production goals.   

The TAC did recommend to “Fully utilize currently allowed prescriptions in beach buffer, Old Growth 
Reserves, and Riparian Management Areas (RMAs) (outside of TTRA) that improve fish and wildlife 
habitat and create a commercial by-product.” Further, young growth volume produced from these 
treatments should be counted toward the Projected Timber Sale Quantity (PTSQ) (Page 7 for Final TAC 
Recommendations).  These were included in Alternative 5 (DEIS, p. 2-34).  

To represent a more complete application of young-growth harvest on lands suited for timber production, 
Alternatives 2 and 3 would allow harvest in both development and non-development LUDs, except for 
Congressionally designated and administratively withdrawn areas and islands < 1,000 acres. In addition, 
Alternative 2 also considered the portions of inventoried roadless areas (IRAs) that were roaded before 
the 2001 Roadless Rule and during the 2001 Roadless Rule exemption period for the Tongass to be 
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suitable for young-growth and old-growth harvest, after rulemaking to modify 36 CFR 294.13(b)(4). 
Alternative 3 assumed 2001 Roadless Rule changes would occur, and considered lands in 2001 
Roadless Rule IRAs to be suitable for timber production after rulemaking to modify 36 CFR 294.13(b)(4). 
Therefore, these two alternatives expand the suitable young-growth timber base as part of the range of 
alternatives considered in the DEIS.   

COMMENT 
TIM-15: The Forest Service should take closer account of the TAC's detailed recommendations, 
including additional federal aid, new policies for planning and overseeing sales, and new 
oversight panels. 

RESPONSE 
These recommendations, while important, are not part of the analysis for the impacts of the Forest Plan 
amendment on various resources. Rather, they are items that will come into play during the 
implementation of the amended Plan, if adopted.  These items are more dependent on outside influences 
rather than things that can be developed for a Forest Plan.  While the timber demand calculation does 
come into play in providing a reliable supply of timber, there is no way to guarantee this supply primarily 
due to the fact that most of our timber harvest projects are litigated and the decision to implement them is 
often dictated by the courts. 

COMMENT  
TIM-16:  One entry into the beach and estuary fringe will not advance the stand to late seral stage, 
especially if a 200-foot strip is left along the shoreline.  

RESPONSE 
The young-growth plan components and management direction for Beach and Estuary Fringe (BEACH) 
in Chapter 5 of the Forest Plan are based on the Tongass Advisory Committee recommendations 
(Alternative 5). 

The integrity of the Conservation Strategy was included as an issue for the proposed Forest Plan 
Amendment; one part of that concern was the effect harvest within contributing elements of the 
Conservation Strategy (such as the beach fringe, RMAs, and Old-growth Habitat LUD) could have on 
wildlife species that depend on these areas for part or all of their life cycle.  Limited young-growth harvest 
is allowed in these areas under the 2008 Forest Plan but because the volume from any trees cut or 
removed does not count as commercial timber volume, these treatments are often prohibitively expensive 
and therefore not utilized or result in heavy slash accumulation that reduces the effectiveness of the 
treatment as a habitat improvement.  The proposed changes to the Forest Plan under Alternative 5 would 
make it easier to include these stands along with nearby young growth in traditional development LUDs 
and allow for more flexibility in choosing a harvest prescription that will benefit the stand.    

The plan amendment is designed to produce a transition to young-growth management over the next 10-
15 years (life of the plan).  Under Alternative 5, we do not foresee a need to enter the young-growth 
stands in the beach, RMA, and Old-growth Habitat LUD more than once during that timeframe.  Under the 
proposed Forest Plan, there are young growth standards that constrain re-entry in these areas unless 
there is scientific justification to do so.  (See S-YG-BEACH-02, S-YG-RIP-02, and S-YG-WILD-02 in 
Chapter 5.) Habitat improvement projects could also be conducted in the future to meet LUD objectives 
(current process).  

Alternative 5 does not prevent treating all young-growth acres in the beach, RMA, and Old-growth Habitat 
LUD, but does set standards for those treatments and establishes desired conditions.  All young-growth 
acres could be treated with commercial thinning (up to 35 percent removal) or up to 35 percent of the 
stand acres could be harvested if an even-aged prescription is used.  Site specific analysis at the project 
level will compare the existing stand characteristics to the desired conditions and determine if and how 
the stand should be treated to achieve the desired conditions; some acres may already be moving toward 
old-growth conditions naturally while others may be in a dense, stem exclusion phase requiring treatment.   
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A buffer immediately adjacent to the shoreline would contribute to future structural complexity of the 
stand.  It would provide a minimal wind buffer, some snow interception, provide for wildlife movement, or 
the trees/root systems could be used as denning sites for marten or river otter. The trees may be large 
enough, or approaching the size needed, to be used as perching or roosting trees for eagles.  Likely 
these trees are beginning to produce cones and can serve as a seed source for the adjacent harvest. 

COMMENT 
TIM-17:  The Forest Service should modify its use of the term “young-growth.” Suggestions 
included defining it to include 130-150 year old trees or, conversely, that this is too old and an age 
of 40 to 80 years is more appropriate. 

RESPONSE 
Young growth stands that would be harvested under the proposed amendment are typically a minimum of 
65-75 years old (DEIS page 3-310), and have not yet reached the understory reinitiation stage which 
occurs at around 150 years of age in Southeast Alaska (Alaback 1984). See Forest Plan Chapter 7, 
Glossary. On the Tongass, a forest younger than 150 years old is considered young-growth forest. 

COMMENT 
TIM-18: Why was the TAC only given 10‐15 years to make the transition happen? The transition in 
such a short time is destined to fail.  

RESPONSE 
Please see Response to P&N-1.  The timeframe of 10 to 15 years came from the Secretary’s 
Memorandum 1044-009 that directed a “transition over the next 10 to 15 years, so that at the end of this 
period the vast majority of timber sold by the Tongass will be young growth.”  This was used as a goal for 
the design of the TAC alternative and the action alternatives analyzed in the FEIS.  As can be seen, in 
Chapter 2 of the DEIS, two of the alternatives fully achieved this goal and three alternatives, including the 
TAC alternative, required more than 15 years to fully transition. 

COMMENT 
TIM-19:  The DEIS and Forest Plan failed to consider plan components that reduce the scale and 
size of old-growth clearcuts. The DEIS identifies NFMA requirements to limit clearcutting, and 
national directives to limit clearcutting except when essential to meet Forest Plan objectives, but 
then it arbitrarily picks out timber economic objectives from the Forest Plan to the exclusion of 
multiple use objectives. [DEIS at 3-299-300].  

RESPONSE 
The purpose and need and the resulting scope of this amendment does not include limiting the size of 
old-growth clear cuts. Currently, most old-growth clear cuts on the Tongass are less than the maximum 
allowed under NFMA.  The DEIS section referred to in the comment simply describes the options that are 
available for timber management. As the transition occurs, old-growth timber harvest will be reduced, thus 
also reducing clearcutting of old-growth stands. See forest-wide timber objective O-TIM-01 in Chapter 5. 

COMMENT 
TIM-20:  The Forest Plan failed to develop measures to respond to Alaska Yellow Cedar Decline. 
Harvest of healthy Alaska Yellow Cedar should be limited with the goal of maintaining healthy 
stands. 

RESPONSE 
While there is much of uncertainty on the effects of continuing climate change on Alaska yellow-cedar 
(AYC) populations and regeneration, the Forest has ensured long-term survival by allocating much of the 
Alaska yellow-cedar’s range on the Tongass to non-Development LUDs, while also practicing active 
forest management like thinning and planting to encourage future establishment and survival of future 
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AYC trees.  All of these practices are already part of the Forest Plan, TIM-2, and will continue to be 
practiced. 

A report, A Climate Adaptation Strategy for Conservation and Management of Yellow-Cedar in Alaska, 
PNW-GTR-917, January 2016 (Hennon et al., 2016) acknowledges that the health of yellow-cedar varies 
throughout its extensive range, with nearly 600,000 acres of declining trees mapped. Within these areas, 
up to 70 percent of the Alaska yellow-cedar are dead and/or dying from climate caused cedar decline. 
Although it is declining in some areas, in northern areas of Southeast, the tree appears healthy and the 
projections for its survival is optimistic. Hennon et al., 2016 acknowledges that while yellow-cedar may be 
declining at a fast rate in some areas, the species is unlikely to become extinct according to models that 
have projected survival to the year 2080.   

According to Hennon et al., 2016, active forest management offers the most direct opportunity for 
adapting to climate change and responding to yellow-cedar decline (page 189). Forest management 
practices can increase the abundance of yellow-cedar in habitats that are expected to be favorable into 
the future, and other approaches can be used to restore some ecosystem functions in decline-affected 
forests. The Tongass has used precommercial thinning and tree planting to favor Alaska yellow-cedar in 
areas where they can be expected to thrive in the future.  

The Tongass has planted over 1000 acres of Alaska yellow-cedar since 2012, selecting recently 
harvested areas that are north facing, higher elevation and contain well-drained soils in an effort to re-
establish cedar seedlings in areas that will be best suited for survival in a changing climate.  While deer 
predation can cause mortality in young AYC trees in some areas, the Tongass has worked in conjunction 
with the U.S. Forest Service, Pacific Northwest (PNW) Research Station, Sealaska, and Oregon State 
University to conduct studies to determine successful methods to ensure seedling survival.  The Forest 
also precommercially thins between 5,000 to 7,000 acres of young conifer stands a year. Since 
approximately 1990, Alaska yellow-cedar has been the preferred species in nearly all contracts, allowing 
growing space free from competition from the faster growing Sitka spruce and western hemlock. On the 
other hand, past practices favored Sitka spruce.  Therefore older young growth stands are predominately 
spruce and hemlock with a very low cedar component. 

The Center for Biological Diversity petitioned for listing Alaska yellow-cedar for endangered status under 
ESA in July 2014. The U.S. Fish and Wildlife Service ruled in April 2015 that the petition warranted further 
research, but a final ruling has not been issued. 

COMMENT 
TIM-21: The Forest Service should stop harvesting old-growth and mature young-growth 
immediately or within 5-years. Currently planned old-growth timber sales should be stopped.  

RESPONSE 
Refer to ALT-3 and ALT-4. 
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Conservation Strategy (CONS) 
COMMENT 
CONS-1:  The changes proposed in the Forest Plan, such as implementing silvicultural treatments 
on a programmatic scale without any scientific support for its assumptions and conclusions, 
adversely affect the long-standing wildlife Conservation Strategy. The DEIS does not disclose or 
analyze the broad scope of these changes, or consider the significant uncertainties and unknown 
risks associated with plan components for commercial thinning and patch clearcuts in protected 
areas. The Forest Service also ignores relevant science that has developed since the 2008 Forest 
Plan was adopted, including science that questions many of the assumptions of the Conservation 
Strategy itself. All of these considerations are exacerbated by the fact that the Proposed Forest 
Plan dramatically changes the agency’s approach to resolving conflict between plan provisions. 
Under the Proposed Forest Plan, Chapter 5 would prevail over the rest of the plan in the event of 
conflict or discrepancies between directions. the consequences of this dramatic change in 
management is not addressed in the DEIS. 

RESPONSE 
The Tongass Conservation Strategy was designed to maintain viable and well distributed populations of 
old-growth associated species.  Most of the proposed changes in this amendment pertain to young-
growth; old-growth harvest remains unsuitable in conservation areas such as non-development LUDs, 
beach and estuary fringe, and riparian management areas. Completely changing the Conservation 
Strategy to a different approach would be outside the scope of this amendment.  

This amendment considers effects of allowing young-growth harvest and renewable energy siting in 
contributing elements of the Conservation Strategy (beach, RMA, and Old-growth Habitat LUD). 

DEIS Appendix D contains a review of possible effects to Conservation Strategy changes that are 
proposed, such as young-growth harvest in the beach fringe.  Forest-wide, suitable acres of young growth 
in the beach fringe, RMA, and Old-growth Habitat LUD are about 2 percent, 4 percent, and 3 percent of 
the total acres in that component, respectively.  Projects must still maintain landscape connectivity per 
WILD1.VI.A (Chapter 4) and several Young Growth plan components inChapter 5 set constraints and 
expectations on young growth harvest:  

DC-YG-01 references sustaining diversity and productivity of ecosystems;  

DC-YG-03 and DC-YG-04 reference maintaining or improving fish and wildlife habitat by accelerating 
old-growth conditions;  

GL-YG-01 provides a constraint for maintaining or improving habitat conditions at the landscape level;  

DC-YG-BEACH-01 states that the beach and estuary fringe provide habitat and connectivity for 
wildlife and opportunities for accelerating old-growth characteristics;  

S-YG-BEACH-01 and 02, S-YG-RIP-01 and 02, and S-YG-WILD-01 and 02 set constraints for 
maximum limits on opening sizes and allow for only one entry per stand in the beach fringe, RMAs, 
and Old-Growth Habitat LUD;  

S-YG-BEACH-03 provides a constraint for a minimum 200-foot-wide forested no commercial harvest 
corridor;   

DC-YG-RIP-01 states that RMAs are managed to accelerate old-growth characteristics in order to 
improve riparian functions for soil, water, fish, wildlife, and other resources; and  

DC-YG-WILD-02 states that in the Old-Growth Habitat LUD young growth stand treatments emulate 
the natural scale and distribution of disturbance patterns.   

In addition several management approaches in Chapter 5 explain the intent of implementation for these 
plan components.   
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For renewable energy sites, DC-RE-02 states that renewable energy resources are developed in a 
manner that would maintain and protect NFS lands and resources; a management approach for 
renewable energy was added to the Forest Plan that explains the intent that renewable energy plan 
components do not change the need to ensure that resource protection measures are incorporated during 
project-level planning, construction, and operation of renewable energy sites. 

The Forest is not changing its approach to resolving conflict between provisions of the Plan.  Under the 
2008 Forest Plan, Chapter 3 direction (LUD-specific standards and guidelines) prevailed over Ch. 4 
(Forest-wide standards and guidelines) just as it does under this Forest Plan; this amendment simply 
adds that Chapter 5 direction, which is new, prevails over Chapter 3 only in the event of conflicting 
direction.  Standards and guidelines in Chapters 3 and 4 still apply except in a few instances where 
Chapter 5 provides a specific plan component such as suitability for young-growth harvest that would be 
relevant to a particular project.  In Chapter 1 of the Forest Plan, under the Priority of Direction section, t 
content was added to make clear that when applying Chapter 5 direction, all laws, regulations, and policy 
pertaining to management of National Forest resources will be followed, such as Clean Water Act, 
Endangered Species Act, and approved best management practices to avoid, minimize, or mitigate 
environmental impacts. 

Silviculture prescriptions, such as clearcutting or thinning, are not decided at the Forest Plan level; a 
model was run to allow resource specialists to analyze potential effects but this does not limit the options 
available to be implemented at the project level after site-specific analysis. See also TIM-13 response 
regarding silvicultural prescriptions 

COMMENT 
CONS-2:  The Proposed Forest Plan disregards the original Tongass Conservation Strategy, 
which was set up to protect apex predators. The Proposed Forest Plan pushes back the original 
sideboards of the Conservation Strategy. This is most dramatically evident on Prince of Wales 
Island, where 94 percent of the contiguous large-tree old-growth stands have been eliminated 
since 1954 (Albert and Schoen 2013).  As a result, we can expect significant declines in Sitka 
black-tailed deer populations.  The preferred alternative in the Proposed Forest Plan will erode the 
original Tongass Conservation Strategy, increase risks to the Archipelago wolf, and is contrary to 
the provisions in the 2012 planning rule on ecological integrity and ecosystem diversity (36 CFR. 
219.8(a), 219.9(a))  

RESPONSE 
See responses to CONS-1, PLR-2, WOLF-3, and WOLF-5, and EIS Appendix D. 

Overall, the Conservation Strategy is functioning under conditions that are much better than anticipated at 
the time of its development. Actual and projected old-growth harvest levels under the current Forest Plan 
(Alternative 1) are far below levels predicted under the 1997 Forest Plan, which formed the context within 
which the [original] Conservation Strategy was intended to function.  This has occurred largely because of 
economics and a significant decline in the timber industry due to various factors (Appendix D, FEIS).   

This Forest Plan reduces the amount of old-growth harvest in about 10-15 years, while increasing the 
amount of young-growth harvested.  During this transition timeframe, harvest of old-growth will occur in 
the same land use designations as the 2008 Forest Plan (Timber Management, Modified Landscape, and 
Scenic Viewshed) and is within the effects considered and disclosed in the 1997 and 2008 Forest Plan 
Conservation Strategy analyses.  The Forest Plan also allows for young-growth harvest in portions of the 
contributing elements of the Conservation Strategy (e.g., beach and estuary fringe, RMAs, and non-
development LUDs). Proposed modifications to contributing elements of the Conservation Strategy under 
the action alternatives have the potential to result in localized reductions in the functioning of these 
elements. That is, young-growth harvest may locally alter forest structure and reduce connectivity, but the 
beach and estuary fringe and RMAs would continue to function as intended across the planning area by 
serving as ecological transition zones, maintaining freshwater and marine aquatic and terrestrial habitat, 
and providing landscape connectivity (Appendix D, FEIS). The Forest Plan includes several plan 
components that ensure that young-growth projects would maintain habitat and connectivity for wildlife 
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and opportunities for accelerating development of old-growth characteristics. (See Forest Plan Chapter 5 
young growth direction.) The young growth direction also includes management approaches that describe 
the principal strategies and program priorities the Responsible Official intends to employ to carry out 
projects and activities developed under the Plan. Management approaches are intended to assist the IDT 
to design projects that would maintain or move the forest toward desired conditions. (See Chapter 6, 
Project Consistency Requirements.) 

The Forest Plan is a programmatic document that sets guidance for activities Forest-wide.  Including 
specific components for one location, for example Prince of Wales Island, are generally not included in 
programmatic direction.   

The 94 percent (Albert and Schoen 2013) large-tree reduction since 1954 pertains to high-volume stands 
which are defined differently by Albert and Schoen (2013) than large-tree for the Forest Service analysis.  
Further, this reduction is true of the existing condition, not a result of this plan amendment.  

In addition, the numbers calculated for the Forest Plan amendment do not match those of Albert and 
Schoen (2013) for either large tree or high volume: page 3-204 of the DEIS shows original acres of high-
volume in the North Central Prince of Wales biogeographic province on all lands (NFS and non-NFS) to 
be 479,014 acres with 54 percent remaining and page 3-205 shows large-tree POG in that province to be 
235,402 acres with 50 percent remaining while Albert and Schoen indicate 77,536 hectares (about 
191,514 acres) of original high-volume with 6 percent remaining.   

COMMENT 
CONS-3:  Alternative 5 is not an acceptable alternative because it compromises the integrity of the 
Conservation Strategy. The Forest Service has concluded that the “beach fringe was a very key 
feature of the overall Tongass Conservation Strategy.”  Beach and riparian buffers are essential to 
maintaining viable populations of old-growth dependent wildlife and marine-associated species. 
The Forest Service should not relax protections for the areas by allowing young-growth harvest in 
them. The Forest Service has not properly accounted for the major impacts that would result from 
relaxing protections for these areas. 

RESPONSE 
Beach fringe and riparian management areas provide landscape connectivity functions and old-growth 
habitat for numerous species.  These areas are not suited for old-growth timber production as in the 1997 
and 2008 Forest Plans.  In some cases, young growth in these areas is not functioning to its potential as 
forested habitat; the desired condition for such stands is to accelerate development of old-growth 
characteristics, maintain habitat and connectivity, and emulate the natural scale and distribution of 
disturbance.  Several species-specific standards and guidelines also remain in place, such as nest and 
den buffers and protection of waterfowl and shorebird habitat.  Each project decision must say how the 
project is consistent with plan components, including desired conditions. 

Forest-wide, suitable acres of the maximum amount of young growth that would be harvested in beach 
fringe, RMA, and OG LUD under any alternative comprise a very small component of the forest land 
within each of these plan components. Forest-wide maximum young-growth harvest would affect 
approximately 2.4 percent, 3.3 percent, 1.2 percent, and 0.4 of the forest land within the beach and 
estuary fringe under Alternatives 2, 3, 4, and 5, respectively.  Likewise, Forest-wide maximum young-
growth harvest would affect approximately 6.7 percent and less than 1 percent of the forest land within 
RMAs, outside of TTRA buffers, under Alternatives 2 and 5, respectively. Finally, under Alternatives 2, 3, 
and 5 the maximum amount of young-growth harvest in the Old-growth Habitat LUD would comprise 
approximately 3.3 percent, 2.8 percent, and 0.2 percent of the forest land (young-growth, POG, and 
unproductive forest) within the Old-growth Habitat LUD Forest-wide, respectively, and less than 1 percent 
of the forest land within other non-development LUDs (Alternatives 2 and 3 only). are about 2 percent, 4 
percent, and 3 percent of the total acres in that component, respectively.  Therefore, proposed 
modifications to contributing elements of the Conservation Strategy (e.g., beach and estuary fringe, 
RMAs, and non-development LUDs) under Alternatives 2, 3, 4, and 5 have the potential to result in 
localized, temporary reductions in the functioning of these elements (see response to CONS-1 and 
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CONS-2). That is, young-growth harvest may locally alter forest structure and reduce connectivity, but the 
beach and estuary fringe and RMAs would continue to function as intended across the planning area by 
serving as ecological transition zones, maintaining freshwater and marine aquatic and terrestrial habitat, 
and providing landscape connectivity. Additionally, as noted above, the transition to young-growth 
management would result in a significant reduction in the amount of projected old-growth harvest. 
Therefore, none of the alternatives would reduce the ability of the Conservation Strategy to maintain a 
functional and interconnected old-growth ecosystem across the planning area. When this is considered in 
conjunction with the plan components that are in place for young growth harvest in these areas (see 
CONS-1), any effects are anticipated to be localized and temporary.  

Overall, the Conservation Strategy is functioning under conditions that are much better than anticipated at 
the time of its development. Actual and projected old-growth harvest levels under the current Forest Plan 
(Alternative 1) are far below levels predicted under the 1997 Forest Plan, which formed the context within 
which the Conservation Strategy was intended to function.  Under the 1997 Forest Plan, it was projected 
that 84 percent of the original (1954) POG forest would remain in 100 years.  Under the Proposed Forest 
Plan (Alternative 5) and the action alternatives, 91 percent of the original POG forest is anticipated to 
remain. This equates to approximately 400,000 acres of additional old-growth than were assumed during 
the development of the Conservation Strategy. These additional POG acres may function as additional 
reserves, enhance existing reserves, or increase the effectiveness of the matrix when located around 
harvest units. Moreover, with the Roadless Rule in effect, inventoried roadless areas (approximately 
2,148,000 acres of development LUDs in roadless areas containing about 828,000 acres of POG) make 
an additional contribution to the maintenance of ecological function on the Tongass National Forest but 
do so outside of the elements of the Conservation Strategy. As such, the substantially greater presence 
of old-growth forest on the landscape across the planning area would outweigh the localize effects of 
young-growth harvest proposed in the Old-growth Habitat LUD, the beach and estuary fringe, and RMAs 
that would result under the action alternatives. 

The Forest Service analyzed and disclosed the potential environmental consequences of young-growth 
harvest to contributing elements of the Conservation Strategy (e.g., beach and estuary fringe, RMAs, and 
non-development LUDs) under Alternatives 2, 3, 4, and 5 in the FEIS (See FEIS Chapter 3, Biodiversity 
section, Effects to the Old-Growth Forest Ecosystem). Appendix D of the FEIS also includes a section 
about the Integrity of the Conservation Strategy and discusses the ability of each alternative to maintain 
the integrity of the Conservation Strategy. 

The proposed amendment retains the goal of providing an abundance and distribution of old-growth 
habitat to maintain viable populations of wildlife in the forest in its Wildlife Forest-Wide Standards and 
Guidelines, with plan direction to “Provide the abundance and distribution of habitat necessary to maintain 
viable populations of existing native and desirable non-native species well-distributed in the planning area 
(i.e., the Tongass National Forest).” (WILD1IIB, Proposed Forest Plan, p. 4-82). 

See responses to PLR-2 and FEIS Appendix D. 

COMMENT 
CONS-4:  The DEIS and Forest Plan lack detail on the harvest prescriptions for harvest in the 
beach fringe, Riparian Management Areas, and non-development LUDs. For example, the number 
of units, gaps between them, and the number of units in the specific area need to be explored and 
direction developed appropriately. We appreciate that the overarching LUD management goal and 
future desired  conditions  would  define  what  is  technically  allowable  and  feasible  in  these  
areas, but there are few details as to how this will happen.  The Forest Service should take steps 
towards figuring out how this is accomplished through pre-project planning with stakeholders 
and a clear process for reviewing projects to figure out how the goals were accomplished and 
what lessons were learned to ensure that these carry over to future projects. The Forest Service 
should also include direction in the Forest Plan to invest in scientific research to assess and 
monitor ecological conditions in the beach fringe, Riparian Management Areas, and non-
development LUDs with the intention of strengthening management approaches and treatments.  
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RESPONSE 
The Forest Plan includes plan components related to harvest of young growth in beach and estuary 
fringe, RMAs, and the Old-Growth Habitat LUD.  The desired conditions, goals, objectives, standards, 
and guidelines work together, to provide overall direction and set sideboards for the project managers 
and resource specialists who will be implementing the Forest Plan.  Management approaches add 
additional guidance by stating the intent of the plan components.  Appendix D Table 2 contains a 
modeled estimate of harvest types by alternative for the beach, RMA, and Old-Growth Habitat LUD; 
specific stand prescriptions will be determined for each project based on site-specific information and are 
not included in the Forest Plan (see TIM-13).  Appendix B contains a compatibility matrix for what harvest 
can be done in each LUD under each alternative: see Tables B-2.1 through B-2.5. 

The plan monitoring program was revised to meet the 2012 Planning Rule requirements at 36 CFR 
219.12 and is now a separate document, but part of the Forest Plan 
(http://www.fs.usda.gov/goto/Tongass/Monitoring). This document outlines what monitoring the Tongass 
plans to conduct.  Monitoring must be within the technical and financial capabilities of the Forest.  In 
addition to Forest-wide monitoring outlines in the plan monitoring program, project-level monitoring can 
also be done if recommended by the interdisciplinary team that evaluates the project and approved by the 
Responsible Official (decision-maker).   

The Forest Plan is not the appropriate document to determine where money will be invested.  Funding for 
Forest Service work comes through a variety of sources but is primarily allocated annually through 
Congress; this allocation is specific to a particular resource and cannot be used for other purposes.  In 
addition, the National Forest System does not conduct independent research, although it can recommend 
projects and coordinate with its research branch, universities, and other interested partners.  For 
example, there is currently ongoing research on a Tongass-Wide Young Growth Study to look at different 
treatment options in young growth and a cost share agreement with the State of Alaska for young growth 
inventory work. 

See response to SPEC-42. 

COMMENT 
CONS-5:  The amendment calls for the harvest of young-growth in beach buffers and key old 
growth habitat, however there is no mention of prioritizing certain places. The Forest Service 
should prioritize young-growth treatments to improve degraded habitats and improve deer 
numbers, especially in areas close to towns and villages to ensure subsistence opportunities are 
equal across the Tongass.  

RESPONSE 
The Forest Plan is a programmatic document that sets guidance for activities Forest-wide. Chapter 2 of 
the Forest Plan provides a forest-wide subsistence objective to “evaluate and consider the needs of 
subsistence users in making project land management decisions.”  

Young-growth direction in Chapter 5 of the Forest Plan includes plan components and management 
approaches that are specific to young-growth management. The following management approach for 
young growth would allow for the consideration of other opportunities in the project area: 

“The intent is that during project planning, IDTs identify other resource opportunities in the 
project area, and if approved by the responsible official, integrate these opportunities into the 
project design. (See definition for Integrated Resource Management in Chapter 7.) When 
designing young-growth projects that would advance old-growth characteristics in the beach 
fringe, RMA, or old-growth reserve (OGR), IDTs seek out stakeholders to encourage creative 
and innovative approaches for developing silvicultural treatments that imitate the natural scale 
and distribution of disturbance patterns on the Tongass (e.g., wind-thrown timber that creates 
gaps and patches; landslides that create corridors and gaps; mortality that naturally thins 
stand).” 
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The Tongass Young Growth Strategy does outline some broad priorities and general options for young 
growth treatments across the Tongass.  This type of priority setting is usually completed at the district or 
island level rather than at the Forest Plan level so that site-specific needs and information can be 
incorporated into the project, such as treatments that benefit local subsistence use patterns and winter 
habitat conditions.  

See response to SUB-1.   

COMMENT 
CONS-6:  The 1997 Forest Plan intended that early seral stands in non-development LUDs would 
be managed so that they develop into old-growth, but the Proposed Forest Plan dismisses these 
early seral stands as unimportant to the Conservation Strategy. Under Alternative 5, the Tongass 
Advisory Committee (TAC) recommended significant changes to the Tongass Conservation 
Strategy. Specifically, the preferred alternative calls for logging of young-growth stands in OGRs, 
Beach/Estuary Fringe Buffers, and Riparian Management Areas. This violates the intent of the 
original VPOP Strategy, and also stands at odds with the scientific underpinnings of the 
Conservation Strategy. Harvesting young-growth forest and building roads in buffers and 
reserves will seriously harm the Conservation Strategy. The DEIS states that “Continued 
inventories and monitoring of established nest protection buffers will help to inform future 
decisions,” but there are no specifics on how this monitoring will be accomplished and what 
measures will be used to gauge continued success of the goshawk in heavily managed timber 
production areas. The Forest Service should leave intact beach- and estuarine-fringe forests, 
Riparian Management Areas, and OGRs. Allowing new clearcuts, of whatever size, in OGRs, beach 
buffers and Riparian Management Areas will reduce populations of goshawks and other forest-
dwelling birds. These areas were set aside as reserves because they were considered critical to 
the long-term viability of many wildlife species across the forest. 

RESPONSE 
See also PLR-2, CONS-1, CONS-7, GOSH-2 

Chapter 3 of the FEIS (Biodiversity section) states that “of the approximately 506,000 acres of young-
growth forest on the Tongass National Forest, about 76 percent of young growth is older and in the stem 
exclusion stage.  This type of stand condition has very low species diversity.” The stem exclusion phase 
has little to no forage species important to deer and some small mammals, is often too dense to be used 
as foraging habitat for goshawks, and may not yet have large enough trees to be used for eagles to nest.  
These stands may be just reaching cone-bearing age so may also not be important for red squirrels.  
Treatment of these stands may open the canopy to allow more light to reach the forest floor which may 
assist in forage production; treatment can also be aimed at improving to tree spacing to increase growth.  
Each stand will be evaluated for treatment options by an interdisciplinary team of resource specialists.  
For example, a project evaluation can include consideration of existing and desired habitat conditions, 
adjacent landscape and habitat types, reserve connectivity, known wildlife usage in and near the project, 
insect and disease conditions, access and operability, and LUD.  Young growth treatments in beach 
fringe, RMAs, and Old-Growth Habitat LUD should accelerate the stand toward old growth characteristics 
(desired conditions). Ten acre openings is the maximum allowed; it is not required to be that size. 
Openings may be less depending on stand size (cannot be over 35 percent of the stand) and the ability to 
achieve desired conditions. Management of young-growth stands through release, pre-commercial, and 
commercial thinning has the potential to increase biodiversity by concentrating growth in fewer, larger 
trees that, if allowed to grow over time, promote conditions that accelerate natural succession in order to 
achieve old-growth stand characteristics at a faster rate than would occur without treatment (Caouette et 
al. 2000; Carey 2003).   

Alternative 3 and 4 consider allowing only commercial thinning in the beach fringe rather than a maximum 
10 acre opening.  Alternatives 3 and 4 also considered applying legacy standards and guidelines to 
young growth harvest.  These are available options for the Responsible Official to choose for the 
decision. 
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The beach fringe and Old-Growth Habitat LUD discouraged road construction but it was allowed under 
some circumstances in the 2008 Forest Plan, as it would be under the proposed amendment.  This 
amendment recognizes that some road construction or reconstruction may be required to access young 
growth for the transition; it includes a guideline (G-YG-WILD-01) to keep road construction to the 
minimum necessary in the Old-Growth Habitat LUD and a standard (S-TSC-WILD-01) to design and 
construct transportation system corridors to maintain wildlife habitat corridors between OGRs, RMAs, and 
beach fringe.   

The intent of the Conservation Strategy was focused on the viability of old-growth associated/ dependent 
species and at that time no young growth management was foreseen in the life of the plan. Therefore, the 
intent was focused on old-growth and only precommercial treatments were envisioned for young-growth. 
Multiple criteria are considered during the design of old-growth reserves (see Appendix K), not just 
whether or not the reserve contains young growth or roads; Appendix K still allows for project-level review 
of reserves under this amendment. (See Young-growth Management Approach for Wildlife in Chapter 5 
of the Forest Plan). 

The created openings of up to 10-acres in the Old-growth Habitat LUD, beach buffers and RMAs was to 
provide more economical offerings to allow a more rapid transition to young-growth management.  The 
TAC recommendation was to allow these openings to emulate the natural scale and distribution of 
disturbance patterns on the Tongass (e.g., wind-thrown timber that creates gaps and patches, landslides 
that create corridors and gaps, mortality that naturally thins stand, etc.) that correspond with silvicultural 
treatments. (See Young Growth Management Approaches in Chapter 5 of the Forest Plan.) While most 
natural disturbance results in openings are smaller than 10 acres, wind events and landslides have 
created this type of landscape.  This type of management is limited to the first 15 years after plan 
approval and may result in up to 6,803 acres harvested across the Tongass within Old-growth Habitat 
LUD, beach buffers and RMA outside the TTRA buffer (FEIS Appendix D, Table 2).  The 10-acre opening 
is a maximum and may be used in conjunction with thinning up to 35 percent of the stand.  The shape 
and size of the clearcut could be designed to conform and blend with the landscape to minimize effects 
wildlife habitat. Forest Plan Standards (S-YG-BEACH-02, S-YG-RIP-02, S-YG-WILD-02) constrain young-
growth harvest in these areas to a one-time only entry and to the first 15 years unless best available 
scientific information shows that additional entries are: a) warranted, and b) meet the LUD objectives. 
Every project and activity must be consistent with the applicable plan components, including the desired 
conditions. (36 CFR 219.15(d)) 

COMMENT 
CONS-7:  Concentrating logging on small isolated portions of the Tongass exacerbates an already 
troubling situation and compromises the Conservation Strategy. These areas are of critical 
importance to several old-growth dependent species. According to the DEIS, the vast majority of 
the stands in the Tongass result in negative stumpage value and the isolated areas that reflect 
positive stumpage values are located in a very concentrated portion of the Tongass. The DEIS 
never discloses the average stumpage values across the Tongass or the location of the only 
stands that appraise positively.  The analysis also does not appear in the planning record. 

RESPONSE 
In order to transition to primarily young growth harvest, it is necessary to enter the same areas that old-
growth harvest has occurred in the past because that is where the young growth and associated 
infrastructure are located. Many of the oldest young growth stands that will be ready for commercial 
harvest over the next 15 years have received no intermediate treatments, are in a stem exclusion phase, 
and were logged prior to current standards and guidelines so may occur in more sensitive areas than 
would be allowed under the 2008 Forest Plan direction.  Most of the younger young growth stands (those 
less than 25 years) have received some precommercial thinning treatment; important deer forage may 
persist for longer in these areas and the trees may grow faster, delaying the onset of stem exclusion.  
Young growth could also receive additional intermediate treatments.  

Some areas of the Forest are important to both wildlife and timber harvest, such as Prince of Wales 
Island.  Viability analyses that occurred leading up to the 1997 Forest Plan acknowledged that there could 
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be gaps in distribution of some species but that overall viability could be maintained across the Forest.  It 
is possible that Prince of Wales is a location where some species are not contiguous across the entire 
island (i.e., gaps exist).  The Conservation Strategy protects a series of large, medium, and small old-
growth habitat reserves (including non-development LUDs) as well as standards and guidelines for matrix 
management.  Although the amendment would include harvest of young growth in some Conservation 
Strategy elements such as beach fringe, Riparian Management Areas, and Old-Growth Habitat LUDs, the 
range of alternatives includes varying levels of protection of these areas through new young growth plan 
direction, but no old growth harvest would be allowed in these areas under any alternative. 

The suitable land base where timber harvest can occur has continually decreased over the years.  The 
latest reductions in this suitable land base are within the Inventoried Roadless Areas.  The Preferred 
Alternative (Alternative 5) also proposes no old-growth harvest outside the Phase 1 lands as identified by 
the decision on the 2008 Forest Plan Amendment (ROD pp. 64 to 66) or within T77 watersheds and The 
Nature Conservancy /Audubon Priority Conservation Priority Areas (See Forest Plan Appendix A).   

By restricting this land base, the timber harvest becomes more concentrated into small areas.  It is also 
true that the economics of timber harvest tend to concentrate harvest. The Forest Service is required to 
issue only positive sales, but specific locations of these are not known until project-level analyses are 
conducted.  However, on the other hand, more and larger areas will not have any old-growth timber 
harvest and will maintain the old-growth characteristics and contribute to maintaining the integrity of the 
Tongass Conservation Strategy. This is a trade-off for resources that should provide both habitat for old-
growth associated and dependent species and a timber base for commercial timber harvest.   

In order to transition in 10-15 years as outlined in the Secretary’s Memo and brought forward in the 
Purpose and Need, all young-growth lands were considered. Since the age of the young-growth stands is 
a limiting factor, the oldest stands of young growth are being considered for harvest to facilitate the 
transition. If the oldest young-growth stands are not included in the earliest phase of the transition, it is 
highly unlikely the Forest Service could meet the Purpose and Need of the amendment. Therefore, old-
growth timber harvest would continue for a longer time period. If young-growth harvest is not allowed in 
the most areas, opportunities to improve habitat conditions for wildlife and fish and stand function in 
places that would potentially benefit from restoration work and advancement of seral stages toward old-
growth conditions, would be lost. 

An updated productive old-growth analysis including a high volume productive old-growth and a large tree 
productive old-growth analysis has been provided in the Forest Plan Amendment FEIS (Chapter 3, 
Biodiversity section). 

An updated financial analysis is provided in the Forest Plan Amendment FEIS (Chapter 3, Economics 
section) and includes the net revenues or stumpage values (see Table 3.22-16). Viewed over 15-year 
and 100-year planning horizons, all five alternatives would result in positive net revenues (stumpage 
values).  Alternatives 1, 4, and 5 also would result in positive net revenues over the 25-year planning 
period; Alternatives 2 and 3 would result in negative net revenues for the 25-year period. FEIS Appendix 
B describes and documents the analytical processes and models used for the 2016 Forest Plan 
Amendment FEIS.   

COMMENT 
CONS-8:  Forest Service must examine the adverse effects of second-growth logging on the 
overall Conservation Strategy because not all second-growth stands have the same ecological 
value. 

RESPONSE 
Not all young-growth stands have the same habitat value.  Young-growth stands that have reached the 
stem exclusion stage may not be fully functioning in terms of habitat value; these stands could benefit 
from treatment such as those proposed during this amendment.   

FEIS Appendix D describes the effects to the Conservation Strategy of logging young growth in beach 
buffers, RMAs, and Old-Growth Habitat LUDs.  Chapter 5 of the Forest Plan contains several plan 
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components related to young growth management in these contributing elements to the Conservation 
Strategy, including desired conditions to accelerate old-growth characteristics in those stands.  Each 
project implemented under the Forest Plan will evaluate site-specific conditions and resource concerns to 
determine whether, how, and when to log young-growth stands. Part of that analysis by the 
interdisciplinary team should include looking at where on the landscape stands proposed for harvest 
occur, the current condition of those stands, and the harvest prescription to advance those stands toward 
the desired condition.  Landscape connectivity would also be reviewed (See WILD1.VI.A, page 4-86 of 
the Forest Plan.)  Every project and activity must be consistent with the applicable plan components (36 
CFR 219.15(d)).  

See response to PLR-2 and FEIS Appendix D. 

COMMENT 
CONS-9:  Changes to the Tongass Conservation Strategy and transportation management in the 
Proposed Forest Plan are significant enough to require a plan revision. The NFMA requires land 
management plans to be revised at least every 15 years, or sooner if physical conditions or 
demands on the land and resources have changed sufficiently to affect overall goals or uses for 
the entire unit. 

RESPONSE 
Effects to the Tongass Conservation Strategy from proposed changes to the Forest Plan have been 
evaluated and discussed in Appendix D of the Forest plan Amendment FEIS concluding that the integrity 
of the Conservation Strategy is maintained under all alternatives. This Strategy was designed to provide 
habitat for old-growth associated and dependent species.  Since the proposed action alternatives target a 
more rapid transition to  young growth harvest, there would be a corresponding lower amount harvest of 
old-growth harvest to meet demand . As noted under CONS-3, the Conservation Strategy is functioning 
under conditions that are much better than anticipated at the time of its development in 1997. Actual and 
projected old-growth harvest levels under the current Forest Plan (Alternative 1) are far below levels 
predicted under the 1997 Forest Plan, which formed the context within which the Conservation Strategy 
was intended to function   

Some young-growth harvest is proposed in the beach buffer, Riparian Management Areas and the Old-
growth Habitat LUD.  However, constraints are in place to limit the size of the openings and the level of 
thinning. See young growth direction in Chapter 5 of the Forest Plan and response to CONS-1.  Forest 
Plan Standards (S-YG-BEACH-02, S-YG-RIP-02, S-YG-WILD-02) constrain young-growth harvest in 
these areas to a one-time only entry and to the first 15 years unless best available scientific information 
shows that additional entries are: a) warranted, and b) meet the LUD objectives. Every project and activity 
must be consistent with the applicable plan components, including the desired conditions. (36 CFR 
219.15(d)). The desired conditions in these areas is to mantain connectivity for wildlife and to accelerate 
old-growth conditions. 

See response to PLR-1 and CONS-3. 

COMMENT 
CONS-10:  The Forest Service should clarify old-growth habitat reserve modification procedures 
for small OGRs to require comparable conservation value (see Appendix D of the 2008 Plan) and 
modify Chapter 3, Old-Growth LUD, WILD1 to read “”Alternative reserves must provide 
comparable achievement of the Old- growth Habitat LUD goals and objectives within each VCU.  

RESPONSE 
The responsible official has the discretion to determine whether and how to amend the plan. See 36 CFR 
219.13.a and FSH 1909.12, Chapter 20, Section 21.3.  For this amendment, the scope is focuses on 
making changes primarily to facilitate a transition to primarily young growth harvest in about a 15 year 
timeframe and on making separate renewable energy and transportation systems corridors plan 
components (to replace the TUS overlay).  Modifying criteria for small OGRs, which are part of the 
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Conservation Strategy, is outside of the scope of this focused amendment.  Many of the 
recommendations from the 5-year review were not incorporated into this amendment.  

OGR modification procedures are outlined in Appendix K of the forest plan (now with clarifications for 
young-growth harvest in the Old-growth Habitat LUD). At the project level, proposed OGR modifications 
would be required to provide comparable achievement of Old-growth Habitat LUD goals and objectives 
compared to the original OGRs. 

Plan components are considered together and interact to form the overall direction; every project decision 
must describe how the project is consistent with plan components, including meeting the desired 
condition of the LUD.    

COMMENT 
CONS-11:  Large forest openings and extensive timber thinning without appropriate slash 
treatments can interfere with animal movements and increase vulnerability of some species to 
predation, harvest by humans, and/or exposure to deep snow and severe weather.  The selected 
alternative should limit young-growth treatments to actions that maintain or improve wildlife 
habitat in beach and estuary fringe forest. These actions should include: openings that are limited 
to two acres or less in order to maintain hunting habitat for goshawks and provide thermal cover 
for deer; slash that is treated to allow unconstrained movement of deer, bears, wolves, and other 
species; and openings in the beach fringe that maintain a corridor of mature or old forest that is 
no less than 660 feet wide to maintain effective thermal cover (Concannon 1995). 

RESPONSE 
See CONS-3, CONS-4, CONS-6, CONS-12, and SPEC-6.   

Plan components are considered together and interact to form the overall direction; every project decision 
must describe how the project is consistent with plan components, including meeting the desired 
condition.  For beach and estuary fringe, those desired conditions include providing habitat and 
connectivity and accelerating the development of old-growth characteristics (DC-YG-BEACH-01).   

Management approaches are used to guide project implementation of the Forest Plan components 
(desired conditions, objectives, standards, guidelines, suitability of lands, and goals if stated); they relate 
to the desired conditions and describe the principal strategies and program priorities the Responsible 
Official intends to use to carry out projects. The Forest Plan includes an intent statement for young growth 
harvest prescriptions and opening sizes in the beach and estuary fringe to consider spatial and temporal 
conditions of the adjacent landscape, and intends for treatments to facilitate a more rapid recovery of late 
successional forest characteristics. (See management approaches for beach and estuary fringe in 
Chapter 5 of the Forest Plan.) 

The recommendation from the Tongass Advisory Committee represented in Alternative 5 is that any 
created opening size must not exceed 10 acres or to thin the stand in no more than 35 percent of the 
stand’s basal area. Site-specific openings determined at the project level will vary in size and shape. 
Alternatives 3 and 4 considered only commercial thinning in the beach fringe rather than a maximum 10 
acre opening.  Alternatives 3 and 4 also considered applying legacy standards and guidelines to young 
growth harvest (see Appendix F of the FEIS).  These are available options for the Responsible Official to 
choose for the decision. No old-growth harvest is planned under any alternative in the beach and estuary 
fringe, Riparian Management Area, or Old-Growth Habitat LUD. 

Recent studies of slash treatment, such as Module IV of the Tongass-wide Young Growth Study and 
observation of commercial thinning of ongoing commercial young-growth sales and older young-growth 
treatments, will be used to determine which slash method is included in the silvicultural prescription to 
meet resource objectives.  Specific harvest prescriptions and slash treatment will be determined at the 
project level to consider site specific conditions (see TIM2, WILD2).  Silvicultural prescriptions are 
determined at the project level (see TIM2).  The recommended slash treatment may depend on the 
silvicultural prescription used, the density of the existing stand, utilization specifications, and the location 

Final EIS I-51 DEIS Comments and Responses 



Appendix I 

of the treated stand on the landscape. Landscape connectivity will also be evaluated at the project level 
(WILD1.VI). 

COMMENT 
CONS-12:  Young-growth treatments in the Old-growth Habitat LUD should be designed to 
accelerate development of old-growth characteristics without compromising landscape 
connectivity and animal movement. 

RESPONSE 
See responses to TIM-13, CONS-1, and SPEC-6. 

The Old-Growth Habitat LUD does play an important role in the Conservation Strategy.  In some 
instances, young-growth stands within the boundary of this LUD are not fully functioning for wildlife 
needs. Individual stand treatments will be determined at the project level. Plan components are 
considered together and interact to form the overall direction; every project decision must describe how 
the project is consistent with plan components, including meeting the desired condition. For Old-Growth 
Habitat LUD, those desired conditions include maintaining habitat and connectivity and accelerating the 
development of old-growth characteristics (DC-YG-WILD-01) and treating young-growth to emulate the 
natural scale and distribution of disturbance patterns (DC-YG-WILD-02).   

Management approaches are used to guide project implementation of the Forest Plan components 
(desired conditions, objectives, standards, guidelines, suitability of lands, and goals if stated); they relate 
to the desired conditions and describe the principal strategies and program priorities the Responsible 
Official intends to use to carry out projects. The Forest Plan includes an intent statement for Old-Growth 
Habitat LUD harvest prescriptions and opening sizes to consider spatial and temporal conditions of the 
adjacent landscape; intends for treatments to facilitate a more rapid recovery of late successional forest 
characteristics; and allows for an Old-Growth Habitat LUD to be modified to exclude young-growth 
proposed for harvest if a net gain in old-growth can be achieved and Forest Plan Appendix K criteria can 
be met (see management prescriptions). 

COMMENT 
CONS-13:  The Forest Service’s refusal to undertake a comprehensive review of the Conservation 
Strategy—its scientific underpinnings, its overall validity, and its species-specific validity - along 
with the 2016 amendments, is arbitrary, capricious, and contrary to NEPA, NFMA, and the 1982 
Rule. 

RESPONSE 
See responses to PLR-1, and PLR-2, CONS-1, and Appendix D of the FEIS. 

COMMENT 
CONS-14:  The Forest Service must re-evaluate the integrity of the Conservation Strategy to bring 
the plan into compliance with the 1982 Rule. 

RESPONSE 
See response to PLR-1, PLR-2, CONS-1, and Appendix D in the FEIS. 

COMMENT 
CONS-15:  The changes proposed by the 2016 Forest Plan Amendments cannot be reconciled with 
the Conservation Strategy, and therefore are inconsistent with the 1982 rule. 

RESPONSE 
See responses to PLR-1, PLR-2, and CONS-1 and Appendix D in the FEIS. 

DEIS Comments and Responses I-52 Final EIS 



Appendix I 

COMMENT 
CONS-16:  The analysis of impacts to the Conservation Strategy was deferred to project-level 
decisions, and this approach is not reasonable for three reasons: 1) the agency has a duty at the 
programmatic stage of analysis, where it is required analyze the cumulative effects of localized 
impacts across a broader landscape; 2) there is precedent for the agency manipulating the 
elements of the Conservation Strategy to effectuate timber harvest goals, at the expense of other 
resources considerations; and 3) there is a significant risk that this approach will lead to 
significant impacts escaping meaningful review when tiering and site-specific projects will not be 
given the full level of environmental review required by NEPA.  

RESPONSE 
See also PLR-2 and Appendix D. 

The proposed Forest Plan does not change the old growth Conservation Strategy, although effects to 
elements of the Conservation Strategy may occur (see Appendix D).  The FEIS and Appendix D analyzed 
possible impacts to the Conservation Strategy of the proposed Forest Plan and concluded that the 
integrity of the Conservation Strategy is maintained. Estimated young growth harvest within the beach 
and estuary fringe over 100 years would range from only 0.4 percent of the total forested beach and 
estuary fringe acres for the preferred alternative (Alternative 5) to 3.3 percent for Alternative 3. For RMAs, 
the preferred alternative would harvest an estimated 0.3 percent of the total forested habitat in RMAs over 
100 years, while the other alternatives would harvest between 0 and 6.7 percent.  Estimated young 
growth harvest within the Old-growth Habitat LUD for the preferred alternative is 0.2 percent of the total 
forest land area within the Old-growth Habitat LUD, while the other alternatives would harvest an 
estimated 0 to 3.3 percent over 100 years. At the project level, the interagency review process outlined in 
Appendix K can be used to modify an Old-growth Habitat LUD with proposed young-growth harvest so 
this number could be lower once the site-specific project review and decision are implemented.  

The Forest Plan is programmatic and provides overall direction for projects implemented under the plan.  
The FEIS and Appendix D did not defer the effects analysis of the Conservation Strategy to the project 
level but acknowledged that additional site specific analysis occurs at the project level.  The sideboards 
set in the Forest Plan by lands suited for timber production, standards and guidelines, and other plan 
components and content were used to evaluate the expected outcomes at the Forest Plan level, but 
because individual projects and activities are not yet proposed, site specific information is not available 
for the programmatic review.  Thus, additional analysis occurs at the project level to include any localized 
resource effects and to ensure the project implements the relevant Forest Plan requirements, such as the 
landscape connectivity standard and guideline (WILD1.VI.A).  The DEIS looked at the Conservation 
Strategy from overall integrity of the strategy; cumulative effects during project analysis look at past, 
present, and reasonably foreseeable projects in the analysis area to further ensure the Conservation 
Strategy is maintained during project implementation. 
The FEIS version of Appendix D has been expanded and an evaluation of the integrity of the 
Conservation Strategy under the no action and action alternatives is presented.  The conclusion is that 
the integrity of the Strategy would be maintained under any of the alternatives.  We believe the 
documentation for this conclusion is clearly presented. 

COMMENT 
CONS-17:  Some old-growth reserves (OGRs) were included in the conveyance of the nearly 
70,000 acres of NFS land in the Tongass to Sealaska under the National Defense Authorization Act 
for Fiscal Year 2015 (Public Law 113-291). These circumstances require a re-evaluation of the 
entire network of OGRs on northern Kuiu Island and on Prince of Wales Island and its adjacent 
islands because the function of some other OGRs and matrix lands may be affected by nearby 
transfer lands that can be expected to logged more intensively than anticipated under the prior 
federal ownership. This re-evaluation is necessary to ensure the integrity of the Conservation 
Strategy as a whole in those areas. 
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RESPONSE 
FEIS Appendix E explains the modifications made to the small OGRs on Prince of Wales Island.  These 
modifications were done by interagency biologists from US Fish and Wildlife Service, State of Alaska 
Department of Fish and Game and US Forest Service and represent the biologically preferred alternative. 
No OGRs were affected on Kuiu Island or elsewhere. No effort was made during these modifications to 
avoid higher productive forested lands to allow for more intensive management. The evaluation of these 
modifications followed the Forest Plan, Appendix K direction. Both the Appendix K criteria and the 
Appendix D criteria plus an evaluation of low elevation Productive Old-growth (POG) were used in 
evaluation.  Also the small OGRs were examined to see if they still provided connectivity as the previous 
design did. As currently done at the project level, the old-growth matrix lands as they relate to connectivity 
will be further examined at the project level to disclose the effects.   

The tables in the FEIS Appendix E evaluate the pre-conveyance, post-conveyance and the interagency’ s 
biologically preferred OGR designs using the Forest Plan Appendix K and FEIS appendix D criteria. In 
some cases, the post-conveyance design still meets the OGR design criteria and the biologically 
preferred design is identical. No other designs were proposed to balance other resource considerations 
(Forest Plan Appendix K, p. K-2.) 

This approach does not preclude that further analysis may occur during project-level analysis. One of the 
TAC’s recommendations was to “The USFS should prioritize utilizing OGR modification processes to 
capture …additional young growth acres within OGRs, putting particular emphasis on adjacent 
landscapes, where a net gain of productive old growth habitat is possible, while maintaining and 
enhancing landscape connectivity.”   

Public Law 113-291 also amended ANILCA, Section 508, to include 152,000 acres of LUD II 
Conservation Areas. These areas primarily focused on protecting old-growth forest. A LUD II is a 
Congressionally-designated land allocation and the Land Use Designation cannot be changed except by 
an act of Congress. More than 31,000 of these areas were previously allocated to Development LUDs 
and now contribute to the Conservation Strategy.   

COMMENT 
CONS-18:  There should be a provision and standards and guidelines prescribing that, during the 
OGR modification process, there should be no net loss of protected POG across the Forest. 

RESPONSE 
The Forest Plan includes a young-growth management approach for wildlife for adjusting OGRs if young-
growth harvest is proposed within the current boundaries.  The intent is that an “exchange” of young 
growth and old growth could be made – where the boundary of the reserve is adjusted to remove young 
growth and add an equivalent acreage of productive old growth.  The objective of this direction would be 
to achieve a net increase in productive old growth acres, whenever possible.  When applied at the project 
level, this would lead to an increase of productive old growth in the reserve network.   

COMMENT 
CONS-19:  Forest Service should use science review process to assess the new and modified 
OGRs before issuing the FEIS. If the review of the modified OGRs indicates they are unlikely to 
meet the reserve system intent, especially in heavily-logged areas, and more old-growth logging 
occurs on nearby USFS land, the opportunity to create a more effective system in those areas 
may be lost. 

RESPONSE 
The reserve system has to be only on NFS lands where the USFS has jurisdiction for management of 
those lands.  The interagency team has recommended modifications to the reserves to best meet the 
criteria for such reserves on remaining NFS lands adjacent to the transferred lands.  The interagency 
recommendations for the modified reserves are included in all action alternatives.  Project level reviews of 
old growth reserves can also occur if the interdisciplinary resource team identifies a concern about the 
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location or functionality of a reserve within the project area.  In addition, if young growth harvest is 
proposed within Old-Growth Habitat LUD, an interagency team can recommend modifying the boundary 
to exclude young growth if additional old growth can be included for a net increase of old growth within 
the reserve. 

Appendix K of the Forest Plan provides the procedures for modifying old-growth habitat reserves.  These 
procedures were followed; they do not include a Science Review.   

COMMENT 
CONS-20:  Alternative 5 should be rejected because it increases the number of watersheds that 
would exceed a road density greater than 1 mile / square mile by 20 percent. 

RESPONSE 
The Watershed Condition Framework (USDA Forest Service 2011) concluded that a watershed with a 
road density of less than 1 mile / square mile is considered “properly functioning.”  Table 3.4-5 in the 
DEIS indicates that currently 9.6 percent of 6th field subwatersheds exceed 1 mile / square mile road 
density and Alternative 5 would take that to 11.0 percent after 100 years of implementation on NFS lands.  
This would leave 89 percent of the watersheds on the Tongass National Forest with less than 1 mile / 
square mile of road after 100 years of assumed maximum harvest and road building allowed under the 
Forest Plan.  Across all NFS lands on the Tongass, this is an average of 0.23 mile / square mile road 
density.  When all ownerships are considered (Table 3.4-13 in the DEIS), 19.8 percent of watersheds 
would exceed 1 mile / square mile after 100 years of full implementation under Alternative 5, which leaves 
over 80 percent of the watersheds in Southeast Alaska in a properly functioning condition, and an overall 
average of 0.45 miles / square mile.  

COMMENT 
CONS-21. The EIS should include the most recent inventory of global temperate rainforest and 
evaluate the importance of the Tongass’ intactness (DellaSalla et al 2011).  

RESPONSE 
This reference has been added in the FEIS. 

COMMENT 
CONS-22. The EIS should include an old-growth analysis by watershed. 

RESPONSE  
See FEIS Chapter 3, Biodiversity section. In Chapter 3, Tables 3.9-12 through 3.9-14 present the 
estimated percent of original productive old-growth (POG), original high-volume POG, and original large-
tree POG remaining after 100 years by biogeographic province and alternative.  In addition, Table 3.9-15 
presents the number and acreage of intact large watersheds under existing condition and after 100 years 
by biogeographic province and alternative.  These tables demonstrate the percentage of old growth in 
these various categories that will be preserved.  Tongass old growth is defined as stands with trees at 
least 250 years of age. Also see FEIS Appendix D. 
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Young Growth in Audubon/TNC and T77 Watersheds (YGAT) 
COMMENT 
YGAT-1:  The Forest Plan lacks substantive requirement to reduce or mitigate potential impacts 
from young-growth timber sales in these watersheds. 

RESPONSE 
The Forest Service may apply project-specific mitigation to reduce effects to fish and wildlife habitat, or 
elect to apply the ‘no net loss” concept outlined in the TAC overarching principals. These measures are 
determined based on the specific conditions of planned and proposed sales following project-specific 
analysis by an interdisciplinary team.  For all land-disturbing activities, BMPs from the National Core BMP 
Technical Guide FS-990a are applied to maintain the chemical, physical, and biological integrity of the 
Nation’s waters.  Applicable BMPs are also found in the Alaska Region Soil and Water Conservation 
Handbook, FSH 2509.22.  Plan components from Chapters 3, 4, and 5 also apply. 
 

COMMENT 
YGAT-2:  The Forest Service should recognize the exceptional fish and wildlife values of the T77 
watersheds and TNC/Audubon conservation priority areas. Some recommend that they be remove 
from the suitable timber base altogether. The Forest Service should preserve these watersheds 
and make production of wild salmon, trout and steelhead their highest management priority.  

RESPONSE 
The Forest Service recognizes the exceptional fish and wildlife values of the T77 watersheds.  These 
watersheds, along with watersheds in LUD II status are considered the pillar of commercial, sport, and 
subsistence wild salmon harvest in the region and provide a large contribution to the southeast Alaska 
economy.  Alternative 5 identified old-growth stands within the T77 watersheds as not suitable for timber 
production, except for small sales after the transition is complete.  If young-growth harvest is not allowed 
to be harvested in these watersheds, opportunities to improve habitat conditions for wildlife and fish and 
stand function in places that would potentially benefit from restoration work and advancement of seral 
stages toward old-growth conditions, would be lost.  

Further, in order to transition in 10-15 years as outlined in the Secretary’s Memo and brought forward in 
the Purpose and Need, all young-growth lands were considered. Since the age of the young-growth 
stands is a limiting factor, the oldest stands of young growth are being considered for harvest to facilitate 
the transition. If the oldest young-growth stands are not included in the earliest phase of the transition, it 
is highly unlikely we could meet the Purpose and Need of the amendment. Under Alternative 5, the lands 
inside T77 watersheds and TNC/Audubon conservation priority areas, include almost 17,000 acres of 
suitable young-growth that would be at least 60 years old by the end of the 15-year transition period. The 
Tongass Advisory Committee recognized this need to facilitate the transition, and recommended that 
these areas be identified as suitable for young-growth timber production. 

COMMENT 
YGAT-3:  Should have a more Rigorous Scientific Review of Projects likely to be implemented in 
certain High-value Watersheds.  

RESPONSE 
Language in Chapter 5 of the forest plan has been edited to better reflect the intent of the TAC 
recommendations for the “high-value fish watersheds”.  Alternative 5 now includes Management 
Approach language explaining the agency’s intent to conduct an internal scientific review with 
stakeholders to determine likely impact to fish and wildlife habitat from proposed young-growth timber 
projects that intersect with the “high-value fish watersheds” identified in Appendix B of the Final TAC 
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Recommendations (Forest Plan Appendix B). Project-specific analysis by an interdisciplinary team will 
determine if additional mitigation measures are needed.   

See response to comment SPEC-39. 

COMMENT 
YGAT-4:  Forest Service should clarify that all old-growth stands in the T77 watersheds and 
TNC/Audubon conservation priority areas will be protected and removed from the suitable timber 
base as recommended by TAC. 

RESPONSE 
Forest Plan Appendix B has been updated to reflect the Final Tongass Advisory Committee (TAC) 
recommendations. We believe that the term used on p. 13 of the final TAC recommendations – 
TNC/Audubon conservation priority areas – means the same as what is stated in the text on page 38 of 
the TAC recommendations - TNC/Audubon Core Conservation Areas.  Unfortunately, these terms are a 
bit confusing but they both together comprise the Conservation Priority Watersheds. During the drafting of 
the Proposed Forest Plan, the TAC provided the Forest Service a map (project record 769_05_000771), 
and the legend term on that map - Conservation Priority Watersheds - includes two categories:  Core 
Areas of Biological Value and High Value Watersheds (dark green and light green, respectively). This is 
what was used to identify the TNC/Audubon conservation priority areas in the analysis.   

Proposed LUD changes common to the action alternatives are described in Chapter 2 of the FEIS. No 
other LUD changes have been made to incorporate lands not suited for timber production into the natural 
setting LUDs. Old-growth harvest from T77 watersheds and TNC/Audubon conservation priority areas is 
excluded under Alternative 5. (See FEIS Chapter 2, Alternative 5 description and Forest Plan Appendix 
A.) This was not clear in the DEIS and the suitability map did not show that all of these areas had been 
removed.  The map for Alternative 5 in the FEIS clearly shows that they have been removed from the old-
growth suitable base. 

COMMENT 
YGAT-5:  The Forest Service should set up a phased approach for young-growth logging and 
create two phases, similar to the approach used in the 2008 Plan. Doing so would ensure that 
TNC/Audubon conservation priority areas could be set aside into Phase 2 for young-growth 
harvesting, while all other young-growth lands would be in Phase 1.  

RESPONSE 
In order to meet the timeline for the young growth transition as outlined in the Undersecretary’s memo, all 
young growth lands were considered. Since the age of the young growth stands is a limiting factor, the 
oldest stands of young growth are being considered for harvest to facilitate the transition. If the oldest 
young growth stands are not included in the earliest phase of the transition, it is highly unlikely we could 
meet the purpose and need of the amendment.  

Forest Plan Appendix B has been updated to reflect the Final Tongass Advisory Committee (TAC) 
recommendations regarding. TNC/Audubon conservation priority areas are discussed in Chapter 2 of the 
FEIS under Alternative 5, and also in Forest Plan Appendix A. 

COMMENT 
YGAT-6: The Forest Service should not preclude any timber harvest in the T77 watersheds. There 
are already too many restrictions affecting communities. 

RESPONSE 
Alternatives 1 through 4 considered this option. 
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Best Available or Relevant Science (BAS) 
COMMENT 
BAS-1:  The Forest Service should comply with NFMA’s regulatory requirements to base its 
decision on the best available science. 

RESPONSE 
The interdisciplinary team has used the best available scientific information to amend the plan and to 
modify the plan monitoring program to meet the requirements of the 2012 Planning Rule (36 CFR 
219.12(c)).  The responsible official will document how the best available scientific information was used 
to inform the plan decision. The record of decision (ROD) for the plan amendment will include 
documentation of how the best available scientific information was used to inform planning, the plan 
components, and other plan content, including the plan monitoring program. Further, numerous 
refinements and updates were made to the EIS between the DEIS and FEIS (e.g., climate change 
assessment, Conservation Strategy assessment). 

In regards to the Tongass Old-growth Habitat Conservation Strategy, recent advancements in the fields of 
conservation science and landscape ecology and new knowledge of individual species’ biological needs 
are discussed throughout the Wildlife and Biodiversity sections of the EIS, as well as in Appendix D. 
Many of these topics, including the importance of strong connections between aquatic and terrestrial 
ecosystems and upstream and downstream linkages within stream and river systems, the contribution of 
matrix lands to conservation, and the range of ecological functions provided by young-growth stands were 
identified during the original development of the Conservation Strategy for the 1997 Forest Plan and 
considered again during the Interagency Forest Plan Conservation Strategy Review (USDA Forest 
Service 2007) conducted for the 2008 Forest Plan Amendment. Appendix D of the EIS touches on some 
of the new science related these topic areas relevant to conservation planning on the Tongass National 
Forest. Information from these studies, other relevant studies and other best available science would be 
used to review the Conservation Strategy design if in the future, data from various sources suggest that 
the Conservation Strategy is no longer functioning as originally intended. However the results of the 
analysis in Appendix D indicate the Conservation Strategy currently functions as intended and is 
expected to function regardless of which alternative is selected. 

COMMENT 
BAS-2:  The DEIS Fails to Include or Address Relevant Science. 

RESPONSE 
See response to BAS-1. 
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Air Quality (AIR) 
COMMENT 
AIR-1:  The DEIS should evaluate health risks associated with increased utilization of biomass for 
energy and heat stating that NEPA requires the Forest Service to consider the health effects of 
federal actions. [40 C.F.R. § 1508.8].  The reason for this request was due to a citation presented 
stating that “[b]urning biomass could lead to significant increases in emissions of nitrogen 
oxides, particulate matter and sulfur dioxide and have severe impacts on the health of children, 
older adults, and people with lung diseases.”  [Exh. 50 at 5 (Vick 2011)].  Despite federal 
directives, the DEIS never addressed the issue of air pollution caused by wood combustion and 
concludes that the analysis of air quality effects in the DEIS is conclusory, misleading and fails to 
consider the adverse health impacts caused by wood combustion. The USFS should explain the 
linkage between Juneau’s past exceedance in National Ambient Air Quality Standards (NAAQS) to 
wood combustion.  And to address why the USFS concludes that the greatest risk to air quality in 
the region arises from cruise ship emissions in Wilderness. Additionally, scoping comments 
requested that the DEIS review public safety concerns with biomass combustion facilities and 
disclose the risk of explosions to the public. 

RESPONSE 
Comments suggest that disclosure of the risks to human health caused by pollutants, in particular those 
created by the combustion of wood projects (biomass burning or other wood burning in wood stoves) be 
presented more clearly.  Comments also suggest the specific causes attributed to the 1990’s exceedance 
of National Ambient Air Quality Standards in the city of Juneau be disclosed. Comments also suggest that 
the analysis in the DEIS inadequately evaluates the effects of air pollution on Tongass resources, in 
particular human health and provide some citations for us to review and consider in our analysis. 

This amendment is not focused on biomass.  Some portion of the harvested timber may be used in 
energy production as biomass but the amount and timing of such use is uncertain. Therefore, the 
consequences of harvesting as biomass is not a focus of the analysis.  Discussion of biomass and its 
production of particulate and other air pollutants are identified in the FEIS Chapter 3 Air section. 

Biomass boiler facilities in schools, hospitals, health clinics and office buildings, proposed in any plan by 
the USDA Forest Service would be required to undergo project-level NEPA analysis, which indeed would 
evaluate the risks to human health as a possible consequence of these types of actions.  The Forest Plan 
Amendment, however, is not a focused project plan on biomass facilities or any other specific renewable 
energy proposal. The Plan Amendment provides for opportunities for any proponent of renewable energy, 
including the development of biomass facilities, to consider such actions through additional project-level 
NEPA.  

With regard to the causation of exceeded the NAAQS which occurred in the Juneau area during 1990-97, 
the EIS indicates that the sources of pollutants are probably local and anthropogenic (Dillman et al. 2007) 
(see page 3-19).  The exact sources of these air pollutants is uncertain since the Forest Service has no 
jurisdiction for monitoring on non-NFS lands.  The EPA through ADEC issues air permits to industrial 
sources that demonstrate compliance with the Alaska Ambient Air Quality Standards, which are identical 
to the National Ambient Air Quality Standards (NAAQS).  The primary standards were developed to 
protect public human health and the secondary standards to protect public welfare. Linking pollutants to 
specific sources would be speculative on our part; however possible sources for particulates are 
described in Dillman et al. (2007).  Because we currently do not have an abundance of biomass boiler 
facilities on the Tongass N.F. they currently are considered to provide low levels of particulate into the 
atmosphere and are not currently contributing to levels of air pollution that would trigger exceeding 
NAAQS. The discussion in Chapter 3.1 concerning air pollution sources discusses cruise ship emissions 
in Wilderness as one of the greatest contributors to particulate into the atmosphere which currently has 
the greatest risk to air quality in the region. When and if biomass facilities or other additional uses of 
biomass are proposed on National Forest System Lands, the sources and its affects will be properly 
analyzed through project-specific NEPA. 

Final EIS I-59 DEIS Comments and Responses 



Appendix I 

The Forest Service does acknowledging that an increase in wood burning could adversely impact air 
quality, but has not quantitatively analyzed those impacts. Because this amendment does not propose 
any specific biomass or wood-burning energy development, we have no specific parameters to evaluate 
for any of the alternatives.  EPA and ADEC have regulatory responsibility, under the Clean Air Act, for air 
quality related to these kinds of sources.  The enforcement of the applicable regulations by these 
agencies is anticipated to keep any potential adverse effects within the standards for air quality; therefore 
we conclude that no significant indirect effects from the uses of the Tongass National Forest should 
occur. 
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Geology/Soils and Physical Setting (SOIL) 
COMMENT 
SOIL-1:  The EIS incorrectly describes the history of Glaciation of Tongass. 

RESPONSE 
This section of the EIS was intended to tell the reader that the long history of glaciation shaped the 
landscape of Southeast Alaska. We agree that the data presented in this paragraph misses an important 
point, namely that by about 13,500 years ago much of southeast Alaska was ice free (Geology section, 
page 3-25 in the DEIS). This particular paragraph of the introduction has been in the Forest plan EIS 
since 1997 and was not updated for the amendment. The statement was not an “effort to halt responsible 
development and utilization of the forest”. A sentence has been added to this paragraph in the FEIS to 
clarify that by about 13,500 years ago much of Southeast Alaska was ice free. 
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Streams and Watersheds (S&W) 
COMMENT 
S&W-1:  Stream surveys are inadequate and critical information concerning the stream miles by 
class in the whole forest is not presented.  These gaps—and the failure to acknowledge or analyze 
them— have the result that the DEIS understates the likely effects of logging and roadbuilding on 
aquatic habitat. 

RESPONSE 
The DEIS (and FEIS) discloses that streams may be missing from the corporate layer at the forest level. 
During project planning, field surveys are conducted to add and correct streams to support effects 
analysis and ensure stream protection during project implementation according to Forest Plan standards 
and guidelines. Field efforts place high priority on areas with high probability of unmapped fish streams. 
Standard field procedures are followed (USDA Forest Service 2015c).  

During project planning, field surveys are conducted to add and correct streams to support effects 
analysis and ensure stream protection during project implementation according to Forest Plan standards 
and guidelines. Field efforts place high priority on areas with high probability of unmapped fish streams. 
Standard field procedures are followed (USDA Forest Service 2015c). Decisions at the project level will 
consider the additional streams and effects.  Text was added to the water section to clarify the meaning of 
the percent water bodies in watersheds within 300 feet of roads and the footnote on Table 3.4-1 has been 
revised to state that additional unmapped streams are present, as opposed to unmappable. 

COMMENT 
S&W-2:  The DEIS presents a misleading picture of current watershed condition in areas impacted 
by logging. 

RESPONSE 
Text additions were added in the FEIS to clarify status of watersheds and the source of that information.  
Additional details for each watershed are available in the project record and on an interactive map 
available to the public at http://apps.fs.fed.us/nfs/nrm/wcatt/WCFMapviewer/   

Effects to specific watersheds proposed to be harvested in the future, including young-growth harvest in 
RMAs outside of TTRA buffers, would be evaluated during project-specific analysis. 

COMMENT 
S&W-3:  Standards and Guidelines for stream surveys are not implemented before decisions on 
road building and harvest are made, especially for small headwater streams.  

RESPONSE 
See response to S&W-1.  

Annual BMP monitoring results summarized in the annual Forest Plan Monitoring and Evaluation reports 
include additional detail on the implementation of forest plan standards and guidelines for stream 
protections. These are available in the record. 

COMMENT 
S&W-4:  The DEIS does not properly assess sedimentation effects of log landings. 

RESPONSE 
Landings in the Tongass system are generally part of the road systems, which was assessed to their 
effect to water quality sediment as well as fish in both water and the fish sections.  Text was modified to 
include reference to landings when discussing effects of roads.  
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Fish (FISH) 
COMMENT 
FISH-1:  Logging, particularly old-growth, adversely affects salmon species. Additionally, the 
TTRA buffer does not prevent harvest in Riparian Management Areas (RMAs) of class III and IV 
streams, including patch cuts in Alternative 5, which may affect sediment, flow and nutrient in 
downstream fish bearing streams. 

RESPONSE 
Alternatives 1, 3 and 4 would generally prevent harvest in RMAs, including Class III streams.   
Alternatives 2 and 5 require that treatments in RMA must achieve stream process group objectives 
(Appendix D).  In these alternatives, some harvest in the form of thinning in young-growth RMA is 
proposed outside of TTRA buffers along Class I, II and III streams.  A watershed analysis, as described in 
Forest Plan Appendix C, would be needed for implementing any alternative that proposed to enter the 
RMA.   BMPs for all alternatives combined with the Fish and Riparian Standards and Guidelines also 
apply.  In addition, under Alternative 5, a 100-foot no harvest buffer has been applied around anadromous 
lakes 

COMMENT 
FISH-2:  Logging results in elevated stream temperatures that are detrimental to fish and 
conditions may worsen in the project area considering future climatic change caused stream 
temperature increases. 

RESPONSE 
The Forest Service believes that the current and Final Proposed Forest Plan Standards and Guidelines 
(refer to Chapter 4, Chapter 5, and Appendix D) minimize riparian harvest in order to maintain stream-
side shade.  Chapter 3 Water and Fish sections disclose and discuss likely effects of past and planned 
riparian harvest on stream temperatures.  The Forest Service does not see a need for additional 
restrictions at the Forest Plan level.  Analysis conducted under the NEPA process would evaluate site-
specific resource impacts and cumulative effects from individual timber sales or other extractive activities, 
and adjustments would be made as needed to ensure protection of these resources.   

Additional information regarding temperature effects on small streams has been added. See Chapter 3 
Water. 

COMMENT 
FISH-3:  Logging increases stream flow, which is detrimental to fish. 

RESPONSE 
Stream flow effects will be extremely difficult to ultimately resolve given a number of limitations including 
disentangling the effects of multiple vegetation and road management treatments (including young-growth 
harvest) that overlap in both time and space, along with potential effects attributable to climate change 
(Grant et al. 2008). The EIS acknowledges uncertainty with respect to the effects of timber harvest and 
roads on stream flows.   

COMMENT 
FISH-4:  Logging increases sediment input in streams including from increased landslides and 
may be a greater issue for Alternative 5, which would allow harvest to the banks of some class III 
and all class IV streams.  

RESPONSE 
The preferred alternative would allow harvest to the banks of Class III streams in existing young-growth 
stands for the first 15 years following signing of the ROD. All alternatives allow harvest to the banks of 
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Class IV streams. For steep slopes (>72%) and Class IV streams a slope stability analysis is required 
(page 4-61 and 5-11) and this requirement will minimize the number of management induced landslides 
and sediment to stream courses.  

The standards, guidelines and management approaches in Chapter 5 describe how project level 
interdisciplinary teams are to consult Appendix D for objectives for riparian areas (including lakes and 
Ponds and Class III streams) and to protect those resources while providing a commercial young-growth 
product. All BMPs designed to keep sediment out streams and lakes still apply. Annual BMP monitoring 
conducted in 2014 concluded that prescribed BMPs were mostly or fully implemented during timber 
harvest, road, and facilities activities and have been effective in limiting or preventing sediment transport 
to streams (USDA Forest Service 2015)1.  Timber harvest within riparian areas will still need to move the 
stand toward old-growth conditions to meet the objectives of the RMA.  

The data presented in Table 3.3.5 in the DEIS was based on an assumption that a similar rate of 
landslide occurrence would occur as a result of young-growth harvest as occurred as a result of old-
growth harvests. The estimate is based on the best available science at this time and the DEIS (pages 3-
43 and 44) discusses the factors that contribute to the uncertainty. The draft forest plan still requires a 
slope stability analysis for timber harvest on slopes over 72%, although the on-site analysis of slope 
stability is not required for young-growth stands. The DEIS page 3-43 and 44 explains why this is a 
reasonable approach and why harvest on slopes over 72 percent will likely become less of an issue (page 
3-43). The Forest Service has no data regarding landslide frequencies as a result of young-growth 
harvest in southeast Alaska. Text in the Chapter 3 Water was modified for clarification. 

COMMENT 
FISH-5:  Logging in riparian areas including outside of the TTRA 100-foot buffers reduces large 
woody debris to streams, affecting fish habitat. 

RESPONSE 
Most of the large woody debris recruited to stream channels would occur from the TTRA buffer. However, 
some reduction in woody debris in stream channels could occur in RMAs outside of the TTRA buffer 
depending on alterative.  Riparian Management objectives would be maintained as proposed under 
Alternatives 1, 3, and 4.  Alternatives 2 and 5 require that management in young growth riparian areas 
accelerate old-growth characteristics to improve riparian function, but would allow some harvest in young-
growth outside of TTRA buffers (refer to Water section).  Alternative 2 allows only for commercial thinning 
of up to 33 percent of stand basal area over more than 36,000 RMA acres.  This Alternative would likely 
have additional adverse effects to fish habitat not common to the other alternatives and could result in a 
loss of large woody debris to portions of floodplain and alluvial fan channel types.  While Alternative 5 
allows up to 10 acre openings and commercial thinning totaling no more than 35 percent of the total stand 
acres, it is estimated to be about 900 acres of total harvested RMA area and will only occur in the first 15 
years of the finalization of the Plan Amendment.  With these restrictions, the overall areas affected would 
be small relative to the total RMA acres in the Tongass.  A watershed analysis (as described in Forest 
Plan Appendix C) would be needed for implementing any alternative that proposed to enter the RMA.   

COMMENT 
FISH-6:  Logging adversely affects food for salmon by allowing harvest along class III and IV 
streams. 

RESPONSE 
It is understood that much of the food supply in fish streams originates from Class III streams and a 
significant portion of that food source is terrestrial, entering from riparian vegetation.  Alternatives 1, 3 and 
4 would generally prevent harvest in RMAs, including Class III streams.   Alternatives 2 and 5 require that 
treatments in RMA must achieve stream process group objectives (Appendix D).  In these alternatives, 

1 USDA Forest Service. 2015. Annual Monitoring and Evaluation Report for Fiscal Year 2014. R10-MB-770. Ketchikan, Alaska. 
Available online at: http://www.fs.usda.gov/detail/tongass/landmanagement/planning/?cid=stelprd3856205 
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some harvest in the form of thinning in young-growth RMA is proposed outside of TTRA buffers along 
Class I, II and III streams.  A watershed analysis, as described in Forest Plan Appendix C, would be 
needed for implementing any alternative that proposed to enter the RMA.   BMPs for all alternatives 
combined with the Fish and Riparian Standards and Guidelines also apply.  As is noted in the Fish 
Section of the EIS, while changes to riparian vegetation on fishless streams will alter the composition of 
the food sources transported downstream, the overall effect on downstream fish streams over the long 
term is not clear, as actions near these small streams may have additional effects on stream production 
(Wipfi and Gregovich 2002).   

COMMENT 
FISH-7:  Forest Service must retain or improve existing protections in both riparian and shoreline 
areas to protect salmon. 

RESPONSE 
The proposed plan components and BMPs would adequately protect fish and water resources on the 
Tongass National Forest and additional restrictions at the Forest Plan level are not necessary.  Analysis 
conducted under the NEPA process would evaluate site-specific resource impacts and cumulative effects 
from individual timber sales or other extractive activities, and adjustments would be made as needed to 
ensure protection of these resources.  The amount and location of land available for timber harvest varies 
by Alternative.  Plan components protect watershed resources and watershed analysis will be conducted 
where conditions indicate the need.   

COMMENT 
FISH-8:  Road construction in riparian areas increases stream temperature.  

RESPONSE 
The EIS Water and Fish sections discussion acknowledges and addresses the effects of roads and 
harvest on water quality, stream flow, and watershed condition.  The EIS acknowledges that risks to 
aquatic resources would increase with more harvest and associated road construction and would vary by 
alternative (refer to the Fish and Water sections including additional text to the water section addressing 
potential temperature effects of roads).  Site-specific evaluations, and if needed based on standard and 
guidelines, watershed analysis would be conducted for all timber harvest proposals to evaluate if specific 
adverse effects would occur and identify how best to modify the actions to minimize these specific effects.    

COMMENT 
FISH-9:  Roads increase stream flow and peak flow timing, impacting stream channels and 
degrading fish habitat.  The Forest Service should adopt a plan that involves fewer newly 
constructed road miles. 

RESPONSE 
The DEIS discusses and analyzes the effects of harvest and roads on streamflow on pages 3-64 through 
3-68. The cumulative effects of roads and timber harvest on streamflow are discussed on pages 3-77 
through 3-80. 

COMMENT 
FISH-10:  Roads increase sediment entering streams and adequate stream buffers would reduce 
this sediment input.  

RESPONSE 
The EIS acknowledges the risks of roads to streams and the need to control sediment delivery to water 
bodies.  Standards and guidelines for road construction have been developed to keep these risks at low 
levels with measures such as avoiding steep, unstable slopes, taking roads out of use after harvest is 
complete, including removal or stormproofing culverts.  Recent monitoring demonstrates that the 
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maintenance program practices are effective in minimizing sediment transport from roads (USDA Forest 
Service 2015). Potential sediment effects are evaluated on a site-specific basis during the NEPA 
evaluation of timber sales and other projects, and as needed adjustments will be made to reduce the risks 
and ultimately the effects of roads to streams and control sediment delivery to water bodies.    

COMMENT 
FISH-11:  Habitat access and fish passage at road crossings of streams must be considered and 
adequately monitored. 

RESPONSE 
Providing for fish passage at stream and road intersections to ensure fish migration is an important 
consideration when constructing, reconstructing, or storing forest roads. Standards and Guidelines direct 
specialists to avoid location of roads near fish-bearing streams and to seek locations that avoid fish 
streams, crossing streams when other locations are not feasible and fish habitat can be protected. All fish 
stream crossing installations in all action alternatives will be designed to meet fish passage standards.  
The Tongass National Forest strives to incorporate an adaptive management process to achieve the 
desired management goals and objectives for the fish passage at road crossings program. The adaptive 
management approach includes a continuous process of using, or developing, state-of-the-art 
assessment and restoration techniques followed by monitoring and adjustment of the techniques 
accordingly.  

The Forest Service plans to continue to monitor all new and recent culvert installations in fish streams.  A 
subsample of culverts installed from 1998 to present in fish streams are monitored annually.  Only non-
bottomless culvert installations are evaluated since they are more problematic for fish passage than 
bridges and bottomless culverts which routinely do not impede fish passage.   

Furthermore, the transition to young growth will be managed at a pace that allows operators to adjust, 
adapt, and develop markets for new products.  The duration and scale at which old growth harvest will be 
needed is unclear.  Factors such as the role of State and private land in contributing wood supply to a 
viable industry; the availability of suitable young growth that is mature and economic to harvest; export 
and domestic processing policies; and fluctuations in domestic and world markets for forest products must 
be considered but are unpredictable, and will influence the timeframe for transition.   

COMMENT 
FISH 12:  The Forest Service must consider options that would lessen road-building and protect 
salmon from its serious, varied harms.  

RESPONSE 
In the DEIS- Transportation, affected environment page 3-273 there is a description of the intent of the 
road construction to provide access to NFS lands.  As mentioned in the environmental consequence 
section, page 3-275 the Forest will implement the Best Management Practices to protect water quality.  
The potential effects to the resources such as plants and fish are discussed in the subject resource 
sections.  Relative to concerns associated with invasive plants, in the Plants, Environment & Effects 
section on page 3- 156 there is a discussion about the potential effects from road construction.  This 
section mentions that the potential effect on risk of increased invasive plants as inferred from the amount 
of anticipated soil disturbance associated with alternative 5 would be intermediate relative to the other 
alternatives.  There is a discussion in the cumulative effects section relative to invasive plants on pages 
3-159- 3-160.  In the end of this section the intent of the application of mitigation through the standards 
and guidelines as well as ongoing invasive control measures will contribute to minimize the cumulative 
effects of road building.  The environmental effects relative to water are addressed in the section starting 
on page 3-49 and specific description relative to roads and road construction starts on 3-65.  This section 
examines the miles of projected road construction relative to road densities as well as projected 
construction and reconstruction in beach/ estuary areas and riparian management areas. In the summary 
of this section on page 3-77, the analysis concluded that alternative 5 would have little overall effect to 
water quality in comparison to the current condition.  The discussion of the cumulative effects of water 
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associated with roads starts on page 3-77.  In this section, the Forest states that the application of the 
Best Management Practices will moderate the effect of the proposed action.  In reference to details about 
the cumulative increase of estimated road miles is included on page 3-79.  The environmental effects to 
fish are addressed starting on page 3-97 and a description of the fish and aquatic resources as well as 
streams and watersheds follows.  Mention of roads and associated impacts is included on page 3-104, 
culvert replacements and removals at road crossings on page 3-109.  Specific discussion of fish passage 
across roads is included on page 3-114- 3-115 and details associated with the number of stream 
crossings by alternative is displayed.  Detailed description of alternative 5 and the potential impact on 
riparian management areas is included on page 3-123.   

COMMENT 
FISH 13:  Inappropriately designed or located hydroelectric projects harm salmon.  

RESPONSE 
The analysis presented in this EIS is programmatic and provides overall Forest-wide direction. Project 
specific analyses are conducted for specific projects, such as hydropower developments.  Project-level 
analyses quantify all the impacts—beneficial and adverse—of a proposed project. Potential impacts may 
include impacts to fish. Analysis conducted under the NEPA process would evaluate site specific 
resource effects and cumulative impacts from hydropower developments, and adjustments would be 
made as needed to ensure protection of resources. 

Additional information has been added to the Fish section of the FEIS under the Renewable Energy 
Development subsection.  

Chapter 5 of the Forest Plan includes the following renewable energy standard for fish: 

“Assure that renewable energy projects continue the productivity of existing fish populations and habitat.” 

COMMENT 
FISH 14:  The Forest Service should consult with the National Marine Fisheries Service on 
Essential Fish Habitat. 

RESPONSE 
The reasons for not consulting with NMFS regarding EFH is provided on page 3-125 in the DEIS. The 
EFH assessment and NFMS consultation will occur at the project scale for projects that affect essential 
fish habitat. 

COMMENT 
FISH-15:  Climate change poses a serious threat to salmon that could be exacerbated by proposed 
actions in the Draft Forest Plan.  

RESPONSE 
The Forest Service has modified the Fish section discussion on climate change.  We believe the current 
discussion of effects of climate change on fish resources and their habitat is adequately addressed in this 
section as revised.   

COMMENT 
FISH 16:  Forest Service should measure the economic contributions of salmon produced on the 
Tongass. 

RESPONSE 
This request is beyond the scope of this Forest Plan Amendment.   
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COMMENT 
FISH-17: One commenter noted that the DEIS overstates log transfer and log storage facilities 
effects on marine habitat, while another indicated that LTF facilities assessment was incomplete 
inaccurate and did not consider the current and future effects of these facilities on the marine fish 
and habitat conditions.  It was also noted that the considered actions should be addressed in an 
Essential Fish Habitat (EFH) assessment. 

RESPONSE 
Explanation of need and potential number of LTFs is included in the Transportation Section of the FEIS. 
The effects of LTFs on marine fish, shellfish and habitat conditions was modified, expanded and 
presented in the Fish Section of the FEIS. The analysis includes further descriptions of mitigation and 
monitoring actions, state law requirements, and Forest Service limitations in place to protect marine 
resources from LTF and log storage sites and notes that future development of a substantial number of 
new LTF facilities is unlikely considering projected future harvest. The reasons for not developing and 
EFH analysis at this planning level is presented in the Fish section.  

COMMENT 
FISH-18:  The Forest Plan should address road long-term road maintenance obligations under the 
CWA exemption for construction and maintenance of forest roads. It is not enough to only 
consider the initial construction of a road, and treat BMP violations that emerge later as merely 
part of an existing condition that are unrelated to any project decision. 

RESPONSE 
The DEIS/FEIS adequately discloses the effects of roads on fish passage and BMP compliance. The 
Forest Service plans to continue to address past culvert problems as funding is available. Determining 
funding levels is outside the scope of this Forest Plan Amendment EIS. Current standards and guidelines 
and Forest Service Handbook direction for culvert installation have requirements to ensure fish passage 
is provided when fish are present at the crossing areas. All road construction and reconditioning will be 
completed in conformance with Forest Plan Standards and Guidelines and best management practices 
(BMPs).  Recent monitoring demonstrates that the current maintenance program practices are effective in 
minimizing sediment transport from roads (USDA Forest Service 2015) 

As is stated in the DEIS (and FEIS) the Forest Service considers fish passage to be an important priority 
and has an ongoing program to eliminate or replace culverts that do not provide passage. Information on 
the status of the current culvert inventory relative to fish passage can be found in the Fish section of the 
Draft and Final EIS. The number of potential stream crossings identified in the EIS provides a relative 
approximation of the potential number of culverts by alternative (Table 3.6-4 on DEIS page 114-115); an 
exact number of future culverts cannot be determined prior to site-specific analyses. The exact number of 
culverts would be determined at a project level and the potential effects would be addressed as part of 
the project-specific NEPA analysis at that time. The Forest has a substantial database that identifies the 
status of nearly all existing fish stream – road crossings and includes detailed fish passage information 
(available in the project record).   

COMMENT 
FISH-19:  The analysis of the effects from road crossings, both new and reconstructed, on fish 
passage and associated stream sediment is deficient in the DEIS. 

RESPONSE 
Additional information and clarification has been added to the Fish section of the Final EIS discussing 
risks to streams and fish habitat from road reconstruction including stream crossings.  The Forest Service 
agrees that providing for fish passage at stream and road intersections to ensure fish migration is an 
important consideration when constructing, reconstructing, or storing forest roads. Current standards and 
guidelines direct specialists to avoid location of roads near fish-bearing streams and to seek locations that 
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avoid fish streams, crossing streams when other locations are not feasible and fish habitat can be 
protected. All fish stream crossing installations in all action alternatives will be designed to meet fish 
passage standards (refer to references cited 
in https://www.researchgate.net/publication/265814797_Road_Surface_Erosion_Part_1_Summary_of_Eff
ects_Processes_and_Assessment_Procedures for further information). 

COMMENT 
FISH-20:  The DEIS fails to recognize that damage to fish habitat means loss of fish production 
and harm to the fishing industry. 

RESPONSE 
See response to FISH-1. Effects to fish populations from future actions cannot be directly quantified given 
the number of outside variables, such as ocean conditions and population fluctuations. However, past, 
present and future actions are discussed by quantifying factors known to have increased risk to fish 
habitat. All of the proposed alternatives have a substantial number of measures that would be 
implemented during timber harvest to protect fish habitat, many of which were not in place during most of 
the past timber harvest.   

COMMENT 
FISH-21: The DEIS does not clearly present effects to fish populations and watershed conditions.  

RESPONSE 
The DEIS/FEIS adequately discloses and discusses the effect of each alternative, including relative to 
road-related parameters, in the Water and Fish sections of Chapter 3. These and other site-specific 
variables would be evaluated more precisely during project-level planning. 

COMMENT 
FISH-22:  Fishing, largely commercial, has devastated populations of the wild salmon and 
steelhead in our rivers throughout Southeast Alaska. 

RESPONSE 
The FEIS provides baseline information on commercial fish harvest, including past harvest in Chapter 3 
Fish.  In Chapter 3 Wildlife, the FEIS acknowledges that the amount of human activity in the marine 
environment associated with Forest management activities is only a fraction of the total amount of human 
activity occurring in the marine environment. Some of the other activities include commercial fishing, sport 
fishing, hunting, subsistence, tourism, and mariculture. Assessing the overall effects of past commercial 
fishing on wild populations throughout Southeast Alaska is outside of the scope of this amendment.  
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Riparian (RIP) 
COMMENT 
RIP-1:  No-cut buffers should apply to all anadromous water bodies, including lakes, ponds, and 
wetlands. 

RESPONSE 
All alternatives provide old growth no-harvest buffers along Class I, II, and III streams. TTRA directs that 
no commercial timber harvest is allowed within a minimum of 100 feet horizontal distance either side of 
Class I streams and Class II streams that flow directly into a Class I stream. RMAs outside of TTRA are 
protected in accordance with the intent of the Anadromous Fish Habitat Assessment (1995), through 
application of the direction contained in Riparian Management Area Standards and Guidelines (Appendix 
D) and through application of BMPs.  Riparian buffers vary in width, depending on site-specific conditions, 
including stream class, channel type, and the risk of windthrow. The areas identified in the comment are 
generally included in the riparian buffers.  

In reference to young-growth outside of TTRA buffers, Alternatives 1, 3 and 4 would generally prevent 
harvest in RMAs. Alternatives 2 and 5 allow only for commercial thinning in RMA’s with maximum removal 
varying from 33 percent (Alternative 2) to 35 percent with created openings (< 10 acres) allowable.  
Commercial thinning in Alternative 2 would occur over a majority of all the available young-growth RMA 
areas.  Alternative 5 commercial thinning is limited in area based on model assessment. Forest Plan 
Standard S-YG-RIP-02 constrains young-growth harvest in these areas to a one-time only entry and to 
the first 15 years unless best available scientific information shows that additional entries are: a) 
warranted, and b) meet the LUD objectives. However, the harvest prescription is less restrictive.  Under 
all alternatives, any commercial harvest in RMAs (excluding TTRA buffers) must be compatible with 
direction contained in Riparian Management Area Standards and Guidelines (Appendix D). A watershed 
analysis would be required for implementing any alternative that proposed to enter RMA.  BMPs 
combined with the Fish and Riparian Standards and Guidelines would also apply. Every project and 
activity must be consistent with the applicable plan components, including the desired conditions. (36 
CFR 219.15(d)) 

In addition, under Alternative 5, a 100-foot no harvest buffer has been applied around anadromous lakes. 

COMMENT 
RIP-2:  The language of TTRA mandates buffers of "at least" 100 feet and the effect of an RMA 
would seem to be widening that buffer. 

RESPONSE 
Forest Plan Appendix D provides a detailed description of the standards and guidelines applicable in 
Riparian Management Areas, including the requirements of TTRA. 

COMMENT 
RIP-3:  The proposed action is concentrating timber production in the most valuable areas.  
Targeting riparian areas for timber harvest will use and develop legacy roads and landings that 
should be allowed to continue their natural path to restoration, especially in floodplains and on 
alluvial fans. Harvesting in riparian areas will affect LWD recruitment, sediment delivery, and 
hydrologic connectivity. 

RESPONSE 
See response to FISH-5 and FISH-10. The DEIS/FEIS discloses these effects, which must also be 
considered at the project level. Under all alternatives, any commercial harvest in RMAs must be 
compatible with direction contained in Riparian Management Area Standards and Guidelines (Forest Plan 
Appendix D).  A watershed analysis (Forest Plan Appendix C) would be required for implementing any 
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alternative that proposed to enter RMA.  BMPs combined with the Fish and Riparian Standards and 
Guidelines would also apply.   

The DEIS acknowledges that existing legacy roads would be reconstructed. However, it is unlikely that 
many of the original valley bottom (floodplain and alluvial fan) legacy roads would be used to access 
timber because of the risk to productive fish habitat and cost of reconstruction. This would be evaluated at 
the project-scale. 
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Botanical Resources (BOT) 
COMMENT 
BOT-1:  Sensitive Plants:  The USFS should provide more detail in the Forest Plan Amendment 
regarding the largest population of one sensitive plant, lesser round-leaved orchid, and the recent 
monitoring results indicating a decline in known sightings within the Big Thorne Project area on 
Prince of Wales Island. The USFS should also address climate change as a threat to the species. 
The FEIS should more specifically address these concerns and the body of literature related to 
this sensitive plant.  

RESPONSE 
Forest Service policy requires that a review of programs and activities be conducted to determine their 
potential effect on threatened and endangered species, species proposed for listing, and Regional 
Forester-designated sensitive species (FSM 2670.31-2670.32). The Forest Service has prepared a 
Biological Evaluation (see FSM 2670.3) for Plants for the Forest Plan Amendment (see Forest Plan 
Amendment Planning Record) that presents the analysis and determination of effects for the Forest 
Service sensitive species, including the lesser-round leaved orchid. Preparation of a Biological Evaluation 
(BE) as part of the National Environmental Policy Act (NEPA) process ensures that sensitive species 
receive full consideration in the decision-making process.  

Sensitive plants are those plants identified by the Regional Forester for which population viability is a 
concern on National Forest System (NFS) lands within the region.  A viability concern is identified by 
either a significant existing or predicted downward trend in population numbers or density, or a significant 
existing or predicted downward trend in habitat capability that would reduce a species’ existing range in 
the planning area. For forest planning purposes, a planning area is one or more identified National 
Forest(s) (FSM 2605).  

The analysis area for the Plan Amendment Plant BE is the Tongass National Forest (i.e., the plan area), 
which includes all biological populations existing in whole or in part of the plan area. Because population 
viability is evaluated at a Forest-level, we considered all known occurrences of the lesser round-leaved 
orchid throughout the plan area, which includes a larger land base than the analysis conducted for the Big 
Thorne Timber Sale (i.e., Big Thorne project area). 

Recent population mapping of all occurrences of the lesser round-leaved orchid by the Alaska Natural 
Heritage Program conducted in 2015 using national mapping standards and definitions of populations2  
resulted in 61 distinct populations. Of the total area occupied by the 61 known populations, 44 percent is 
located within non-development LUDs and 56 percent is located within development LUDs (USDA Forest 
Service 2015).   

We acknowledge that approximately 50 percent of the known occurrences of lesser round-leaved orchids 
occur on Prince of Wales Island. Therefore, half of the known occurrences exist elsewhere on the 
Tongass. The largest occurrences are concentrated in east-central Prince of Wales Island near Thorne 
Bay, AK. Other concentrations are on western Revillagigedo Island, Gravina Island, and southern Etolin 
Island. The northern limit of known occurrences on the Tongass is on Wrangell Island. (USDA Forest 
Service 2015). 

A recent pilot monitoring of population trend for this species on Prince of Wales Island suggests a 
potential decrease in population density of 57 percent in a two-year monitoring period (USDA Forest 
Servie 2015).  The severity of the potential downward trend emphasizes the need for continued 
monitoring of lesser round-leaved orchid to understand whether the short-term pattern observed suggests 
a possible concern about the long-term persistence of this species on this portion of the Tongass. Factors 
related to a potential downward trend are uncertain and may include a this species’ inherent dormancy 
(and therefore cryptic nature); mycorrhizal associations of the plant and soil; herbivory; changes in soil 

2 Populations are defined differently than occurrences.  Rare and sensitive plant occurrences documented in the 
Tongass National Forest database do not always correspond to the definition of a population. 

DEIS Comments and Responses I-72 Final EIS 

                                                            



Appendix I 

moisture regime over the long term as a result of long-term climatic variation; management impacts, such 
as changes in light and soil regimes as a result of timber harvest and road construction, among other 
factors. Furthermore, the monitoring sample size was small, resulting in high variation among the sample 
plots. A larger number of sample plots would be needed to reduce this variation. Thus, we have a limited 
ability to make robust conclusions regarding trends indicated by the monitoring results.  Because 
monitoring is focused on a small sample of known locations, which are limited to only a portion of the 
Forest over a two-year monitoring period, inferences regarding downward trends may only apply to 
populations on the portion of Prince of Wales Island where monitoring has occurred.  Current monitoring, 
does not sample populations across the full range of this species in the plan area and; therefore, should 
not be used to make accurate inferences as to this species’ viability status across the Tongass. 

Substantial timber harvest and road construction has occurred within development LUDs within the range 
of this species on the Tongass.  The Old-growth Conservation Strategy provides for large reserves of old-
growth habitat, in particular within the non-development LUDs; resulting in conserving at least 40 percent 
of the known populations of lesser-round leaved orchid and their habitat across the Forest. 

Key threats to this species and its habitat in the development LUDs continue to be impacts from timber 
harvest and road construction.  These threats were analyzed in Chapter 3 of the DEIS (pages 3-142 
through 3-159) and in the Draft Plant BE (see Forest Plan Amendment Planning Record). Several large-
scale harvests of mostly mature to old-growth timber are currently being planned within the range of this 
species. If implemented, these projects could impact a substantial amount of habitat and known 
occurrences. However, Forest-wide standards and guidelines in the approved Forest Plan (USDA 2008b, 
page 4-41) have been implemented in current and on-going project NEPA analysis and have provided 
protection of many lesser round-leaved orchids occurrences by buffering and avoiding known 
occurrences during timber layout for several timber sale areas; illustrating a concerted effort to avoid and 
minimize impacts to known occurrences from timber harvest and road construction. Continued 
implementation of the standards and guidelines are fully anticipated for the life of the Plan Amendment 
and therefore, impacts will be minimized. 

Predicted increase in average temperatures in southeast Alaska due to climate change could theoretically 
expand the range of the lesser round-leaved orchid and other sensitive plants northward on the Tongass. 
Recent collaboration with the Alaska Natural Heritage Program will provide the Tongass with better 
information on future climate change scenarios associated with several sensitive plants (work in 
progress). Until we receive this work on species assessments and the associated climate change 
scenarios, the future expansions or contractions in sensitive plant ranges within the Planning Area is 
uncertain. Unlike the research and findings related to the effects of yellow-cedar due to climate change 
(Hennon et. al.  2016), no specific work has been done on any of the sensitive plants in Region 10 related 
to climate change impacts on their distribution and extent.   

Fragmentation of habitat due to past and potential future management activities could inhibit the ability of 
lesser round-leaved orchid and its habitat to adapt or migrate. As the level of old-growth harvest 
decreases under this Forest Plan’s transition period, fragmentation will become less of a concern.  The 
lesser round-leaved orchid is also subject to browsing or grazing by a number of herbivores, but the 
effects of herbivory on the Tongass populations is currently not known. Collection or trampling by 
recreationists is likely to be a minor threat, since the flowers are small and the plant can be difficult to see 
in its shady forest habitat. Additionally, the rarity of this species across its range may be at least partially 
due to the rarity of its pollinators. 

We recently evaluated the lesser-round leaved orchid in light of the Tongass old-growth Conservation 
Strategy and our most recent information on the numbers of occurrences within the plan area (USDA-FS 
2015). We concluded that with 44 percent of their population areas occurring within non-development 
LUDs, combined with the on-going and active implementation of 2008 Forest Plan direction in this Forest 
Plan for avoiding and minimizing impacts to this species, that current science evidence does not indicate 
a substantial concern for the capability of lesser round-leaved orchid to persist over the long-term in the 
Tongass plan area (USDA Forest Service 2015).  

Furthermore, in our evaluation of the direct, indirect, and cumulative effects as required through the BE 
process, we considered timber harvest and road construction – the two management actions identified in 
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this Plan Amendment NEPA analysis as most impacting - and conclude that the consequence of adverse 
effects on currently unknown and known occurrences in the Tongass would be low because 
approximately 40 percent of the known occurrences are not currently threatened by proposed 
management activities.  In addition, Forest-wide standards and guidelines under all alternatives would 
consider protection to minimize impacts to known occurrences of this species and new occurrences of 
this species located during project surveys. Because, at the most, approximately 17 known occurrences 
are expected to be within old-growth harvest units, and another 29 known occurrences are expected to be 
within young-growth harvest units, out of the 291 distinct occurrences on the Tongass, there would be a 
relatively low level of risk to this species’ viability. Because of this plant’s abundance outside the Tongass 
no alternative would result in a trend toward federal listing (see the Biological Evaluation for Plants in the 
planning record, USDA 2016) 

COMMENT 
BOT-2: The DEIS needs to provide more detail about Forest Service plans to treat invasive plants 
– particularly the use of herbicides. 

RESPONSE 
Currently the Forest uses over 30 specific mitigation measures for invasive plant prevention and control 
for all management actions, ranging from timber sale programs, transportation planning and maintenance 
programs, renewable energy development, recreation and wilderness management and other special 
uses. Mitigation measures are identified in a draft guidance document that is currently undergoing 
revision (Krosse, P. March 2014). This document follows specific guidance for prevention and control 
measures as described in FSM 2900 (Invasive Species Management – November 2011). Additional 
directives associated with integrated pest management include FSM 2070 (Native Plant Material Policy) 
and FSM 2150 (Pesticide Use Management and Coordination Policy), the latter of which is particular to 
the use of herbicides.  The draft guidance document provides 38 specific best management practices 
(BMPs) associated with invasive plants along with several exhibits which provide more information and 
direction on process and methods for applying these mitigation measures. 

Due to the draft status of this document, it is premature to include it in the FEIS.  However, the full intent 
of implementing mitigation measures associated with invasive plant management is comprehensively 
delineated in FSM 2900, which is incorporated by reference in the FEIS. 
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Wildlife (WILD) 
COMMENT 
WILD-1:  The Forest Service has not provided its assessment of wildlife viability or disclosed its 
reasoning and conclusions in the DEIS as it relates to well-distributed, viable populations. 

RESPONSE 
See response to PLR-2. 

A thorough viability analysis was conducted during the 1997 Forest Plan revision.  The Tongass 
Conservation Strategy was designed to provide enough old-growth habitat strategically placed across the 
Tongass National Forest to provide for viable and well distributed populations under old-growth logging 
for 100 years; old-growth associated species were emphasized because that habitat is what was targeted 
for harvest at the time.  The basic Conservation Strategy of old-growth habitat reserves is still in place 
under this proposed amendment; no old-growth harvest is proposed in areas important to the 
Conservation Strategy such as old growth reserves, beach and estuary buffers, and riparian management 
areas.   

Young-growth harvest in conservation areas (Old-Growth Habitat LUD, RMA, beach) is limited by plan 
components established in Chapter 5 and include: maximum opening size, maximum percent of each 
stand that could be harvested, a one-time entry per stand, and desired conditions to accelerate old-
growth characteristics. If young growth harvest is proposed within Old-Growth Habitat LUD, an 
interagency biologist team will review the possibility of modifying the boundaries to exclude that young-
growth in exchange for increasing the old-growth protected within the reserve boundary. 

One purpose and need of this amendment is to transition to primarily young-growth harvest in about 15 
years.  Although old-growth harvest will still occur under the amended Forest Plan, it will be at levels 
lower than those analyzed under the 1997 Forest Plan and will be for a shorter duration (10-15 years) 
than previously evaluated (100 years).  There will be a phased approach to the transition - the maximum 
old-growth harvest (for 10 years or so) and maximum young-growth harvest (beyond 15 years) will not be 
taking place at the same time.  .  In addition, the level of old growth harvest that occurred since 1997 has 
been less than the maximum anticipated in the mid-1990s viability analysis. 

Standards and Guidelines in Chapter 4 also remain in place, such as designing projects to maintain 
landscape connectivity; nest buffers for goshawks, marbled murrelets, and herons and raptors; and den 
buffers for wolves. 

COMMENT 
WILD-2:  The Forest Service should make a concerted effort to maintain remaining wildlife 
corridors and leave strips in heavily fragmented developed areas. 

RESPONSE 
One Forest-wide Goal stated in Chapter 2 of the Forest Plan is “Maintain the abundance and distribution 
of habitats, especially old-growth forests, to sustain viable populations in the planning area” and this is 
considered during project planning.  In addition, Forest-wide Standard and Guideline WILD1.VI pertains 
to Landscape Connectivity:  projects are to be designed to maintain landscape connectivity between large 
and medium Old-Growth Habitat reserves and other forested non-development LUDs, and young-growth 
treatments that accelerate old-growth characteristics should be considered in beach fringe, riparian 
buffers, and other lands not suitable for timber production. 

In order to transition in 10-15 years as outlined in the Secretary’s Memo and brought forward in the 
Purpose and Need, all young-growth lands were considered. Since the age of the young-growth stands is 
a limiting factor, the oldest stands of young growth are being considered for harvest to facilitate the 
transition. Many of the older young growth stands were harvested prior to having the current standards 
and guidelines and other restrictions in place; these older young growth stands that will have restrictions 
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or limitations on harvest under the proposed Forest Plan that will contribute to protection of habitat. For 
example, some of the oldest young-growth stands may have unmapped streams that will require stream 
buffers. Some areas may occur on soils that would have harvest deferred on them under the current 
forest plan. These areas are expected to add structure and habitat in patches and/or corridors in many of 
the older young growth stands. 

All alternatives provide old growth no-harvest buffers along Class I, II, and III streams.  TTRA directs that 
no commercial timber harvest is allowed within a minimum of 100 feet horizontal distance either side of 
Class I streams and Class II streams that flow directly into a Class I stream. 

See response to CONS-11. 

COMMENT 
WILD-3:  Specific attention should be made to improve habitat conditions in ecologically 
important areas and emphasize timber production in intensive rotational forestry areas near mills 
and roads. 

RESPONSE 
“Include a young-growth management program to maintain, prolong, and/or improve understory forage 
production, and to improve habitat distribution, including future old-growth characteristics in young-growth 
timber stands for wildlife on lands both suitable and not suitable for timber production” is a Forest-wide 
Objective from Chapter 2 of the Forest Plan and is considered during project planning.  At the Forest Plan 
level, land use designations are used to designate general areas where development such as timber 
harvest can occur. Site-specific information regarding economics (for example, logistics and proximity to 
infrastructure) and resource considerations (for example, ecological importance) are evaluated by an 
interdisciplinary team during project planning.  Specific stand treatment objectives are also completed at 
the project level.    

The Tongass uses intermediate silvicultural treatments to meet a variety of objectives in our young-growth 
stands. Precommercial thinning is the most predominant management tool prescribed to improve tree 
growth and stand vigor, as well as allow for more light to reach the understory, allowing a more robust 
and persistent understory including forage. Follow up treatments can be planned for young growth where 
the objective is other than long-term rotational harvest. Some of these treatments may include creation of 
canopy gaps, pruning and/or slash reduction. In areas of timber intensive objectives, precommercial 
thinning can improve the understory and stand health for the benefit of wildlife and other resources during 
the decades the stand is growing prior to reaching economical or ecological maturity. 

COMMENT 
WILD-4:  The LRMP suitability determinations failed to respond to multiple use values in heavily 
logged biogeographic provinces on the central and southern end of the Tongass where high 
volume and large tree POG already have substantial cumulative impacts. 

RESPONSE 
The DEIS acknowledged that parts of the Forest have been logged more intensively than others, 
including Prince of Wales Island. The DEIS, page 3-202, states: “As development continues through 
timber harvest and associated activities such as roadbuilding, and community expansion, particularly in 
areas where extensive development as already occurred (i.e., Prince of Wales Island), maintaining 
connectivity and roadless refugia will become increasingly important, particularly for wide-ranging species 
whose distribution depends on some level of connectivity across the landscape.” In addition, Tables 3.9-
16, 3.9-17, and 3.9-18 show cumulative impacts by biogeographic province for total POG, high-volume 
POG, and large-tree POG for all ownerships across Southeast Alaska, clearly showing some 
biogeographic provinces with higher percentage harvest than others. 

In order to expedite transition away from harvesting old growth, all young-growth lands were considered. 
Since the age of the young-growth stands is a limiting factor for commercial harvest, the oldest stands of 
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young growth are being considered for harvest to facilitate the transition, and it is necessary to harvest 
older young-growth stands in these areas of the Forest in order to meet the stated Purpose and Need of 
the amendment.  This harvest also provides an opportunity to improve habitat conditions for wildlife and 
fish and improve stand function in places that could benefit from restoration; the opportunity to advance 
these stands toward old-growth conditions would be lost if young growth was not considered in previously 
harvested areas.   

Old growth timber harvest will be limited to the Timber Management, Modified Landscape, and Scenic 
Viewshed LUD as is allowed under the 1997 and 2008 Forest Plans.  Changes to these LUDs as suitable 
for old growth harvest are not proposed as part of this amendment.  Legacy standards and guidelines 
apply to old-growth harvest in heavily harvested VCUs. To complete the transition to primarily young 
growth harvest, it is inherently necessary to do that young growth harvest in areas with previous old 
growth harvest.  Roadless area direction also limits timber harvest to areas that have roads, which 
generally means past timber harvest. 

Also see WILD-6 

COMMENT 
WILD-5:  All alternatives would result in federal lands remaining at the stem exclusion phase 
which is not consistent with the need to provide long-term understory forage production. 

RESPONSE 
The EIS acknowledges that the management of young-growth stands for commercial timber harvest will 
reset the stand development process when even-aged harvest is used, transitioning older young-growth 
stands currently in the stem exclusion stage back to stand initiation. Young growth stands that would be 
harvested under the proposed amendment are typically a minimum of 65-75 years old (DEIS page 3-
310), and have not yet reached the understory reinitiation stage which occurs at around 150 years of age 
in Southeast Alaska (Alaback 1984); Alaback also found that forests with open, patchy canopies tend to 
produce the most understory vegetation while those even-aged forests in the 30 – 150 year produced the 
least understory vegetation.  

Over time, active management of these stands for commercial timber harvest (repeated entries) would 
delay the development of old-growth. Alternative 5 addresses this by including a one-time entry for 
young-growth harvest in the beach fringe, RMAs, and Old-Growth Habitat LUD during the first 15 years 
after Plan approval (S-YG-BEACH-02, S-YG-RIP-02, and S-YG-WILD-02) and a desired condition to 
accelerate old-growth conditions in these areas (DC-YG-BEACH-01, DC-YG-RIP-01, and DC-YG-WILD-
01). Ultimately, all of the action alternatives would result in the maintenance of more old-growth forest 
across the landscape than originally assumed during the development of the 1997 Tongass Conservation 
Strategy. 

COMMENT 
WILD-6:  Cumulative effects of non-federal logging heightens the need to downscale federal 
second growth logging. This is especially apparent in areas such as Kosciusko Island, which was 
acknowledged by the Forest Service in other analysis, and likely in POW and southern Revilla due 
to the scale of foreseeable Sealaska and Alaska Mental Health Trust logging, other smaller scale 
areas. 

RESPONSE 
The Draft EIS presents the cumulative effects of old-growth timber harvest under each alternative in 
Section 3.9 – Biodiversity (Table 3.9-16).  As noted in the comment, the EIS describes assumptions made 
about future harvest on non-NFS lands. However, the EIS analysis assumed that these harvested lands 
never return to old-growth condition (i.e., they are conservatively assumed to make no contribution over 
time to the old-growth land base once harvested). This assumption also is conservatively used for 
existing young-growth on non-NFS and NFS lands. 

Final EIS I-77 DEIS Comments and Responses 



Appendix I 

The cumulative effects discussion notes that the future cumulative reduction in POG would result in 
increased fragmentation and loss of connectivity.  It further notes, that edge effects such as shifts in 
species composition may reduce natural biodiversity over time by favoring some species over others and 
that these effects would be lessened by the action alternatives which propose a transition to young-
growth harvest. Based on the analysis included in Table 3.9-16, additional discussion has been added to 
the Final EIS identifying where on the Tongass, these effects are most likely to occur (i.e., those areas 
that have experienced the most past harvest). However, more detailed, location-specific analyses of 
cumulative effects, such as in the Kosciusko Vegetation Management and Watershed Improvement EA 
referenced by the commenter, necessarily occur at the project-level where proposed harvest units can be 
identified and effects can be evaluated in the context of the surrounding landscape (i.e., the presence and 
proximity of non-NFS lands, future land exchanges, and other factors in relation to proposed harvest units 
or other activities on NFS lands). Any future proposed project on the Tongass would undergo its own 
NEPA analysis and must demonstrate consistency with the Landscape Connectivity standard and 
guideline. Moreover, it is possible at the project level to adjust the location of proposed actions to 
minimize cumulative impacts. For these reasons, the cumulative effects analysis in this EIS adequately 
addresses timber harvest on non-NFS lands and therefore does not warrant republication of the Draft 
EIS. 

Also see WILD-4. 

COMMENT  
WILD-7:  The Forest Service needs to provide more information on how young-growth 
management will benefit wildlife and explain what is meant by “maintain” and “improve.”  

RESPONSE 
The 2012 Planning Rule (36 CFR 219.19) defines maintain for ecological conditions: “To keep in 
existence or continuance of the desired ecological condition in terms of its desired composition, structure, 
and processes.” It also says this may be done by active or passive management or both depending on 
the circumstances.  Although “improve” is not defined in the Planning Rule, the general definition would 
simply mean to make better, which in this case would be to move the habitat toward the Forest Plan 
desired conditions, or toward the habitat conditions needed to support a particular species if that is the 
objective of a specific project.  Habitat preferences are discussed in the FEIS for selected species 
(Wildlife section) and in general terms of old-growth (Biodiversity section). It should be noted that the 
wildlife components of the Forest Plan remain under the 1982 Planning Rule, and specific updates to 
meet 2012 Planning Rule requirements are not proposed under this Forest Plan Amendment. 

The transition to young-growth harvest proposed in the action alternatives would have a beneficial effect 
to wildlife species associated with old-growth forest by reducing the amount of old-growth timber harvest 
that would occur over the planning horizon. As described in Appendix D, about 400,000 additional acres 
of old growth will occur on the Tongass after 100 years of implementation under one of the current 
transition alternatives compared with the amount of old growth projected to be existing in 100 years under 
the 1997 Forest Plan. When developed for the 1997 Forest Plan, the Conservation Strategy was based 
on this assumed harvest level.  This factor alone provides a tremendous benefit for those wildlife species 
that use old-growth habitat.  Similarly, the overall level of road construction would be reduced 
substantially from the level assumed under the 1997 Forest Plan.  Over 2,000 fewer miles of road would 
be developed over 100 years, which is expected to have substantial benefits for species affected by road 
density (e.g., wolf, marten).  Finally, direct benefits of young-growth management will result by moving 
stem exclusion stage stands back to the stand initiation stage; this will be especially beneficial in locations 
with very high densities of stem exclusion stage forest.   The EIS also notes in a number of locations the 
potential benefits of precommercial and commercial thinning and other silvicultural treatments.  

COMMENT  
WILD-8:  The DEIS inappropriately grouped golden-crowned kinglet with early seral species. 

DEIS Comments and Responses I-78 Final EIS 



Appendix I 

RESPONSE 
The EIS affected environment of Section 3.10 – Wildlife correctly describes the golden-crowned kinglet as 
being associated with old-growth interior forest conditions. The effects analysis correctly identifies this 
species as one that primarily nests in POG forest, and therefore could be affected by old-growth timber 
harvest. The statement identifying this species as being associated with early seral habitat has been 
corrected.   

COMMENT 
WILD-9:  The amount of old-growth logging proposed likely violates the Endangered Species Act. 

RESPONSE 
The Tongass does not have any threatened or endangered species under ESA that use old-growth 
forests.   

WILD-10. The Forest Service should evaluate the cumulative effects of logging on all lands, 
including State managed lands, on wildlife and habitat connectivity. 

RESPONSE 
Cumulative effects to wildlife considered in Chapter 3 Wildlife, including evaluating deer habitat capability 
from all land ownerships.  When combined with other management activities occurring on non-NFS lands, 
all alternatives would produce additional impacts associated with continued old-growth harvest to species 
for which this forest type is optimal habitat, such as goshawks, marten, mountain goats, red squirrel, red-
breasted sapsucker, hairy woodpecker, brown creeper, and bat species.  However, these declines in 
habitat (and associated effects such as fragmentation) would be lessened to some extent through the 
transition to young-growth harvest on NFS lands under Alternatives 2, 3, 4, and 5.  

COMMENT 
WILD-11:  Commercial thinning is not beneficial to wildlife or their habitats.  Second growth 
stands should be allowed to return to old growth stands in order to protect wildlife. 

RESPONSE 
Additional text has been added to the Final EIS to acknowledge that although research has shown that 
the removal of commercial-sized trees can promote tree growth and understory vegetation development, 
there remains some uncertainty about the effectiveness of young-growth treatments in benefiting wildlife 

COMMENT 
WILD-12:  Logging in beach fringe, riparian areas, and old-growth reserves should be prohibited, 
or at least deferred for 15 years to protect sensitive avian species.  Literature related to the effects 
of timber managed on avian species is limited in the EIS, and additional references should be 
added.  Furthermore, the Marbled Murrelet (Brachyramphus marmoratus) should be considered in 
the forest planning. 

RESPONSE 
The potential adverse effects to wildlife associated with young-growth harvest in the beach and estuary 
fringe, RMAs, and the Old-growth Habitat LUD are discussed in the Wildlife section and more broadly, in 
the context of the Forest Plan conservation strategy, in Appendix D of the EIS. The EIS analysis includes 
alternatives which do not include harvest within the beach and estuary fringe, RMAs, and/or the Old-
growth Habitat LUD. 

The marbled murrelet was one of the species selected for detailed evaluation during the development 
1997 Forest Plan conservation strategy. For the 1997 Forest Plan, a series of panel assessments were 
conducted for a select group of species, including the marbled murrelet (Smith 1996), to evaluate the 
likelihood that various plan alternatives would maintain an abundance and distribution of habitat sufficient 
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to support viable and well-distributed populations across the planning area over the planning horizon. The 
panel assessment process was designed to provide the context for, and guide the development of, the 
Forest Plan Conservation Strategy. The results of the panel assessments are included in Appendix N to 
the 1997 Forest Plan FEIS (USDA Forest Service 1997b) and summarized (and supplemented with new 
information) in Appendix D of the 2008 Forest Plan FEIS (USDA Forest Service 2008b). A more detailed 
discussion of the marbled murrelet has been added to the Final EIS including an additional discussion of 
viability, drawing from the findings of the 1997 panel assessments has been added to the Final EIS. 
Specific Forest Plan components for this species are not proposed under this focused Forest Plan 
Amendment.  

COMMENT 
WILD-13:  The EIS underplays the importance that deadwood (both standing and on the ground) 
has to wildlife.  Furthermore, the EIS should consider the effects that forest management would 
have on all endemic avian subspecies in Southeast Alaska that may be restricted to a limited area 
(e.g., Swainson’s Thrush and Song Sparrow), as well as Marbled Murrelet.  In addition to 
protecting the 100 acres surrounding goshawk nests, the EIS should adopt guidelines for 
conservation within the projected goshawk foraging territory. 

RESPONSE 
The ecological values of young-growth stands are discussed in the Wildlife Section of the EIS and in 
Appendix D. The marbled murrelet was one of the species selected for detailed evaluation during the 
development 1997 Forest Plan conservation strategy. Additional discussion of this species has been 
added to the Final EIS. As noted in the comment, many species rely on habitats within the beach and 
estuary fringe. Effects of young-growth harvest on a subset of wildlife species, representative of others 
with similar habitat characteristics, is included in the Wildlife section including a discussion of endemic 
species. At the project level, additional endemic species could be addressed in detail taking into account 
site-specific landscape characteristics and species of greatest conservation need. These would include 
additional endemic species limited to certain portions of the Alexander Archipelago. Regarding goshawks, 
no additional changes in goshawk standards and guidelines are proposed under this Forest Plan 
Amendment. The DEIS statement about monitoring is in reference to the Tongass Monitoring and 
Evaluation Program; although the program is concurrently undergoing review, no changes are proposed 
under this Forest Plan Amendment. 

See response to WILD-12 

COMMENT 
WILD-14:  The productivity of thinned forests can diminish after 20-30 years following thinning 
treatment.  The longevity of treatments should be considered when modeling the benefits of these 
treatments on deer habitat, as multiple treatments over time may be necessary to maintain 
adequate wildlife habitat. 

RESPONSE 
The interagency deer model does not have the capability of taking into account different types of young-
growth treatments. Therefore, it is conservative in that it does not account for the benefits of young-
growth management over time, including methods such as pruning that might extend the longevity of 
young-growth treatments. However, these benefits are described qualitatively in the discussion in the 
Wildlife section under Deer. A statement has been added to the final EIS disclosing that the forage in 
clearcuts is of lower nutritional quality than that of old-growth forest. 
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Deer (DEER) 
COMMENT 
DEER-1:  Forest Service should avoid projects that are likely to reduce deer populations in areas 
where deer density is already below Forest Service standards.  

RESPONSE 
An interdisciplinary team of resource specialists reviews possible effects of the project during project 
specific analysis, including changes in deer habitat. That analysis includes site-specific and landscape 
factors at an appropriate scale for each species.  Each project implemented under the amended plan 
must document in the project decision how the project is consistent with the applicable plan components, 
including standards and guidelines.   

No changes are proposed to Chapter 4 standards and guidelines for deer density. WILD1.XIV.A.2  is a 
guideline to ensure consideration and evaluation of deer habitat needs during project planning, not a bare 
minimum deer density requirement for all agency actions. Use of the words “where possible” and 
“generally considered” convey that this is not an absolute requirement: “Provide, where possible, 
sufficient deer habitat capability to first maintain sustainable wolf populations, and then to consider 
meeting estimated human harvest demand. This is generally considered to equate to the habitat 
capability to support 18 deer per square mile (using the habitat capability model outputs) in biogeographic 
provinces where deer are the primary prey of wolves.” In addition, it goes on to say the biologist should 
consider additional local factors rather than relying solely on model outputs.  Many places on the forest 
may not meet this number naturally and there are places where deer are not the primary prey item.  This 
standard and guideline, while important, is only one part of a comprehensive strategy for maintaining 
population viability.  

COMMENT 
DEER-2:  Deer model results were not presented by WAA, denying the public a clear view of the 
Plan’s impact. Table 3.10-10 is mislabeled with a title saying that the data in the table is by WAA, 
when in fact it is by province.  

RESPONSE 
This information was summarized in the FEIS and is available by WAA in the project record.  The title of 
Table 3.10-10 has been corrected. 

COMMENT 
DEER-3:  The DEIS should present deer model results for all lands; not just for NFS lands only. 
This practice of limiting the analysis of such impacts to only federal lands conceals impacts 
because the indirect effect of the alternatives acts on the environment as a whole  regardless of 
land ownership, even if the direct effect is just on the federal land. (NGO2-061) 

RESPONSE 
The Tongass National Forest is the largest land owner in Southeast Alaska.  Non-National Forest (NFS) 
ownerships lands are not governed by the same management direction as the Tongass National Forest 
(Forest Plan standards and guidelines, for example).  In addition, the Forest Service does not maintain 
habitat data for all of the non-NFS lands in Southeast Alaska to be able to enter accurate data into the 
model.  For these reasons, a zero value is assigned to all non-National Forest ownerships to provide a 
worst-case analysis.  In addition, non-NFS lands are not within the jurisdiction of the Forest Service to 
determine what activities will take place or when / where those activities will occur (if any). Therefore, 
results are presented for NFS land only.  Although reasonably foreseeable activities on other lands can 
be generalized (DEIS page 3-260 and Appendix C) to include probable timber harvest, road building, 
residential development, mining, recreation and tourism, specific size and timing of such activities over 
the planned 100 year harvest rotation are not known.  As an example, although an Alaska Mental Health 
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Trust land exchange is proposed, various alternatives are being considered and a selected alternative is 
years away; therefore a site specific analysis under a separate NEPA is considered to evaluate effects of 
all alternatives of that proposal. 

Table 3.10-15 in the FEIS shows deer density across all ownerships. The habitat capability outputs are 
still based on NFS land only but the density calculation is now shown for both NFS and all lands. 

COMMENT 
DEER-4:  The DEIS violates NEPA by presenting deer model results as percent change, which is 
poor quality, misleading information because it conceals both the state of the environment and 
the impacts upon it. Deer model results should show an alternative with an immediate end to old-
growth logging and a 250 year output. 

RESPONSE 
The deer model is used as a relative comparison tool between alternatives and at the Forest scale 
represents a general trend across the planning area.  Percent change is used since these are modeled 
results, not actual deer known to inhabit the forest.  Differences among deer habitat capability (theoretical 
deer numbers) do occur in the alternatives but the differences are small, as displayed in Table 3.10-10 in 
the DEIS.  

The Forest Plan amendment is proposing changes primarily to young growth harvest; stands that would 
be proposed for harvest are assumed by the deer model to currently be in the stem exclusion phase 
because they are all over 25 years old.  The deer model does not assign differing values to varying 
harvest levels (thinning versus clearcutting) so the model assumes that harvest of a stand will reduce the 
winter value to zero or nearly zero.  In this case, some alternatives propose clearcutting while others 
propose more thinning of young growth stands.  Therefore modelled differences between alternatives, 
especially when looking forest-wide or by biogeographic province, seem slight.   

Programmatic planning at the forest level also includes evaluation of all lands suitable for harvest so the 
modeled habitat capability includes more harvest than is likely to occur once field reconnaissance and 
resource analysis are completed at the project level.  At the project level, a site specific analysis can 
refine the projected effects of the project, including the specific stands proposed for harvest and what 
harvest prescriptions would be used, information on project area wildlife use and habitat conditions, and 
juxtaposition of those stands to each other as well as to known travel corridors. 

The reason for the slight increase in the short-term is the harvest of stem exclusion phase stands which 
have minimal to no value in the model; the stand initiation phase these stands would be in for about the 
first 25 years post-harvest are modeled to have varying levels of forage value depending on other 
components of the model such as aspect and average snow levels.  The deer model is used as a 
comparison tool between alternatives and represents a general trend.  A 100-year rotation length is 
modeled, so both the 25 year post harvest (stand initiation) and 100-year post harvest (stem exclusion) 
phases are presented for comparison for each alternative considered in detail. The Forest Plan is 
intended to provide direction for 10-15 years but the model assumes the same direction (standards and 
guidelines) and maximum harvest rates for the full 100 years.  In addition, all non-NFS lands are 
considered by the model to have zero winter habitat value for deer, providing a conservative estimate of 
habitat capability. A 250-year column would represent a return to old-growth conditions and is not 
necessary to present in the table as it would be similar to the original habitat capability. 

All alternatives that were considered in detail were analyzed using the deer model.  In depth resource 
analysis, such as calculating habitat capability, is not done for alternatives considered but eliminated from 
detailed study. Chapter 2 of the FEIS, provides the reasons for eliminating alternatives, which includes an 
alternative for the immediate end to old-growth logging and another for transition within 5 years.   

COMMENT 
DEER-5:  Managing forage and habitat for the Sitka Black-tailed deer would have a positive effect 
on the Wolf. The Forest Service should specify an objective for improvement in winter habitat 
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conditions for Sitka black-tailed deer within young-growth stands on Prince of Wales Island, 
sufficient to offset the ongoing effects of forest succession into stem exclusion. The objective 
should include precommercial thinning along with other treatments. 

RESPONSE 
Alexander Archipelago Wolves eat a variety of prey, with Sitka black-tailed deer a primary species 
especially in areas where other ungulate prey is not available, such as on Prince of Wales Island.  
Managing for a sustainable deer population in these areas would benefit wolves, although predator-prey 
relationships have a number of other factors besides just the population level.  In some cases, deer 
forage species may be increased when a young growth stand is treated (harvested) but generalizing that 
large clearcuts will maintain deer populations is overstating the role of one aspect of a complex 
population dynamic.   

Deer are considered and analyzed at the project level so that site-specific factors can be considered, 
such as local winter habitat capability (a critical season for deer survival), levels of subsistence use in the 
project area, and how different habitat types are spatially arranged. An interdisciplinary resource team 
works together to propose projects and analyze potential effects of the project; determining the type of 
harvest (for example, clearcut or commercial thinning) that will best contribute toward achieving desired 
conditions is part of that process.  

The Forest Service is actively conducting precommercial thinning on young-growth lands.  Over 200,000 
acres have been precommercially thinned on the Tongass since 1979. In recent years, precommercial 
thinning has averaged approximately 5,600 acres per year.   

COMMENT  
DEER-6. The Forest Service should approve actions with the least impact on Sitka Black-tailed 
Deer habitat. Support was expressed for the actions or alternatives with the least impact on Sitka 
black-tailed deer habitat. 

RESPONSE 
We appreciate the input provided.  
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Wolves (WOLF) 
COMMENT 
WOLF-1:  Prince of Wales Wolves are in serious decline and continued logging will hasten the 
decline. The Forest Service must address the decline in deer winter habitat and wolves on the 
Prince of Wales Archipelago in the FEIS. Additionally, the Forest Service must explain whether 
and how the Proposed Forest Plan fulfills the agency’s obligations under NFMA to ensure the 
viability of the wolf.   

RESPONSE 
See responses to WOLF-2 and DEER-5. 

COMMENT 
WOLF-2:  The Draft Forest Plan directly violates the agency’s obligation under NFMA to adopt a 
Forest Plan that ensures the wolf remains viable in the Tongass. The Forest Service does not 
disclose how much of the Tongass is not expected to meet deer habitat capability of 18 deer / 
square mile. 

RESPONSE 
Table 3.10-14 of the Draft EIS summarizes the percentage of WAAs across the Tongass that would meet 
the 18 deer per square mile (modeled deer density based on the interagency deer model) Wolf Standard 
and Guideline after implementation of the alternatives. Changes in modeled deer habitat capability by 
biogeographic province are presented in Table 3.10-10 under Deer, but additional information relating this 
to the wolf standard and guideline has been added to the FEIS in the Wolf section.  

Additional information has also been added to the FEIS summarizing the findings of the recent U.S. Fish 
and Wildlife wolf status assessment (USFWS 2015), which notes that even with continued decline of 
wolves in GMU 2, viability of the species is anticipated to be maintained in Southeast Alaska. The 
integrity of the Tongass Conservation Strategy would be maintained by all alternatives (see FEIS 
Appendix D), and therefore no change is necessary to maintain a well-distributed and viable wolf 
population (see Forest-wide Standard and Guideline WILD1IIB). 

See responses to PLR-2 and DEER-1. 

COMMENT 
WOLF-3:  The FEIS must disclose and explain the agency’s assessment of the relevant science 
and explain its conclusions for a viable well distributed wolf population in light of the recent 
USFWS Wolf Findings. The Forest Service should strengthen the plan provisions governing 
wolves. 

RESPONSE 
The FEIS has incorporated additional information related to the recent status assessment for the 
Alexander Archipelago Wolf (USFWS 2015).  

Per Forest Plan WILD1.XIV.A.1, an interagency Wolf Technical Committee has been established and is 
reviewing information pertinent to wolf management. One objective is to develop recommendations for 
wolf and associated deer habitat management for Prince of Wales Island; findings and recommendations 
from their work is not yet available.  

Strengthening the plan provisions governing wolves is outside of the scope of this narrow amendment. No 
changes to WILD1.XIV (wolf standards and guidelines) are proposed. 

See also response to WOLF-2. 
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COMMENT 
WOLF-4:  The Forest Service needs to update DEIS based on USFWS Findings on the wolf. 

RESPONSE 
The FEIS has incorporated additional information related to the recent status assessment for the 
Alexander Archipelago Wolf. 

COMMENT 
WOLF-5:  On Prince of Wales the Forest Service should develop a Wolf Habitat Management 
Program, reduce road densities, and avoid reducing deer habitat capabilities.  

RESPONSE 
Human harvest of wolves is outside the scope of the amendment. Harvest and bag limits are set by the 
Federal Subsistence Board and the State of Alaska Board of Game.  Chapter 4 standard and guideline 
WILD1.XIV.A.1.c states that in areas where wolf mortality concerns have been identified and road access 
is a significant contributing factor that road densities of 0.7 to 1.0 mile per square mile may be necessary 
but the decision to close specific roads is made at the district, island, or project level through Access 
Travel Management plans and is based on an evaluation of all affected resources. 

See responses to WOLF-2 and WOLF-3. 

COMMENT 
WOLF-6:  The design of very large OGRs in 1997 under the Conservation Strategy was arbitrary 
and insufficient for sustainability or viability of wolf populations. 

RESPONSE 
The Conservation Strategy was implemented in 1997 as an overall conservation framework for wildlife.  It 
provides for the diversity of plant and animal communities as required by NFMA. Redesigning the very 
large Old Growth Habitat reserves, one component of the Conservation Strategy, is outside the scope of 
this focused amendment.  All alternatives maintain the integrity of the Conservation Strategy.  Potential 
effects are discussed in Appendix D.  

See also PLR-2. 

COMMENT 
WOLF-7:  The Conservation Strategy was not revisited after the deer model was corrected. 

RESPONSE 
See PLR-2 regarding Conservation Strategy design. 

The deer habitat suitability model is one tool used by resource managers to evaluate effects. It is used to 
compare the relative differences between alternatives.  The model is periodically reviewed and updated to 
reflect current habitat relationships and modeling techniques.  The design of the Conservation Strategy 
did not rely solely on deer habitat capability; the panel of experts considered many other factors in 
establishing the conservation framework to maintain viable and well distributed wildlife populations across 
the Tongass.  Redesigning the Conservation Strategy is not part of this focused amendment.   

COMMENT 
WOLF-8:  The 2008 and Proposed Forest Plans’ wolf guidelines are unenforceable, violating NFMA 
by not ensuring viability. 
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RESPONSE 
See responses to PLR-2, DEER-1, WOLF-2, and WOLF-3. 

COMMENT 
WOLF-9:  The cumulative impacts of the alternatives to wolves and hunters were not disclosed in 
the DEIS.  

RESPONSE 
See responses to DEER-1, DEER-2, and DEER-3.  

COMMENT 
WOLF-10:  The road density analysis for wolves was calculated using all lands when it should 
have included only roads below 1200 feet.  High road density is a concern and should be reduced 
to be within the Forest Plan standard and guidelines. 

RESPONSE 
Road density below 1200 feet elevation has been added to the FEIS.   

Appendix N of the 1997 Forest Plan FEIS explains the road density standard and guideline that is in the 
Forest Plan:  

The Forest Plan contains a forest-wide standard and guideline that outlines a cooperative 
interagency analysis to identify regions where wolf mortality is apparently excessive. In such 
areas we would attempt to determine if the mortality is unsustainable and identify the probable 
causal factors of the excessive mortality. If road access and specific roads are identified as 
contributing to excessive mortality, then road closures or access management recommendations 
can be made and actions taken. In addition, seasons, harvest methods and bag limits need to be 
considered as population management tools by the ADF&G and Federal Subsistence Board as a 
cooperative approach to managing wolf mortality at a sustainable level. The Forest Plan, a 
programmatic forest plan, does not prescribe a rigid open road density limit. The Wolf 
Assessment Panel recommended not using a specific road density “rule of thumb.” This was 
contrary to Kirchhoff (1993) and Pletscher (1994) who recommended a road density limit of no 
more than one mile of open road/square mile. Appendix 13 lists WAA’s that currently exceed the 
0.7 mile road density identified in the Wolf Assessment and the miles of existing road that would 
have to be closed to reduce road densities to within these identified limits. Establishing a rigid 
road density level, and arbitrarily closing roads to meet this density, provides no management 
assurance that wolf conservation objectives would be achieved, and may unnecessarily limit 
overall public use of an established road system that may otherwise have no specific adverse 
impact on wolf mortality. Management recommendations for road and access management, if 
necessary, would result from the site-specific analysis discussed above that would identify a 
problem requiring a local and cooperative management resolution. Open road densities above or 
indeed below these referenced densities may be appropriate to effectively manage road-access 
related wolf mortality. This approach is taken by the Forest Plan.  

Per Forest Plan WILD1.XIV.A.1, an interagency Wolf Technical Committee has been established and is 
reviewing information pertinent to wolf management on Prince of Wales Island. 

COMMENT 
WOLF-11:  The DEIS does not consider flaws in the recent Archipelago Wolf ESA listing decision. 

RESPONSE 
The USFWS is the agency responsible for implementing the Endangered Species Act nationally, along 
with National Marine Fisheries Service for marine species.  The FEIS reviewed and incorporated 
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information from the recent USFWS status assessment (2015) and listing decision (2016) and believes it 
to be the best available science.  

COMMENT 
WOLF-12:  The Forest Plan should refer to wolves as grey or timber wolves, not Alexander 
Archipelago wolves.  

RESPONSE 
The FEIS has been updated to reflect the recent USFWS determination. No changes were made to the 
Forest Plan use of Alexander Archipelago wolf terminology, since this is the subspecies common name. 
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Goshawk (GOSH) 
COMMENT 
GOSH-1. The Queen Charlotte Goshawk is a sensitive species and the Forest Service must 
maintain viable populations and habitat distributed across the range to avoid extirpation and/or 
federal listing.  The DEIS does not provide a meaningful analysis for goshawks that includes 
continued old-growth logging in addition to young growth harvest in the beach fringe, RMAs, and 
Old-Growth Habitat LUD; cumulative effects of NFS and non-NFS lands including the Sealaska 
conveyance and old-growth harvest since 2008; or at a site specific scale for high-risk VCUs. The 
DEIS should have responded to concerns about the adequacy of the Conservation Strategy, 
considered alternative nest management strategies, and manage young growth to return it to old 
growth conditions. 

RESPONSE 
A review of the potential effects to the Conservation Strategy from the amendment is presented in 
Appendix D, as well as discussion on habitat for species intermixed in DEIS Chapter 3 analysis of 
Biodiversity and Wildlife. All alternatives include a proposal to adopt the interagency recommended Old-
Growth Habitat reserve modifications that were necessary as a result of the Sealaska land conveyance 
on Prince of Wales and surrounding islands. See also the PLR-2 response regarding the Conservation 
Strategy. 

The 1982 Planning Rule (in effect at the time of the 1997 and 2008 Forest Plans) directed that “fish and 
wildlife habitat shall be managed to maintain viable populations of existing native and desired non-native 
vertebrate species in the planning area.”  The 1997 Forest Plan developed a conservation framework for 
wildlife that employed this now superseded regulation; this proposed amendment carries forward that 
Conservation Strategy and contains a goal of providing an abundance and distribution of habitats to 
sustain viable populations in the planning area (Tongass National Forest). 

The goshawk is a Region 10 sensitive species.  Goshawks are analyzed in the Biological Evaluation, 
available in the planning record.  The DEIS provides a summary of that analysis on pages 3-211 to 3-212 
and 3-240 to 3-241 in the DEIS. The finding for goshawk is “may impact individuals but would not result in 
loss of viability of this species or a trend toward federal listing.”  This finding took into account habitat 
needs and proposed management activities, and Forest Plan direction for goshawks.  In 2007, the 
USFWS confirmed the Queen Charlotte goshawk Southeast Alaska Distinct Population Segment to not 
be warranted for listing under the Endangered Species Act.  

In addition, the 1997 and 2008 Forest Plan FEIS’s provide additional information on goshawk.  These 
analyses included assumptions that old growth would be harvested at the maximum allowable rate under 
Forest Plan direction for 100 years and still found that goshawk populations would remain viable in the 
planning area; old growth harvest has been far less than that anticipated in those analyses.  In the long-
term this proposed amendment would further reduce old-growth harvest, although there is a necessary 
transition time until a primarily young growth harvest industry is anticipated; this is about 16 years under 
the preferred alternative.  There is potential for short term localized disturbance to individual goshawks in 
beach fringe, RMAs, and Old Growth Habitat LUDs, which is taken into account in the BE finding for this 
species.   

Tables 3.9-12and 3.9-13 display Forest-wide (range of the goshawk) by biogeographic province total 
POG and high-volume POG; about 91 percent total POG and about 83 percent high-volume POG are 
expected to remain on the Forest under the preferred alternative (Alternative 5).  These provide a good 
estimate of goshawk preferred habitat for analysis at the programmatic (Forest Plan) level.  A smaller 
scale taking into account site specific information is done at the project level. 

The young growth proposed for harvest in the beach fringe, RMAs, and Old-Growth Habitat LUD should 
accelerate those stands toward old-growth conditions (desired conditions DC-YG-BEACH-01, DC-YG-
RIP-01, and DC-YG-WILD-01).  Forest-wide, suitable acres of young growth in beach fringe, RMA, and 
OG LUD are about 2 percent, 4 percent, and 3 percent of the total acres in that component, respectively.  
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Standards in these areas allow for a one time entry with a maximum of 10 acre openings and a maximum 
of 35 percent of the acres or basal area to be removed; these are the upper limits and it is unknown how 
often these maximums would meet the stated desired conditions.  Project decisions will have to disclose 
how they meet plan components, including desired conditions.  In addition, within Old Growth Habitat 
LUD, young growth treatments should emulate the natural scale and distribution of disturbance patterns 
(DC-YG-WILD-02).  The Old-Growth Habitat LUD could also be modified using Appendix K process and 
criteria to eliminate young growth and gain old-growth within the reserve boundary if the interagency team 
thought this exchange beneficial (management approach).   

Existing nest buffer standards and guidelines remain in the Forest Plan, with the clarification that if there 
is not 100 acres of POG available, then the largest diameter young growth may be substituted.  See the 
GOSH-2 response.   

Existing Forest Legacy standard and guideline also remains.  This standard and guideline was 
implemented in the 2008 Forest Plan in place of a species-specific goshawk standard and guideline; this 
was to provide a more comprehensive approach (versus species-specific) and applies to high-risk VCUs 
across the Forest instead of just on Prince Of Wales Island.  The proposed Forest Plan amendment 
clarified the existing standard and guidelines to apply to any VCU found during project level review to 
have POG harvest over 33 percent, not just those listed in the Forest Plan.  Alternatives 3 and 4 also 
considered having it apply to young growth harvest in addition to old-growth harvest; this option is 
available to the responsible official to choose as part of the decision.  

COMMENT 
GOSH-2:  Comment recommends updating standards for management of goshawk nesting habitat 
to not remove nest buffers after two years of inactivity and to incorporate post-fledging areas.  

RESPONSE 
Buffers for known nests remain intact; the buffers that may be removed after two years of inactivity are for 
probable nest stands where no nest was located / confirmed.  A clarification was made to the Forest-wide 
Standards and Guidelines for Northern Goshawk (including the Queen Charlotte goshawk subspecies) 
(WILD4, II. Sensitive Species, A.1.c. Nesting Habitat) to clarify that if productive old-growth alone is not 
sufficient to maintain an area of not less than 100 acres around a nest, the largest diameter young-growth 
forest will be used. Addition of new standards and guidelines for goshawk, such as addition to 
management of post-fledging areas, were not included as part of this focused amendment. 

COMMENT 
GOSH-3. The 2008 Forest Plan FEIS (Appendix C, page C-3) concluded that the Sealaska 
conveyance would require a plan revision based on the changes and inability to make up lost 
lands in the reserve system; it is arbitrary for the agency to reverse its previous position without 
an adequate explanation.   

RESPONSE 
Although Appendix C of the 2008 Forest Plan FEIS indicated that the proposed Sealaska conveyance 
would require a plan revision (C-3), it also indicated this was still only proposed legislation that it was not 
possible to identify the types of Tongass lands and resources that would likely be affected by the proposal 
and “Consequently, the discussion of forest management implications for the potential conveyances is 
necessarily quite general” (C-2). The 2008 Record of Decision clarified this to state that “If at a later date 
one or both of these proposals become law, an analysis of the effects will be necessary to determine if a 
revision or amendment of the Forest Plan is warranted” (page 54).  Thus, this amendment includes a 
review of the Old-Growth Habitat LUD affected by the conveyance, and proposes to adopt the 
interagency location for these reserves under all action alternatives (see Appendix E of the FEIS). 
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Prince of Wales Spruce Grouse (PGR) 
COMMENT 
PGR-1:  The DEIS does not disclose the Proposed Forest Plan’s risks to the spruce grouse. The 
Forest Service must explain and the FEIS must disclose whether and how the Forest Plan will 
ensure the continued viability of Prince of Wales spruce grouse.  

RESPONSE 
Alternatives are ranked in relative order (comparison) of the amount of POG they harvest (DEIS page 3-
260) and thus the amount of fragmentation and potential risk to Prince of Wales Spruce Grouse.  A short-
term benefit from increased forage availability may occur under all alternatives.   

Spruce Grouse is not a Management Indicator Species or a Region 10 sensitive species nor is it a 
species listed as threatened, endangered, proposed, or candidate under the Endangered Species Act.  
The population is large enough to support harvest (hunting).  The current regulations issued from ADF&G 
have a harvest season of August 1 – May 15 with a bag limit of 5 grouse / day. The effects analysis 
acknowledges the species’ susceptibility to overharvest (DEIS page 3-233). A discussion of potential 
effects to spruce grouse in relation to timber harvest and road development is included in the FEIS. Road 
closures are managed at the district / island level through the Access and Travel Management Plans. 

This species is also known to use young growth forest about 15-30 years in age.  Proposed young-growth 
harvest under the Forest Plan amendment is for commercial harvest and would be in stands older than 
those used by spruce grouse.  

See response to PLR-2. 
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Crossbills (CROSS) 
COMMENT 
CROSS-1:  The DEIS does not adequately address effects to red crossbills or recognize them as a 
“species of greatest conservation need.”   

RESPONSE 
A general analysis of migratory birds was included in the DEIS, including birds that use 
hemlock/spruce/cedar forest as their primary habitat; individual species were not analyzed.   

Red crossbill is included in the most recent Alaska Comprehensive Wildlife Conservation Strategy as a 
species in two species groups: a) landbirds with long-term declines and b) landbirds sensitive to forest 
management (ADF&G 2006, Appendix 3). Within the “landbirds with long-term declines” group, species of 
particular concern included the Olive-sided flycatcher, Blackpoll warbler, and Rusty blackbird; the red 
crossbill was identified as a species with “widespread declines but not in Alaska,” approximately 5 percent 
of the global population estimated in Alaska, and a slightly increasing abundance trend across the state 
(ADF&G 2006, Appendix 4).  The State of Alaska is in the process of updating the strategy; the recent 
Alaska Wildlife Action Plan review draft (ADF&G 2015) does not include the red crossbill on the list of 
“Species of Greatest Conservation Need.” In addition, the 2010 Audubon Alaska “Watchlist” does not 
include the red crossbill on its list of Alaska species vulnerable or declining and warranting conservation 
attention.  
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Northern Flying Squirrel (NFSQ) 
COMMENT 
NFSQ-1:  The Forest Service has not considered available information or cumulative effects on 
Northern Flying Squirrel. 

RESPONSE 
The DEIS acknowledges that flying squirrels have limited dispersal capability and that abundance may be 
reduced through forestry practices that reduce the structure or age of residual stands or create openings 
too wide (page 3-259).  Some additional discussion has been added to the FEIS regarding cumulative 
effects to flying squirrel and flying squirrel viability. 

The 1982 Planning Rule (in effect at the time of the 1997 and 2008 Forest Plans) directed that “fish and 
wildlife habitat shall be managed to maintain viable populations of existing native and desired non-native 
vertebrate species in the planning area.”  The 1997 Forest Plan developed a conservation framework for 
wildlife that employed this now superseded regulation; this proposed amendment carries forward that 
Conservation Strategy and contains a goal of providing an abundance and distribution of habitats to 
sustain viable populations in the planning area (Tongass National Forest).  NFMA requires forest plans to 
“provide for the diversity of plant and animal communities based on the suitability and capability of the 
specific land area.”  This is achieved through implementation of the Conservation Strategy and Forest 
Plan direction. 
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Kittlitz’s Murrelet (KMUR) 
COMMENT 
KMUR-1:  The DEIS does not consider effects of climate change on Kittlitz’s Murrelet. 

RESPONSE 
The Biological Evaluation (BE) concludes that the proposed amendment may affect individuals but is not 
likely to cause a trend toward listing for this species (located in planning record). Page 25 of the BE 
acknowledges that disturbance or displacement of foraging Kittlitz’s murrelets could slightly impact 
foraging success or energy reserves (indirect effects of associated marine traffic near young growth or 
renewable energy site management).  

Cumulative effects for TES species are considered in the BE on pages 29-31, including a paragraph on 
general climate change.  Climate change could affect the Kittlitz’s murrelet if saltwater glaciers melt and 
change preferred foraging habitat or if preferred nesting habitat (unvegetated scree slopes, cliffs, rock 
ledges) are affected such as by vegetation encroachment; quantifiable information is not available on 
what those effects might be and any such effects would be distant in the future and unrelated to the 
Forest Plan amendment.   
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Marten (MART) 
COMMENT 
MART-1:  Forest Service needs to address the status of the Pacific marten and explain how the 
Draft Forest Plan affects its viability in the Tongass. 

RESPONSE 
See response to PLR-2. 

The DEIS acknowledges there are two lineages of marten in Southeast Alaska (page 3-220). The FEIS 
adds language regarding taxonomic uncertainty of the marten and the recent information suggesting two 
distinct species (Dawson and Cook 2012).  Additional discussion has been added to the FEIS. 

COMMENT 
MART-2: The DEIS fails to meaningfully examine the impacts associated with the Draft Forest 
Plan’s proposal to log in OGRs, beach fringe, and riparian buffers on marten. 

RESPONSE 
Marten are strongly associated with old growth (late successional) forest and riparian areas including the 
breach fringe.  Only young growth harvest would be authorized in the beach fringe, riparian areas, and 
Old-Growth Habitat LUD under the amendment; old growth harvest would remain not suited for timber 
production in these areas.  Young growth harvest in these areas would be aimed to accelerate old growth 
conditions in these areas under the preferred alternative (desired conditions), which should benefit 
marten.  Alternatives 3 and 4 consider implementing legacy standards in young growth harvest; all 
alternatives would evaluate landscape connectivity among reserves during project analysis. 

All alternatives provide old growth no-harvest buffers along Class I, II, and III streams.  TTRA directs that 
no commercial timber harvest is allowed within a minimum of 100 feet horizontal distance either side of 
Class I streams and Class II streams that flow directly into a Class I stream. Alternative 5 allows up to 10 
acre openings and commercial thinning totaling no more than 35 percent of the total stand acres in beach 
fringe, RMA, and Old-Growth Habitat LUD, and will only occur in the first 15 years of the finalization of the 
Plan Amendment; it is estimated to be about 3,500 acres of beach fringe, 900 acres of total harvested 
RMA area, and 1,800 acres of Old-Growth Habitat LUD.  With these restrictions, the overall areas 
affected would be small relative to the total beach, RMA, and Old-Growth Habitat LUD acres in the 
Tongass. 

COMMENT 
MART-3:  The DEIS misses important recent information (Goldstein et al. 20133) that marten use 
young growth and did not evaluate viability. 

RESPONSE 
See response to PLR-2. 

Additional information on marten use of young growth habitat and marten viability has been updated in 
the FEIS.   

The marten effects analysis in the DEIS focuses on old-growth (POG) timber harvest because 1) the 
strong association of marten with structural complexity typically found in old-growth forest, 2) the 
importance of low elevation high volume POG to marten in winter, and 3) preference for landscapes with 
forest interior habitat conditions.  However, DEIS page 3-250 acknowledges that both old-growth and 
young-growth harvest would reduce the vertical and horizontal structural complexity needed by marten.  

3 Goldstein, M.I., L.H. Suring, C.D. Vojta, M.M. Rowland, and C. McCarthy. 2013. Developing a Habitat Monitoring Program: Three 
Examples from National Forest Planning. in USDA Forest Service. 2013. A Technical Guide for Monitoring Wildlife Habitat. GTR-
WO-89. 
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In addition, road density is displayed in Table 3.10-12 for NFS lands and for all ownerships.  Under the 
preferred alternative about 12 percent of the WAAs on the Forest would exceed 1 mile per square mile 
road density for all roads, with less than 3 percent of WAAs exceeding that when open roads on NFS 
lands are considered.   

Alternatives 3 and 4 considered applying legacy forest structure during young growth harvest in those 
high risk VCUs listed in WILD1.IV; this demonstrates consideration of science indicating marten’s use of 
young growth.  This option is available for the responsible official to choose as part of the decision. 

The 1982 Planning Rule (in effect at the time of the 1997 and 2008 Forest Plans) directed that “fish and 
wildlife habitat shall be managed to maintain viable populations of existing native and desired non-native 
vertebrate species in the planning area.”  The 1997 Forest Plan developed a conservation framework for 
wildlife that employed this now superseded regulation; this proposed amendment carries forward that 
Conservation Strategy and contains a goal of providing an abundance and distribution of habitats to 
sustain viable populations in the planning area (Tongass National Forest).   
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Black Bear (BLABE) 
COMMENT 
BLABE-1:  The DEIS’s cursory analysis of black bears does not rise to the level of a hard look 
required by NEPA and the Forest Service should employ the 2012 Planning Rule. 

RESPONSE 
Black bears need old growth forest for denning but during the spring and summer seasons use a variety 
of habitats, including young clearcuts. Anadromous (Class I) streams are important to bears in the late 
summer as they build fat reserves for hibernation; these are protected from harvest under the proposed 
amendment.  Inventoried Roadless Areas will also provide areas of undisturbed habitat for black bears 
beyond what was anticipated during the 1997 Forest Plan viability analyses.  Large and medium reserves 
are also not scheduled for harvest; small reserves may have up to 35 percent of the young growth 
harvested but the reserve may be modified at the project level to exclude the proposed harvest and 
replace it with old growth if the interagency team proposes such modification.  The black bear population 
in much of southeast Alaska appears stable (ADFG 20154).   

All alternatives provide old growth no-harvest buffers along Class I, II, and III streams.  TTRA directs that 
no commercial timber harvest is allowed within a minimum of 100 feet horizontal distance either side of 
Class I streams and Class II streams that flow directly into a Class I stream. While Alternative 5 allows up 
to 10 acre openings and commercial thinning totaling no more than 35 percent of the total stand acres, it 
is estimated to be about 900 acres of total harvested RMA area and will only occur in the first 15 years of 
the finalization of the Plan Amendment.  With these restrictions, the overall areas affected would be small 
relative to the total RMA acres in the Tongass. 

See also PLR-2. 

  

4 ADF&G. 2015. Black Bear Management Report. Individual Game Management Unit (GMU) reports for GMUs 1A, 1B, 1C, 1D, 2, 3, 
and 5 were accessed at http://www.adfg.alaska.gov/index.cfm?adfg=wildliferesearch.smr20145 
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Brown Bear (BROBE) 
COMMENT 
BROBE-1:  The DEIS needs to analyze Brown Bear effects more fully and use the 2012 Planning 
Rule.  

RESPONSE 
Brown bears do need large areas of undisturbed habitat.  Additional undisturbed habitat beyond the 1997 
and 2008 analyses will be maintained in Inventoried Roadless Areas in the future; no young growth or old 
growth harvest will take place in these areas under the selected alternative.  Young growth harvest that 
would be available for harvest in the Old Growth Habitat LUD is primarily located in small reserves near 
current development LUDs, not in the medium and large reserves that are more important for brown 
bears.  Much of the prime brown bear habitat on the Forest is located in areas protected by the Forest 
Plan – Wilderness, LUD II, and other non-development LUDs on the mainland, Admiralty and Baranof 
Islands, and portions of Chichagof Island.  Prince of Wales Island contains a large portion of the young 
growth that would be harvested under the amended Forest Plan; no brown bears persist on this island 
which further reduces risk to the species. 

All alternatives provide old growth no-harvest buffers along Class I, II, and III streams.  TTRA directs that 
no commercial timber harvest is allowed within a minimum of 100 feet horizontal distance either side of 
Class I streams and Class II streams that flow directly into a Class I stream. While Alternative 5 allows up 
to 10 acre openings and commercial thinning totaling no more than 35 percent of the total stand acres, it 
is estimated to be about 900 acres of total harvested RMA area and will only occur in the first 15 years of 
the finalization of the Plan Amendment.  With these restrictions, the overall areas affected would be small 
relative to the total RMA acres in the Tongass. 

See also PLR-1 and PLR-2. 
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Bats (BAT) 
COMMENT 
BAT-1:  The DEIS fails to consider or disclose impacts on Keen’s Myotis and other bat species.  

RESPONSE 
Seven species of bats are known to occur in Alaska; all but the little brown bat is restricted to Southeast 
Alaska (http://www.adfg.alaska.gov/index.cfm?adfg=citizenscience.batsinak).  Bats occur in low 
densities in Alaska, and distribution, abundance, and behavior are poorly understood; ADF&G has 
ongoing research and monitoring efforts to learn more about the bats in Alaska 
(http://www.adfg.alaska.gov/index.cfm?adfg=citizenscience.bats). Timber harvest may be a threat to little 
brown bats, but activity was rare in young growth forest 
(http://www.adfg.alaska.gov/index.cfm?adfg=littlebrownbat.main). Across North America, large 
scale wind energy developments and White-Nose Syndrome (a fungal infection) are causing high 
mortality of bats.  White-Nose Syndrome has not been documented in Alaska; the nearest known location 
is a recent confirmed infection in Washington state 
(http://www.usgs.gov/newsroom/article.asp?ID=4496#.Vww6GnL2ZMw ).  The Draft Forest Plan is 
not proposing to harvest old-growth in riparian management areas (RMAs) but may have limited young-
growth harvest in these RMAs; bat activity in young growth is low.   
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Amphibians (AMPH) 
COMMENT 
AMPH-1:  The Forest Service must include an analysis of potential impacts on amphibians from 
logging and roads.  

RESPONSE 
A discussion of amphibians has been added to the Final EIS. This includes a discussion of those species 
potentially present on the Tongass, as well as potential effects associated with old-growth and young-
growth timber harvest such as fragmentation, road mortality, exposure to contaminants along roads, and 
cumulative effects associated with climate change. 

Possible effects to riparian areas, which could influence amphibians survival and production,  are also 
disclosed in the FEIS in the Water, Wetlands, and Fish sections. 

COMMENT 
AMPH-2:  Amphibians are especially susceptible to air pollution.  

Because amphibians’ skin is permeable, they are especially susceptible to the harmful effects of air 
pollution.  Atmospheric contaminants such as acidic compounds may also be deposited in aquatic 
ecosystems where amphibians live.  In Southeast Alaska, air pollution from local or global sources may 
be contributing to a decline in amphibians’ numbers. 

The DEIS predicts that “direct effects on air quality from forest management activities would be temporary 
and limited in nature” and may include emissions from industrial processing sites and firewood burning. It 
also notes that, cumulatively, air pollution from wood processing could “increase somewhat if more wood 
is burned to produce energy.” The Forest Service should consider the potential consequences of 
worsened air quality for amphibians in the FEIS, in light of their sensitivity to this kind of pollution. 

RESPONSE 
None of the alternatives are expected to result in long-term adverse impacts to air quality or compliance 
with air quality standards. All air quality effects associated with equipment usage, wood processing, etc. 
would be temporary and localized, and would occur infrequently over the planning horizon. Therefore, no 
effects to amphibians are anticipated in association with reduced air quality. 
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Subsistence (SUB) 
COMMENT 
SUB-1:  The Forest Service must engage communities to identify and prioritize restoration areas 
that will enhance local subsistence opportunities. 

RESPONSE 
Prioritizing restoration treatments is done at a scale smaller (districts and project level) than the Forest 
Plan.  During every EIS the Forest Service holds subsistence hearings as required by ANILCA section 
810 in addition to public scoping and comment periods. These provide opportunities for communities, 
tribal members, subsistence users, and others to speak specifically to project effects to subsistence use.   

COMMENT 
SUB-2:  The treatment of subsistence deer hunting in the DEIS is arbitrary and masks local 
impacts to abundance and distribution of subsistence resources. 

RESPONSE 
At the programmatic level (Forest Plan), the DEIS conclusion of a significant possibility of a significant 
restriction on subsistence uses, particularly for deer, acknowledges that cumulatively across the Forest 
there could be areas where subsistence uses may be impacted.  Each project that uses an EIS must hold 
a subsistence hearing to determine whether the project would have a significant possibility of a significant 
restriction on subsistence uses.  This allows for site specific information to be used in the analysis such 
as what subsistence resources occur in the project area and may be affected, what levels of use occur in 
the project area by subsistence and non-subsistence users, and for subsistence users of the project area 
to tell managers what impacts the project may have on them.  Subsistence uses would be given 
preference over non-subsistence uses if any restrictions are determined necessary. The Forest Plan 
determined an overall possible risk while project-level subsistence evaluations better identify specific 
impacts to abundance and distribution, access to resources, and competition with non-rural users. 

COMMENT 
SUB-3:  The Forest Service should conduct a more thorough ANILCA Section 810 Analysis. 

RESPONSE 
Each project that requires an EIS must hold a subsistence hearing (ANILCA 810(b)) to determine whether 
the project would have a significant possibility of a significant restriction on subsistence uses.  Individual 
projects are not proposed at the programmatic level; the Forest Plan subsistence analysis acknowledges 
that cumulatively across the Forest there could be areas where subsistence uses may be impacted 
(makes a finding that a significant possibility of a significant restriction on subsistence uses, particularly 
for deer, may occur when the Forest Plan is fully implemented). Subsistence hearings were held across 
the Forest during the comment period. Site specific information such as what subsistence resources 
occur in the project area and may be affected, what levels of use occur in the project area by subsistence 
and non-subsistence users, and for subsistence users of the project area to tell managers what impacts 
the project may have on them would be incorporated in to ANILCA 810 analysis at the project level.  

COMMENT 
SUB-4: The Forest Service should include greater protections for subsistence uses and hunting in 
the Plan, especially in areas already highly impacted by past practices. 

Changes to subsistence standards and guidelines (Chapters 3 and 4 of the Plan) are outside the scope of 
this focused plan amendment.  
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Karst (KARS) 
COMMENT 
KARS-1:  The DEIS does not adequately disclose the effects of changes to the degree and 
methods of logging permitted in karst lands. Some suggest that forest management activities 
should not take place in and around sensitive karst landscapes. 

RESPONSE 
The  DEIS does not allow for any less restrictive methods of timber management on karst lands than from 
those in the 2008 Forest Plan.  The 2008 Forest Plan, Appendix H, V. Young-Growth Management on 
Karst, Page H-8 states that; “Commercial thinning is appropriate on low to moderate vulnerability karst 
lands when the karst management objectives can be met. Generally, no thinning shall be permitted on 
lands determined to be of high vulnerability such as within 100 feet of a cave entrance, a karst feature 
accepting surface flow, or of the edge of a sinking or losing stream within 0.25 mile upstream of their 
swallow hole or loss point. On a case-by-case basis, other karst features will be assessed as to their 
susceptibility to surface disturbing activities, the proposed harvest method, and the thinning prescription. 
The area surrounding these features is still considered high vulnerability and should be mapped as such; 
however, thinning of this sensitive area might be considered permissible. All features not fully protected 
would be buffered from their center to just outside the lip of the sink allowing for thinning within the area 
that would normally be a non-harvest buffer. It is probable that a zone equal to one tree height be left 
untreated to ensure that no material will be placed in these features. All thinned timber will be directionally 
felled from the untreated area surrounding the karst feature and split yarded from the area. Any material 
landing on the slope break of the feature or within the feature will be hand removed. No yarding across or 
through the untreated area surrounding the feature will be allowed. Directional falling and split yarding 
away from the karst depressions and features should provide adequate protection for water quality and 
karst features. It is believed that the benefit of hydrologic recovery of the areas adjacent to these features 
outweighs the risk of harvest. Again this should be assessed on a case-by-case basis.”  

The same process for assessing the vulnerability of karst lands and determining appropriate timber 
management methods exist in the DEIS. Even-aged management on low vulnerability karst and limited 
clear-cutting in medium vulnerability karst has always been allowed, although more restrictive guidelines 
than normally employed on non-karst lands may be needed on medium vulnerability karst.  Alternatives 1 
through 4 would be managed in similar fashion so long as karst management objectives could be met. 
Under Alternative 5, created openings are limited to 10 acres with a maximum removal of 35 percent of 
the original stand. Project-specific karst evaluations would still be required and effects would be avoided 
or minimized through project and site specific management prescriptions, such as requiring partial 
suspension yarding or limiting the size of openings moderate changes to precipitation throughfall. 

The Tongass is not opening up all high vulnerability karst areas to timber management. There would be 
no additional harvest in any areas mapped as high vulnerability karst under Alternatives 1 and 5. 
Alternatives 2, 3, and 4 each allow for commercial thinning on high vulnerability karst on a case-by-case 
basis when the karst management objectives can be met (Draft DEIS, p. 3-33, paragraph 1).  Alternatives 
2, 3, and 4 each allow for commercial thinning on high vulnerability karst lands but does not guarantee it. 
Based on our experience, we believe that carefully planned and implemented commercial thinning of 
young growth stands on high vulnerability karts can be neutral or even beneficial to the karsts, where 
appropriate. 

We believe the activities discussed above could be implemented with careful planning. We also recognize 
the shortage of monitoring on the effects to karst from second growth management and acknowledge 
there is some uncertainty. However, at the project-scale, karst resources will continue to be evaluated 
and effects from harvests on medium and high vulnerability karst lands will be addressed through project-
specific prescriptions.  

Low vulnerability karst lands are not sensitive to management activities due to the depth of overlying 
material (e.g. glacial till) and low hydrologic conductivity.  There would be no change to management 
practices on these lands between any alternatives.  
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Text has been added to the Karst section of Chapter 3. 

COMMENT 
KARS-2:  The Forest Plan should clarify how young-growth stands in Geologic Special Interest 
Areas can be managed (See Timber Resource Planning TIM4) and the Kruzof Geological special 
interest area should be designated as a National Monument with no harvest. 

RESPONSE 
Many of the Geologic Special Interest Areas created for their intensity of karst development contain areas 
of past harvest.  We recognize the sensitivity of these areas to disturbance, timber management, and 
road construction. However, we believe that careful commercial thinning of some of the young-growth 
stands in these areas should be considered when karst and cave resource values are not compromised. 
Preliminary data (Prussian, 2011) does support the concept that commercial thinning of the older young-
growth stands on karst, returning the stand to closer-to-pre-harvest tree spacing, hastens the hydrologic 
recovery of the site.  Reducing the canopy cover could restore the ‘health’ of young growth forests on 
karst lands by increasing the volume of throughfall, flushing sedimentation out of diffuse and discrete 
karst openings, and reconnecting surface to subsurface flow pathways.  The management of older young-
growth stands can also hasten the return to more natural stand characteristics and conditions. 

Thinning of heavily stocked young-growth stands can increase tree growth, improve stand stability and 
health of the trees, and increase the amount of light and rainfall that reaches the understory. These may 
benefit areas of karst that were previously harvested. Some treatments may be prescribed on karst areas 
where it is determined, through site specific analysis, that it could benefit the resource and not 
compromise or damage the karst resource. 

Designation of the National Monuments are outside of the scope of this amendment and the authority of 
the Responsible Official. 

COMMENT 
KARS-3:  The Forest Plan should address active management of young growth stands in Karst 
formations and how harvest should be accomplished to minimize any negative impacts while 
generating volume.  

RESPONSE 
The young-growth plan components in Chapter 5 ensure that karst ecosystems “maintain natural 
processes and productivity, while providing for other land uses.” (See desired condition DC-YG-KC-01 in 
Chapter 5.) Alternatives 2, 3 and 4 include young-growth standard S-YG-KC-01 that allows commercial 
thinning on high vulnerability karst on a case-by-case basis (DEIS, Appendix F). The management 
approach for karst and cave resources in Chapter 5 also provides direction to evaluate karst vulnerability. 

COMMENT 
KARS-4:  Alternative 3 should prohibit commercial timber harvest on High Vulnerability Karst.  

RESPONSE 
The range of alternatives analyzed in detail included support these and other goals to varying degrees. 
Table 2-17 in Chapter 2 shows that Alternatives 1 and 5 (preferred alternative) do not allow commercial 
timber harvest on high vulnerability karst while Alternatives 2, 3, and 4 allow commercial thinning.   

See response to KARS-1. 

COMMENT 
KARST-5:  High-vulnerability karstlands should be fully protected from timber harvest.  The 
prescriptions available for medium-vulnerability karstlands should be limited.  
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RESPONSE 
Among the five alternatives, some allow no entry into high-vulnerability karst and some allow commercial 
thinning only.  No specific additional restrictions are added for moderate vulnerability karst; however, 
many of the existing Forest-wide standards and guidelines are specific to moderate vulnerability 
karstlands. 

 

 

  

Final EIS I-103 DEIS Comments and Responses 



Appendix I 

Road Density (RD) 
COMMENT 
The Forest Service needs to actively reduce road densities, stop wolf harvest, and end old-growth 
clearcutting to save wolves. 

RESPONSE  
Wolf harvest bag limits are not within the scope of the Forest Plan amendment.  The Federal Subsistence 
Board works with the State of Alaska Board of Game to set seasons and bag limits for subsistence and 
sport harvest. 

Specific harvest prescriptions, such as even-aged management, are determined at the project level, not 
the programmatic Forest Plan level, after a review of each stand’s goals, needs, and resource concerns.  
See also TIM-13. 

Young growth harvest within the Old-Growth Habitat LUD could require roads to be constructed but that 
would depend on site-specific conditions such as existing access and the harvest prescription for the 
stand.  When young-growth harvest is proposed within an Old-Growth Habitat LUD, an interagency 
biologist team would review the location and design of the reserve and could recommend a modification 
to the LUD boundaries to exclude the young-growth stand to be harvested if adjacent old-growth could be 
added and if it would better meet the criteria in Forest Plan Appendix K.  

Road density is evaluated as part of project planning; site specific resource concerns are identified and 
evaluated during that process.  Access Travel Management plans and road maintenance objectives are 
generally reviewed during each project as well.  Often, road closures for existing roads are prioritized 
based on funding, resource concerns, and access needs for resource management activities; closed 
roads (ML1) may or may not be physically barricaded but are not open for public use. 

COMMENT 
RD-2:  Forest Service has not Fulfilled Road Density Goals in the 2008 Plan for wolf populations 
and does not identify where several WAAs exceed 0.7 mile per square mile. 

RESPONSE 
Table 3.10-4 in the DEIS displays road density for all roads and for open roads, both on NFS lands only 
and for all land ownerships. Average road density across all Wildlife Analysis Areas (WAAs) is provided in 
the FEIS. WILD1.XIV.A.1(c) includes a total road density of 0.7 to 1.0 miles per square mile in areas 
where wolf mortality concerns have been identified and road access was determined to be a significant 
contributing factor; not all WAAs are required to have road densities less than 0.7 miles per square mile.  
Resource concerns, such as road density, are evaluated at the project level; decisions under the 
amended Forest Plan are required to say how they meet the plan components which include standards 
and desired conditions. See also RD-1. 

An interagency Wolf Technical Committee has been established and is currently working on wolf 
management concerns on Prince of Wales Island.  Findings and recommendations of that committee are 
not yet available. 

COMMENT 
RD-3:  The Plan Amendment should bring greater clarity to the road density issue by defining the 
various terms for Tongass road closures. The Plan Amendment does not presently define “open 
road,” “closed road,” and “decommissioned road.” (See Plan Amendment Glossary for lack of 
definitions for these terms; although “open road mileage” is defined, “open road” is not). 
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RESPONSE 
Maintenance Level 1 (ML1) roads are considered closed (Transportation section DEIS page 3-273); open 
roads are roads in ML 2-5. Closed roads may or may not be physically blocked but use is illegal on roads 
designated as ML 1 status; these roads do not show up on the Motor Vehicle Use Maps available to the 
public.  The Table 3.10-4 in the DEIS displays road density for all roads and for open roads, both on NFS 
lands only and for all land ownerships.  In the FEIS, this table has been expanded to include a break 
down by Wildlife Analysis Area (WAA). Pages 3-224 to 225 in the DEIS include information on wolf 
harvest and the role of road access in that harvest, and acknowledges possible consequences of such 
harvest vulnerability. The Forest Plan Glossary has been updated to clarify that roads in ML 2-5 are 
considered when calculating open road density.   

COMMENT 
RD-4:  The Forest Service should add a standard and guideline in its Transportation System 
Corridors direction to maintain Tongass WAAs at a threshold of 0.7 mi/mi2. WAAs that presently 
exceed the 0.7 mi/mi2 threshold should have no net gain in roads (new road additions should be 
countered by road closures/decommissioning). WAAs that exceed 1.0 mi/mi2 should receive 
priority efforts to reduce road densities.  

RESPONSE 
Standards and Guidelines are included under the primary resource that is driving that particular standard.  
In this case, the suggested standard and guideline are primarily a wildlife concern not a transportation 
concern. WILD1.XIV.A.1(c) on page 4-88 includes a similar road density (total road density of 0.7 to 1.0 
miles per square mile) in areas where wolf mortality concerns have been identified and road access was 
determined to be a significant contributing factor.  An interagency Wolf Technical Committee has been 
established and is currently working on issues related to wolf management concerns on Prince of Wales 
Island. 

Access Travel Management plans are completed at the island, district, or project levels to allow for more 
localized analysis of road densities in relation to resource concerns and which roads are needed to 
access areas for resource management (or those that are not needed which can be closed).  In addition, 
road closures are prioritized based on financial constraints in addition to resource concerns.   

COMMENT 
RD-5:  We are concerned that the cumulative effects on transportation arising from the inter-
linkage of logging road systems, is not disclosed or considered in the EIS. Important choices are 
being made without benefit of good information. 

RESPONSE 
The DEIS/FEIS adequately discloses the effects of roads. In the affected environment sections the 
cumulative effects of all existing roads, including open, closed, and decommissioned roads, are 
addressed.  In the effects sections, the assessments include the estimated future roads on NFS lands 
and on non-NFS lands over a 100-year period. 

COMMENT 
RD-6:  The extent of sediment delivery from roads that results from construction, reconstruction, 
and storage of logging roads is not well addressed.  Increased use of roads also has the effect of 
increasing sediment delivery to streams. Many studies show increased logging traffic elevates 
sediment delivery to streams.  

The DEIS seems to suggest the agency is using the road storage strategy as a back-door way to 
avoid complying with the Clean Water Act, rather than as a considered transportation strategy.  
Where a road truly is justified, the best public interest seems to be met by just building and 
properly maintaining that road. The second-growth transition provides an opportunity to focus 
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logging in fewer areas, which means fewer roads should be need to access them, and so a 
straight-forward road management strategy becomes increasingly more affordable and desirable.   

RESPONSE 
The DEIS recognizes that roads are a major source of resource effects.  The Water and Fish sections 
provide extensive analysis and quantification of road effects on streams and fish, including sediment 
effects.  The analysis addresses existing roads, stored roads, decommissioned roads, reconstructed 
roads, and new roads. 

Road storage is a management tool to reduce long-term costs, by minimizing road maintenance costs, 
and reducing effects on streams and fish.  If a road is important for recreation or other purposes, it is 
managed differently.  Storage, which results in road closure, also helps address potential effects on 
wolves, by reducing access.  Most roads accessing young-growth stands will not be needed, after 
harvest, for many decades. 
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Transportation and Utility System LUD Overlay (TUS) 
COMMENT 
TUS-1:  The amended plan should reinstate the Transportation and Utility Systems LUD overlay 
and the “windows” and “avoidance” language because it discouraged road building in Wilderness 
LUDs and some non-development LUDs, and required transportation projects to first consider 
feasible alternatives. The Forest Service should either reinstate the overlay, or add new direction 
for completing a transportation avoidance analysis in the same LUDs where the overlay applied in 
the 2008 Forest Plan. 

RESPONSE 
The intent of the Forest Plan direction for transportation systems corridors is not to change the process 
the Forest Service will go through when developing future transportation systems. The purpose of the 
plan direction for transportation systems corridors is the same as the 2008 TUS LUD management 
prescription; to facilitate the availability of National Forest System land for the development of existing 
and future transportation systems such as those identified by the State of Alaska in the current version of 
the Southeast Alaska Transportation Plan (SATP) and applicable laws. (See Forest Plan Chapter 5.) The 
applicable Transportation Systems Corridors direction in Chapter 5 is included for each LUD in Chapter 3 
in a table that cross-references, by category, the plan content, found in Chapter 5.  

When developing future transportation systems, the project must be designed to be consistent with the 
applicable plan direction. For example, Forest-wide desired condition DC-02:  

Transportation systems support community resilience, resource management, and provide 
for current and future land management needs, subject to applicable laws. Transportation 
systems avoid, minimize, or mitigate adverse effects to natural and cultural resources. 

The decision document (Decision Memo, Decision Notice, Record of Decision) for a transportation activity 
or project must describe how the project or activity is consistent with DC-02 and other applicable plan 
direction, and this process is described in the Project Consistency Requirements section in Chapter 6 of 
the Forest Plan.  

The Forest Service will continue projects and activities under the direction in Chapters 2, 3 and 4. The 
Chapter 5 plan direction for Transportation Systems Corridors will take precedence only in the event of 
conflicting direction. (See Priority of Direction section in Chapter 1 in Forest Plan.) If there is no direction 
in Chapter 5 on a specific forest resource, then Chapter 3 direction takes precedence for that resource.  

The following language was added to the Forest Plan in Chapter 1, Priority of Direction: 

Chapter 5 assumes all laws, regulations, and policy pertaining to management of National Forest 
resources will be followed.  Ground-disturbing projects will use the approved best management 
practices (BMPs) (National Core BMP Technical Guide FS-990a and Alaska Region Soil and 
Water Conservation Handbook, FSH 2509.22) to avoid, minimize, or mitigate environmental 
impacts.  

COMMENT 
TUS-2:  Removal of Transportation and Utility System LUD should not be done under an 
amendment. A change of this nature should be done through the Forest Plan revision process 
described in 36 CFR 219.7 rather than the amendment process set forth in 36 CFR 219.13. 

RESPONSE  
The Notice of Intent (NOI) that was published on May 27, 2014 in the Federal Register (79 FR 30074) 
stated under the “Purpose and Need for Action” that [the Forest Service] will also evaluate other changes 
suggested in the 5-year review. Concerns were consistently expressed during the Five-Year Review of 
the 2008 Forest Plan regarding the impact of high fossil fuel prices; the adverse effect of high energy 
costs on economic diversification and sustainable economic development; and increasing climate change 
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on the quality of life in Southeast Alaska. Concerns were also expressed that the 2008 Plan’s direction 
regarding transportation and utility systems, including the Transportation and Utility System (TUS) overlay 
Land Use Designation (LUD), were overly complex, confusing, and difficult to implement, creating an 
impediment to development of hydropower, other types of renewable energy, and transmission lines 
needed to connect communities to sources of electric power.  Based on this review, the responsible 
official determined to propose changes to the Forest Plan to make the development of renewable energy 
resources more permissible -- including allowing greater project-level consideration of transportation and 
utility corridors and removing the TUS overlay LUD -- to facilitate renewable energy development in 
Southeast Alaska communities, provide low-carbon energy alternatives, and reduce the use of fossil 
fuels. 

Removing the existing Transportation and Utility System LUD through a plan amendment is permissible. 
The last sentence of 36 CFR 219.13(a) states that: “Except as provided by paragraph (c) of this section 
[regarding administrative changes], a plan amendment is required to add, modify, or remove one or more 
plan components, or to change how or where one or more plan components apply to all or part of the plan 
area (including management areas or geographic areas).” (Emphasis added.) The Department added the 
phrase “including management areas or geographic areas” to the final planning rule to clarify that an 
amendment is required for any change in how or whether plan components apply to those areas (77 FR 
21238). An amendment may remove all the plan components within a LUD and remove the LUD itself.  

See responses to P&N-2 and PLR-1. 
 

COMMENT 
TUS-3:  The Forest Service should clarify that the transportation systems corridors direction in 
Chapter 5 of the Forest Plan applies to major roads only and not to all roads, such as those 
defined in Chapter 7 (Glossary) under the term “Forest transportation system. This clarification is 
needed because removal of the Transportation and Utility Systems LUD leaves a gap in that major 
public roads would otherwise receive special consideration under the 2008 Forest Plan. The 
Forest Service should clarify in both the FEIS and the Forest Plan that any new transportation 
direction applies only to major roads. 

RESPONSE 
The management prescription goal in the 2008 Transportation and Utility Systems LUD, and the purpose 
of the plan direction for transportation systems corridors in Chapter 5 is to facilitate the availability of 
National Forest System land for the development of major roads; existing and future transportation 
systems such as those identified by the State of Alaska in the current version of the Southeast Alaska 
Transportation Plan (SATP) and applicable laws. (See page 5-13 of the Proposed Forest Plan Chapter 5 
for this description.) The transportation systems corridors direction in Chapter 5, including Forest-wide 
plan components DC-02, DC-03 and DC-04, was written with this purpose in mind.  

The transportation systems corridor direction is not intended to address the forest transportation system, 
which is defined in the glossary in Chapter 7 as “[t]he system of National Forest System (NFS) roads, 
trails, and airfields on NFS lands (36 CFR 212.1).” The Transportation section in Chapter 3 of the FEIS 
describes both major roads and forest transportation systems. (See subsections for Regional 
Transportation System and National Forest System Roads.) Forest-wide transportation standards and 
guidelines were included in the Proposed Forest Plan on pages 4-74 through 4-80. The Proposed Forest 
Plan also included standards and guidelines that describe Transportation Planning in TRAN 3, and the 
maintenance levels in TRAN 6 & TRAN 7. The first part of the following standard and guideline TRAN4 I. 
D. was removed in the Proposed Forest Plan: 

D. Cooperate with the Alaska Department of Transportation and Public Facilities and the Federal 
Highway Administration in the administration of the Forest Highway Program. Provide 
nominations of routes to be upgraded and encourage their transfer to state jurisdiction, in order to 
provide safe facilities and adequate maintenance between communities linked by the Forest 
Transportation System. (Consult FSM 7700.) (emphasis added) 
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This standard and guideline has been added back into the Forest Plan and was clarified. It now reads as 
follows: 

D. Cooperate with the Alaska Department of Transportation and Public Facilities and the Federal 
Highway Administration in the administration of the Federal Highway Programs. Provide 
nominations of routes to be upgraded and encourage their transfer to state jurisdiction, in order 
to provide safe facilities and adequate maintenance between communities linked by the Forest 
Transportation System. (Consult FSM 7700.) (emphasis added) 

A discussion about the Southeast Alaska Transportation Plan (SATP) was included in Chapter 3 of the 
DEIS in the Transportation section on pages 3-271 to 3-273. The 2004 SATP was incorporated into the 
2008 Forest Plan and direction was provided for it in the Transportation and Utility LUD. A draft SAPT 
was published in June 2014 (ADOT&PF 2014), and the DEIS provided a description of the intent of the 
road construction to provide access to NFS lands. Because the Proposed Forest Plan removed the 
Transportation and Utility Systems LUD, the SATP was incorporated into the Proposed Forest Plan and 
direction for it was provided in the transportation systems corridors direction in Chapter 5.  

The Transportation environmental consequences section in Chapter 3 of the DEIS disclosed the following 
on p. 3-277:  

“Proposed new plan components for Transportation Systems Corridors (TSC) would replace the 
direction currently found in the Transportation and Utility System LUD. TSC plan components 
apply only to major road systems such as state and federal highways, railroads, and those 
identified by the State of Alaska in the current version of the SATP and applicable laws (for 
example, Section 4407 of Public Law 109-59, Title XI of the Alaska National Interest Lands 
Conservation Act, Public Law 96-487)… When planning future transportation projects, these plan 
components would apply. Prior to this, all other applicable Forest Plan LUD direction would remain 
in effect.” (emphasis added) 

COMMENT 
TUS-4:  The Proposed Forest Plan does not clearly indicate how the transportation systems 
corridors direction for major roads in Chapter 5 is to be applied with other LUD restrictions 
governing roads. Removal of the “avoidance area” and “window” designations in the Proposed 
Forest Plan makes it easier to build projects, eliminating a protective barrier to siting major roads 
on the majority of the Tongass. The DEIS does not disclose this change, or analyze its significant 
environmental effects or compliance with NFMA. Therefore, the Forest Service should make it 
explicit that major roads are subject to Chapter 3 road restrictions for individual LUDs in the 
Proposed Forest Plan. 

RESPONSE 
In the introduction to Chapter 5 of the Proposed Forest Plan, an explanation was provided stating that “[a] 
plan amendment is required to add, modify, or remove existing plan direction, or to change how or where 
one or more plan components apply to all or part of the plan area (including Land Use Designations) (36 
CFR 219.13(a)).” On page 5-3 of the Proposed Forest Plan under the section entitled “Changes Made in 
the 2008 Forest Plan” the Forest Service disclosed the following: 

The Transportation and Utility System overlay LUD was removed, as well as all associated 
direction (i.e., “window” and “avoidance area”) in the LUD Standards and Guidelines 
pertaining to application of this overlay LUD. No other LUDs were removed. Other LUD 
boundaries were modified to reflect changes since 2008. 

Removal of the TUS overlay LUD was also disclosed in Chapter 2 of the DEIS on p. 2-10 under the 
section entitled, “Proposed LUD Changes Common to the Action Alternatives.”  

The management prescription in the 2008 Transportation and Utility Systems LUD, and the purpose of 
the plan direction for transportation systems corridors in Chapter 5 is to facilitate the availability of 
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National Forest System land for the development of major roads; existing and future transportation 
systems such as those identified by the State of Alaska in the current version of the Southeast Alaska 
Transportation Plan (SATP) and applicable laws. (See page 5-13 of the Proposed Forest Plan Chapter 5 
for this description.) The transportation systems corridors direction in Chapter 5, including Forest-wide 
plan components DC-02, DC-03 and DC-04, was written with this purpose in mind.  

The Introduction to Chapter 3 of the Proposed Forest Plan explained how the plan direction for 
transportation systems corridors in Chapter 5, is applied to the LUDs by the table that cross-references 
the applicable direction that applies to the LUD.  

When developing future transportation systems corridors, the project must be designed to be consistent 
with the applicable plan direction. For example, development of a major road must be consistent with 
forest-wide desired condition DC-02:  

Transportation systems support community resilience, resource management, and provide for 
current and future land management needs, subject to applicable laws. Transportation systems 
avoid, minimize, or mitigate adverse effects to natural and cultural resources. 

The Forest Service will continue projects and activities under the direction in Chapters 2, 3 and 4. The 
Chapter 5 plan direction for transportation systems corridors will take precedence only in the event of 
conflicting direction. (See Priority of Direction section in Chapter 1 in Forest Plan.) If there is no direction 
in Chapter 5 on a specific forest resource, then Chapter 3 direction takes precedence for that resource.  

See responses to PLR-1 and TUS-1 regarding NFMA compliance.  

COMMENT 
TUS-5:  The Forest Service must make the Chapter 5 plan direction for transportation systems 
corridors clearer, since the direction in Chapter 5 will have priority over all other plan direction in 
Chapters 3 and 4 if a conflict or discrepancy in directions occur.  The Forest Service must 
thoroughly explain what will constitute a conflict in this context, describe the extent of potential 
conflicts, and provide examples of the circumstances under which Chapter 5 direction would or 
would not have priority over direction in Chapters 3 and 4. The Old Growth Habitat LUD direction 
in Chapter 3 precludes roads unless there is no feasible alternative, but Chapter 5 transportation 
systems corridors direction applies to the Old Growth Habitat LUD, which allows the Forest 
Service to build a major road for which there may be a feasible alternative. The Forest Service has 
failed to disclose its obligations under NEPA and NFMA with respect to the transportation 
changes. 

RESPONSE 
The Forest Service Handbook ([FSH] 1909.12, chapter 20, section 22.2) indicates that if a plan has 
direction that overlaps, the plan must clearly explain which direction has priority. The explanation 
regarding priority is located in Chapter 1 of the Forest Plan, in the Priority of Plan Direction section, as 
well as in the introduction section in Chapter 5. 

Until the Forest Service implements this new direction on a site-specific transportation project, providing 
examples of conflicts of direction, or describing the extent of potential conflicts is not warranted at a 
programmatic level.  When developing future transportation systems, the project must be designed to be 
consistent with the applicable plan direction in Chapter 5. For example, wildlife standard S-TCS-WILD-01, 
and forest-wide desired condition DC-02.  

S-TSC-WILD-01: Design and construct transportation systems to maintain wildlife habitat 
corridors between old-growth reserves (OGRs), riparian management areas (RMAs), and 
beach and estuary fringe. 

DC-02: Transportation systems support community resilience, resource management, and 
provide for current and future land management needs, subject to applicable laws. 
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Transportation systems avoid, minimize, or mitigate adverse effects to natural and cultural 
resources. 

The decision document (Decision Memo, Decision Notice, Record of Decision) for the project or activity 
must describe how the project or activity is consistent with S-TSC-WILD-01, DC-02, and other applicable 
plan direction, and this process is described in the Project Consistency Requirements section in Chapter 
6 of the Forest Plan.  

On p. 3-277 of the DEIS in the Transportation environmental consequences section, the Forest Service 
disclosed that under the action alternatives: 

“With this amendment, the existing transportation and utility LUD and avoidance areas 
would be removed from the Forest Plan. TSC plan components, e.g., standards and 
guidelines to the Forest Plan, would take precedence over other forest-wide and LUD-
specific standards and guidelines (subject to applicable laws) where TSC are proposed 
or exist.” 

See response to PLR-1 and TUS-2 regarding NFMA compliance.  

COMMENT 
TUS-6:  Removal of the Transportation and Utility System LUD in the action alternatives violates 
the 2012 Planning Rule and requirements of the National Environmental Policy Act (NEPA) 
because specific geographic management areas were removed from the Forest Plan. Removal of 
the LUD does not fulfill the stated purpose of the proposed plan amendments, and removal was 
not disclosed as a secondary purpose for the plan amendment.  These geographic corridors 
connecting the communities located within the boundaries of the Tongass National Forest are 
intended to be developed and operated as transportation and utility systems in accordance with 
the State of Alaska’s Southeast Alaska Transportation Plan (SATP). Neither the published notice 
of intent nor the DEIS purpose and need statement disclose the intent to eliminate the TUS LUD. 
The NEPA requires the significant federal action be disclosed and fully analyzed prior to 
implementation. 

RESPONSE 
See responses to P&N-2, TUS-2 and TUS-3. See response to PLR-1 and TUS-2 regarding NFMA 
compliance.  

COMMENT 
TUS-7:  The Forest Service’s conclusion in the DEIS, that there is considerable uncertainty about 
the future development of Southeast Alaska’s road system, is unsupported. This conclusion was 
used to create transportation systems corridor objective O-TSC-01 in Chapter 5 of the Proposed 
Forest Plan. Development and delivery of transportation projects in the established transportation 
and utility corridors is accomplished, in part, by the stability and predictability of the 
geographically designated Transportation and Utility System (TUS) LUD.  This objective (O-TSC-
01) is extremely limited and contradictory to the many upcoming and reasonably foreseeable 
highway projects. With nearly 200 miles of state highway construction recently completed and 
planned for the near future - and congressionally granted easements underlying hundreds of 
miles of the TUS LUD - this objective does not reflect the planned development in the TUS LUD.  

RESPONSE 
The Southeast Alaska Transportation Plan (SATP) states the following on page 2: 

“Alaska may see a decrease in funding in the future. The federal highway trust fund is no 
longer sufficient to cover surface transportation needs and must be supplemented by the 
federal general fund, or restructured. State funding which pays for all operating and some 
capital expenses is expected to decrease as state revenues decline, primarily due to oil 
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production declines and price fluctuations. Consequently, the Department must plan for the 
possibility of reduced financial resources. The SATP recommendations need to account for 
this year to year uncertainty and plan for periods of reduced funding.” (ADOT&PF 2014) 

The recent work completed on the roads that were improved through Western Federal Lands funding 
were relocation and reconstruction of existing roads on Prince of Wales Island.  Easements have been 
given for some sections of the roads on Prince of Wales Island as well as on some roads on other islands 
to the State of Alaska.  These road sections are included in the roads illustrated on Map 21 Prince of 
Wales Corridors from the Southeast Alaska Transportation Plan, an approved component of the Alaska 
Statewide Transportation Plan, August 14, 2004.  Many of the sections of road illustrated on this map 
have not been constructed and some sections will not be constructed but were alternative roads.  Several 
maps are included in the Southeast Transportation Plan show roads that will be difficult to construct and 
expensive to construct considering the terrain, landslides, cultural resources, aquatic resources, stream 
crossings as well as ferry transportation required to connect some waterways.   

Updates to the potential routes and forecasted costs are included in the Southeast Alaska Transportation 
Plan 2014 Draft.  The Forest Plan present and reasonably foreseeable actions and projects (DEIS 
Appendix C) were developed to be consistent with the Southeast Transportation Plan that provides set of 
proposed road and utility corridors the State of Alaska is pursuing to meet future transportation and 
energy needs of Southeast Alaska.  The Forest Plan objectives are written to be “…concise, measurable, 
and time-specific…based on reasonably foreseeable budgets.” (FSH 1909.12 Ch. 20, sec. 22.12). 
Objective O-TSC-01 was written to be achievable and realistic given the fiscal and time constraints as 
well as anticipated litigation.  

COMMENT 
TUS-8:  The Forest Plan direction for renewable energy and transportation systems corridors 
direction in Chapter 5 may prove workable for the Forest Service, but the Section 4407 easements 
and the SATP corridors in the existing TUS LUD must be recognized in the Forest Plan for the 
multiple-agency and multiple-year planning required to connect the communities of Southeast 
Alaska. It is unclear how removing the Transportation and Utility System (TUS) LUD will better 
facilitate the availability of NFS land for the development of existing and future transportation 
systems, since the State currently holds easements over the vast majority of the TUS LUD. 
Removal of the of the TUS LUD will likely have the effect of making NFS land less available, create 
future use conflicts, and deter development of existing and future transportation systems. The 
depiction of the corridors on the TUS LUD maps in the 2008 plan was informative and consistent 
with the management direction in the plan concerning the priority of TUS development in those 
corridors. The State, regulatory agencies, and the public require the disclosure and predictable 
management of the transportation and utility corridors in the TUS LUD. 

RESPONSE 
Chapter 3 of the DEIS Transportation section (pages 3-271 to 3-273) included a discussion about the 
Final Southeast Alaska Transportation Plan (SATP), and described the intent of the road construction to 
provide access to NFS lands. Pages 3-274 and 3-275 of the DEIS provided a discussion about the TUS 
LUD under the 2008 Forest Plan. On p. 3-277 of the DEIS in the Transportation environmental 
consequences section, the Forest Service disclosed that under the action alternatives: 

“Under Alternatives 2, 3, 4, and 5, the existing TUS LUD would be removed from the Forest 
Plan. Proposed new plan components for Transportation Systems Corridors (TSC) would 
replace the direction currently found in the Transportation and Utility System LUD. TSC plan 
components apply only to major road systems such as state and federal highways, railroads, 
and those identified by the State of Alaska in the current version of the SATP and applicable 
laws (for example, Section 4407 of Public Law 109-59, Title XI of the Alaska National Interest 
Lands Conservation Act, Public Law 96-487).” 

The Proposed Forest Plan LUD map for Alternative 1 included the TUS LUD, while the LUD map 
representing Alternatives 2-5 did not include the Section 4407 of Public Law 109-59 easements and the 
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SATP corridors. FEIS maps have been corrected to include the Section 4407 easements and the SATP 
corridors. 

The management prescription goal in the 2008 Transportation and Utility Systems LUD, and the purpose 
of the plan direction for transportation systems corridors in Chapter 5 is to facilitate the availability of 
National Forest System land for the development of major roads; existing and future transportation 
systems such as those identified by the State of Alaska in the current version of the SATP and applicable 
laws. (See page 5-13 of the Proposed Forest Plan Chapter 5 for this description.) The transportation 
systems corridors direction in Chapter 5, including Forest-wide plan components DC-02, DC-03 and DC-
04, was written with this purpose in mind.  

COMMENT 
TUS-9:  There is no management advantage by replacing TUS LUD with transportation systems 
corridors direction in Chapter 5. Without the TUS LUD, the specific property and development 
rights granted by Congress are not recognized. The TUS LUD provides predictability and 
transparency, and minimizes potential conflicts with underlying LUD goals and associated 
management prescriptions should transportation development occur. The TUS LUD represents “a 
‘window’ through the underlying LUD through which roads and/or utilities can be built. To provide 
the predictability and transparency necessary for the continued development of the infrastructure 
connecting the communities of Southeast Alaska, the Forest Service should preserve the TUS 
LUD. 

RESPONSE 
The Proposed Forest Plan transportation systems corridors direction in Chapter 5 was developed to 
replace the TUS LUD direction. The TUS LUD direction in the 2008 Forest Plan took precedence over 
underlying LUDs regardless of whether the underlying LUD was a TUS “Avoidance LUD.” Similarly, the 
applicable transportation systems corridors direction in Chapter 5 takes precedence over other forest-
wide and LUD-specific standards and guidelines where transportation systems corridors exist or are 
proposed. The Introduction to Chapter 3 of the Proposed Forest Plan explained how the plan direction for 
transportation systems corridors in Chapter 5 is applied to the LUDs and is represented in the table that 
cross-references the applicable direction that applies to the LUD.  

The Proposed Forest Plan LUD map for Alternative 1 included the TUS LUD, while the LUD map 
representing Alternatives 2-5 did not include the Section 4407 of Public Law 109-59 easements and the 
SATP corridors. FEIS maps have been corrected to include the Section 4407 easements and the SATP 
corridors. 

The management prescription goal in the 2008 Transportation and Utility Systems LUD, and the purpose 
of the plan direction for transportation systems corridors in Chapter 5 is to facilitate the availability of 
National Forest System land for the development of major roads; existing and future transportation 
systems such as those identified by the State of Alaska in the current version of the SATP and applicable 
laws. (See page 5-13 of the Proposed Forest Plan Chapter 5 for this description.) The transportation 
systems corridors direction in Chapter 5, including Forest-wide plan components DC-02, DC-03 and DC-
04, was written with this purpose in mind.  

See response to TUS-8. Regarding the removal of the Transportation and Utility Systems LUD and 
adding new direction, see responses to P&N-2, PLR-1, and TUS-2. 

COMMENT 
TUS-10. The practice of road decommissioning is expensive, wasteful, unnecessary, and reduces 
ancillary community benefits.  Roads support tourism by providing access for a wide variety of 
activities, including hunting, fishing, hiking, birding, wildlife viewing, photography, recreational 
vehicle use, boating/kayaking, and more. 
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RESPONSE  
Future transportation needs are considered using the travel analysis process. See Forest Service Travel 
Planning Handbook FSM 7709.55. Some travel management issues (such as response to visitor demand, 
open road density, and other wildlife issues) should be considered at a broad scale, while other issues 
(such as potential conflicts among uses on a particular trail and mitigation measures for a particular 
stream crossing) are best evaluated at a reduced scale.  Travel analysis is often the point where broad-
scale issues can be identified.  Site-specific issues are addressed at the project level. 

  

DEIS Comments and Responses I-114 Final EIS 



Appendix I 

Renewable Energy (REN) 
COMMENT 
REN-1:  The Forest Service is commended for emphasizing renewable energy in the Proposed 
Forest Plan, but encouraging renewable energy at the expense of essential environmental 
protections takes this policy too far. The Forest Service has not explained why it is necessary to 
locate renewable energy sites in what are currently “avoidance” areas, particularly in highly 
sensitive areas like beach and estuary fringe. The Proposed Forest Plan removes the “avoidance” 
area language that constrained hydroelectric projects in certain areas of the Forest unless an 
alternative location was not feasible. The renewable energy direction in Chapter 5 of the Proposed 
Forest Plan now has priority over other plan direction and overrides legally required 
environmental protection measures. The Proposed Forest Plan is inconsistent in describing the 
priority of direction that will apply, saying both that “[c]onsistent with the 2008 Forest Plan, 
renewable energy projects need to be consistent with the standards and guidelines for the 
respective LUDs affected by energy development” and that “should there be a conflict in 
direction, the proposed plan components in Chapter 5 would take priority over forest-wide and 
LUD-specific standards and guidelines (subject to applicable laws).” Neither the DEIS nor 
Proposed Forest Plan justifies the priority of direction with respect to renewable energy. 

RESPONSE 
Protection of forest resources is a priority when considering renewable energy development on National 
Forest System (NFS) lands. The Notice of Intent (NOI) that was published on May 27, 2014 in the Federal 
Register (79 FR 30074) stated under the “Purpose and Need for Action” that [the Forest Service] will also 
evaluate other changes suggested in the 5-year review.” Concerns were consistently expressed during 
the Five-Year Review of the 2008 Forest Plan regarding the impact of high fossil fuel prices; the adverse 
effect of high energy costs on economic diversification and sustainable economic development; and 
increasing climate change on the quality of life in Southeast Alaska. Concerns were also expressed that 
the 2008 Plan’s direction regarding transportation and utility systems, including the Transportation and 
Utility System (TUS) overlay Land Use Designation (LUD), were overly complex, confusing, and difficult to 
implement, creating an impediment to development of hydropower, other types of renewable energy, and 
transmission lines needed to connect communities to sources of electric power.  Based on this review, 
the responsible official determined to propose changes to the Forest Plan to make the development of 
renewable energy resources more permissible -- including allowing greater project-level consideration of 
transportation and utility corridors and removing the TUS overlay LUD -- to stimulate renewable energy 
development in Southeast Alaska communities, provide low-carbon energy alternatives, and reduce the 
use of fossil fuels. The “window” and “avoidance” direction in the LUD management prescriptions was 
also removed because it was associated with application of the TUS LUD which was removed in the 
Proposed Forest Plan.  

Chapter 5 of the Forest Plan includes renewable energy direction that was developed to replace the 
renewable energy direction in the TUS LUD. Like the TUS LUD direction in the 2008 Forest Plan, the 
renewable energy direction in Chapter 5 gets applied to a specific geographic location on the Forest 
(LUD). For example, guideline G-RE-FAC-01 and G-RE-FAC-02 in Chapter 5 of the Forest Plan include 
the following direction: 

G-RE-FAC-01: Utility lines should follow existing or planned transportation systems corridors, including 
those identified in the Logging Systems and Transportation Analysis (LSTA) and Public Law 109-59. 

G-RE-FAC-02: An alternative route can be considered if it reduces or minimizes resource impacts. 

Each LUD in Chapter 3 of the Forest Plan provides a table indicating the renewable energy plan 
components that apply.  

Not all NFS lands may be suitable for renewable energy. Chapter 5 includes the following suitability of 
lands plan component to identify the suitability of renewable energy in a particular area at the project level 
with site-specific analysis: 
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SUIT-RE-01: All NFS lands may be suitable for renewable energy sites on a case-by-case basis in 
consideration of the LUD, ecological and social values, and benefit to Southeast Alaska communities.   

The interdisciplinary team (IDT) assigned to a renewable energy project will determine if the proposed 
renewable energy development is suitable based on the factors in SUIT-RE-01. The management 
approach for renewable energy further clarifies the intent of SUIT-RE-01 that “Identifying renewable 
energy sites as suitable is not a commitment but only an indication that the use might be appropriate.” 

Identifying suitability will help determine if future renewable energy projects and activities are consistent 
with the following desired conditions: 

DC-RE-01: Renewable energy resources (subject to applicable law) contribute to the economic well-being 
of Southeast Alaska communities. 

DC-RE-02: Renewable energy resources are developed in a manner that would maintain and protect 
National Forest System (NFS) lands and resources.  

Protection of resources remains a priority and consistency with the Forest Plan and monitoring of results 
will continue. The Forest Service developed the set of plan components including the suitability of lands 
to integrate social, economic, cultural, and ecological considerations. When developing future renewable 
energy projects, the project or activity must be designed to be consistent with the applicable plan direction 
in Chapter 5. (Consult Chapter 6 of the Forest Plan regarding Project Consistency Requirements.) 

The Proposed Forest Plan is not changing the process the Agency will go through when a proponent 
desires to develop a renewable energy project.  The Forest Service will continue land administration 
activities under the direction in Chapters 2, 3 and 4.  The Chapter 5 plan components take precedence 
only in the event of conflicting direction. The Forest Service Handbook (FSH) 1909.12, Chapter 20, 
Section 22.2 guides that if a plan has direction that overlaps, the plan must clearly explain which direction 
has priority. The Forest Service explained in the Proposed Forest Plan which direction has priority. (See 
Priority of Direction section in Chapter 1 on p. 1-4, Introduction section in Chapter 5 on p. 5-1, and in the 
introduction to Renewable Energy Direction section on p. 5-12.) 

A Management Approach was added to the Forest Plan in Chapter 5 that reads as follows:   

“The addition of the renewable energy plan components do not change the need to ensure that resource 
protection measures are incorporated throughout project-level planning, construction, and operation of 
renewable energy sites.”  

The following sentence was added to Forest Plan, Chapter 1, Priority of Direction: 

“Chapter 5 assumes all laws, regulations, and policy pertaining to management of National Forest 
resources will be followed.  Ground-disturbing projects will use the approved best management practices 
(BMPs) (National Core BMP Technical Guide FS-990a and Alaska Region Soil and Water Conservation 
Handbook, FSH 2509.22) to avoid, minimize, or mitigate environmental impacts.” 

COMMENT 
REN-2:  The Forest Service is right to encourage most kinds of renewable energy, but the 
definition of “renewable energy” in the Proposed Forest Plan is too broad because it extends to 
all renewable energy technologies regardless of their environmental effects. For example, poorly 
designed and located hydropower projects can adversely affect salmon, which are critical to the 
Southeast Alaskan way of life. The Forest Service should adopt a definition that focuses on 
beneficial technologies. The current definition does not differentiate between energy resources 
whose use will force climate change, such as biomass, and those whose use is essentially 
climate-neutral or even climate beneficial, such as wave action.  The current definition does not 
exclude resources that replenish too slowly to matter for purposes of human civilization.  Based 
on the current definition, old-growth forests that may take hundreds or thousands of years to 
replenish, but can ever truly be replenished, are classified as “renewable energy.” 
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RESPONSE 
The definition of renewable energy in the Proposed Forest Plan is consistent with the Forest Service 
Strategic Energy Framework, approved by the Chief in January, 2011. Environmental consequences 
associated with the utilization of various renewable energies are disclosed in a project-level 
environmental analysis (the reviewer’s example of the potential for hydropower to adversely impact 
aquatic resources is one), but those do not change the fundamental definition of renewable energy.  It is 
not the role of this plan to redefine a commonly agreed-upon term. The Forest believes it is appropriate to 
maintain the definition in the Forest Plan. 

COMMENT 
REN-3: If “renewable energy” was defined to focus on beneficial technologies, it would not 
include biomass. Biomass technology’s effect on climate change, its potential demands on forest 
resources, its harmful emissions, and the fact that Tongass biofuels are not competitive in the 
market, makes it a mistake for the Forest Service encourage this as a type of renewable energy. 
The DEIS mentions a Forest Service goal of converting 30 percent of fuel oil heating to biomass.  
This goal does not exist as a plan component in the Proposed Forest Plan.  To avoid confusion, 
the Forest Service should remove references to this goal from the FEIS for the reasons stated. 
The Forest Service has not considered the environmental effects of promoting biomass energy as 
NEPA requires. The Forest Service has not considered these issues, despite the fact that they are 
integral to understanding the environmental effects of the Proposed Forest Plan’s new renewable 
energy direction. The Forest Service must consider all of these issues before it adopts forest plan 
components that promote biomass energy, such as those in the Proposed Forest Plan.  

RESPONSE 
A programmatic analysis of the Proposed Forest Plan’s new renewable energy direction was provided on 
pages 3-289 to 3-290 in the DEIS. As stated on page 3-289 of the Renewable Energy section in Chapter 
3 of the DEIS, the new renewable energy direction in Chapter 5 of the Proposed Forest Plan could affect 
other resources, and these effects are discussed in each respective resource section in the FEIS. The 
Forest Plan does not specifically authorize biomass projects. Rather, the Forest Plan provides overall 
strategic direction for management of the Tongass and encourages development of renewable energy 
without compelling specified Agency actions or guaranteeing specific results. Timber sales can currently 
support biomass energy products under the 2008 Plan.  Several examples of current biomass projects 
were provided in the DEIS on page 3-286, and the Forest Service acknowledged that “successfully 
launched projects provide useful learning opportunities as case studies, but future projects will need to 
continue analyze overall cost savings based on choosing the right technology for the local biomass fuel 
supply (USDA Forest Service 2015k).” 

The Forest Service’s “goal to support a transition of 30 percent of the heating oil use in Southeast Alaska 
to biomass over the next decade (Deering 2014)” as stated in the DEIS on page 3-459, was used by the 
U.S. Forest Service, Pacific Northwest (PNW) Research Station in a baseline model that was used to 
construct three management scenarios representing alternative futures for timber harvest in southeast 
Alaska (Daniels et al., 2016). The Forest Plan includes the following forest-wide goal in Chapter 5: 

G-RE-01: The Forest would proactively contribute to sustainable production of renewable energy and 
energy transmission and distribution across the Forest, on all lands and LUDs, after consideration of 
other resources and community benefits. 

The Forest Service’s role does not include performing human health risk assessments of the deployment 
and usage of materials derived from the National Forests.  That role is appropriately held by regulatory 
agencies such as the EPA and ADEC.  As such the Forest Service is not in a position to quantify the 
extent of “substantial risk to human health.”  
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Site-specific locations and mitigation measures for proposed renewable energy projects would be 
determined by project-level planning and environmental analysis at the time a specific project is 
proposed. Issues related to these proposed projects would be disclosed at that time. 

See response to REN-1 regarding application of new renewable energy direction in Chapter 5. 

COMMENT 
REN-4: There is support for providing Southeast Alaskans with clean, affordable and reliable 
energy, particularly in small communities like Kake, which depend on isolated electric systems 
that run on high cost diesel. Development of community-based renewable energy solutions is the 
most effective approach. The Forest Service should invest agency resources to help small, diesel-
dependent communities transition to renewable energy. Examples include partnering with these 
communities to assist with public meetings, consensus building, site surveys, feasibility 
determination and project selection, and providing advice and resources to help these 
communities identify and implement energy efficiency and demand side management measures. 
Projects 5 MW or less, with minimal environmental impacts may qualify for a FERC exemption 
from licensing.  

RESPONSE 
Since 2010, USDA agencies, led by the Forest Service and Rural Development, have been directed to 
develop a strategy known as the Transition Framework to help Southeast Alaska communities transition 
to a more diversified economy. Renewable energy, forest restoration, young-growth management, and 
tourism are a few of the components of the transition strategy. This is discussed in Chapter 1 of the FEIS. 

The Forest Plan plays a role in supporting the Transition Framework to help move Southeast Alaska 
communities to a more diversified economy and provides desired conditions/objectives to benefit 
communities powered by diesel. See response to REN-1 regarding application of new renewable energy 
direction in Chapter 5 of the Forest Plan. 

COMMENT 
REN-5:  Sensitive habitats should be avoided when renewable energy facilities or transportation 
and utility corridors are proposed, studied, and ultimately developed. The Proposed Forest Plan’s 
plan components should require siting roads and other infrastructure outside of OGRs, beach 
fringe, designated wildlife corridors, and other sensitive areas unless an analysis demonstrates 
that there are no practical alternatives. The action alternatives evaluated in the DEIS do not appear 
to require this analysis, which leads to the presumption that construction of roads and renewable 
energy facilities are allowed wherever they may be proposed, irrespective of habitat values. This 
proposed approach could undermine the integrity of the Conservation Strategy, which was 
designed to protect important habitat in specific locations from human impacts. 

RESPONSE 
The Forest Plan does not specifically authorize renewable energy projects. Rather, the Forest Plan 
provides overall strategic direction for management of the Tongass and encourages development of 
renewable energy without compelling specified Agency actions or guaranteeing specific results. The 
analysis presented in the Forest Plan FEIS is programmatic. Project level analyses are conducted for site-
specific projects, such as renewable energy sites.  Project level analyses quantify all the impacts—
beneficial and adverse—of a proposed project. Potential impacts may include impacts to wildlife, 
wetlands, particular sectors of the economy, and other resources or uses. 

Analysis conducted under the NEPA process would evaluate site-specific resource impacts and 
cumulative effects from renewable energy site development, and adjustments could be made as needed 
to ensure protection of these resources. 
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Renewable Energy desired condition DC-RE-02 in Chapter 5 of the Forest Plan requires that the Forest 
Service develop renewable energy resources “…in a manner that would maintain and protect National 
Forest System (NFS) lands and resources.” 

Protection of resources remains a priority and consistency with the Forest Plan and monitoring of results 
will continue. The Forest Service developed the set of plan components including the suitability of lands 
(SUIT-RE-01) to integrate social, economic, cultural, and ecological considerations. When developing 
future renewable energy projects, the project or activity must be designed to be consistent with the 
applicable plan direction in Chapter 5. (Consult Chapter 6 of the Forest Plan regarding Project 
Consistency Requirements.) See response to REN-1 regarding application of new renewable energy 
direction in Chapter 5. 

COMMENT 
REN-6:  Proposed Renewable Energy direction is moving in the right direction, but lacks clear, 
enforceable direction necessary to promote renewable energy development.  Suggested changes 
to Chapter 5 include: 

• Change wording in the introduction so that “preliminary stage” is not confused with the 
industry term “preliminary permit.” 

• Adding clear guidance to SUIT-RE-01 about how consideration to LUD, ecological and 
social values, and benefits to Southeast Alaska communities will be applied.  

• Change O-RE-01(1) to include all communities in Southeast Alaska. 

• Change wording in O-RE-01(2) to make it clear that "renewable energy capacity" is 
intended to be broadly interpreted to include increases in capacity, efficiency, and storage 
in support of Priority 1.  

• Add a Management Approach to Facilities (FAC) to acknowledge that some renewable 
energy facilities may not have previously defined corridors. This is especially true for 
renewable sites not contemplated when corridors were originally established (e.g., wind, 
tidal, biomass). 

• Change G-RE-FAC-01 to acknowledge that existing and planned transportation system 
corridors should be used when present. 

• Change G-RE-FAC-02 to acknowledge that viable and beneficial alternative routes outside 
of established corridors may not be "linear". 

• Revise scenery design management approach to not be unreasonable or render a project 
infeasible. 

• Modify SUIT-RE-TRAN-01 and S-RE-TRAN-01 to provide clear interpretation on lands 
pertaining to renewable energy development within an Inventoried Roadless Area. 

• Specify a thirty (30) day timeline for review and issuance of special use permits for 
exploratory and study activities. 

• Specify authorized decision-making authorities for each subsection of the Renewable 
Energy Direction in such a way that helps streamline renewable energy permitting and 
development. 

• Ensuring that renewable energy developers are able to construct roads, including in 
roadless areas. 
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RESPONSE 
The majority of the above suggestions have been incorporated into the Forest Plan as appropriate.  The 
Forest Plan provides guidance in how LUDs and other resource values are to be addressed.  The word 
“rural” was maintained primarily due to the fact that most of these communities are those that are 
currently not interconnected or have established renewable energy capabilities available.  Specifying 
timelines for permitting response is outside the scope of the amendment. Agency policy provides for 
notification whether a proposal for a special use permit will receive further consideration (FSH 2709.11, 
chapter 10, section 10.3), and other agencies that may have authority over certain proposed energy 
projects, such as the Federal Energy Regulatory Commission, will establish timelines as appropriate.  

The Forest Service developed the set of plan components including suitability of lands (SUIT-RE-01) to 
integrate social, economic, cultural, and ecological considerations. When developing future renewable 
energy projects, the project or activity must be designed to be consistent with the applicable plan 
components in Chapter 5. (Consult Chapter 6 of the Forest Plan regarding Project Consistency 
Requirements.) 

Road development would be considered based on the siting of the project and the objectives of the LUD it 
is located in, in consideration of all applicable plan components. 

COMMENT 
REN-7:  The renewable energy direction in the Proposed Forest Plan is vague, unenforceable, 
subject to broad interpretation, and fails to deliver the type of clear and consistent approach and 
understandable criteria that is required by renewable energy developers to undertake renewable 
energy development activities. The new direction will also require many assumptions and a great 
deal of discretion, which does not make renewable energy development more permissible. The 
renewable energy direction in the Proposed Forest Plan is not consistent with national energy 
policy and national energy security policy. Additionally, Public Law 106 -511 enacted on 
November 13, 2000 establishing the Southeast Alaska Intertie System is not referenced, explained, 
or identified. There is no discussion about how these laws could assist in the development of an 
enforceable renewable energy resource plan that would reduce air emissions, including 
greenhouse gases, from mining operations. A renewable energy resource plan or LUD should 
have been included in the Proposed Forest Plan to recognize pre-existing power site 
classifications and other potential renewable energy resources on the Tongass such as 
hydropower, geothermal, wind, tidal, or other renewable energy sites. 

RESPONSE 
The Forest Service is committed to playing a significant and long-term role in resolving challenges to our 
energy resources, on which our environment and quality of life depend. The Forest Service Strategic 
Energy Framework, approved by the Chief in January, 2011, sets direction and proactive goals for the 
Agency to significantly and sustainably contribute toward resolving U.S. energy resource challenges, by 
fostering sustainable management and use of forest and grassland energy resources. Challenges include 
the need to balance the social, environmental, and economic variables influencing and influenced by 
energy supply. 

We acknowledge that a renewable energy plan for the Tongass may be valuable; however, this amended 
forest plan provides overall strategic direction for management of the Tongass and encourages 
development of renewable energy without compelling specified Agency actions or guaranteeing specific 
results.   

The plan amendment proposed to remove the “avoidance areas” as the initial impediment for locating 
renewable energy projects.  We understand that this alone does not provide certainty to project 
developers as they weigh the risks and economics of a project.  However, whether a specific renewable 
energy plan exists will not reduce the need for the Forest to balance the social, environmental, and 
economic variables for those communities within southeast Alaska.   

Response to comments related to mining are referenced under MIN-1 through MIN-8. 
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COMMENT 
REN-8:  Renewable Energy projects should not be prioritized based on market destination or end-
line user as proposed in the renewable energy direction in Chapter 5 of the Proposed Forest Plan. 
The use of the term “export” to describe sale of renewable energy to markets outside of Alaska is 
inappropriate. Selling energy across state boundaries, and even across the Canadian border 
pursuant to North American Free Trade Act, is a well-established and commercially reasonable 
activity typical of the utility sector. Even if power is not sold locally, renewable energy projects in 
the Tongass create rural “green jobs,” local expenditures, and local tax revenue in southeast 
Alaska, all of which are meaningful benefits, which the Forest Service should recognize. The 
Forest Service should ensure timely and adequate staff participation in all renewable energy 
development proposed on National Forest System lands, in accordance with FERC’s permitting 
and licensing processes, and treat all developers equally without prioritizing projects based their 
intended market or user. 

RESPONSE 
The Forest Service acknowledges in the desired conditions of the Renewable Energy Direction that 
renewable energy projects contribute to the economic well-being of Southeast Alaska communities.  To 
ensure Southeast Alaska has the benefit of sustainable economic development, the plan components 
provide for a priority consideration of renewable energy projects based on whether the projects lead to a 
decrease in the number of Southeast Alaska rural communities powered by diesel generators, an 
increase in energy capacity, efficiency, or storage at existing projects, or an export of renewable energy 
resources without power benefitting Southeast Alaska communities.  This prioritization is consistent with 
the goals of the Transition Framework and the Secretary’s Memorandum, and is reflected in the 
recommendations of the Tongass Advisory Committee.  That group noted that relief to communities is 
ensured where the Forest Plan provides for increased access to new renewable energy and hydropower 
resources within the Tongass, thereby allowing communities to enjoy more affordable energy for current 
purposes and future growth, while also supporting the growth and prosperity of a new young growth 
manufacturing industry through more affordable renewable energy.   

The Forest Service also acknowledges that adequate staff participation in all renewable energy 
development projects proposed on the Tongass is desirable; however, in the 2011 Forest Service 
Strategic Energy Framework, the agency identified the need to increase the Agency’s institutional 
capacity with the specialized skills necessary to assess the effects of existing and new technologies that 
affect America’s forests.  The Tongass has similar challenges regarding capacity and specialized skills.  
Applying priority considerations to renewable energy projects also gives the Tongass an opportunity to 
respond to proposals more effectively given limited agency resources. 

COMMENT 
REN-9:  The Proposed Forest Plan does not make it clearer and easier for roads and utility 
systems to be built to facilitate less expensive construction of renewable energy projects, or give 
greater assurance of speedy approval for roads or transmission facilities through roadless areas. 
These amendments would also aid economic development of mineral deposits in the forest. 
Transportation and utility access was guaranteed through most of the Tongass National Forest by 
Title XI of ANILCA, which set up a process guaranteeing access through conservation system 
units after the agency ruled that IRAs are covered under that definition. Although the existing 
alternatives propose to provide more "flexibility" on a "case-by-case" basis for roads and utilities, 
the language does not provide sufficient certainty of approval to encourage developers to 
advance costly reconnaissance studies of potential projects that could be impacted by 2001 
Roadless Rule regulations. In order to prevent needless costs and development uncertainties, the 
Forest Service should determine how to handle future requests for renewable energy 
developments in 2001 roadless areas.  

Final EIS I-121 DEIS Comments and Responses 



Appendix I 

RESPONSE 
Not all NFS lands may be suitable for renewable energy. Chapter 5 includes the following suitability of 
lands plan component to identify the suitability of renewable energy in a particular area at the project level 
with site-specific analysis: 

SUIT-RE-01: All NFS lands may be suitable for renewable energy sites on a case-by-case basis in 
consideration of the LUD, ecological and social values, and benefit to Southeast Alaska communities.  

See response to REN-1 regarding application of new renewable energy direction in Chapter 5. The new 
plan components are set to ‘encourage renewable energy production’ (Proposed Forest Plan, Page 5-
12).   

The Forest Service acknowledges that these new components will make it ‘easier for roads and utility 
systems to be built’; 36 CFR 219.13 (a) allows for such LUD changes. See response to TUS-2. There is 
no authority for the responsible official to modify federal law enacted by Congress or be inconsistent with 
higher-level direction through forest planning (See Forest Plan Priority of Direction in Chapter 1).   

Conservation system units on the Tongass National Forest are statutorily designated areas; roadless 
areas on the Tongass National Forest are administratively established, designated by the Secretary of 
Agriculture in accordance with the 2001 Roadless Rule. The Priority of Direction as explained on page 1-
4 of the Proposed Forest Plan provides that higher-level direction (federal law and regulations) take 
precedence over the Forest Plan direction.  The clear intent of the Proposed Forest Plan is to encourage 
renewable energy production within the laws and regulations.  Changes to the 2001 Roadless Rule are 
outside of the scope of this amendment.   

COMMENT 
REN-10. The Forest Plan should incorporate the September 29, 2006 Memorandum of 
Understanding (MOU) between U.S. Department of Agriculture, Forest Service, Alaska Region, and 
the State of Alaska Department of Natural Resources and Alaska Department of Transportation 
and Public Facilities (FS Agreement No. 06MU-11100100-151; State of Alaska Agreement No. ADL 
107516), which specifically identified rights of way for transmission corridors and log transfer 
facilities illustrated in Safe, Accountable, Flexible, Efficient Transportation Equity Act 
(SAFETEALU). The Forest Service must also consider the impacts of these reciprocal easements 
in the EIS. 

RESPONSE 
The FEIS acknowledges Public Law 109-59, as amended, and the rights-of-way and easements identified 
in Safe, Accountable, Flexible, Efficient Transportation Equity Act (SAFETEALU) Map 92337 under 
existing conditions in Chapter 3 under Land Uses, Ownership, and Adjustments and the Transportation 
sections. The MOU and easements for transportation and utility corridors are described and analyzed in 
the Transportation section in Chapter 3 of the FEIS.  

Renewable energy guideline G-RE-FAC-01 in the proposed Forest Plan has been revised in the Forest 
Plan to include the easements as follows: 

G-RE-FAC-01: Utility lines should follow existing or planned transportation systems corridors, including 
those identified in the Logging Systems and Transportation Analysis (LSTA) and Public Law 109-59. 
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Minerals and Mining (MIN) 
COMMENT 
MIN-1:  The proposed TLMP Amendment should discuss the adverse impacts to the mining sector 
from re-imposition of the Roadless Rule on the Tongass.  

RESPONSE 
The 1872 Mining Law gives a statutory right of reasonable and necessary access related to the 
exploration and development of mineral properties, and the 2001 Roadless Area Conservation Rule 
(Roadless Rule) recognizes this right. This statutory right is subject to reasonable regulation for the 
protection of surface resources. If the inventoried roadless area is open to mineral entry, locatable 
mineral mining, including certain activities ancillary to the mining such as access roads for exploration 
and development, may be approved.  

The Roadless Rule anticipates a number of other permissible activities, including exploration and 
development of leasable minerals, such as oil and gas or geothermal resources, hydropower projects, 
forest restoration projects, and certain special uses that do not involve road construction or 
reconstruction. The Forest Service will work with the project proponent to determine the permissible 
activities during NEPA analysis of a proposed project. 

COMMENT 
MIN-2:  The TLMP Amendment should include mining in the multiple use strategy and include 
enforceable mechanisms to promote mineral and strategic mineral development, including a 
Mineral and Strategic Mineral LUD; interpreting “reasonable access” for mining operations within 
the Tongass to mean road access for mineral and leasable mineral development; including clear 
guidelines allowing for cutting trees in association with mining exploration and development 
access on the Tongass; and including an alternative that would allow access to future mineral 
leases (including geothermal leases) on the Tongass, even if such alternative(s) would require a 
modification to the Roadless Rule. 

RESPONSE 
As stated above, the 1872 Mining Law gives a statutory right of reasonable and necessary access related 
to the exploration and development of mineral properties, and the Roadless Rule recognizes this right. 
This statutory right is subject to reasonable regulation for the protection of surface resources. If the 
inventoried roadless area is open to mineral entry, locatable mineral mining, including certain activities 
ancillary to the mining such as access roads for exploration and development, may be approved. It is 
important to note that “reasonable access” does not have a strict interpretation, and in many cases road 
access is not the most reasonable alternative or the most cost efficient.  If a mineral exploration or 
development project is proposed within an inventoried roadless areas, the Forest Service will work with 
the project proponent to determine the permissible activities, including reasonable access, during NEPA 
analysis of the proposed project. 

Exploration and development of leasable minerals, such as oil and gas or geothermal resources, are not 
prohibited under the Roadless Rule.  

COMMENT 
MIN-3:  Thirty day turnaround for issuance of Special Use Permits to those holding mining claims. 

RESPONSE 
Specifying timelines for permitting response is outside the scope of the amendment. There is no 
regulatory basis to provide mining claimants priority or special treatment when it comes to the processing 
of Special Use Permits. Agency policy provides for notification whether a proposal for a Special Use 
Permit will receive further consideration (FSH 2709.11, sec 10.3). 
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COMMENT 
MIN-4:  The Forest Service should allow roads through roadless areas to guarantee more 
affordable access to mineral developments. Any plan update should be modified to guarantee 
more affordable access to mineral developments. 

RESPONSE 
The Roadless Rule allows for the construction of roads in IRA’s consistent with the level of locatable 
mineral exploration or development. Reasonable access in some of the more remote locations on the 
Tongass has frequently been interpreted in the past as helicopter or water access. The Bokan Mountain 
and Niblack Projects mentioned did not propose road access for their projects, likely due to the costs of 
construction and maintenance, as well as reclamation bonding for said access relative to the lesser costs 
of helicopter and boat access. Economics are only one of many variables considered in determining 
reasonable access.  

Project-level decisions, such as access roads to specific mining projects, are beyond the scope of the 
Forest Plan (and thus the currently proposed amendment).  

COMMENT 
MIN-5. The impacts to mining from the President’s November 3, 2015 Memorandum directing 
agencies to avoid and minimize harmful effects to natural resources caused by land- or water-
disturbing activities, and to ensure that any remaining harmful effects are effectively addressed 
are impossible for the public to predict and must be disclosed in the EIS. 

RESPONSE 
Nationally, the Forest Service is developing a brief regulation that establishes clear goals for the use of 
mitigation on National Forest System lands and a set of directives in the Forest Service Manual and 
Handbook that clarify methods, tools, and their appropriate use to accomplish this. The regulation and 
guidance are in development. When draft regulation is developed, it will include an opportunity to provide 
specific input. When final, it will be provided to the Tongass and be implemented. Currently, the Final 
Directives are anticipated in late 2017. Additional information is available at: 
http://www.fs.fed.us/emc/nepa/FSMitigationPolicy.htm 

COMMENT 
MIN-6. Minerals management activities should be equally facilitated on any and all lands, not just 
what someone perceives as highest potential areas. See MG1.A (Forest Plan Chapter 3, Minerals).  

RESPONSE 
Changes to the Minerals overlay LUD standards and guidelines are outside of the focused scope of this 
Forest Plan amendment. Forest-wide Minerals and Geology Standards and Guidelines are provided in 
Chapter 4 of the Plan, where MG2.II provides direction to "encourage" exploration, development, and 
extraction of mineral on all lands open to mineral entry. 

COMMENT 
MIN-7. Forest Plan Chapter 3, Minerals, TRAN A, should not require reasonable access to mineral 
resources to be consistent with other resource values.  

RESPONSE 
Changes to the Minerals overlay LUD standards and guidelines are outside of the focused scope of this 
Forest Plan amendment. Ensuring other resources are protected during the planning, approval, and 
operation of roads for mineral exploration and development is consistent with the Mineral LUD goals, 
objectives, and desired conditions and locatable mineral regulations at 36 CFR 228, Subpart A. 
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COMMENT 
MIN-8. The Forest Plan should acknowledge acceptance of other agency requirements and ability 
to jointly bond mineral projects. 

RESPONSE 
Changes to the Minerals overlay LUD standards and guidelines are outside of the focused scope of this 
Forest Plan amendment.  36 CFR 228.8(h) authorizes the Forest Service to accept certifications and 
other approvals issued by State or other Federal agencies with similar or parallel requirements. Further, 
Forest Service Manual 2817.24 provides that "All reasonable effort should be made, through agreements 
with States which require bonds for reclamation disturbances in National Forests, to avoid double 
bonding." 

Wherever possible the Forest Service works cooperatively with states to avoid duplication or double 
bonding; however, The Forest Service should not waive its bond requirements in lieu of a state bond 
involving an instrument that is not acceptable to the Forest Service. 
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Carbon Storage and Global Warming (CARB) 
COMMENT 
CARB-1 and CARB-2:  The Plan Amendment should better discuss and analyze the critical role of 
the TNF in global carbon sequestration and storage and the importance to the climate-change 
mitigation contributions of forests in general, and of the Tongass in particular. In particular the 
Forest Service should consider a no-harvest scenario as a mitigation measure to prevent a carbon 
flux deficit from federal forests in southeast Alaska.  The FS did not consider the full body of 
science showing how each alternative will likely result in an increased concentration of CO₂ in the 
atmosphere in the near and long term. 

RESPONSE:  
Regarding the scope of the plan amendment, see response to PLR-1. 

The suggestion that the Tongass “consider an alternative that would mitigate climate change by lowering 
CO₂ emissions and maximizing carbon storage” is beyond the scope of the amendment and would not 
meet the purpose and need of this action. That notice indicated that the purpose of the amendment was: 
“as needed to accomplish the transition to young growth management over the next 10 to 15 years while 
retaining the expertise and infrastructure of a viable timber industry in Southeast Alaska, as outlined by 
the Secretary in Memorandum 1044–009.” 

The analysis in the Forest Plan has been modified to acknowledge the substantial role the Tongass plays 
in carbon storage and the importance to climate change mitigation. Additional text has been added in 
Chapter 3.1 of the Final EIS (pages 3-13, 3-21, 3-23, 3-26).  In response, we revised the evaluation of 
GHG storage and the comparison among alternatives in relative contribution to atmospheric GHG’s to 
clarify the potential differences among alternatives in carbon sequestration and storage (pages 3-13-14).  
The analysis qualitatively discloses that carbon storage on the Tongass will remain substantial under 
each alternative (while disclosing the relatively small differences among alternatives).  However, based 
on the scope of this amendment outlined in the ‘Notice of Intent To Prepare An Environmental Impact 
Statement’ published on 27 May, 2014, the purpose of the amendment is to: “accomplish the transition to 
young growth management over the next 10 to 15 years while retaining the expertise and infrastructure of 
a viable timber industry in Southeast Alaska, as outlined by the Secretary in Memorandum 1044–009.” 
Comments suggests that the Tongass examine the contribution of the Tongass “in general” to climate 
change mitigation by discussing the role of undisturbed forest.  As an amendment, rather than revision, 
the scope of options being considered does not include the potential for no timber harvest and therefore 
the consequences of such an alternative are not considered. 

The Secretary’s memo makes clear that the Department of Agriculture is committed to not only 
maintaining Southeast Alaska’s exceptional natural resources in perpetuity but is equally committed to 
doing its part to ensure that communities within and adjacent to the Tongass National Forest are 
economically vibrant.  The proposed action for the Amendment is intended to bring these two goals hand 
in hand.  To do so, there will be costs and in the case of carbon storage we acknowledge that in order to 
bring to fruition the multiple-use objectives of this document as well as the overall mission of the Forest 
Service, the Tongass will incur a short- and mid-term net loss of total carbon storage through GHG 
emissions as a result of timber harvest on the Tongass.  

COMMENT 
CARB-3:  The direct and indirect effects conclusion in the DEIS mistakenly describes the 
estimation of the effects of the Plan Amendment on carbon storage as “complex”. There is 
disagreement with the DEIS’ conclusion of no significant effect, claiming this conclusion is 
arbitrary. 

RESPONSE:  
Additional discussion and citations regarding the direct and indirect effects of logging under the 
Amendment have been added to the text in Chapter 3.1 of the Final EIS.   
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COMMENT 
CARB-4:  The DEIS was insufficient in identifying a relevant time frame in its climate change 
analysis and should establish quantifiable criteria for measuring carbon emissions and lost 
carbon storage according the Revised DRAFT CEQ. 

RESPONSE 
Additional discussion and citations regarding the differential ability of old-growth forest to sequester 
carbon dioxide and store carbon as well as a more explicit discussion about relevant timescale have been 
added to the text in Chapter 3.1 of the Final EIS.  The Tongass National Forest currently sequesters large 
quantities of carbon (referred to it as the combined outcome of carbon “storage” and carbon “emissions”). 
Timber harvesting and forest management can affect a forest’s ability to store carbon as well as emit 
carbon as carbon dioxide and other greenhouse gasses.  The climate change discussion in Chapter 3’s 
Affected Environment provide added discussion of the dynamics of carbon storage and loss due to 
proposed actions identified in this amendment. In summary, harvesting old growth creates a net release 
of CO2 into the atmosphere – particularly in short- and mid-term.  There is uncertainty regarding long-
term CO2 release particularly because of the importance of how the wood is used (durable or nondurable 
products), the regrowth of young forests, and market dynamics related to substitution.  

The revised Chapter 3 also more clearly discloses uncertainty of GHGs contributions in the short- and 
long-term that result from timber harvest (both old-growth and young-growth) for each action alternative.  
The EIS does not present a quantitative analysis of carbon emissions, nor is there a requirement to do so 
(see response to CARB-23).  Given the level of uncertainty in parameters related to the net contribution of 
GHGs, an attempt to quantify the evaluation would not provide clarity but instead result in a false sense of 
certainty. We qualitatively evaluate differences among the alternatives. The qualitative analysis provides 
the necessary level of information to evaluate the relative differences in carbon losses and gains for each 
alternative, thus providing the information for the deciding official on the relative contribution of GHGs 
from the proposed actions (USDA-Forest Service 2009). 

COMMENT 
CARB-5 and 6:  The Forest Service’s assumptions that carbon storage in wood products and 
thinning can offset emissions are incorrect. Also incorrect is the statement that “thinning 
activities may lead to a net gain or a net release of carbon…depending on how the thinning is 
conducted.”  

RESPONSE 
Additional discussion and revisions in text have been added to Chapter 3.1 of the Final EIS  regarding the 
effects of total carbon storage as a result of logging (both old-growth and young-growth forests) for each 
alternative.  Additional discussion and citations regarding likely effects the social costs of carbon 
emissions as a result of proposed actions for each alternative have been added to the text in Chapter 3 of 
the Final EIS).     

COMMENT 
CARB-7, CARB-23 and CARB-24:  The Forest Service should adopt the conservation alternative 
(e.g. no harvest alternative), provided by the Conservation Consortium, to comport with CEQ 
guidelines, the Paris climate agreement, and efforts to reduce climate damages from CO2 
pollution. The FEIS should also include a cost-benefit analysis of avoiding damages to the 
environment cause by climate change “so as to level the economic playing field” in compliance 
with Executive Order 12866. A carbon life-cycle analysis should be presented to illustrate the 
outcome of the alternatives as well as an evaluation of the social cost of carbon emissions based 
on Executive Order 12866 and using the Interagency Working Group guidelines on carbon 
costing. (A GEOS Institute Analysis) 
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RESPONSE 
See CARB-23 and CARB-24. 

COMMENT 
CARB-8: The DEIS arbitrarily and incorrectly characterizes the role of the public lands in 
southeast Alaska as insignificant by comparing global forest carbon sequestration to carbon 
storage in marine ecosystems. Further, this approach, which compares global storage in forests 
to global carbon storage in oceans (and, indeed, the atmosphere itself), fails to provide a 
cumulative effects analysis at a meaningful scale.  

RESPONSE 
Additional documentation and evaluation of cumulative effects of climate change have been added to the 
text in Chapter 3.1 of the Final EIS.  See Response to CARB-4 for a fuller discussion of the effects 
analysis using a more meaningful time scale. 

This section is made of 2 parts: 1) the effect of the project Amendment on climate change; and 2) the 
effects of climate change on the project Amendment.  The first part of this section addresses the 
cumulative effects of GHG emissions and other contributors to climate change; while the second part 
addresses cumulative effects of the project on carbon sequestration (carbon storage and emissions).  

This section highlights the conclusion that higher levels of harvest (e.g., the total available harvest under 
each of the alternatives) would only occur if additional manufacturing facilities and markets are 
developed, as well as other factors such as funding and staff levels. In addition, we added a brief 
discussion that addresses the different time scales these effects could have on carbon sequestration as 
discussed in Environmental Consequences section). The net contribution to atmospheric CO2 is lower 
given longer time scales due to regeneration, particularly if wood products include ‘storage’ products, if 
biomass substitutes for local fossil fuel use, and if market substitution (also called market leakage) is 
relatively high (e.g. Jonsson et al. 2012). 

The global contribution of carbon storage that the Tongass provides is acknowledged in the Secretary of 
Agricultures memo to the US Forest Service in providing the scope and need for action to this Plan 
amendment. We have added language in Chapter 3.1 to further demonstrate our understanding of the 
forest’s global importance in storing carbon. The Secretary’s memo makes clear that the Department of 
Agriculture is committed to not only maintaining Southeast Alaska’s exceptional natural resources in 
perpetuity but is equally committed to doing its part to ensure that communities within and adjacent to the 
Tongass National Forest are economically vibrant.  The proposed action for the Amendment is intended 
to bring these two goals together.  We acknowledge that in order to address the multiple-use objectives of 
this document we will incur a net loss of total carbon storage through GHG emissions as a result of timber 
harvest on the Tongass. No timber harvest, would not meet the purpose and need of the amendment and 
is outside the scope of the document.   

COMMENT 
CARB-9 and CARB-4: The DEIS’s analysis is inaccurate because it ignores the differential ability 
of old-growth forest to sequester carbon dioxide and store carbon within the timeframe relevant to 
climate change mitigation. The Forest Service should evaluate timescale in light of scientific 
literature which suggests that “large-scale changes” in land use must occur within 10 to 15 years.  

RESPONSE 
Additional discussion and citations regarding the differential ability of old-growth forests to sequester 
carbon dioxide and store carbon as well as a more explicit discussion about relevant timescale have been 
added to the text in the Climate and Air section of the Final EIS. The Tongass National Forest currently 
sequesters large quantities of carbon (referred to as carbon “storage”). Timber harvesting and forest 
management can affect the timing (e.g., short- term mid-term) and net amount of carbon stored in forests.  
The climate change discussion in Chapter 3’s Climate and Air section provides added discussion of the 
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dynamics of carbon storage and loss due to proposed actions identified in this amendment. In summary, 
harvesting old growth creates a net release of CO2 into the atmosphere – particularly in short- and mid-
term.  There is uncertainty regarding long-term CO2 release particularly because of the importance of the 
use of the wood, the regrowth of young forests, and market dynamics related to substitution (sometimes 
called market leakage – e.g. Jonsson et al. 2012).  

As discussed in previous responses to comments (see CARB-4) a quantification of carbon flux due to the 
many pathways created naturally or by management actions proposed in this amendment is unnecessary 
to make an informed decision regarding the proposed action because a qualitative analysis provides the 
necessary level of information to evaluate the relative differences in carbon losses and gains for each 
alternative, thus providing the information for the deciding official on the relative contribution of GHGs 
from the proposed actions (USDA-Forest Service 2009). However, this amendment proposes to 
discontinue old-growth timber harvest after 15 years, and as such, we can expect a net decrease in 
carbon emissions from current levels through time. 

COMMENT 
CARB-10, CARB-1 and CARB-23: The DEIS’s figure for the overall size of the carbon cycle is 
incorrect and should be corrected in the FEIS. A quantitative evaluation of the emissions savings 
or losses attributable to the Plan is insufficient, incorrect and misleading. 

RESPONSE 
We revised the EIS to more clearly describe the potential of the Tongass action and contributions to 
atmospheric greenhouse gasses.  See responses to CARB-1 and 23 for additional details pertaining to 
these comments. 

COMMENT 
CARB-11:  Forest Service Should Leverage Taxpayer Dollars to Help Local Communities 
Transition from Old-growth Logging, while also Contributing to Carbon Storage. 

RESPONSE 
The Tongass National Forest appreciates the support for the intent of the amendment – to help local 
communities transition from old-growth logging while continuing to contribute to carbon storage.  Each of 
the action alternatives seek to help local communities transition to forest management based largely on 
harvest of young-growth forest and reduces harvest of  old-growth forest over a 15 year transition period. 
Funding for these actions comes from the Federal budget process through the Department of Agriculture. 
The intent of this Plan Amendment is to provide opportunities for the development of project-level plans 
that implement the transition of predominantly old-growth logging to harvest of young-growth forests.  An 
outcome of this transition is the contribution of increase carbon storage from its current condition on the 
National Forest. 

COMMENT 
CARB-12:  The DEIS did not include all relevant literature in the analysis of carbon and suggest 
the agency explain how the various alternatives, including the selected alternative, affect the 
amount of stored carbon on the Tongass. 

RESPONSE 
We appreciate the additional references mentioned and have considered them in our analysis and 
conclusions regarding effects of each alternative on climate change. We revised the EIS to more clearly 
describe the potential of each alternative to contribution to atmospheric greenhouse gasses and the 
relative amount of stored carbon on the Tongass for each alternative and have cited the literature that 
supports our findings.  
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COMMENT 
CARB-13:  The FEIS should provide more detail, including stronger literature citations, regarding 
the recognition that rising temperature accelerates decomposition particularly in instances of old-
growth logging and regarding changes in decomposition rates. 

RESPONSE 
We revised the evaluation of GHG storage and the comparison among alternatives in relative contribution 
to atmospheric GHG’s.  As noted in our analysis we emphasize the dynamics of soil organic matter 
decomposition are complicated due to the many different factors involved in the process and cite the most 
recent study that identifies a lack of consensus in the science community on the temperature sensitivity of 
soil carbon decomposition to changes in regional temperature (Davidson and Janssens 2006).  Many 
factors, including the relative mix of soil organic matter along a continuum of decomposability, and an 
array of environmental constraints (abiotic and biotic conditions) obscure the intrinsic temperature 
sensitivity of soil organics to decomposition (Davidson and Janssens 2006) suggesting a clear evaluation 
of the outcome of warming climate on decomposition on the Tongass is not feasible.  Depending on 
environmental features such as changes in soil moisture, changes in water table, changes in 
predominance of decomposition-resistant soil carbon, the rate of soil carbon movement into streams, 
lakes, and marine environments, and other factors outlined in the most comprehensive recent review by 
Davidson and Janssen (2006), the net direction (increase or decrease) in GHG contribution to the 
atmosphere as a result of decomposition of soil carbon is uncertain.  However, the ultimate response is 
one of increased decomposition with increasing temperature (D’Amore, pers. comm. 2016). 

COMMENT 
CARB-14:  The DEIS does not adequately describe the difference in resilience to climate change 
between old-growth and young forests. The FEIS should evaluate how each alternative will vary in 
its preservation of old-growth and how that may have bearing on overall forest resilience for 
future net carbon flux. 

RESPONSE 
We appreciate the input suggesting improvements in evaluation of the relative value of old-growth vs. 
young-growth forest for carbon storage particularly in light of the general understanding that old-growth 
(or primary forest) may be more resilient to climate change.  In response, we revised the evaluation of 
GHG storage and the comparison among alternatives in relative contribution to atmospheric GHG’s.  We 
note however, that our analysis discloses that evaluation of the relative stability of biomes and the climate 
niche of dominant tree species on neighboring Chugach National Forest suggests that the temperate 
coastal rainforest of Alaska is particularly resilient to expected changes in climate in the region over the 
next 30 to 50 years (see Hayward et al. n.d.5: Chapter 6).  Consequently, there is no direct evidence to 
suggest that that regenerating rainforest on the Tongass will be less resilient and therefore, that it will 
have reduced capacity for carbon storage under future climate conditions than it displays currently. 

COMMENT 
CARB-15:  Rain and gale force winds are expected to increase in Southeast Alaska due to 
changes in climate. As such the agency should adopt mitigation policies, including standards and 
guidelines, in anticipation of rising winds and rain during this Plan Amendment related to soil and 
slope suitability, riparian area (RAW buffers) and other buffers around sensitive and important 
areas such as beach fringe. 

RESPONSE 
The current minimum size requirement for beach buffers (1,000 foot width from shoreline) and riparian 
management buffers (minimum of 100 feet on either side of Class I and II streams), will continue to be 

5 G. D. Hayward, S. Colt, M. McTeague, T. Hollingsworth. eds. (n.d.). Climate change vulnerability assessment for the Chugach 
National Forest and the Kenai Peninsula. Manuscript in preparation. 
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implemented for the 2016 amendment. While some young-growth timber harvest is proposed within these 
buffers under alternatives 2, 3, 4 and 5, the new standards identified in the amendment allow for only 
partial harvest of these areas (e.g. maximum size of 10 acres and up to 35% removal of the stand) and in 
the case of Alternative 2, not to exceed the 15 year transition. Furthermore, the forest plan standards and 
guidelines for Reasonable Assurance of Windfirmness (RAW) buffers and steep slopes are flexible in that 
the application of RAW buffers and soil conservation measures depends on the specific conditions 
encountered at each site. This flexibility allows the application of the RAW buffers and steep slope soil 
conservation practices to be tailored to site specific conditions and anticipated increases in precipitation 
resulting from a changing climate. The anticipated changes in climate may require a more conservative 
approach in areas already at risk for windthrow or loss of slope stability. The FEIS Climate and Air section 
of Chapter 3 discusses the risks and effects associated with anticipated climate change on the forest.  

Monitoring of windthrow within stream buffers is ongoing on the forest and data from that monitoring is 
considered when designing projects and determining the need for, or design of RAW buffers. This 
monitoring began on the Tongass in 2000 and has continued yearly, for a total of 15 years of monitoring 
results (see annual Forest Plan Monitoring and Evaluation Reports 
at http://www.fs.usda.gov/main/tongass/landmanagement/planning). The proposed management within 
buffers under the amendment (size openings and percent harvest) have not yet been implemented, nor 
undergone monitoring to provide the Forest Service information on the effectiveness of the overall buffers 
when managed in this way. Through future monitoring the Tongass will evaluate effectiveness. Until new 
information is available the Tongass will use the standards, guidelines and management approaches 
identified in 2016.  

COMMENT 
CARB-16:  The Forest Service should undertake a climate change resiliency assessment across 
the Tongass and an analysis to discover which watersheds will be most resilient to future climatic 
change. Additionally, the agency should invest in research to understand how climate change will 
affect stream flows, stream temperatures, and salmon populations/spawning success/ fish 
production.  

RESPONSE 
The Forest Service appreciates the suggestion to assess the climate change resiliency of the Tongass.  
The Tongass National Forest, in line with national policy has been collaborating with partners since 2012 
improving understanding of the potential consequences of climate change for ecosystems and resources 
in southeast Alaska.  The recently published assessment (EcoAdapt 20146) is an example of this effort.  
Similarly, the USFS was the lead agency, collaborating with a wide array of partners, for a recent 
workshop examining water resources and anadromous fisheries in response to climate change [Climate 
Change in Southeast Alaska – Informing Sustainable Management of Water Resources and Anadromous 
Fisheries. April 12-15, 2016].  These accomplishments demonstrate that the Tongass recognizes the 
value of climate assessments and is actively incorporating climate science into its work.  These efforts 
specifically focused on salmon and their fisheries.  Regarding the suggestion that the Tongass “invest in 
research to understand how climate change will affect stream flows, stream temperatures, and salmon 
populations/spawning success/ fish production.”  Based on law and policy the National Forest System 
does not conduct research (cite law/policy) but is involved in cooperative and, administrative studies 
modeling hydrologic changes and consequences for salmon as well as several other climate change 
research studies in progress with the Forest Science Laboratory of the Pacific Northwest (PNW) 
Research Station. 

COMMENT 
CARB-17: Cited literature related to climate change in the Plan Amendment contains “hypothetical 
as well as irrelevant” information. The Plan Amendment’s purpose and need to transitioning from 
and old-growth dominated harvest strategy to harvesting young growth trees is premature.  

6 EcoAdapt. 2014. A Climate change vulnerability assessment for aquatic resources in the Tongass National Forest. EcoAdapt, 
Bainbridge Island,WA 
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Furthermore, the amount of timber proposed for harvest over the transition period and its effects 
on total carbon storage is inconsequential at a global scale. The Amendment should clarify the 
carbon flux discussion, including the ultimate destiny of carbon storage and emissions after 
harvest. 

RESPONSE 
Best available science (e.g., IPCC 2014, Melillo et al. 2014, Millennium Ecosystem Assessment. 20057) 
and broad science consensus indicates that the preponderance of evidence supports the contention that 
climate change is occurring and that human production of greenhouse gases is a major contributor.  
National policy as indicated by the 2012 Planning Rule (36 CFR 219) directs the Forest Service to 
disclose the consequences of its actions in relation to climate change.  Regarding the relationship of 
forest condition on the Tongass and carbon storage, analysis of field data (Barrett et al. 2014) provides 
evidence regarding the status of carbon storage on the Tongass.  The agency agrees that carbon in wood 
products is stored for variable periods of time, and potentially for long periods in structural lumber and 
other durable products (http://www.fs.fed.us/ecosystemservices/carbon.shtml).  Revisions made in 
Chapter 3 of the FEIS (Climate and Air section) further clarify the status of carbon storage on the 
Tongass, to the extent that can be resolved with current scientific understanding. 

COMMENT 
CARB-18: The agency should improve the FEIS’ discussion related to increased carbon emissions 
which would occur with additional biomass fuel development, including disclosure of the 
environmental effects caused by biomass fuel combustion for air quality and human health. 
Further, a more specific discussion should be added to the FEIS related to substituting biomass 
fuels for fossil fuels and compare these two energy systems in terms of total CO₂ emissions.  
Finally, the Amendment should prepare a “no- harvest” alternative to evaluate a more ambitious 
climate change mitigation strategy. 

RESPONSE 
This comment is outside the scope of this amendment.  The Forest Service’s role does not include 
performing human health risk assessments of the deployment and usage of materials derived from the 
National Forests.  That role is appropriately held by regulatory agencies such as the EPA and ADEC.  As 
such, the Agency is not in a position to quantify the extent of “substantial risk to human health”.   

Further the Forest isn’t distinguishing between renewable energies, of which biomass is one type, nor is it 
authorizing specifically biomass.  However, timber sales can and are currently being used to support 
biomass energy products.  The Forest believes it is appropriate to maintain the goal as stated in the EIS; 
no change made. Also, see response to CARB-1 and CARB-2 for more discussion the “no harvest” 
alternative to mitigate for climate change. 

COMMENT 
CARB-19:  The agency should remove biomass from its list of renewable energies and add more 
content about wood biomass combustion and the carbon cycle. More discussion on the effects of 
carbon emissions as a result of biomass fuel development on air quality should be included in the 
FEIS. 

7 IPCC. 2014. Summary for policymakers. In: Field, C.B.; Barros, V.R.; Dokken, D.J.; Mach, K.J.; Mastrandrea, M.D.; Bilir, T.E.; 
Chatterjee, M.; Ebi, K.L.; Estrada, Y.O.; Genova, R.C.; Girma, B.; Kissel, E.S.; Levy, A.N.; MacCracken, S.; Mastrandrea; P.R.; 
White, L.L. eds. Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of 
Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, USA: 1-32. 

Melillo, J.M.; Richmond, T.C.; Yohe, G.W., eds. 2014. Climate Change Impacts in the United States: The Third National Climate 
Assessment. U.S. Global Change Research Program. 841 p. 

Millennium Ecosystem Assessment. 2005. Ecosystems and Human Well-being: Synthesis. Island Press, Washington, DC. 
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RESPONSE 
This is outside the scope of this amendment.  The Forest Service’s role does not include determining 
what type of renewable energy (e.g., zero-emitting vs. “dirty” energies) or performing human health risk 
assessments of the deployment and usage of materials derived from the National Forests.  That role is 
appropriately held by regulatory agencies such as the EPA and ADEC.  The Forest is not authorizing 
specifically biomass; however, sales can and are currently used to support biomass energy products.  
The Forest believes it is appropriate to maintain the goal as stated in the EIS and reiterates that it is not 
distinguishing between renewable energies.  If the Forest were to begin to see numerous proposals for 
biomass utilization at a large scale, additional NEPA would then account for this.  

Please refer to AIR-1 response for more information on the effects of increase carbon emissions on air 
quality.   

COMMENT 
CARB-20:  DEIS failed to analyze lost opportunities for zero-emitting renewable energies caused 
by biomass facility subsidies. 

RESPONSE 
The amendment does not explicitly favor one form of renewable energy over another, nor is it focused on 
biomass.  As the commenter notes, there have been a number of conversion to biomass fuel projects.  
The Forest is not authorizing specifically biomass; however, sales can and are currently used to support 
biomass energy products.  The Forest believes it is appropriate to maintain the goal as stated in the EIS 
and reiterates that it is not distinguishing between renewable energies.  The EIS clearly states that 
successfully launched conversion projects provide useful learning opportunities as case studies, but 
future projects will need to continue to analyze the cost/benefit savings based on choosing the right 
technology for the local biomass fuel supply. Each project will need to weigh the cost of converting to 
biomass with the cost of other readily available energy sources.   

Please refer to AIR-1 response for more information on the effects of increase carbon emissions on air 
quality and GHGs. 

COMMENT 
CARB-021 and CARB-8:  The Forest Service failed to adequately consider the cumulative effects 
of programmatic alternatives and climate change, as recommended by various climate change 
experts, also supported in agency documents, such as the Alaska Region’s Climate Change 
Assessment (2010). 

RESPONSE 

Additional documentation and evaluation of cumulative effects of climate change have been added to the 
text in Chapter 3.1 of the Final EIS.   

This section is made of 2 parts: 1) the effect of the project Amendment on climate change; and 2) the 
effects of climate change on the project Amendment.  The first part of this section addresses the 
cumulative effects of GHG emissions and other contributors to climate change; while the second part 
addresses cumulative effects of the project on carbon sequestration (carbon storage and emissions).  

This section highlights the conclusion that higher levels of harvest (e.g., the total available harvest under 
each of the alternatives) would only occur if additional manufacturing facilities and markets are 
developed, as well as other factors such as funding and staff levels. In addition, we added a brief 
discussion that addresses the different time scales these effects could have on carbon sequestration as 
discussed in Environmental Consequences section. The net contribution to atmospheric CO2 is lower 
given longer time scales due to regeneration, particularly if wood products include ‘storage’ products, if 
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biomass substitutes for local fossil fuel use, and if market substitution (also called market leakage)is 
relatively high (e.g. Jonsson et al. 20128). 

COMMENT 
CARB-022 and CARB-23:  The climate change analysis in the DEIS is insufficient and lacks usage 
of the most recent science specific to southeast Alaska. Furthermore, in addition to the Secretary 
of Agriculture’s direction on the purpose and need for the Forest Plan Amendment, that purpose 
and need should also include changes in forest management and health as a consequence of a 
changing climate. Additional references, including EPA data 
(www3.epa.gov/climatechange/impacts/alaska.html) and the 2014 National Climate Assessment 
(http://nca2014.globalchange.gov/report/regions/alaska#intro-section) should be used in the FEIS 
as well as include a  quantification of GHG emissions from the proposed action and “appropriate” 
quantitative or qualitative analytical methods.  

RESPONSE 
See CARB-23 response for specific address of quantification of GHGs. 

COMMENT 
CARB-23:  Disclosure of the magnitude of carbon emissions, carbon storage, and ultimately 
carbon sequestration should be presented more clearly in light of the literature and that the 
disclosure should also more clearly present the importance of carbon stores on the Tongass 
National Forest.  The analysis in the DEIS downplays the emissions of carbon that result from 
timber harvest.  A carbon life-cycle analysis should be presented to illustrate the outcome of the 
alternatives.  An evaluation of the social cost of carbon emissions based on Executive Order 
12866 and using the Interagency Working Group guidelines on carbon costing should be 
conducted. 

THE DEIS had several shortcomings in disclosure of the relationship between ongoing climate 
change and the resilience of the temperate coastal rainforest and the potential role of the Tongass 
as a climate refuge for biodiversity associated with coastal rainforests.  In particular, the analysis 
did not sufficiently examine the potential impact of harvesting old-growth (and young-growth 
forest in old-growth reserves) or harvest of beach buffers on the resilience of the forest in 
response to changing climate.  The DEIS did not reference a communication On January 2015, 
from the Federal Forest Carbon Coalition to Secretary Vilsack, Beth Pendleton, and Forrest Cole 
asking that management of the Tongass National Forest align with the Administrations climate 
direction. 
RESPONSE- A. Forest Carbon  
We appreciate input suggesting a more clear disclosure of carbon emissions, storage and ultimately 
carbon sequestration on the Tongass National Forest.  The FEIS more clearly illustrates the role of the 
Tongass National Forest in carbon sequestration and discloses the relative differences among 
alternatives in carbon storage and sequestration at multiple temporal scales.   

A quantitative carbon life-cycle analysis has not been conducted and is not included in the analysis.  CEQ 
recommends that agencies determine the appropriate level of action for NEPA review at which to more 
rigorously evaluate the effects of GHG emissions and climate change – whether broad programmatic, 
landscape scale, or at a project/site specific levels of NEPA (79 FR 77824 Dec. 24, 2014).  CEQ further 
indicates that agencies continue to have substantial discretion in how they tailor their NEPA process (79 
FR 77824 Dec. 24, 2014) and that agencies should apply the philosophy of ‘proportionality’ and ‘rule of 
reason’ to determine the extent to which a particular analysis or approach to evaluation is useful to the 

8 Jonsson, R., W. Mbongo, A. Felton, and M. Boman.  2012.  Leakage implications for European timber markets from reducing 
deforestation in developing countries. Forests 3:736-744. 
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public and to the decision-making process for distinguishing between alternatives (79 FR 77824 Dec. 24, 
2014).   

We determined that a qualitative analysis comparing the relative contribution of alternatives to carbon 
emissions or storage was most appropriate for understanding tradeoffs.  Therefore we do not present a 
quantitative carbon life-cycle analysis.  We contend that project-level analysis is the appropriate stage of 
planning for a more rigorous evaluation of carbon in this case because of the substantial reduction in 
uncertainty at the project-level regarding the estimates for parameters of a carbon life-cycle analysis (e.g. 
sources and extent of emissions during harvest, environmental conditions related to carbon loss and 
carbon capture during forest regeneration, and potential use of the wood).  Furthermore, the narrow 
scope of this action as an amendment to the Forest Plan precluded the option to explore action 
alternatives specifically designed to promote carbon sequestration.  Thus, the principles of proportionality 
and the ‘rule of reason’ suggest that a quantitative carbon life-cycle analysis, particularly an analysis with 
high uncertainty, would not contribute toward evaluation and decision making.  It is important to 
emphasize the high uncertainty in estimates of short- medium- and long-term carbon emissions, storage, 
and sequestration (or in a carbon life-cycle analysis) for any alternative (explained further below).  Given 
the high uncertainty in the carbon life-cycle analysis compared to the relatively small differences among 
alternatives in carbon sequestration (particularly in the medium- and long-term), the results of the analysis 
would not inform the decision. 

The high uncertainty in a carbon life-cycle analysis associated with this amendment results from the 
substantial range of potential values for most of the parameters in the carbon life-cycle analysis and 
therefore the array of final results.  Adequate quantitative analysis must present the many estimates of 
carbon associated with the different parameter estimates resulting from different assumptions related to 
uncertainty.  For example, following timber harvest a substantial quantity of organic material remains on 
site and decomposes over time.  The decomposition rates and extent of decomposition depend on a 
broad array of factors and therefore different carbon life-cycle estimates result from differing assumptions 
regarding decomposition.  A recent study identifies the lack of consensus in the science community on 
the temperature sensitivity of soil carbon decomposition to changes in regional temperature (Davidson 
and Janssens 2006).  Many factors, including the relative mix of soil organic matter along a continuum of 
decomposability, and an array of environmental constraints (abiotic and biotic conditions) obscure the 
rate of soil organic decomposition (Davidson and Janssens 2006).  This suggests that a clear evaluation 
of the rate and extent of soil carbon decomposition on the Tongass has high uncertainty and a variety of 
estimates are reasonable.  A qualitative evaluation, however, leads to conclusions that substantially 
reduce uncertainty – soil carbon decomposition will increase with increasing temperature (expected with 
climate change) (D’Amore, pers. comm. 2016), and those amendment alternatives which harvest more 
extensive areas will have higher rates of carbon emissions in the short- and medium-term.   

High uncertainty confounding quantitative analysis also occurs because of the range of reasonable 
estimates for other features (in addition to soil carbon).  Uncertainty in  rates of forest regrowth after old-
growth and young-growth harvest on the Tongass, amounts of wood material remaining following harvest, 
transportation methods and distances for logs and wood products, use of the wood, market dynamics 
related to substitution (sometimes called market leakage – e.g. Jonsson et al. 2012)), and product 
substitution all confound a quantitative carbon life-cycle analysis (see McKinley et al 2011 for a broad 
overview of the complexity of carbon life-cycle analysis).  A quantitative analysis would be both 
misleading in its rigor and perceived precision (if the substantial uncertainties where not taken into 
account) or confusing (if the range of uncertainty in important parameters was taken into account and the 
full range of resulting estimates displayed). 

We have not provided a rigorous evaluation of the differences among alternatives in the social costs that 
may result from carbon emissions and resulting short- medium- or long-term contributions to GHGs.  
Given the high uncertainty in carbon emissions, and particularly the relatively small differences among 
alternatives in carbon emissions, an evaluation of social costs would be highly speculative and contrary to 
CEQ guidance (79 FR 77817 Dec. 24, 2014) 

Although an estimate of carbon emissions can be calculated (as illustrated by one commenter), the 
uncertainty in any estimate must be disclosed and the relative merit in considering that estimate 
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evaluated based on the degree of uncertainty.  As described earlier, evaluation of carbon emissions, 
particularly over the mid- and long-term, is highly uncertain and that uncertainty far exceeds the potential 
differences among alternatives in carbon storage. 

RESPONSE - B. Climate Change  
We appreciate the input regarding the reduced probability of fire, the role of the temperate coastal 
rainforest potentially serving as a climate refugia and the resilience of the temperate coastal rainforest.  
The revised EIS includes these concepts. We carefully considered the input from the letter from the 
Federal Forest Coalition on January 2015, and concluded that the resilience of the temperate coastal 
rainforest in SE Alaska is maintained through the system of reserves and other non-development LUDs 
and therefore the broad region of SE Alaska will continue to serve a strong role as a climate change 
refugia.  Under all of the amendment alternatives The Tongass National Forest will continue to maintain 
large intact areas, larger than those evaluated under the 1997 plan, and therefore, as outlined in the EIS, 
will continue to play a strong role in supporting biodiversity as a climate refugia and a region with resilient 
forests. 

Regarding the contention that the preferred alternative, or any alternative, does not align with Executive 
Branch guidance because management will not conserve carbon sinks by protecting them in perpetuity.  
CEQ guidance (79 FR Dec. 24, 2014) and Executive Order 13653 do not require such.    

COMMENT 
CARB-24 and CARB-7:  The agency should adopt the conservation alternative (e.g. no harvest 
alternative), provided by the Conservation Consortium, to comport with CEQ guidelines, the Paris 
climate agreement, and efforts to reduce climate damages from CO2 pollution. The FEIS should 
also include a cost-benefit analysis of avoiding damages to the environment cause by climate 
change “so as to level the economic playing field” in compliance with Executive Order 12866.  

RESPONSE 
In response to comments regarding the importance of the Tongass Rainforest as Alaska’s first line of 
climate change defense and the importance to the Paris Climate change agreement, we revised the FEIS 
to clarify the role the Tongass plays in global carbon sequestration.  The analysis acknowledges the 
substantial role the Tongass plays in carbon storage and the role it will continue to play under each of the 
alternatives.  The analysis qualitatively discloses that carbon storage on the Tongass will remain 
substantial under each alternative (while disclosing the relatively small differences among alternatives). 
Further, there is no present legal mandate to stop or limit timber sales based on the Paris Climate 
Change Agreement. Refer to CARB-23 for a more robust explanation of the global role of the temperate 
rainforest in carbon sequestration and the subsequent analysis we conducted. Additional discussion 
regarding the role of the Tongass in global carbon sequestration has been added to the text in Chapter 3 
of the Final EIS. 

Based on the scope of this amendment outlined in the ‘Notice of Intent To Prepare An Environmental 
Impact Statement’ published on 27 May, 2014, the purpose of the amendment is to: “accomplish the 
transition to young growth management over the next 10 to 15 years while retaining the expertise and 
infrastructure of a viable timber industry in Southeast Alaska, as outlined by the Secretary in 
Memorandum 1044–009.” Commenters suggest that only a no-logging scenario maintains carbon stores 
through time and while that may be true, an alternative designed to meet this scenario is outside the 
scope of the EIS.  As an amendment, rather than revision, the scope of options being considered does 
not include the potential for no timber harvest and therefore the consequences of such an alternative are 
not considered. 

The global contribution of carbon storage that the Tongass provides is acknowledged in the Secretary of 
Agricultures memo to the US Forest Service in providing the scope and need for action to this Plan 
amendment. The Secretary’s memo makes clear that the Department of Agriculture is committed to not 
only maintaining southeast Alaska’s exceptional natural resources in perpetuity but is equally committed 
to doing its part to ensure that communities within and adjacent to the Tongass National Forest are 
economically vibrant.  The proposed action for the Amendment is intended to bring these two goals hand 
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in hand.  To do so, there will be costs and in the case of carbon storage we acknowledge that in order to 
bring to fruition the multiple-use objectives of this plan as well as the overall mission of the Forest Service, 
the Tongass will incur a short- and mid-term net loss of total carbon storage through GHG emissions as a 
result of timber harvest on the Tongass.  

Regarding CEQ guidelines, the Paris climate agreement, and efforts to reduce climate damages from 
CO2 pollution, the agency (USDA) has not yet provided final guidance or policy directed at their 
implementation.  Therefore, there is no present legal mandate to stop or limit timber sales based on the 
Paris Climate Change Agreements, nor to follow proposed draft CEQ guidance regarding NEPA.  To 
date, guidance from the agency includes an analysis of climate for project NEPA (2009) and for Plan 
Revisions (2010). The CEQ cited by commenters is currently in DRAFT form and has therefore not been 
fully vetted as established policy. While the Revised DRAFT CEQ directs agencies to adopt projects with 
low emission using a reference point of 25,000 metric tons of CO2 (e) on an annual basis, the CEQ 
further indicates that agencies continue to have substantial discretion in how they tailor their NEPA 
process (79 FR 77824 Dec. 24, 2014) and that agencies should apply the philosophy of ‘proportionality’ 
and ‘rule of reason’ to determine the extent to which a particular analysis or approach to evaluation is 
useful to the public and to the decision-making process for distinguishing between alternatives (79 FR 
77824 Dec. 24, 2014).  For this EIS, a quantitative carbon life-cycle analysis has not been conducted and 
is not included in the analysis.  CEQ recommends that agencies determine the appropriate level of action 
for NEPA review at which to more rigorously evaluate the effects of GHG emissions and climate change – 
whether broad programmatic, landscape scale, or at a project/site specific levels of NEPA (79 FR 77824 
Dec. 24, 2014).   

We determined that a qualitative analysis comparing the relative contribution of alternatives to carbon 
emissions or storage was most appropriate for understanding tradeoffs.  Therefore we do not present a 
quantitative carbon life-cycle analysis as proposed in the revised DRAFT CEQ.  We contend that project-
level analysis is the appropriate stage of planning for a more rigorous evaluation of carbon in this case 
because of the substantial reduction in uncertainty at the project-level regarding the estimates for 
parameters of a carbon life-cycle analysis (e.g. sources and extent of emissions during harvest, 
environmental conditions related to carbon loss and carbon capture during forest regeneration, and 
potential use of the wood).  Furthermore, the narrow scope of this action as an amendment to the Forest 
Plan precluded the option to explore action alternatives specifically designed to promote carbon 
sequestration.  Thus, the principles of proportionality and the ‘rule of reason’ suggest that a quantitative 
carbon life-cycle analysis, particularly an analysis with high uncertainty, would not contribute toward 
evaluation and decision making.  It is important to emphasize the high uncertainty in estimates of short- 
medium- and long-term carbon emissions, storage, and sequestration (or in a carbon life-cycle analysis) 
for any alternative (explained further below).  Given the high uncertainty in the carbon life-cycle analysis 
compared to the relatively small differences among alternatives in carbon sequestration (particularly in 
the medium- and long-term), the results of the analysis would not inform the decision. 

As well, the commenter suggests that the agencies’ preferred alternative is generally inconsistent with the 
COP climate agreements (Article 4 on greenhouse sinks) to conserve forests as a sink for atmospheric 
carbon and is well above the CEQ emissions reference. However, the Revised DRAFT CEQ does not 
establish regulatory requirements or compel agencies to prohibit or curtail GHG emissions. In 
conformance with NEPA’s basic principles, it does not mandate particular results or insist that agencies 
select the alternative with the least GHG emissions and climate change effects.  

The commenter also suggests that “in any cost-benefit analysis, it is imperative to incorporate the benefits 
(or cost savings) of avoiding damages to the environment, or, in this case, the climate, so as to level the 
economic playing field (although many ecosystem services critical to properly functioning forests are 
difficult to quantify)”. We have not provided a rigorous evaluation of the differences among alternatives in 
the social costs that may result from carbon emissions and resulting short- medium- or long-term 
contributions to GHGs.  Given the high uncertainty in carbon emissions, and particularly the relatively 
small differences among alternatives in carbon emissions, an evaluation of social costs would be highly 
speculative and contrary to CEQ guidance (79 FR 77817 Dec. 24, 2014)  
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COMMENT 
CARB-25:  Forest Service should provide specific forest-wide goals, objectives and desired 
conditions for the Tongass National Forest in meeting challenges of climate change. 

RESPONSE 
Climate change is addressed in the Forest Plan in a number of ways.  In the Implementation chapter, for 
example, “Our role in addressing climate change” is listed as one of five Tongass-wide high priority 
actions developed each year to guide project implementation.  More importantly, climate change is 
incorporated extensively throughout the new Tongass National Forest Monitoring Program, released in 
May 2016. 
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Ecosystem Services (ECOS) 
COMMENT 
ECOS-1:  Forest Service should define performance metrics for salmon production and the 
economic contribution that salmon produced by the Tongass.  Additionally provide the amount of 
renewable energy supplied by the Tongass.   Both of these should be measured as part of the 
Ecosystem Services that the Tongass provides.   

RESPONSE 
This request is beyond the scope of this Forest Plan Amendment.  It is noted that a national effort is 
underway to define a new and improved suite of performance metrics.   
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Economics of the Timber Industry (ECON) 
COMMENT 
ECON-1:  The EIS discussion of small log manufacturing should be updated to explain that the 
manufacturing of young growth spruce and hemlock trees will not be financially feasible until the 
trees are at least 90 years old or until there are sufficient acres of 60-year old and older trees 
available to enable the amortization of a modern small log sawmill.  The proposed alternatives 
would provide less than 10 percent of the volume necessary to supply a single local small log mill 
and the trees are too small to be profitably sawn in the existing sawmills.  Most of the logs cut 
from these trees will be exported in unprocessed form and will not support local manufacturing 
jobs.  The Forest Service should continue with the current Forest Plan and allow the young 
growth stands to grow for another 30 years at which time the trees will be larger and more 
valuable, and the volume will have doubled. 

RESPONSE 
Table 3.13-4 in the Timber section of the FEIS displays the acres of harvested even-aged young-growth 
forest by age class and LUD group.  This section of the FEIS also describes young growth management 
on the Tongass and provides an overview of the direction provided in the Secretary of Agriculture’s 
Memorandum 1044-009.  Among other things, the Secretary directs the Forest Service to “(s)eek 
opportunities to supply sufficient old-growth “bridge timber” while the industry re-tools for processing 
young growth”.  All of the alternatives evaluated in the Draft EIS include old-growth “bridge timber” and 
provide for a PTSQ that is a mix of old-growth and young-growth timber in the short-run, with old growth 
decreasing as a share of this total volume (46 MMBF) over time as more young growth becomes 
economic to harvest.   

The results of the financial analysis prepared for the FEIS indicated that, viewed over 25-year and 100-
year planning horizons, all five alternatives resulted in positive net revenues (Table 3.22-16, p. 3-482).  
Positive values for the 5-year increments that comprise years 1 to 25 were in most cases due to the old-
growth component of projected harvest, which generated net positive revenue for all alternatives and 5-
year increments over the 25-year planning horizon. In contrast, in most cases net revenues generated by 
the young-growth component were negative (Figure 3.22-18, p. 3-483).  

As discussed in the FEIS, this programmatic analysis suggests that individual timber sales offered under 
any of the alternatives in the first 25 years of the planning period will likely need to include a mix of old 
growth and young growth to appraise positive as required by Public Law 112-74, House Report 2055-257, 
Section 414.  However, over time, the young-growth component also generates positive revenues under 
all alternatives, which is reflected in the discounted net revenues presented for the 100 year planning 
horizon in Table 3.22-16.  

The financial analysis has been revised in the FEIS to more clearly explain what is included in this 
analysis.  The estimates presented in the FEIS have also been updated in the FEIS.  More detailed 
discussion of the modeling approach and the assumptions and values used to develop these estimates is 
provided in FEIS Appendix B Modeling and Analysis, which has also been updated.  The results of the 
Woodstock modeling are used for the purposes of analysis in the FEIS and represent the best information 
available at this time.  The timber demand study (Daniels et al. 2016) used to estimate the PTSQ of 46 
MMBF are long-term projections that represent estimated demand for the planning cycle, also used in the 
FEIS for the purposes of analysis.  The Forest Service will continue to evaluate annual market demand 
using the Morse methodology and may adjust the mix of old-growth and young-growth timber made 
available for sale on a year-to-year basis, as needed to meet demand and the Secretary’s direction to 
speed the transition toward a young-growth timber industry. 

The suggestion in the comment that the Forest Service continue to manage the Tongass under the 2008 
Forest Plan and offer primarily old-growth timber sales for the next 30 years, while allowing young-growth 
stands to increase in age and size, does not meet the purpose and need of the proposed Forest Plan 
amendment. 
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COMMENT 
ECON-2: Young growth timber is typically used for low value construction lumber.  In order to 
compensate for the low value, new small log mills tend to rely on high volume processing and 
proximity to both their timber supply and markets.  A young growth facility in Southeast Alaska 
would be at a competitive advantage due to the relative high cost and uncertainty of the timber 
supply and distance to markets.  Viking Lumber has indicated they could process up to 8 to 10 
MMBF of small logs over a period of several years, provided they are able to maintain full 
operations of their old-growth saw mill. 

RESPONSE 
As discussed in response to ECON-1, all of the alternatives evaluated in the Draft EIS include old-growth 
“bridge timber” and provide for a PTSQ that is a mix of old-growth and young-growth timber in the short-
run, with old growth decreasing as a share of this total volume (46 MMBF) over time as more young 
growth becomes economic to harvest.  As indicated in the comment and discussed in the FEIS, Viking 
Lumber’s current small log line processes approximately 8 MMBF of logs annually, running one shift per 
day, 40 hours per week.  

The exact transition trajectory cannot be predicted.  Our EIS predictions are best on the best information 
we have available.  If it turns out that young growth does not sell as fast as expected due to markets and 
economics, then a greater proportion of old growth could temporarily be included in the sale to make up 
for the deficit.  While this continues, existing young-growth stands will be growing and the shelf volume for 
young growth will continue to grow. 

COMMENT 
ECON-3: The Daniels et al. (2016) study assumes that “existing mills will make any machinery 
upgrades necessary for the young growth transition, but rates of utilization may fluctuate”.  This 
is a poor assumption.  The projected supply of young-growth timber is too small to support the 
investment necessary to construct a small log sawmill, which will cost more than $100 million.  
Small log mills in Arkansas, Florida, and another proposed for Washington State have respective 
annual capacities of 387 MMBF, 700 MMBF, and 200 MMBF.  

RESPONSE 
The assumption cited in the comment from Daniels et al. pertains to their Scenario 1, which is 
summarized in the Draft EIS (starting on p. 3-458) and discussed in detail in Daniels et al. (2016).  
Despite this assumption Daniels et al.’s Scenario 1 projects that timber demand would decrease relative 
to the baseline projections following the young-growth transition in 2025, as the transition would in effect 
result in a reduction in Pacific Rim demand for lumber processed in Southeast Alaska.   

The annual capacities of the small log mills cited in the comment are larger than those identified in the 
Draft EIS.  The Beck Group (2009), for example, identified sawmills in the coastal regions of Oregon and 
Washington that currently process western hemlock for framing lumber production, using comparable 
equipment configurations as Viking Lumber to process logs of comparable size and quality.  They found 
that these generally comparable sawmills processed on average 23 MMBF of logs per year, based on 
operating a single shift per day (Beck Group 2009).  Another example of the type of facility that could be 
developed to process young-growth timber in Southeast Alaska, the Vaagen Brothers mill in Colville in 
eastern Washington, produced a total of 273 MMBF of lumber in 2014, of which 135 to 140 MMBF was 
also sawn at the Colville mill. 

COMMENT 
ECON-4: The timber industry in Southeast Alaska has lost its economy of scale and much of the 
related infrastructure required to support a competitive industry.  In the face of this decline, the 
remaining mills have been able to remain competitive by selling high value products that cannot 
be produced from young-growth timber. 
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RESPONSE 
As discussed in response to ECON-1, all of the alternatives evaluated in the Draft EIS include old-growth 
“bridge timber” and provide for a PTSQ that is a mix of old-growth and young-growth timber in the short-
run, with old growth decreasing as a share of this total volume (46 MMBF) over time as more young 
growth becomes economic to harvest.  Old-growth volume would continue to decrease until it reaches 5 
MMBF per year, at which point it would be stabilized at 5 MMBF per year to support a small sale and 
micro sale industry, and would remain at that level for the remainder of the planning period.  

COMMENT 
ECON-5: As currently scheduled, the Forest Plan will be amended before the Forest Service has 
completed the necessary studies to confirm the volume of young-growth timber available for 
harvest, the cost of harvesting young growth stands that are small and widely scattered, or 
confirm that it will be financially viable for a young-growth industry to develop and find markets 
for its products based on that volume.  In the absence of this and other information that proves 
that a transition to young-growth can happen sooner than the industry’s expectation of 30 years, 
it is inappropriate for the plan amendment to be proposed. 

RESPONSE 
As discussed in response to ECON-1, all of the alternatives evaluated in the FEIS include old-growth 
“bridge timber” and provide for a PTSQ that is a mix of old-growth and young-growth timber in the short-
run, with old growth decreasing as a share of this total volume (46 MMBF) over time as more young 
growth becomes economic to harvest.   

The Woodstock modeling analysis conducted in support of the Forest Plan amendment indicated that 
initially, older young growth stands can be harvested economically when combined with old-growth.  The 
Woodstock model tracks the growth of young-growth stands over time and does not select stands for 
harvest until it is economical.  This analysis is discussed in detail in the revised Appendix B to the FEIS.   

In general, the results of the financial analysis prepared for the FEIS indicated that, in most cases, net 
revenues generated by the young-growth component in 5-year increments for the first 25 years following 
implementation would be negative.  However, over time, the young-growth sale component would also be 
expected to generate positive revenues.  The Forest Service will continue to evaluate annual market 
demand using the Morse methodology and may adjust the mix of old-growth and young-growth timber 
made available for sale on a year-to-year basis, as needed to meet demand and the Secretary’s direction 
to speed the transition toward a young-growth timber industry. 

Our analysis indicates that initially, older young growth stands can be harvested economically when 
combined with old-growth. The Woodstock model used tracked the age and growth of young-growth 
stands and did not select stands for harvest until they reached 65 to 75 years of age, depending on site 
class.  These ages were based on discussions with industry who confirmed that minimum age required 
that two logs per tree could be obtained from the majority of trees in a stand and an evaluation of stand 
tables to determine what ages this occurred.  

See response P&N-4 (Young growth Inventory) 

COMMENT 
ECON-6: Appendix B of the Draft EIS implies that new class/site index data was estimated and 
used to model wood availability, but no new field surveys were conducted to verify the accuracy 
of this site index information.  Until these site index data are verified, it is impossible for the 
Forest Service and others to have faith in the accuracy of the estimates presented in the Draft EIS.  
The Forest Service, acting on the TAC recommendations, proposed in July 2015 to fund up to $4 
million of studies to update the inventory of young-growth by location and to develop better data 
on the growth rates of young-growth trees.  This study is unlikely to be completed prior to 
finalization of the new Forest Plan and is unlikely to produce the quality data necessary to 
forecast the forest-wide availability of young-growth timber.  
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RESPONSE 
The Challenge Cost-Share agreement between the State of Alaska and the US Forest Service, which 
began in 2016, will inventory approximately 50,000 acres of young-growth timber to provide knowledge 
about the conditions and feasibility of the older young-growth timber stands.  This inventory will also note 
logging systems needed to access these stands.  This agreement has been already been funded.  The 
transition timeline for the action alternatives proposed in the amendment is designed to accelerate this 
data collection on young-growth harvest by providing more opportunities to harvest the older young 
growth sooner than the 2008 Forest Plan direction allows.  The Forest Service will continue to evaluate 
annual market demand using the Morse methodology and may adjust the mix of old-growth and young-
growth timber made available for sale on a year-to-year basis, as needed to meet demand and the 
Secretary’s direction to speed the transition toward a young-growth timber industry. 

COMMENT 
ECON-7:  The financial analysis presented in the Draft EIS significantly overstates the likely value 
of the proposed timber volume to a purchaser.  The Forest Service has only been able to achieve 
similar returns on about one-quarter of the old-growth timber sale volume planned each year, with 
three-quarters of planned timber sale volume never offered because it was not economic to 
harvest under the 2008 Forest Plan.  The Draft EIS analysis anticipates a fourfold increase in 
returns, even though the Forest Service proposes to sell increasing volumes of lower value, 
young-growth timber.  

RESPONSE 
The financial analysis in the Draft EIS has been revised to more clearly explain what is included in this 
analysis.  The estimates presented in the Draft EIS have also been updated.  More detailed discussion of 
the modeling approach and the assumptions and values used to develop these estimates is provided in 
Appendix B to the EIS, which has also been updated. 

The numbers reported in the financial analysis are derived from the Woodstock modeling conducted in 
support of the proposed Forest Plan amendment.  As discussed in the Draft EIS (p. 3-481): 

Positive values for the 5-year increments that comprise years 1 to 25 are in most cases due to 
the old-growth component of projected harvest. The old-growth component generates net positive 
revenue for all alternatives and 5-year increments over the 25-year planning horizon (Figure 3.22-
17). In contrast, in most cases net revenues generated by the young-growth component are 
negative (Figure 3.22-18).  

This programmatic analysis suggests that individual timber sales offered under any of the 
alternatives in the first 25 years of the planning period will likely need to include a mix of old 
growth and young growth to appraise positive as required by Public Law 112-74, House Report 
2055-257, Section 414. 

COMMENT 
ECON-8: The financial analysis presented in the Draft EIS indicates that all plan alternatives have 
a positive net present value.  In the absence of information on the cost of young-growth harvest 
and the potential products that will be manufactured from young-growth timber and associated 
costs and profits, it is impossible to accept that these estimates, which are based on conditions in 
the Lower 48 states, are potentially accurate.  These estimates also fail to account for reductions 
in the value of productive old-growth when sale areas decrease in size and production costs rise. 

RESPONSE 
The costs and revenues associated with the young growth harvesting and manufacture were developed 
by a private consultant based on young growth in as similar as possible conditions in the Lower 48 states 
and adjusted for Southeast Alaska conditions.  The Alaska region cost collection process will, over time, 
provide more refined costs and revenues to be used in the appraisal process.  The Forest Service will 
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continue to evaluate annual market demand using the Morse methodology and may adjust the mix of old-
growth and young-growth timber made available for sale on a year-to-year basis, as needed to meet 
demand and the Secretary’s direction to speed the transition toward a young-growth timber industry. 

COMMENT 
ECON-9: The Draft EIS cites the Nature Conservancy’s 2009 Beck report but fails to report that the 
Beck Group found that a small log manufacturing operation would be uneconomic unless the 
Forest Service subsidized the associated logging costs.  In addition, the Alaska Forest 
Association reportedly identified several errors in the Beck Group analysis, which resulted in the 
costs to establish and operate a small log mill being significantly understated. 

RESPONSE 
The Draft EIS cites the referenced study prepared for the Nature Conservancy by the Beck Group (2009) 
in a number of ways, including the Beck Group’s evaluation of the small log line at the Viking saw mill and 
their general characterization of the other mills currently operating on Prince of Wales Island.  The Draft 
EIS also cites the Beck Group’s (2009) finding that sawmills in the coastal regions of Oregon and 
Washington that currently process western hemlock for framing lumber production, using comparable 
equipment configurations as Viking Lumber, processed on average 23 MMBF of logs per year, based on 
operating a single shift per day.  The Draft EIS does not use the findings of the Beck Group report to 
illustrate or support the economic feasibility of a young growth mill. 

COMMENT 
ECON-10:  Processing logs and producing finished products represents a substantial component 
of a logs value.  How will continued large-scale log export support the development of a 
sustainable and vibrant pool of small-scale, local wood processors? 

RESPONSE 
The purpose and need for the Forest Plan amendment responds to the July 2, 2013 memorandum from 
USDA Secretary Tom Vilsack which specifically directs the US Forest Service to expedite the transition 
from old-growth to young-growth timber harvest while maintaining a viable timber industry that provides 
jobs and opportunities for Southeast Alaska residents.  Among other things, the Secretary directs the 
Forest Service to “(s)eek opportunities to supply sufficient old-growth “bridge timber” while the industry re-
tools for processing young growth” (Draft EIS, p. 3-297).  All of the alternatives evaluated in the Draft EIS 
include old-growth “bridge timber” and provide for a PTSQ that is a mix of old-growth and young-growth 
timber in the short-run, with old growth decreasing as a share of this total volume (46 MMBF) over time as 
more young growth becomes economic to harvest.   

The limited timber export policy and the young-growth transition are discussed in response to TEXP-3.  
As indicated in this response, the Forest Plan amendment is designed to analyze the feasibility of shifting 
from an old-growth forest management regime towards young growth management.  How rapidly and 
effectively this is accomplished depends on local support from Alaska markets for young-growth forest 
products.  The ability to export some timber beyond Alaska may serve as a strategic option that can be 
used to help maintain workforce skills, industry expertise, and the physical infrastructure needed to 
develop a future young-growth industry.  The limited shipment policy will continue to be subject to review 
and modification on an annual basis, as noted above. 

  

DEIS Comments and Responses I-144 Final EIS 



Appendix I 

Public Costs (PUBC) 
COMMENT 
PUBC-1:  The Draft EIS does not present the estimated costs and revenues to the U.S. Treasury 
associated with the proposed alternatives.  Instead the Draft EIS presents estimated values to the 
purchaser (selling value minus costs for logging, transportation, manufacturing, profit, and risk), 
which are misleadingly identified as net revenues.  The Final EIS must present actual past and 
expected future costs and revenues to the U.S. Treasury for the Tongass timber program. 

RESPONSE 
The financial analysis section in the Draft EIS has been revised to more clearly explain what is included in 
the analysis, with additional information provided in Appendix B Modeling and Analysis, which has also 
been revised.  In addition, the revised financial analysis includes estimated Forest Service administrative 
costs per MBF and provides an estimate of net agency revenues (timber sale revenues minus timber 
variable costs).   

Evaluating the past and expected future costs and revenues associated with the overall Tongass timber 
sale program is outside the scope of this Forest Plan amendment.  Information on Tongass program 
administrative costs and revenues is, however, readily available to the public in the annual State of the 
Tongass National Forest report prepared by the Forest Service.  The most recent version available online 
is for Fiscal Year (FY) 2013 (USDA Forest 2014).  More recent information is available upon request.   

COMMENT 
PUBC-2:  The net revenues presented in the Draft EIS represent the estimated values to the 
purchaser (selling value minus costs for logging, transportation, manufacturing, profit, and risk), 
and should, therefore, reflect the prices purchasers should be paying for Tongass timber.  Data 
from the Draft EIS analysis indicates that the Forest Service is estimating pond log values of $351 
per thousand board feet (MBF), which substantially exceeds the actual 5-year average from 2011 
to 2015 of $57 per MBF.  Neither the Draft EIS nor the planning record provide the assumptions 
used to develop these estimates, displaying only the final model outcomes.  The Final EIS needs 
to more fully explain these estimates. 

RESPONSE 
As noted in response to PUBC-1, the financial analysis in the Draft EIS has been revised to more clearly 
explain what is included in this analysis.  The estimates presented in the Draft EIS have also been 
updated.  More detailed discussion of the modeling approach and the assumptions and values used to 
develop these estimates is provided in Appendix B Modeling and Analysis to the EIS, which has also 
been updated. 

COMMENT 
PUBC-3:  The Draft EIS improperly excluded a detailed public investment analysis that disclosed 
the full cost of the Tongass timber program, including logging road costs, agency timber program 
administrative costs, the costs of timber program-related restoration projects, and NEPA costs.  
The Draft EIS also failed to estimate the costs, monetary and otherwise, on other forest values and 
users, including carbon storage, recreation and tourism, fisheries, and ecosystem services.  
NEPA requires that the agency provide at least a broad, informal cost benefit analysis of the 
proposed action, and CEQ regulations require that this analysis include discussion of the 
relationship between the analysis and any analysis of unquantified environmental impacts, values 
and amenities. 

RESPONSE 
As noted in response to PUBC-1, a detailed public investment analysis of the Tongass timber program is 
outside the scope of this Forest Plan amendment.  Information on Tongass program administrative costs 
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and revenues is, however, readily available in the annual State of the Tongass National Forest report 
prepared by the Forest Service.  In addition, the financial analysis section in the Draft EIS has been 
revised to include an estimate of net agency revenues (timber sale revenues minus timber variable costs) 
by alternative. 

The Draft and Final EIS documents were prepared under the 2012 planning rule, which “does not include 
requirements to demonstrate that plans will maximize net public benefits or require valuation of economic 
efficiency or require present net value analysis as the 1982 rule did” (Federal Register [FR], Vol. 77, No. 
68, 21187).  The preamble to the Final 2012 planning rule and record of decision (FR, Vol. 77, No. 68, 
21188), further notes that the:  

“Forest Service Handbook (FSH 1909.15.section 22.32) as well as NEPA regulations (40 CFR 
1502.23) state that for purposes of complying with the [NEPA], the weighing of the merits and 
drawbacks of the various alternatives need not be displayed in a monetary cost-benefit analysis 
and should not be when there are important qualitative considerations.” 

The handbook and NEPA regulations do, however, state that an EIS should indicate those considerations 
that are likely to be relevant and important to a decision, which may “include a variety of quantified or 
qualitative descriptions of costs and benefits that are linked to significant issue determinations for a 
particular forest plan” (FR, Vol. 77, No. 68, 21188).  The Draft and Final EIS documents provide a 
detailed and extensive assessment of the effects of the alternatives on non-timber forest values and user 
groups.  As discussed in the Draft EIS with respect to ecosystem services (p. 3-487):  

The effects of the alternatives on these types of services including the sections of the EIS that 
address watersheds, fisheries, soils, wildlife and subsistence use, heritage resources, and timber 
and vegetation, among others.  Monetary values are not assigned to these services, but this does 
not lessen their importance in the decision making process. 

In addition, as referenced in the Draft EIS (p. 3-487), ecosystem services are discussed at the forest 
planning level for the Tongass National Forest in the 2008 Forest Plan EIS (USDA Forest Service 2008b, 
p. 3-544 to 3-556). 

COMMENT 
PUBC-4: The Forest Plan amendment goes to great lengths to support about 200 timber jobs 
rather than allocating the associated funds to the fishing and tourism industries that support 
thousands of jobs.  The Forest Service should take a “hard look” at this allocation and recognize 
the monetary and societal value of other forest uses, as well as seek ways to improve protections 
for fish and wildlife habitat and enhance visitor services.  

RESPONSE 
The management alternatives presented in the EIS are all designed to support sustainable levels of 
tourism and fishing.  The Economic and Social Environment analysis presented in the EIS discusses the 
monetary and societal value of other forest uses at some length, including recreation and tourism, 
commercial fishing, mining, and the economic value of natural amenities and quality of life.  The 
Economic and Social Environment section also addresses the potential impacts to these resources, as 
well as other non-value uses including passive use values and ecosystem services.   

Under the current Forest Plan, Forest Service programs currently emphasize protection for fish and 
wildlife habitat and seek ways to enhance visitor services.  These protections will remain in place in the 
proposed Forest Plan amendment, and the Forest Service will continue to work with other regional groups 
to develop visitor services, as appropriate.   

Many factors affect the availability of public sector funds for multiple program areas.  Consideration of 
funding strategies and resource allocation is outside the scope of this forest plan amendment and EIS.   
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Socioeconomics (SOC) 
COMMENT 
SOC-1: The Draft EIS acknowledges that the Tongass timber sale program causes significant 
adverse effects to the environment, but makes no attempt to evaluate the economic costs of these 
impacts, and disregards the extensive literature that discloses the economic value of non-timber 
forest uses, including hunting and wildlife viewing.  

RESPONSE 
The Draft EIS discusses the contribution of the timber and other natural resource-based industries to the 
regional economy in the Economic and Social Environment section.  In addition to timber, this section 
provides a detailed discussion of the recreation and tourism, commercial fishing and seafood processing, 
and mining and mineral development sectors, and also addresses the importance of quality of life and 
natural amenities in attracting and retaining residents and businesses.  Further, the Communities 
subsection of the Draft EIS provides detailed information on employment and economic conditions by 
community.  Potential impacts to the regional economy are also assessed in the Economic and Social 
Environment section, including potential impacts to the timber, recreation and tourism, and commercial 
fishing and seafood processing sectors, as well as quality of life and natural amenities.  

COMMENT 
SOC-2: Contrary to federal policy, the Draft EIS makes no attempt to address the social costs of 
carbon dioxide released as a result of timber harvest.  Federal agencies, including USDA and the 
Forest Service, have calculated the social costs of carbon from other federal land management 
actions. 

RESPONSE 
Additional discussion regarding the social costs of carbon has been added to the Climate Change section 
in the Final EIS. 

COMMENT 
SOC-3: The Draft EIS (pg. 3-441) appears to suggest that harvesting old-growth timber has 
negative impacts on tourism.  This is a false assumption.  Continued timber harvest and road 
development will enhance tourism. 

RESPONSE 
The text from the Draft EIS quoted in the original text of the above comment is part of a general 
introductory paragraph that addresses three different types of broad value: recreation and tourism; 
ecosystem values; and non-use values.  The paragraph does not address the relationship between timber 
harvest and tourism.  Potential impacts to recreation and tourism are evaluated in the Recreation and 
Tourism section of the Draft EIS, and the associated economic impacts are addressed in the Social and 
Economic Environment section.   

COMMENT 
SOC-4:  The Draft EIS fails to show how the proposed alternatives will meet the goal of providing 
jobs for Southeast Alaska residents because the timber industry accounts for only a small share 
of regional employment.  The Draft EIS fails to consider the impact of the limited export policy on 
the number of saw mill jobs supported per MMBF harvested, the share of logging jobs held by 
non-residents, or the potential for young growth logging to employ fewer workers due to 
increased mechanization, making it impossible to evaluate whether the proposed timber harvest 
levels will meet the goal of providing jobs for Southeast Alaska residents. 
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RESPONSE 
Concerns regarding the scope of the Purpose and Need are addressed in detail in the Purpose and Need 
section of this comment response document (see, for example, P&N-10).  The purpose and need for the 
amendment responds to the July 2, 2013 memorandum from USDA Secretary Tom Vilsack which 
specifically directed the US Forest Service to expedite the transition from old-growth to young-growth 
timber harvest while maintaining a viable timber industry that provides jobs and opportunities for 
Southeast Alaska residents.   

Diversity of employment opportunities is important for any economy especially in small towns.  The 
Communities section of the Draft EIS inventories estimated employment, by industry sector, for each 
community.  Some small towns, such as Thorne Bay, are more focused on timber employment than 
others such as Skagway, where the economy is more based on tourism.  In addition, transitioning to 
young growth timber management may disperse these jobs across the region.  The oldest young growth 
is in the northern part of the Tongass National Forest, which may create possible niche markets in that 
subregion.   

Concerns related to the limited timber export policy are addressed in detail in the Timber Export 
subsection of this comment response document.  The comment notes that the sawmill jobs per MMBF 
harvested on the Tongass have declined since 2008 when the limited timber export policy was initiated, 
dropping from an average of 2.2 jobs/MMBF (2002 to 2007) to an average of 1.5 jobs/MMBF (2009 to 
2014).  This does not, however, capture the entire picture, as exporting unprocessed timber supports a 
different range of jobs than domestic processing with more of an emphasis on transportation and 
stevedoring than sawmilling.  This is reflected in the estimated timber industry employment and income 
estimates presented by alternative in Table 3.22-18 in the Draft EIS (p. 3-484).  As noted in footnote 5 to 
this table, export employs more workers in transportation and other services per MMBF harvested than 
domestic production.  Transportation and other services for export volume include water transportation, 
independent trucking, stevedoring, scaling, and export marking and sort yard employment for export 
volume.  Transportation and other services for locally sawn volume include water transportation, scaling, 
and independent trucking.   

Local sawmilling and transportation-related employment estimates presented in Table 3.22-18 are based 
on a range, from maximum possible shipment out of state (export of all Alaska yellow cedar plus hemlock 
and Sitka spruce export equal to 50 percent of total sale net sawlog volume), to no shipment of hemlock 
and Sitka spruce and export of 100 percent Alaska yellow cedar (see Table 3.22-18, footnote 4).  

Non-resident employment in Southeast Alaska is discussed in the Economic and Social Environment 
section of the Draft EIS and summarized in Figure 3.22-2.  Alaska currently employs a significant quantity 
of seasonal workers in resource-dependent industries because of the nature of this employment and the 
weather conditions.  Nonresident workers as a share of direct employment in resource-dependent 
industries in Southeast Alaska range from 39.5 percent in the leisure and hospitality sector to 71.3 
percent in the manufacturing sector (which mainly consists of employment in the seafood processing 
sector) (Figure 3.22-2).  Many workers leave in the winter either because employment ends (i.e., tourist 
season ends) – or, they prefer to spend their wages somewhere where the cost of living is lower than 
Alaska.  These are seasonal workers that do not become year-around residents.   

Transitioning to young-growth timber harvest may result in a different range of types of employment than 
the current mix.  Mechanical harvesters, for example, were they to be employed, require different 
maintenance, repair services, and transportation than conventional harvesting.  

COMMENT 
SOC-5: The Draft EIS fails to appreciate the full economic impact of commercial fishing.  The ex-
vessel value reported in the Draft EIS fails to account for the economic impact of in-state 
processing and the various goods and services provided to the fish harvesting and processing 
industries.  The Draft EIS also fails to accurately identify the number of jobs provided by 
commercial and sport fishing.  The economic value of commercial and sport fishing should be 
balanced against the value of logging.  
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RESPONSE 
The text cited in this comment is from the introduction to the Fish section of the Draft EIS.  The economic 
impacts associated with commercial fishing are described in more detail in the Economic and Social 
Environment section in Chapter 3 of the Draft EIS.  A note referring the reader to the Economic and 
Social Environment section has been added to the introduction to the Fish section to avoid confusion.  
Direct employment in natural resource industries is, for example, compared in Table 3.22-3 and Figure 
3.22-1, and a detailed discussion of the commercial fishing sector is provided in the subsection entitled 
Commercial Fishing and Seafood Processing (starting on p. 3-465 of the Draft EIS).  

COMMENT 
SOC-6: The Draft EIS indicates that the proposed alternatives would likely have negative effects 
on subsistence, but provides no information on the role that subsistence plays in communities or 
the socioeconomic importance of these potential adverse effects.  There is a wealth of information 
on the topic, much of which has been developed by or with the cooperation of the Forest Service.  
Much of this information is available through the ADF&G, Division of Subsistence. 

RESPONSE 
The Draft EIS includes a substantial amount of information regarding subsistence activities including 
detailed analysis for each community within the region (see pp. 3-501 through 3-656).  The Forest 
Service is aware that ADF&G has expertise in and publishes data and information on subsistence 
resources and activities.  ADF&G subsistence data and information, including some developed by the 
Forest Service, is provided, cited, and discussed at length throughout the Draft EIS.  In addition to 
publicly available data, ADF&G also provided the more detailed data used for the community-level 
analyses (pp. 3-501 through 3-656). 

COMMENT 
SOC-7: The Draft EIS indicates that the proposed alternatives would likely have negative effects 
on hunting, fishing, and wildlife-viewing, but provides no information about the economic 
importance of these activities.  The Draft EIS should have cited the results of a report prepared for 
ADF&G that assessed the economic importance of wildlife in 2011 (ECONorthwest 2014). 

RESPONSE 
The economic importance of hunting, fishing, and wildlife-viewing is discussed in the Economic and 
Social Environment section of the Draft EIS starting on page 3-463 under Recreation and Tourism.  
Additional information from the report cited in the comment has been added to this section in the Final 
EIS.   

COMMENT 
SOC-8: The Draft EIS fails to assess the importance of resource-related amenities, such as access 
to fish, wildlife, and scenic unlogged forests, to the quality of life for local residents and the role 
these resources play in attracting and retaining residents and businesses.  While these issues are 
discussed in the Draft EIS, the Draft EIS analysis is deficient because it does not include survey 
results from a report prepared for ADF&G that found that quality of life issues are important to 
many Southeast Alaska residents (ECONorthwest 2014).  In addition, the Draft EIS fails to 
consider the impact of the alternatives on quality of life issues. 

RESPONSE 
The Draft EIS discusses the importance of resource-related amenities, such as access to fish, wildlife, 
and scenic unlogged forests, to the quality of life for local residents and the role these resources play in 
attracting and retaining residents and businesses in the Economic and Social Environment section of the 
Draft EIS starting on page 3-468 under Natural Amenities and Quality of Life.  Potential impacts to quality 
of life issues are discussed in the Environmental Consequences part of the Economic and Social 
Environment section of the Draft EIS starting on page 3-486 under Natural Amenities and Quality of Life.  
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Additional information from the report cited in the comment has been added to this section in the Final 
EIS. 

COMMENT 
SOC-9:  The Draft EIS would have presented a more complete portrait of the potential 
socioeconomic impacts of the alternatives if it had provided information about the net economic 
benefits local residents and visitors derive from wildlife, fish, scenery, and other resources.  
Specifically, the Draft EIS should have included information from a report prepared for ADF&G 
that assessed the economic importance of wildlife in 2011 (ECONorthwest 2014).  In addition, the 
Draft EIS does not address the potential impacts of the alternatives on ecosystem services. 

RESPONSE 
The report referenced in the comment provides estimates of the “net economic benefits” of hunting and 
wildlife viewing for residents and visitors in Alaska in 2011.  Net economic benefits as presented in this 
report include the amount residents and visitors spent on these activities plus a hypothetical amount they 
would have been willing-to-pay above the amount they actually did pay.  In addition, the estimates also 
included the estimated amount survey respondents would theoretically be willing-to-pay to visit an area 
managed to ensure they would see a specific species and the amount they would be willing-to-pay into a 
wildlife conservation fund.  The resulting estimates are, of course, considerable and provide an indication 
of the importance of wildlife to residents and visitors to Alaska.  These types of non-use values (i.e., 
values that individuals assign to a resource independent of their use of that resource) are discussed 
further in the 2008 Forest Plan EIS (USDA Forest Service 2008b, p. 3-551 to 3-552).   

The Draft EIS provides an overview of ecosystem services and references the detailed discussion in the 
2008 Forest Plan EIS (USDA Forest Service 2008b, pp. 3-544 to 3-556).  The discussion in the current 
Forest Plan EIS is located in the Economic and Social Environment section of the Draft EIS on page 3-
487 under Ecosystem Services.  The author of the above comment notes that there are many good 
introductions to the values of services derived from forest ecosystems and provides a list of references for 
the Forest Service to consider.  Many of these references are included in the discussion in the 2008 
Forest Plan EIS, which is incorporated in the current EIS, as noted above.   

COMMENT 
SOC-10:  The Draft EIS does not assess the economic impacts and costs to businesses and 
communities in the event that the young-growth transition is not successful and existing timber 
operations go out of business.  If Viking Lumber were to go out of business, for example, AP&T 
would experience a significant reduction in energy demand on Prince of Wales Island.  This could 
potentially lead to a so-called “death spiral” whereby a drop in sales leads to an increase in rates 
to cover fixed costs, which in turn leads to further sales reductions. 

RESPONSE 
The purpose and need for the amendment responds to the July 2, 2013 memorandum from USDA 
Secretary Vilsack which directed the US Forest Service to expedite the transition from old-growth to 
young-growth timber harvest while maintaining a viable timber industry that provides jobs and 
opportunities for Southeast Alaska residents.  All of the alternatives, including No Action, are designed to 
expedite this transition.  The amended Forest Plan under all alternatives would provide an annual 
average of 46 MMBF during the transition period and it is up to the industry to respond to the 
transition.  The transition time frame provides opportunity for the existing industry to adjust or retool for a 
predominantly young-growth supply from the Tongass, as well as time for new operations to develop, if 
appropriate.   

COMMENT 
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SOC-11: The Final EIS should identify the number of jobs that would be created for industry 
maintaining and decommissioning existing forest roads.  Unlike the Draft EIS alternatives, this 
type of emphasis would create long-term, sustainable employment for timber industry workers.   

RESPONSE 

The Draft and Final EIS documents include five alternatives designed to meet the Purpose and Need for 
the Forest Plan amendment, as directed by the Secretary of Agriculture.  This is explained further in the 
Purpose and Need section of the Draft EIS, starting at page 1-4.  An alternative that does not include 
timber harvest would not meet the Purpose and Need.  Information related to road maintenance and 
proposed decommissioning on the Tongass National Forest is available in the Access Travel 
Management Plans prepared for each Ranger District.  These plans are available at the District offices. 
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Market Demand (MKD) 
COMMENT 
MKD-1a:  The PNW Research Station demand study overestimates the likely actual demand for 
timber.  All three scenarios evaluated in the study ignore the long-term decline in market demand 
and anticipate increasing demand over the next 15 years.  These scenarios rely on misleading 
assumptions about the U.S. share of global timber markets, the portion of this share accounted 
for by federal harvest in Southeast Alaska, and in particular the assumption that the Tongass will 
retain the same share it currently has of rising global demand.  The Forest Service should 
recognize that this approach has failed to accurately predict demand in the past, and consider a 
scenario that involves a continued decline in demand. 

RESPONSE 
During the past 25 years, the U.S. Forest Service, Pacific Northwest (PNW) Research Station has 
published several studies in support of Tongass National Forest land management planning that estimate 
derived demand for Southeast Alaska timber including Brooks and Haynes (1990, 1994, 1997), Brackley 
et al. (2006a), and Daniels et al. (2016).  Daniels et al. (2016) is the fifth such analysis performed since 
1990 to assist forest planners in meeting statutory requirements for estimating planning cycle demand for 
timber from the Tongass National Forest.   

Projections of Alaska timber products outputs, the derived demand for logs, lumber, residues, and niche 
projects, and timber harvest by owner are developed using trend-based projections.  “Derived demand”, 
in PNW Research Station studies, is defined as the volume of national forest harvest needed to meet 
projected consumption of Alaska forest products, over time, given the harvest levels of other owners and 
based on assumptions about product markets.  Similar to prior studies, Daniels et al. (2016) estimate 
demand for Tongass National Forest timber using a materials balance approach based on forecasted 
trends in product markets.  Projected harvest from the Tongass National Forest is calculated as the 
volume of timber required to meet the shortfall between projected demand and harvest from other 
ownerships, primarily Native Corporation and State of Alaska lands.  Alternatively stated, derived demand 
for Tongass National Forest timber is computed as the residual – the quantity of national forest timber 
required to balance the market.   

Demand for Tongass National Forest timber depends on final markets supplied by Alaska forest products.  
The PNW Research Station identified all markets receiving Alaska wood products including utility logs, 
softwood lumber, mill residue, and other niche products.  Additional information was gathered regarding 
production, shipments, and relative scale of markets served.  This information was combined with 
projections of total wood product consumption (for domestic markets) or imports in destination regions to 
arrive at the share of the market supplied by Southeast timber production.  Historic market data was 
collected and assessed for each product market including softwood log exports, domestic log market, 
utility logs, lumber, and other products.   

The PNW Research Station then developed a baseline model based on the assumption that the industry 
in southeast Alaska production would remain at post-2008 recession levels for the next 15 years, despite 
indications at the time the study was completed (summer 2015) that U.S. sawnwood consumption had 
reached levels approaching those seen during the pre-recession housing boom (Daniels et al. 2016).  
The baseline model was subsequently used to evaluate three scenarios representing different potential 
futures for timber harvest in Southeast Alaska.  The first scenario (Scenario 1) assumed that the transition 
to young growth would occur by 2025, with old-growth harvest constrained to 5 MMBF for small sales and 
micro-sales from that point onward.  As modeled, this scenario resulted in a reduction in Pacific Rim 
demand for dimensional lumber from Southeast Alaska that would in turn cause a decline in harvest from 
the Tongass relative to the baseline rate.  The second scenario built upon the transition modeled in 
Scenario 1 by adding an expansion of bioenergy markets.  Scenario 3 also built on the transition modeled 
in Scenario 1, but assumed increased demand for lumber from the Lower 48 States, by considering only 
the pre-recession rate of growth in domestic lumber consumption, as opposed to the more conservative 
growth rates used in the baseline model (Daniels et al. 2016).  In other words, the PNW Research Station 
study assesses a range of potential demand scenarios that build upon a baseline model that employs 
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conservative assumptions regarding the development of future markets.  The likelihood that baseline 
demand will drop below post-recession levels is considered very low. 

Observed declines in timber harvest should not supplant the use economic theory and peer-reviewed 
methodology to project demand for Tongass National Forest timber in an objective and scientific manner.  
There are many extenuating circumstances, unrelated to market demand for forest products, that impact 
actual timber harvest including administrative appeals and delays, litigation, agency budget, and other 
administrative challenges. 

COMMENT 
MKD-1b:  The Proposed Forest Plan and all of the alternatives (including no action) evaluated in 
the DEIS are based on an inflated estimate that market demand for timber will average 46 MMBF 
per year for the next fifteen years, regardless of the allocation between old-growth and second-
growth.  This results in the DEIS overstated the number of jobs supported and the overall 
economic benefits of logging.  The Forest Service should revise this estimate downward and vary 
projected timber outputs by alternative. 

RESPONSE 
Concerns that the PNW Research Station demand study overestimates potential timber demand are 
discussed in response to MKD-1, above.   

As discussed in Chapter 2 of the Draft EIS, the Proposed Action and range of alternatives developed for 
the Draft EIS were designed to maximize or emphasize the percentage of harvest volume coming from 
young growth as early as possible, while minimizing any potential effects on the old-growth Conservation 
Strategy and other resources.  Alternatives 1 through 5 in the EIS were designed to produce a PTSQ of 
about 46 MMBF per year during the next 15 years, with old growth making up a decreasing percentage of 
the total.  Old-growth volume would continue to decrease until it reaches about 5 MMBF per year and it 
would remain at that level, to support limited small timber operators.  As more young growth becomes 
economic to harvest, the PTSQ would be allowed to increase.  

In past Forest Plan revisions and amendments, varying demand scenarios were used to develop 
alternatives, including scenarios that allowed for growth and expansion of the current industry.  In this 
amendment, the purpose and need requires the transition to a predominantly young-growth based 
industry and the reduction of old-growth harvest.  The alternatives evaluated in the EIS differ in their 
approach to meeting this purpose and need, rather than varying the volume expected to be made 
available for harvest.  Each alternative evaluated in detail in the EIS differs in terms of suitability of lands 
(i.e., determination made regarding the appropriateness of various lands within a plan area for various 
uses or activities, based on the desired conditions applicable to those lands) and other plan components 
(goals; desired conditions; objectives; standards; guidelines) that dictate direction and may apply forest-
wide or to specific LUDs.  These variations among alternatives affect the ability of each alternative to 
meet the purpose and need of the proposed amendment, and the speed at which the transition to young-
growth could potentially occur. 

The Forest Service will continue to evaluate annual market demand using the Morse methodology and 
may adjust the total volume, as well as the mix of old-growth and young-growth timber, made available for 
sale on a year-to-year basis, as needed to meet demand and the Secretary’s direction to speed the 
transition toward a young-growth timber industry. 

COMMENT 
MKD-1c:  The Draft EIS does not discuss current export market information compiled by the PNW 
Research Station and ignores the substantial weakening of export markets and the competitive 
disadvantage of Alaska and Pacific Northwest raw log exporters.  Recent PNW Research Station 
press releases indicate that both the value and volume of log exports from Alaska and the West 
Coast are declining and at a much greater rate than other timber exporting regions. 
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RESPONSE 
The Draft EIS provides an overview of the modeling approach used by the PNW Research Station to 
estimate market demand for timber (see pp. 3-455 to 3-460).  More detailed information regarding the 
methodology and data sources used for the PNW Research Station study is provided in Daniels et al. 
(2016).  These projections are based on longitudinal trend information available at the time the demand 
study was completed (summer 2015) and do not include data from the more recent PNW Research 
Station press releases and publications cited in the comment.  The demand projections developed by 
Daniels et al. are based on long-term trends and represent long-term, planning cycle demand.  Short-term 
fluctuations in demand are represented in the Morse methodology, which informs the amount of timber 
offered in a year. 

COMMENT 
MKD-2:  The project record indicates that the DEIS inflates the volume of old-growth – 5 MMBF per 
year – needed to sustain small timber operators.  An email exchange between the Regional 
Economist and the lead author of the PNW Research Station’s demand study indicates that the 
volume used by small operators “is probably somewhere between 1.4 MMBF and 3.0 MMBF.”  This 
inflated estimate will result in future levels of old-growth logging that are higher than needed to 
support small operators. 

RESPONSE 

Data compiled from publicly available reports posted on the Alaska Region Forest Management and 
Accomplishment Reports web page indicates that from 2005 through 2014, small operators had an 
annual average of 11 MMBF of uncut timber under contract, ranging from an annual low of 6 MMBF in 
2014 to a high of 17 MMBF in 2008 and 2009 (see the first table below).  The same data source indicates 
that small operators harvested an annual average of 7 MMBF over the same time period, ranging from an 
annual low of 4 MMBF in 2006 to a high of 11 MMBF in 2011 (see the second table below).  These data 
indicate that the annual estimate of 5 MMBF of old growth volume needed to sustain small timber 
operators is lower than the annual average volume harvested over the past 10 years.  These numbers 
suggest that based on current and past volumes under contract and harvest levels, 5 MMBF is not an 
overstatement of the volume likely to be required by small operators. 

See: http://www.fs.usda.gov/detail/r10/landmanagement/resourcemanagement/?cid=fsbdev2_038785 
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Source: USDA Forest Service 20169 

COMMENT 
MKD-3:  The Proposed Forest Plan explicitly adopts, for the first time, a fixed PTSQ.  This new 
provision must comply with the 2012 planning rule, which requires that a Forest Plan provides for 
economic sustainability.  The EIS must analyze whether the new PTSQ and the associated plan 
objective (O-TIM-01) comply with the economic sustainability requirement of the 2012 planning 
rules. 

RESPONSE 
Timber objectives O-TIM-01 and O-TIM-02 have been revised in the Final EIS.  This is discussed further 
in response to Comment TIM-11.  These revisions clarify that O-TIM-01 is not intended to be a fixed 
target.   

COMMENT 

9 USDA Forest Service.  2016.  Timber Volume Under Contract, various years.  Available online at: 
http://www.fs.usda.gov/detail/r10/landmanagement/resourcemanagement/?cid=fsbdev2_038785 
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MKD-4: Each year the Forest Service uses the Morse methodology to estimate the volume of 
timber it needs to offer for sale to maintain adequate inventory for purchasers.  This methodology 
uses the PNW Research Station demand projections as part of this calculation, which tends to 
overstate the volume required, and will continue to do so in the future if the latest PNW Research 
Station projections (Daniels et al. 2016) are used.  The Forest Service must monitor demand on an 
annual basis or develop different estimates that project lower demand than Daniels et al. 

RESPONSE 
Specific concerns regarding the PNW Research Station demand projections are discussed in response to 
MKD-1a and elsewhere in this comment response document.  As discussed in response to comments 
regarding the economics of the timber industry (see, for example, ECON-1, -5, -6, and -8), the Forest 
Service will continue to evaluate annual market demand using the Morse methodology, as needed to 
meet demand and the Secretary’s direction to speed the transition toward a young-growth timber industry.  
Revisions to the Morse methodology are outside the scope of this Forest Plan amendment. 

COMMENT 
MKD-5: The Draft Forest Plan sets a goal of maintaining a three-year supply of timber under 
contract based on “annual timber consumption (i.e., the amount that is expected to be logged in a 
given year).”  If the annual amount expected to be logged is based on the PNW Research Station 
forecasts, it will likely be too high, and the over-estimate will then be tripled in an attempt to 
maintain a three-year supply, causing the Forest Service to waste public resources on the 
preparation of unnecessary timber sales.   

RESPONSE 
Specific concerns regarding the PNW Research Station demand projections are discussed in response to 
MKD-1a and elsewhere in this comment response document.  The goal of maintaining a three-year timber 
supply is to allow flexibility for forest products businesses to plan their operations and to allow flexibility in 
the timing of selling final products.  In order to accomplish this goal, there needs to be more timber under 
contract than actual timber harvest.  Annual projected harvest is based on the Morse Methodology.  The 
2008 Forest Plan revision used the Morse Methodology consistently as has the annual market demand 
calculations.  This is explained in the Big Thorne FEIS, Appendix A and other project EISs.  These 
sections have been revised, over time, to clarify this concept for the public.  The Forest Service will 
continue to evaluate annual market demand using the Morse methodology, as needed to meet demand 
and the Secretary’s direction to speed the transition toward a young-growth timber industry.  Revisions to 
the Morse methodology are outside the scope of this Forest Plan amendment. 

COMMENT 
MKD-6: The Morse methodology used by the Forest Service to estimate annual market demand is 
based in part on mill capacity, which it defines as “the amount of net sawlog volume that could be 
utilized by the sawmill, as currently configured, during a standard 250 day per year, two shifts per 
day annual operating schedule – and, not limited by availability of workforce, raw materials, or 
market conditions.”  The Draft EIS shows that utilization of active mill capacity has been 
significantly lower than this amount in recent years.  Viking Lumber, for example, has a listed 
capacity of 80 MMBF, but has milled one-fifth of this amount. 

RESPONSE 
The Forest Service will continue to evaluate annual market demand using the Morse methodology, as 
needed to meet demand and the Secretary’s direction to speed the transition toward a young-growth 
timber industry.  Revisions to the Morse methodology are outside the scope of this Forest Plan 
amendment.  It may also be noted that observed declines in timber harvest and utilization rates do not 
necessarily equate to a reduction in demand.  There are many extenuating circumstances, unrelated to 
market demand for forest products, that impact actual timber harvest including administrative appeals and 
delays, litigation, agency budget, and other administrative challenges.   

COMMENT 
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MKD-7: The Draft Forest Plan has raised the “volume-under-contract goal” revising it from 2 to 3 
years supply to 3 years supply without explanation or related analysis.  The proposed change 
should be deleted or the Forest Service should explain why the change is necessary. 

RESPONSE 
Language in the Draft Forest Plan was updated to “(p)rovide about 3 years supply of volume under 
contract to local mills and then establish NEPA-cleared volume to maintain flexibility and stability in the 
sale program” (p. 2-5).  This objective is identified in the 2008 Forest Plan as “2 to 3 years supply of 
volume.”  This objective was revised in response to public concern and comments received during timber 
harvest project environmental analysis document reviews, which questioned whether the amount should 
be 2 or 3 years supply – or somewhere in between (2.5 years).  In order to make the objective clearer, 
one number was used instead of the prior range.  The higher number (3 years) was selected because it is 
more representative of our practices and provides more flexibility with a higher volume under contract to 
mitigate the impact of potential delays in offering timber volume.  Factors causing potential delays in 
offering timber volume include policy changes or injunctions during litigation which preclude either 
harvesting or offering certain projects.  Harvest levels also fluctuate with changing markets and the 
amount of timber available, and also vary due to mobilization and weather-related impacts.  In short, three 
years of volume under contract is not a change from our current practices and is preferable to help 
address market fluctuations and other changes in conditions.   

COMMENT 
MKD-8: The PNW Research Station demand estimates do not comply with the requirements of 
TTRA because the analysis accounts for round log exports, which were limited from the Tongass 
in 1990 when TTRA was enacted.  It was never the intent of Congress that the mills in Southeast 
Alaska would have to compete against the round log export market.  

RESPONSE 
As discussed in the Draft EIS, for the past 25 years, the Forest Service has commissioned the PNW 
Research Station to prepare a number of long-term projections of demand for Tongass timber over time, 
including Brooks and Haynes (1990, 1994, 1997) and Brackley et al. (2006a, 2006b).  The PNW 
Research Station has prepared a similar analysis in support of the current proposed amendment of the 
Forest Plan (Daniels et al. 2016).  Using methods adapted from the previous PNW Research Station 
analyses, Daniels et al. estimate demand for Tongass timber using a materials balance approach based 
on projected trends in product markets.  The analysis projects future demand for timber (“derived 
demand”) based on the overall end-market demand in foreign and domestic markets and the portion of 
that demand Alaska is likely to fill (based on historic trends).   

The 2015 PNW Research Station study identified five primary timber products harvested from Southeast 
Alaskan forests -- softwood sawlogs, utility logs, softwood lumber, mill residue, and other products – and 
projected the associated demand by product.  The analysis accounts for the demand for unprocessed 
logs and assumes that logs from the Tongass would continue to be exported.  The limited export policy 
has affected the amount of logs available for local processing in recent years by allowing timber sales that 
would otherwise have been uneconomic to appraise positively and be made available for purchase.  Part 
of the resulting sale may then be exported while the remaining volume is processed locally.  Assuming 
that this practice would remain in place – by using recent trends to estimate future demand – reflects the 
current environment within which the Southeast Alaska timber industry operates.  Viewed from a 
modeling perspective, the mills in Southeast Alaska are not competing with the round wood log export 
market.  Timber export policy is discussed further in the Timber Export Policy section of this response to 
comments document.   

COMMENT 
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MKD-9: The PNW Research Station study (Daniels et al. 2016) overestimates the volume of private 
timber that will be available for local processing, with volumes projected to increase from existing 
harvest levels (about 61 MMBF) to about 80 MMBF over the next 15 years.  The study also 
overstates the volumes expected to be offered on state lands and assumes they will be offered on 
an annual basis.  These overestimates result in the NFS volume being reduced to just 46 MMBF 
per year.  Based on this low volume and the Forest Service’s record of consistently 
underperforming on their timber sale volume, purchasers cannot risk investing in their 
businesses to stay competitive. 

RESPONSE 

The PNW Research Station long-term timber demand projections (Daniels et al. 2016) are based on 
economic theory, peer-reviewed methodology, and scientific and objective analyses conducted by timber 
economists and forest researchers.  The PNW Research Station study projected future demand for timber 
(“derived demand”) based on the overall end-market demand in foreign and domestic product markets 
and the portion of that demand Alaska is likely to fill (based on historic trends).  The baseline demand 
projections developed by the PNW Research Station were developed in three stages: 1) historic 
estimates of Alaska forest products output by product and destination were gathered and projected from 
2015 to 2030; 2) the raw material requirements necessary to support this projected output were estimated 
by product type; and 3) the timber harvest equivalent was calculated and allocated by owner, including 
Native Corporation and State lands (Daniels et al. 2016).  Based on historic trends, Daniels et al. 
assumed that Native Corporation harvest would be exported as unprocessed round wood, with none of 
this timber expected to be available for local processing.  .For State harvest, Daniels et al. assumed that 
70 percent of State logs would be exported as unprocessed round wood, with the remaining 30 percent 
processed in Southeast Alaska.   

The PNW Research Station study developed projections for State and Native Corporation harvest as part 
of the baseline and three scenarios constructed as part of their study.  State and Native Corporation 
harvest varied by scenario based on the underlying assumptions.  Assuming that 30 percent of State 
harvest would be available for local processing results in an annual average of 6.2 MMBF (Baseline and 
Scenario 1) to 7.8 MMBF (Scenario 2) available from 2015 to 2030, equivalent to about 13 percent to 17 
percent of the PTSQ.  As discussed above, the Forest Service will continue to evaluate annual market 
demand using the Morse methodology or a similar process and may adjust the total volume, as well as 
the mix of old-growth and young-growth timber, made available for sale on a year-to-year basis, as 
needed to meet demand and the Secretary’s direction to speed the transition toward a young-growth 
timber industry. 

COMMENT 
MKD-10: The PNW Research Station study’s (Daniels et al. 2016) Scenario 2 assumes increased 
demand for wood-based energy products.  The economics of wood-based energy products in 
Southeast Alaska are marginal even with extensive subsidies and Daniels et al.’s projected utility 
log harvest for this scenario overstates the utility log share of total harvest.  Utility logs at most 
average about 15 percent to 17 percent of total harvest.  Timber supply constraints effectively 
limit wood-based energy to sawmill residuals, most of which are already being effectively used.  

RESPONSE 
The PNW Research Station’s timber demand projections are based on economic theory, peer-reviewed 
methodology, and scientific and objective analyses conducted by timber economists and research 
scientists.  “Derived demand”, as defined by the PNW Research Station scientists, is the volume of 
national forest harvest needed to meet projected consumption of Alaska forest products, over time, given 
the harvest levels of other owners and based on assumptions about product markets.  In addition to 
projecting baseline timber demand, scientists also developed three scenarios that represent a range of 
possible future market conditions.  Scenario 2, the “wood energy” scenario, accommodates the US Forest 
Service’s 30 percent conversion goal from distillate fuels to wood-based energy products for Southeast 
Alaska’s residential, commercial, and industrial sectors.  Scenario 2 and the other scenarios evaluated in 
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the demand study represent different futures and are an attempt to project the future based on past 
observations and potential future conditions that may or may not come to fruition. 

COMMENT 
MKD-11: The PNW Research Station demand study (Daniels et al. 2016) does not estimate the cost 
of accessing, transporting, and harvesting young-growth timber, and contains no Alaska-specific 
estimates of the cost of producing timber from young-growth timber.  The absence of this 
analysis undermines the credibility of the study’s estimates of young-growth demand. 

RESPONSE 
Daniels et al. (2016) is the fifth scientific analysis performed since 1990 to assist forest planners in 
meeting statutory requirements for estimating planning cycle demand for timber from the Tongass 
National Forest.  “Derived demand”, as defined by PNW Research Station scientists, is the volume of 
national forest harvest needed to meet projected consumption of Alaska forest products, over time, given 
the harvest levels of other owners and based on assumptions about product markets.  The methodology 
used to develop these estimates is summarized in the Draft EIS and described in detail in the timber 
demand study (Daniels et al. 2016).  This approach to estimating demand is not based on the type of cost 
data identified in the comment and, as a result, the PNW Research Station demand study did not develop 
these types of estimates. 

The results of the PNW Research Station demand study are used in the Draft EIS to develop the PTSQ 
and compare the alternatives.  As discussed in Chapter 2 of the Draft EIS, the Proposed Action and 
range of alternatives developed for the Draft EIS were designed to maximize or emphasize the 
percentage of harvest volume coming from young growth as early as possible, while minimizing any 
potential effects on the old-growth Conservation Strategy and other resources.   

Although not part of the PNW Research Station demand study, the costs of accessing, transporting, and 
harvesting young-growth timber were estimated as part of the Woodstock modeling analysis prepared in 
support of the EIS analysis, and are included in the financial analysis of the alternatives.  This is 
explained further in Appendix B to the Final EIS, which has been updated, as have the results of the 
financial analysis presented in the Final EIS. 
COMMENT 
MKD-12:  The timber demand analysis prepared by the PNW Research Station was rushed and 
prepared without seeking input from the State of Alaska or the Southeast Alaska timber industry.   

RESPONSE 
Input was solicited from the State of Alaska and the Southeast Alaska timber industry as part of the 
timber demand analysis prepared by the PNW Research Station.  Multiple meetings were conducted with 
the State of Alaska and the Southeast Alaska timber industry during the summer and fall of 2014.  The 
following table lists the visits Dr. Jean Daniels, the lead author of the PNW Research Station demand 
analysis, made to speak with staff from the state and timber industry about the demand study, along with 
dates and locations, as well as anyone else who attended these meetings.  This concern is also 
addressed in response to Comment P&N-9 in the Purpose and Need section of this response to 
comments volume. 
 
Trip Date Met with: Where Also in 

attendance: 
Ketchikan, 
AK, Summer, 
2014 

June 20, 2014 Owen Graham Tongass NF SO Su Alexander 

 June 20, 2014 Clarence 
Clark 

AK DNR, White Cliff Building  

     
Ketchikan, 
AK, Fall, 
2014 

September 15, 
2014 

Jim Tuttle Sealaska Corp office Clarence Clark 
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 September 15, 
2014 

Paul 
Slenkamp 

Alaska Mental Health Trust, 
White Cliff Building 

Clarence Clark 

 September 15, 
2014 

Eric Nichols Alcan Ward Cove export yard Clarence Clark 

     
POW Island, 
Fall, 2014 

September 16, 
2014 

Ernie Eads Thuja Plicata Mill Clarence Clark 

 September 16, 
2014 

Jim Harrison Western Gold Cedar Mill Clarence Clark 

 September 16, 
2014 

Hans Kohn Good Faith Lumber Mill Clarence Clark 

 
COMMENT 
MKD-13:  The PNW Research Station demand analysis was prepared because the Forest Service 
is planning to reduce the supply of old-growth timber in response to the Secretary’s 
Memorandum.  This restriction does not reduce demand, it limits supply.  Supply is also limited 
due to the high costs of harvesting federal timber sales that are a result of the Forest Plan 
standards and guidelines.  Daniels et al. (2016) indicate that existing mills are operating well 
below capacity, but do not explain that this is due to the constrained timber supply, not a lack of 
demand.  Viking managers have, for example, repeatedly told the Forest Service that they would 
like to purchase more timber sales.  Providing sufficient old-growth timber is the best approach to 
sustaining a viable timber industry and meeting the intent of TTRA’s market demand provision.   

RESPONSE 
The Tongass National Forest has been directed, per the Secretary’s Memorandum 1044-009: “To 
conserve the Tongass National Forest under the principles of the Multiple-Use Sustained- Yield Act of 
1960, Tongass Timber Reform Act and other relevant statutes, we must speed the transition away from 
old-growth timber harvesting and towards a forest industry that utilizes second growth – or young growth 
– forests.  Moreover, we must do this in a way that preserves a viable timber industry that provides jobs 
and opportunities for residents of Southeast Alaska.”  This memorandum does not direct the Tongass 
National Forest to artificially limit timber supply, rather it directed the forest to expedite the transition from 
old-growth harvest to young-growth harvest while maintaining a viable timber industry.   

The PNW Research Station has projected long-term timber demand, in support of forest planning efforts, 
for over two decades.  The most recent report (Daniels et al. 2016) identifies a number of reasons for 
undertaking a new timber demand analysis.  These include “evolving USDA policy limiting old-growth 
harvesting and encouraging the harvest of younger second-growth forest stands”, the recent transfer of 
some NFS lands to the Sealaska Corporation, “the entry of Tongass sawlogs into international export 
markets, rising fuel costs, and efforts to promote biomass energy products and technology for space 
heating and electricity generation” (Daniels et al. 2016, p.1).   

The USDA recognizes the importance of maintaining the existing infrastructure and providing old growth 
timber to “bridge” the transition to young growth and allow a market to develop for these products.  The 
USDA also recognizes it is important to retain the expertise and infrastructure of the existing industry so 
businesses can re-tool.  Since the Forest Service is also governed by the Multiple Use Sustained Yield 
Act, there are standards and guidelines in place for the protection of other resources.  Efforts are made to 
reduce the costs of timber harvest and provide economic timber sales but costs are higher in Southeast 
Alaska than other parts of the country due to the high costs of supplies, difficult terrain and high 
transportation costs.   
COMMENT 
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MKD-14:  The PNW Research Station demand study states that the entry of Tongass sawlogs into 
international export markets invalidates prior demand assumptions.  Tongass cedar sawlogs have 
been sold into international export markets for many decades, as have hemlock and spruce 
sawlogs on occasion.  The current, temporary log export policy does not lower the demand for 
timber from the Tongass. 

RESPONSE 
Daniels et al. (2016, p. 1) identify a number of events that they believe “invalidate many of the 
assumptions for the last timber demand analysis.”  These include “evolving USDA policy limiting old-
growth harvesting and encouraging the harvest of younger second-growth forest stands”, the recent 
transfer of some NFS lands to the Sealaska Corporation, “the entry of Tongass sawlogs into international 
export markets, rising fuel costs, and efforts to promote biomass energy products and technology for 
space heating and electricity generation” (Daniels et al. 2016, p.1).  In other words, increased log exports 
is just one of a number of changes from the last demand study.  Daniels et al. do not state that increased 
log exports have reduced demand for timber from the Tongass. 

Prior Pacific Northwest Research Station demand studies were conducted when Japan was the primary 
market for export logs from Alaska and before the Tongass National Forest began exporting to US 
domestic and other international markets.  The relatively recent developments identified by Daniels et al. 
have changed the competitive position of Alaskan exports compared to Washington and Oregon.  
Furthermore, overall timber demand depends on markets for sawn wood and exports for softwood logs.   

COMMENT 
MKD-15:  The proposed PTSQ in the Draft EIS and Forest Plan (46 MMBF) does not provide 
sufficient timber volume to meet the most recent annual market demand estimates prepared by 
the Forest Service.  These estimates developed for FY2014 using the Morse Methodology indicate 
that annual demand for that FY was 142 MMBF.  As a result, the proposed PTSQ fails to meet the 
requirements of TTRA Section 101 to seek to meet annual demand from the Forest.  The Draft EIS 
does not explain why the new estimates are almost 100 MMBF lower than the 2014 annual 
estimate. 

RESPONSE 
Estimated annual demand for FY 2014 was developed using the Morse methodology, which uses 
information from a number of sources, including the long-term timber demand projections.  These 
projections will be updated as part of the Forest Plan amendment process, which will affect estimated 
annual demand in future years.  The proposed PTSQ is discussed further in the Purpose and Need 
section of this response to comments document. 

COMMENT 
MKD-16:  The Tongass Timber Reform Act, sec. 101 requires the Forest Service to “seek to meet” 
timber demand, and, therefore, the use of an unpublished draft of timber demand projection is 
unacceptable in the Draft EIS.  Further, the Draft EIS refers to the same study inconsistently as 
Daniels (2015), Daniels et al. (2015), and Daniels et al. (in press).  In addition, the Draft Forest Plan 
itself makes no direct mention of the Daniels et al. study. 

RESPONSE 
The Draft PNW Research Station study was available for public review before the Draft EIS was 
published.  While the associated technical paper was cited as “Draft” or “In press” in the Draft EIS, the 
projections themselves were finalized prior to completion of the Draft EIS analyses.  The report has 
subsequently been published and is consistently cited throughout the Final EIS as Daniels et al. (2016).  
The full reference is as follows: 

Daniels, Jean M.; Paruszkiewicz, Michael D.; Alexander, Susan J. 2016. Tongass National Forest 
timber demand: projections for 2015 to 2030. Gen. Tech. Rep. PNW-GTR-934. Portland, OR: 
U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 53 p. 
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The Draft Forest Plan indirectly references the findings of the PNW Research Station demand study in 
the new Forest-wide timber objectives added as part of Chapter 5.  These objectives have been revised 
in the Final Forest Plan.  The Daniels et al. study is not directly referenced in the Draft Forest Plan.  
Similarly, the demand study conducted in support of the 2008 Forest Plan (Brackley et al. 2006) is not 
directly referenced in the 2008 Forest Plan. 

COMMENT 
MKD-17:  The current Draft EIS understates market demand and establishes a PTSQ that is the 
volume the Forest Service wishes to add, rather than what the industry needs to continue 
operating.  An unrealistic assessment of market demand may be considered a fatal flaw for a 
Forest Plan EIS.  “The USFS’ inflated assessment of market demand was successfully challenged 
in Natural Resource Defense Council v. USFS, 421 F.3d 797, 811-12 (9th Cir. 2005).”  The same 
flaw exists for this plan, with market demand deflated to the point of being misleading. 

RESPONSE 
The market demand estimates used in the Draft EIS are PNW Research Station projections developed by 
Daniels et al. (2016).  These demand projections are based on economic theory, peer-reviewed 
methodology, and scientific and objective analyses conducted by PNW Research Station scientists.  The 
methodology used to develop these projections is summarized in the Draft EIS and discussed in detail in 
Daniels et al. (2016).  Specific concerns regarding the accuracy of the latest PNW Research Station 
projections are discussed elsewhere in this comment response document. 

It may also be noted that the challenge to the market demand assessment cited in the comment related to 
an error in interpretation of the 1997 market demand calculations, not an “inflated” or “unrealistic” 
assessment.  As explained by the court in the opinion for Natural Resource Defense Council v. USFS, 
421 F.3d 797, 811-12 (9th Cir. 2005): 

“The Forest Service misinterpreted the 1997 Brooks and Haynes market demand projection 
within the published ROD and EIS. The Forest Service incorrectly thought that the projection 
numbers refer only to “sawlogs suitable for producing lumber,” when they actually refer to “total 
National Forest harvest, including both net sawlog and utility volume.”  Because of the Forest 
Service’s error, the ROD and EIS project an average market demand for Tongass timber nearly 
double that which Brooks and Haynes projected. The projected demand scenarios used by the 
ROD and EIS are 130 MMBF/year (low), 212 MMBF/year (medium), and 296 MMBF/year (high).” 

This was one of the issues analyzed and updated by the Brackley et al. (2006) demand calculations for 
the 2008 Forest Plan Amendment FEIS, Appendix G. 

COMMENT 
MKD-18:  Explain why the Draft EIS uses 25- and 100-year timeframes for comparison purposes.  
The lifespan of a Forest Plan is 15 years and Forest Service handbook direction requires that a 
Forest Plan must show volumes for PWSQ (Projected Wood Sale Quantity) and PTSQ (Projected 
Timber Sale Quantity) for two decades.  Based on this requirement, analysis and comparison of 
alternatives should be based on a 20-year period.  Projecting that a Forest Plan and PTSQ will not 
change over 25- and 100-year periods is misleading to the public. 

RESPONSE 
The use of 25- and 100-year frameworks is consistent with past Forest Plan EIS analyses and also allows 
an evaluation of the long-term implications of the alternatives with respect to the proposed young-growth 
transition.  As modeled, the volumes available under the four action alternatives (Alternatives 2 through 5) 
would support a transition to young-growth by Year 25.  In addition, in many cases, analysis results are 
presented in the Draft EIS by decade.   

Concerns related to the treatment of the PWSQ and PTSQ in the Forest Plan are discussed elsewhere in 
this comment response document, see for example TIM-5.  The Draft EIS does not assume that the 
PTSQ would remain unchanged following completion of the young-growth transition.  As discussed in the 
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Draft EIS, once the transition occurs (with the share of total harvest comprised of old-growth stabilized at 
5 MMBF), the amount of timber offered for sale would be allowed to increase above 46 MMBF as more 
young growth becomes economic to harvest.   

COMMENT 
MKD-19: The annual PTSQ of 46 MMBF is based on the baseline projections developed by the 
PNW Research Station, rather than Scenario 1, which assumes the young-growth transition would 
occur by 2025, with a subsequent decline in projected demand (see Table 2-1 in the Draft EIS).  
Using the baseline projection overstates potential demand, and compounds multiple other issues 
with the PNW Research Station projections.  

RESPONSE 
The Draft EIS compares the alternatives with three demand scenarios developed from the initial baseline 
projections.  Using the baseline projections to estimate the PTSQ is consistent with this approach.  It 
should also be noted that the annual average difference between the baseline and the Scenario 1 
estimates developed by the PNW Research Station is 1.8 MMBF.  The use of the baseline model 
projection is discussed further below in response to MKD-20. 

COMMENT 
MKD-20:  The PNW Research Station demand projections are for a 15-year period.  These 
projections should be for 20 years to allow development of the PWSQ and PTSQ.  In addition, the 
PTSQ established in the Draft Forest Plan (46 MMBF) is less than the derived demand for the three 
scenarios developed by Daniels et al. (2016).  The PTSQ should at least be equal to the largest 
derived demand volume for the first two decades of the plan. 

RESPONSE 
The Daniels et al. (2016) study of long-term timber demand projections is based on economic theory, 
peer-reviewed methodology, and scientific and objective analyses conducted by timber economists and 
forest researchers.  Daniels et al. avoids recommending any one scenario as a “most likely” projection 
because of the relatively high degree of uncertainty surrounding developments in Southeast Alaska.  The 
baseline model, however, utilizes historical datasets necessary to represent Southeast Alaska timber 
markets and assumes the timber industry in Southeast Alaska will remain at post-2008 recession levels 
for the next 15 years.  As such, the baseline annual average of 46 MMBF timber demand from the 
Tongass represents a conservative and rational estimate.  In addition, the 46 MMBF projection is not only 
represented in the baseline model, but it is also represented in all three scenarios at different points in 
time, and these scenarios represent alternative futures for timber harvest in Southeast Alaska.   

It should also be noted that the PNW Research Station projections estimate planning cycle demand.  The 
Forest Service will continue to evaluate annual market demand using the Morse methodology and may 
adjust the mix of old-growth and young-growth timber made available for sale on a year-to-year basis, as 
needed to meet demand and the Secretary’s direction to speed the transition toward a young-growth 
timber industry. 

COMMENT 
MKD-21:  The Draft EIS needs to clearly define the terms “viable timber industry” and “existing 
industry.”  These terms need to be defined for the Forest Service to be able to: a) develop a Forest 
Plan that “preserves” or “retains” the timber industry, and b) assess positive or negative changes 
in the timber industry as a result of implementing the transition. 

RESPONSE 
The term “existing industry” refers to the industry as it currently exists, as described in the Draft EIS (pp. 
3-448 through 3-454).  The phrase “viable timber industry” as used in the Draft EIS refers to a timber 
industry that meets a dictionary definition of “viable”: i.e., Viable (adj) -- Capable of working successfully; 
feasible (Oxford Dictionary).  The form that this industry will take is expected to evolve over time as the 
transition towards predominantly young-growth harvest occurs.  In the short-run, in the absence of 
sufficient young-growth volume to meet average annual demand, the Forest Service will offer a mix of 
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old-growth and young-growth volume.  Over time, the old-growth share will decrease as more young-
growth timber becomes available to harvest.  This is expected to be a period of transition that will allow 
the opportunity for existing operations to retool and/or new operations to develop in response to changing 
supply conditions.  Small operators will continue to have the opportunity to process old-growth timber with 
an annual average of 5 MMBF of old-growth volume expected to be made available through and following 
the young-growth transition.   

COMMENT 
MKD-22:  The Forest Plan amendment is based on a circular argument: the alternatives are all 
designed to meet a PTSQ that has clearly been limited in response to the Secretary’s policy 
decision to accelerate a transition to young-growth harvesting.  The Forest Service should adopt a 
No Action alternative that allows annual old-growth harvests of up to 167 MMBF in accordance 
with the 2008 Forest Plan, while also allowing the Forest Service to offer more young-growth sales 
to help begin a young-growth transition.  

RESPONSE 
As discussed in response to MKD-13 (above), the PNW Research Station has projected long-term timber 
demand, in support of forest planning efforts, for over two decades.  The most recent report (Daniels et 
al., 2016), which is the fifth such analysis performed since 1990, identifies a number of reasons for 
undertaking a new timber demand analysis.  These include “evolving USDA policy limiting old-growth 
harvesting and encouraging the harvest of younger second-growth forest stands”, the recent transfer of 
some NFS lands to the Sealaska Corporation, “the entry of Tongass sawlogs into international export 
markets, rising fuel costs, and efforts to promote biomass energy products and technology for space 
heating and electricity generation” (Daniels et al. 2016, p.1).   

The projections developed by Daniels et al. are based on economic theory, peer-reviewed methodology, 
and scientific and objective analyses, and use a “derived demand” approach.  The analysis projects future 
demand for timber (“derived demand”) based on the overall end-market demand in foreign and domestic 
markets and the portion of that demand Alaska is likely to fill (based on historic trends).  Baseline demand 
projections Tongass timber were developed in three stages: 1) historic estimates of Alaska forest 
products output by product and destination were gathered and projected from 2015 to 2030; 2) the raw 
material requirements necessary to support this projected output were estimated by product type; and 3) 
the timber harvest equivalent was calculated and allocated by owner (Daniels et al. 2016).  These 
baseline projections were used in the Draft EIS to develop the PTSQ.  As this brief summary suggests, 
the baseline estimates developed by Daniels et al. were not constrained or otherwise affected by the 
Secretary’s policy decision to speed up the transition to young-growth harvesting.  The methodology 
employed to develop these projections is discussed in more detail in Daniels et al. (2016). 

As discussed in Chapter 2 of the Draft EIS, the No Action Alternative represents current management 
direction (2008 Forest Plan) and includes the application of the Roadless Area Conservation Rule (2001 
Roadless Rule).  Under this alternative, timber harvest would follow the existing timber sale program 
adaptive management strategy in all phases outside of inventoried roadless areas.  Timber management 
would be restricted to the development LUDs and no commercial harvest would be allowed in beach and 
estuary fringe or RMAs.  In other words, the No Action alternative continues to follow 2008 Forest Plan 
management direction, but the upper harvest limit has been adjusted downward from an allowable sale 
quantity of 167 MMBF to a PTSQ of 46 MMBF in recognition of changed market and other conditions, as 
summarized above in the first paragraph of this response.   

COMMENT 
MKD-23:  The Draft EIS fails to describe the uncertainties and risks associated with its Preferred 
Alternative.  The Draft EIS fails to identify the share of projected harvest that would be exported as 
logs versus processed locally, and also fails to identify the final destination of these logs and 
wood products.  The Draft EIS also fails to describe the uncertainties and risks involved in its 
demand projections, specifically the potential consequences should projected demand fail to 
materialize.  This does a disservice to business owners and others who may make decisions 
based on these projections.  
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RESPONSE 
As discussed in the Timber Export Policy section of this response to comments document, the Draft EIS 
makes several assumptions regarding the limited export policy, including the following:   

• The financial analysis prepared for the Draft EIS (which has been updated for the Final EIS) 
assumed that all western redcedar would be processed domestically and that all Alaska yellow-
cedar would be sent to markets outside of Alaska, with Western hemlock and Sitka spruce 
volumes and other species assumed for the purpose of this analysis to be divided equally 
between domestic production and export in accordance with the current limited export shipment 
policy (Draft EIS, p. 3-481). 

• The timber-related employment and income estimates presented in Table 3.22-18 in the Draft EIS 
were based on a range, from maximum possible shipment out of state (export of all Alaska yellow 
cedar plus hemlock and Sitka spruce export equal to 50 percent of total sale net sawlog volume), 
to no shipment of hemlock and Sitka spruce and export of 100 percent of Alaska yellow cedar. 
(Draft EIS, p. 3-484). 

The assumptions used to develop the PNW Research Station demand projections are discussed in detail 
in Daniels et al. (2016).  The demand study looked at export figures over the last 5 years and used these 
numbers to estimate softwood sawlog exports.  These trend-based projections therefore reflect export 
trends in light of the export policy as well as the case-by-case export allowances beyond that 
programmatic approval. 

The 2015 PNW Research Station study identified five primary timber products harvested from Southeast 
Alaskan forests: softwood sawlogs, utility logs, softwood lumber, mill residue, and other products.  The 
projected allocation of Tongass timber by market is shown in Table 3.22-8 of the Draft EIS (pp. 3-456 to 
3-457) and discussed in detail in Daniels et al. (2016). 

The Draft EIS discusses factors affecting the projected demand and other factors that affect the timber 
sale program in the Timber section of Chapter 3 (pp. 3-310 to 3-311).  Daniels et al. (2016, p. 45) provide 
the following discussion regarding sensitivity: 

“Our approach to incorporating and displaying uncertainty has two components. The first is the 
design and analysis of the three management scenarios. The second is a sensitivity analysis in 
which we examined the effects of changes in individual elements of the projections. The 
sensitivity analysis showed model results to be most sensitive to changes in Pacific Rim log 
export markets. This highlights the importance of competitiveness relative to producers in the 
Pacific Northwest and other global log suppliers. Our model showed that the young-growth 
transition is most likely to affect lumber production; maintaining Pacific Rim log export markets in 
the face of changing raw material quality and the high costs of harvesting and transporting 
material are central issues facing the competitiveness of the Alaska forest sector.”   

A reference to this discussion has been added to the section that summarizes the PNW Research Station 
demand projections in the Final EIS. 

COMMENT 
MKD-24: The PNW Research Station projections are not based on price, and therefore, are not 
really demand projections at all.  Instead of considering price, the demand study assumes that the 
quantity produced will be determined by other factors that are subject to the Forest Service’s 
decision-making authority.  As a result, the “Forest Service is more or less saying that the 
demand for TNF timber will be however much it wants to log, based on its interpretation of 
‘multiple policies and objectives.” 

RESPONSE 
The PNW Research Station demand projections are not based on price as explained in Daniels et al. 
(2016, pp. 21-22): 
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Projected harvest from the Tongass National Forest is calculated as the volume of timber 
required to meet the shortfall between projected demand and harvest from other ownerships, 
primarily Native Corporation and State of Alaska lands. In other words, derived demand for 
Tongass timber is computed as a residual—the quantity of national forest timber necessary to 
balance the market. … Historical trends and assumptions about the share of harvest by other 
ownerships were used to project the share of future harvest to be met by the Tongass. The 
method is based on quantity, rather than price, because timber harvests from public lands are 
generally planned based on multiple policies and objectives, rather than on prices alone. 

The methodology and data used to develop the PNW Research Station projections is further described in 
detail in Daniels et al. (2016).  As stated in the above quote and explained in Daniels et al. (2016) and the 
Draft EIS, the demand estimates are based on historical trends and assumptions about the share of 
harvest, and are influenced by factors outside the Forest Service’s decision-making authority.   

The Forest Service disagrees with the characterization in the comment that the “Forest Service is more or 
less saying that the demand for TNF timber will be however much it wants to log, based on its 
interpretation of ‘multiple policies and objectives.’”  The demand projections prepared by Daniels et al. 
and reported in the Draft EIS are based on economic theory, peer-reviewed methodology, and scientific 
and objective analyses conducted by PNW Research Station scientists. 

COMMENT 
MKD-25: The EIS should account for the impact of deficit timber sales and log export restrictions 
on the expected demand for wood products from young-growth logs and describe how these 
factors would cause the socioeconomic impacts of the alternatives to differ from those described 
in the Draft EIS.  

RESPONSE 
The demand projections developed in support of this EIS are discussed in the Draft and Final EIS 
documents and Daniels et al. (2016).  Concerns regarding these projections are discussed elsewhere in 
this comment response document, see, for example, the response to MKD-1a.  Daniels et al.’s (2016) 
approach to uncertainty is discussed in response to MKD-23. 

The Draft EIS presents projected levels of annual employment and income by alternative in Table 3.22-
18.  These estimates are based on the maximum annual average harvest that could occur over the first 
decade following implementation (Years 1 to 10).  All five alternatives are based on an annual PTSQ of 
46 MMBF, with the proportion of the total that is made up of young growth increasing over time, and the 
share made up of old growth decreasing.  The estimates presented in Table 3.22-18 are based on a 
range that accounts for variations in export restrictions and behavior.  The estimates range from 
maximum possible shipment out of state (export of all Alaska yellow cedar plus hemlock and Sitka spruce 
export equal to 50 percent of total sale net sawlog volume), to no shipment of hemlock and Sitka spruce 
and export of 100 percent of Alaska yellow cedar. 

Further, the Draft EIS analysis recognizes that the numbers presented in Table 3.22-18 are estimates 
based on average jobs per MMBF ratios that were developed using harvest and employment data from 
2007 to 2010.  As discussed in the Draft EIS, actual employment and income in Southeast Alaska will 
depend on choices made by purchasers, and these choices may change as markets and prices shift.  
Actual employment and income will also vary as timber offerings are packaged to include some or all of 
the units, and individual sales targeted for different sized operators are developed.   

COMMENT 
MKD-26: The Forest Service must discard the Draft EIS and prepare a revised Draft EIS based on a 
new range of demand projections that employ a different methodology to those prepared by the 
PNW Research Station and more explicitly incorporate risk and uncertainty.  The revised Draft EIS 
must describe risk and uncertainties and develop alternatives that explicitly address them by 
responding to a new range of demand projections, rather than the PTSQ used in the current DEIS.  
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RESPONSE 
Specific concerns regarding the PNW Research Station demand projections are discussed in response to 
MKD-1a and elsewhere in this comment response document.  The Forest Service disagrees with the 
assertions that the Draft EIS must be discarded and that a different methodology must be employed to 
estimate market demand.  Concerns regarding the use of a range of demand projections and potentially 
varying levels of demand by alternative are discussed in response to MKD-1b. 

COMMENT 
MKD-27: The baseline projections developed by the PNW Research Station and presented in the 
Draft EIS Table 3.22-9 indicate that Native Corporation and State lands will account for a large 
share of timber harvest in Southeast Alaska over the next 15 years.  The Draft EIS and supporting 
analyses do not consider whether this projected supply of non-federal timber would reduce the 
demand for federal timber or meet the Forest Service’s objective to meet timber demand and 
support logging and export jobs.  

RESPONSE 
As discussed in the FEIS and in response to Comment MKD-1a (above), the projections developed by 
the PNW Research Station (Daniels et al. 2016) are based on “derived demand.”  “Derived demand” in 
PNW Research Station studies is defined as the volume of national forest harvest needed to meet 
projected consumption of Alaska forest products, over time, given the harvest levels of other owners and 
based on assumptions about product markets.  Demand for Tongass National Forest timber is estimated 
using a materials balance approach based on forecasted trends in product markets.  Projected harvest 
from the Tongass National Forest is calculated as the volume of timber required to meet the shortfall 
between projected demand and harvest from other ownerships, primarily Native Corporation and State of 
Alaska lands.  In other words, derived demand for Tongass National Forest timber is computed as the 
residual – the quantity of national forest timber required to balance the market – and the projected supply 
of non-federal timber is part of the analysis used to determine the demand for federal timber. 

Timber harvest on Native Corporation and State lands would support logging and export-related 
transportation jobs over the planning period, and in the case of State lands may also support mill jobs.  
These potential jobs would be in addition to those identified in Table 3.22-18 in the Draft EIS.  The jobs 
presented in Table 3.22-18 are limited to those that would be supported by federal harvest only.  Non-
federal harvest would help support a viable timber industry by providing logging and export-related 
transportation employment, but would not supply sufficient old-growth “bridge timber” to allow the local 
saw mill industry to re-tool for processing young-growth. 
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Timber Export Policy (TEXP) 
COMMENT 
TEXP-1:  The Draft EIS fails to consider alternatives in which the limited export policy is not 
continued unchanged and indefinitely, premising its analysis on the “assum[ption]” that “Western 
hemlock and Sitka spruce volumes . . . [will] be divided equally between domestic production and 
export in accordance with the current limited export shipment policy.”  This assumption – that the 
limited export policy will continue unchanged in its current form – has a strong effect on the 
projected timber sale quantity.  To comply with NEPA and meet the project purpose and need, the 
EIS must evaluate alternatives that do not involve continuation of the limited export policy in its 
current form. 

RESPONSE 
Initially established in 2007, the Limited Export Policy is intended to boost appraised timber values, 
provide economic sale opportunities for purchasers, and provide additional processing options for 
purchasers.  As discussed in the Draft EIS (pp. 3-453 to 3-454), the policy has continued since 2007 with 
modifications that have provided additional opportunities for purchasers.  The policy modifies how timber 
sales are appraised and allowed timber purchasers options on shipping certain small diameter logs from 
national forest timber sales to outside Alaska.  Designed to allow flexibility for timber purchasers, the 
limited export policy is not something mandated by the US Forest Service on a timber purchaser or 
automatically or immediately applied to all timber sales.  Rather, the policy is applied by request of the 
timber purchaser after the contract offering is awarded or any time thereafter.  Further, the policy is 
subject to review and modification on an annual basis.   

The text from the Draft EIS cited in the above comment pertains to the financial analysis developed as 
part of the Woodstock modeling process.  The financial analysis presented in the Draft EIS has been 
revised for the Final EIS and continues to assume for the purposes of analysis that the current limited 
export shipment policy remains in place.  A detailed discussion of the methodology and assumptions 
used to develop this analysis is presented in Appendix B to the Final EIS.   

The methodology employed to develop the PNW Research Station’s timber demand estimates is 
summarized in the Economic and Social Environment section of the Draft EIS and described in detail in 
the PNW Research Station demand study (Daniels et al. 2016). The demand study looked at export 
figures over the last 5 years (during which the limited export policy has been in place) and used these 
numbers to estimate softwood sawlog exports.   

The employment and income analysis in the Draft EIS assumed a range from maximum possible 
shipment out of state (export of all Alaska yellow cedar plus hemlock and Sitka spruce export equal to 50 
percent of total sale net sawlog volume), to no shipment of hemlock and Sitka spruce and export of 100 
percent of Alaska yellow cedar (see Table 3.22-18 in the Draft EIS).  The analysis in the Final EIS also 
presents employment and income estimates for this range. 

The assumptions used with respect to the limited export policy for the financial and employment and 
income analyses are appropriate for this programmatic analysis.  Financial efficiency analyses will be 
conducted as part of the project-specific environmental analysis that will be prepared as part of future 
timber sale projects.  These analyses will take into account the limited export policy and/or other potential 
restrictions on export or production in place at that time.  Project-specific analyses will also consider the 
employment and income implications of the export restrictions in place or expected to be in place at that 
time.  The Limited Export Policy is discussed further in Appendix H. 

COMMENT 
TEXP-2: The Draft EIS does not analyze the full extent or impact of the export policy or how it 
increases the environmental impacts of federal logging.  It states that the Forest Service allows 
the export of up to 50% of the western hemlock and spruce sawlog volume, and notes that Alcan 
must sell logs that cannot be exported to a processing facility in the state.  Actual data show the 
Forest Service routinely waives these requirements, and allows Viking and Alcan to ship 
increasing proportions of timber out of the region as unprocessed logs.  As a result, the EIS 
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should disclose that exports often exceed the prescribed limits and consider the additional 
implications for local employment. 

RESPONSE 
The timber industry employment and income estimates presented by alternative in Table 3.22-18 are 
based on a range, from a maximum possible shipment out of state (export of all Alaska yellow cedar plus 
hemlock and Sitka spruce export equal to 50 percent of total sale net sawlog volume), to no shipment of 
hemlock and Sitka spruce and export of 100 percent of Alaska yellow cedar.  As noted in the comment 
and explained in the Limited Export Policy subsection of the Draft EIS, the Forest Service has allowed 
timber purchasers to exceed the maximum possible shipment on a case-by-case basis; and this could 
potentially happen again in the future.  However, for the purposes of this programmatic analysis, it is 
reasonable to evaluate the upper limit as prescribed by the current version of the Limited Export Policy.  If 
purchasers were allowed on a case-by-case basis to export a larger share of a particular sale in 
unprocessed form, there would be a commensurate reduction in sawmilling jobs and an increase in 
transportation-related jobs.  A note explaining this possibility has been added to the Environmental 
Consequences part of the Economic and Social Environment section in the Final EIS.   

As noted in response to TEXP-1, financial efficiency analyses that will compare the export policy in place 
at the time and domestic processing will be conducted as part of the project-specific environmental 
analysis prepared as part of future timber sale projects.  Project-specific analyses will also consider the 
employment and income impacts of the current timber export policy.  The Limited Export Policy is 
discussed further in Appendix H. 

COMMENT 
TEXP-3:  The young-growth transition must end the practice of allowing the export of taxpayer-
subsidized Tongass timber to compete with logs sold by private landowners on the export market.  

RESPONSE 
As discussed in response to TEXP-1, a limited shipment policy was instituted on the Tongass National 
Forest during 2007.  The policy modified how timber sales are appraised and allowed timber purchasers 
options on shipping certain small diameter logs from national forest timber sales to outside Alaska.  This 
policy is subject to review and modification on an annual basis.   

The Forest Plan amendment is designed to analyze the feasibility of shifting from an old-growth forest 
management regime towards young growth management.  How rapidly and effectively this is 
accomplished depends on local support from Alaska markets for young-growth forest products.  The 
ability to export some timber beyond Alaska may serve as a strategic option that can be used to help 
maintain workforce skills, industry expertise, and the physical infrastructure needed to develop a future 
young-growth industry.  The limited shipment policy will continue to be subject to review and modification 
on an annual basis, as noted above.  The Limited Export Policy is discussed further in Appendix H. 

COMMENT 
TEXP-4:  The Draft EIS does not evaluate the costs and benefits of the Limited Export Policy at all 
ecological, social, and economic scales. 

RESPONSE 
As discussed in response to TEXP-1, a limited shipment policy was instituted on the Tongass National 
Forest during 2007.  The policy modified how timber sales are appraised and allowed timber purchasers 
options on shipping certain small diameter logs from national forest timber sales to outside Alaska.  The 
limited shipment policy will continue to be subject to review and modification on an annual basis, as noted 
above.  Changes to this policy are outside the scope of this Forest Plan EIS. 

As noted in response to TEXP-1, financial efficiency analyses will be conducted as part of the project-
specific environmental analysis that will prepared as part of future timber sale projects.  These analyses 
will take into account the limited export policy and/or other potential restrictions on export or production in 
place at that time.  Project-specific analyses will also consider the employment and income implications of 
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the export restrictions in place or expected to be in place at that time.  The Limited Export Policy is 
discussed further in Appendix H. 
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Recreation and Tourism (R&T) 
COMMENT 
R&T-1:  Tourism management is an important part of the region’s economy and integral to the 
Purpose and Need and to addressing the Secretary’s direction to make Forest management more 
ecologically, socially and economically sustainable and to consider diverse economies.  The 
Forest Service should measure the jobs and economic contributions that recreation programs 
support in Southeast Alaskan communities.  Tourism associations and businesses must be 
engaged as partners early in planning processes to build buy-in for projects.  While tourism 
provides thousands of jobs and significant economic opportunity, the US Forest Service 
continues to decrease budgets for recreation, heritage, and wilderness programs.  

RESPONSE 
The Draft EIS acknowledges the economic importance of tourism to the region as a whole, as well as at 
the borough and community level (see the Economic and Social Environment section of the Draft EIS).  
The amended Forest Plan responds to the July 2013 memo from the Secretary of Agriculture directing the 
Tongass National Forest to transition its forest management program to be more ecologically, socially, 
and economically sustainable, while also being responsive to comments from the Five-Year Review of the 
Forest Plan.  This is explained further in the Purpose and Need section of the Draft EIS, starting at page 
1-4.  See also the response to P&N-7.   

The US Forest Service recognizes the importance of supporting regional economic diversification – and 
the relationship between public land management and creating economic opportunities for Southeast 
communities.  The draft Tongass National Forest Plan Monitoring Program directs the Forest Service to 
assess whether the forest plan is providing “a diversity of opportunities for resource uses that contribute 
to local and regional economies of Southeast Alaska.”  The draft monitoring program further recommends 
studying employment trends for three primary industries – forest products, recreation and tourism, and 
seafood – on a biennial basis.  This draft monitoring objective acknowledges the importance of the forest 
plan supporting a wide range of natural-resource employment opportunities across Southeast Alaska.   

Recreation and tourism management direction continues to be provided in the Forest-wide Standards and 
Guidelines for Recreation and Tourism (Forest Plan, Chapter 4), as well as the management prescriptions 
for each LUD (Forest Plan, Chapter 3).  The Forest Service will continue to work with the timber industry 
and other government agencies, as indicated in the Forest Plan (see, for example, the Forest-wide 
Standards and Guidelines for Recreation and Tourism, including those that specifically address Tourism 
[p. 4-41]).  

Many factors affect the availability of public sector funds for multiple program areas.  Consideration of 
funding strategies and resource allocation is outside the scope of this forest plan amendment and EIS.   

COMMENT 
R&T-2:  The DEIS inadequately considers saturation at recreation sites, impacts to recreation 
opportunities and places and the benefits from expanding recreation.  The Plan’s suggestion that 
permit access be restricted in recreation places where demand exceeds supply is troubling as 
tourism businesses seek sustainable ways to grow.  The Forest Service should consider 
prioritizing areas for recreation to address demand for recreation places exceeding supply, and 
recognize the significant undeveloped potential for tourism opportunities in small communities. 

RESPONSE 
The DIES acknowledged that demand appears to exceed supply in some recreation places, including 
bear-viewing areas and helicopter use in the immediate vicinity of urban areas (p. 3-347) and that 
management practices for specific areas will continue to be evaluated on a project-by-project basis and in 
accordance with the applicable Forest Plan standards and guidelines under all alternatives.  Limiting 
access via permit is provided as an example of the type of management practice that would be evaluated 
in this way.  The text is not intended to imply that the Forest Service plans to limit permit access as part of 
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this Forest Plan amendment.  Forest Plan recreation and tourism management direction will continue to 
be provided in the Forest-wide Standards and Guidelines for Recreation and Tourism (Forest Plan, 
Chapter 4), as well as the management prescriptions for each LUD (Forest Plan, Chapter 3). 

Expansion of recreation places is outside of the scope of the narrow scope of this amendment; however, 
the proposed changes do not preclude the consideration of recreation expansion in the future. 

COMMENT 
R&T-3:  The US Forest Service has been directed, by Secretary Vilsack, to support communities 
and jobs while also making management more ecologically, socially, and economically 
sustainable.  Tongass National Forest habitat supports wild salmon and the region supports a 
robust visitor industry.  Despite a growing visitor industry, the US Forest Service continues to cut 
recreation program budgets that support the tourism industry, which is a socially, economically, 
and ecologically sustainable industry. 

RESPONSE 
In a memorandum dated July 2, 2013, USDA Secretary Tom Vilsack directed the US Forest Service to 
expedite the transition from old-growth to young-growth timber harvest while maintaining a viable timber 
industry that provides jobs and opportunities for Southeast Alaska residents.  Secretarial Memorandum 
1044-99, Addressing Sustainable Forestry in Southeast Alaska, affirms the USDA’s intent and priority to 
transition the Tongass National Forest to a more ecologically, socially, and economically sustainable 
forest management, over the next 10 to 15 years, while maintaining a viable timber industry.  The Draft 
EIS, as prepared by the US Forest Service, describes and analyzes proposed changes to the forest plan 
to accomplish the transition to young-growth management as provided by Secretarial Memorandum 
1044-99.  While the memorandum encouraged a multifaceted approach to transitioning the Tongass 
National Forest, the primary focus is on transitioning the timber harvest program from predominantly old-
growth to young-growth timber harvest while maintaining the timber industry.   

As noted in response to R&T-1, the US Forest Service recognizes the importance of supporting regional 
economic diversification – and the relationship between public land management and creating economic 
opportunities for Southeast communities.  The draft Tongass National Forest Plan Monitoring Program 
directs the Forest Service to assess whether the forest plan is providing “a diversity of opportunities for 
resource uses that contribute to local and regional economies of Southeast Alaska.”  The draft monitoring 
program further recommends studying employment trends for three primary industries – forest products, 
recreation and tourism, and seafood – on a biennial basis.  This draft monitoring objective acknowledges 
the importance of the forest plan supporting a wide range of natural-resource employment opportunities 
across Southeast Alaska.   

Many factors affect the availability of public sector funds for multiple program areas.  Consideration of 
funding strategies and resource allocation is outside the scope of forest plan amendment.   

COMMENT 
R&T-4:  Recreation has long been subsidized by the timber industry through the construction of 
roads, docks, and other infrastructure.  The Forest Service should identify the cost of providing 
recreation opportunities on the Tongass and use this information to assess recreation user fees 
in the form of charges per person for facility maintenance.  

RESPONSE 
The Multiple Use - Sustained Yield Act of 1960 (or MUSYA) (Public Law 86-517) authorizes and directs 
the Secretary of Agriculture to develop and administer the renewable resources of timber, range, water, 
recreation and wildlife on the national forests for multiple use and sustained yield of the products and 
services.  Roads and other infrastructure developed as part of the Forest Service’s timber program are 
used for multiple uses including recreation and tourism.  
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The Forest Plan and Draft EIS do not identify the costs of administering recreation or other programs.  
This information is, however, readily available to the public in the annual State of the Tongass National 
Forest report prepared by the Forest Service.  The most recent version available online is for Fiscal Year 
(FY) 2013 (USDA Forest 2014).  More recent information is available upon request.  In FY 2013, the total 
budget for the Tongass National Forest was $64.1 million, including: $6.8 million (11 percent) allocated to 
Recreation, Heritage, and Wilderness Management; $11.4 million (18 percent) allocated to Forest 
Management; and $12.5 million (20 percent) allocated to Capital Improvements, Infrastructure 
Maintenance, and Trail Building and Maintenance. 

Recreation Fees (Outfitter/Guides & Collection Support, Recreation Sites & Collection Support, and 
National Pass Sales & Collection Support) accounted for 61 percent ($3.2 million) of the total revenues 
received by the Tongass National Forest, with Recreation Service Receipts accounting for an additional 2 
percent ($0.1 million).  Changes to existing user recreation fee structures are outside the scope of the 
proposed Forest Plan amendment.   

COMMENT 
R&T-5:  How much is spent annually on personnel required to administer recreation on the 
Tongass National Forest?  How much is spent maintaining roads and other infrastructure for 
recreation?  How much of the existing NFS road system is unsupported by timber or recreation 
maintenance funds and expected to be decommissioned?  The Forest Plan should require 
recreation users to pay for road maintenance in areas that are not presently being harvested.  The 
Forest Plan should address “more systematic timber harvest” that will generate a steady stream 
of funds to maintain the existing road system and allow for expansion for future young growth 
harvest.  

RESPONSE 
As noted in response to Comment R&T-4, the state of the Tongass National Forest finances is reported 
each fiscal year and readily available to the public in the annual State of the Tongass National Forest 
report prepared by the Forest Service.  The most recent version of this report available online is for FY 
2013 (USDA Forest 2014).  More recent information is available upon request.  In FY 2013, the total 
budget for the Tongass National Forest was $64.1 million, including: $6.8 million (11 percent) allocated to 
Recreation, Heritage, and Wilderness Management; $11.4 million (18 percent) allocated to Forest 
Management; and $12.5 million (20 percent) allocated to Capital Improvements, Infrastructure 
Maintenance, and Trail Building and Maintenance.  Information related to road maintenance and 
proposed decommissioning on the Tongass National Forest is available in the Access Travel 
Management Plans prepared for each Ranger District.  These plans are available at the District offices.  

As noted in response to Comment R&T-4, changes to existing recreation fee structures are outside the 
scope of the proposed Forest Plan amendment.  In general, Congress appropriates funding for federal 
agencies and specifies how they may spend it.  For the most part, increasing allowable harvest levels in 
the short-term would not necessarily generate additional funds for road maintenance.  Increasing 
allowable harvest levels would also not be consistent with the Secretary’s Memorandum 1044-009, which 
directs the Tongass National Forest to transition away from old-growth timber harvesting and towards a 
forest industry that utilizes second growth – or young growth – forests.   

COMMENT 
REC-5. Suggestions for specific recreation areas and trails. 

RESPONSE 
Modification or creation of specific recreation areas, trails, and related facilities is outside of the scope of 
this focused plan amendment.  These types of changes are generally best determined at the local 
planning unit. 
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Wild and Scenic Rivers (WSR) 
COMMENT 
WSR-1:  There are currently no federal Wild and Scenic River designation in the Tongass and yet 
the Forest Service Management Plan specifies LUDS to protect these characteristic of 32 rivers 
that were previously recommended by the Forest Service for inclusion on this list.  We do not 
support continued protection of these rivers under the current Wild, Scenic and Recreational LUD 
designations. 

RESPONSE: 
Changes to the Wild, Scenic and Recreational River LUDs is outside the narrow scope of this 
amendment.  
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Scenery (SCEN) 
COMMENT 
SCEN-1:  The Forest Service should cease planning on components with lowered scenic integrity 
objectives.  

We strongly object to the proposal to reduce scenic integrity objectives in Alternatives 2, 3, and 5.  The 
NFMA directs that the forest planning process include a review of the esthetic impacts of clearcutting, and 
ensure that clearcuts do not conflict with esthetic resources or recreation. [16 U.S.C. § 1604(g)(3)(F)].  
NEPA’s policy purposes similarly include a goal of assuring “esthetically .. pleasing surroundings.”  [42 
U.S.C. § 4331(b)(4)].  The proposed LRMP would create a patchwork of 10 acre clearcuts in the beach 
fringe and allow removal of up to 35% of a stand.  [LRMP at 5-8].  The result would be a visual landscape 
that “appears heavily altered.” [DEIS at 3-352]. 

The beach fringe clearcuts do not meet NFMA’s standards.  The DEIS recognizes that “Southeast Alaska 
possesses a remarkable and unique combination of features” that attract visitors and that “[m]ost visitors 
who travel long distances to see Alaska expect to find it in a wild and “unspoiled state.” [FEIS at 3-321]. It 
further explains that: 

Demand for scenic quality can best be represented by the increase in tourist related travel to the 
Tongass, as well as a heightened awareness and sensitivity to scenic resource values.  These facts 
result in a strong indirect connection between scenic resource values and the economy of southeast 
Alaska.  For example, Southeast Alaska’s Inside Passage is advertised by the Division of Tourism, cruise 
ship operators, and the Southeast Alaska Tourism Council. Their marketing strategy focuses on the 
scenery of the Tongass National Forest as a major attraction.  The visitors to Southeast Alaska would 
therefore, arrive with expectations and an image of the environment and scenery awaiting them. If current 
trends continue, demand for viewing scenic landscapes will increase. [Id. at 3-354]. 

Further, “[t]he ability to market Alaska tourism is dependent on meeting customer expectations of seeing 
and experiencing vast, untamed land and its wildlife.” [FEIS]. Given these findings, it is arbitrary to 
degrade these valuable scenic landscapes in order to remove low value timber that can be obtained 
elsewhere.  The discussion in the DEIS is not adequate to disclose the effects of this major change.  It 
carries over the analysis from the 2008 TLMP FEIS and changes the numbers and the alternatives and 
uses the exact same locations as points of reference.  It does not link the reduced scenery with areas 
identified as Visual Priority Routes – a process that took extensive professional work.  If the Forest 
Service continues to proceed with this change, we believe that Tongass National Forest landscape 
architects should prepare the analysis and a resource report.  A distant contractor punching in numbers 
into a previous analysis does not show the public the true visual impacts. 

We would prefer, however, that the Forest Service eliminate this component of the LRMP.  The proposed 
LRMP’s scenery goal has two parts.  It first provides that the Forest Service is to “[P]rovide Forest visitors 
with visually appealing scenery, with emphasis on areas seen from the Alaska Marine Highway, tour ship 
and small boat routes, state highways, major Forest roads, and population recreation places.” [LRMP at 
2-4].  But then, it provides that the Forest Service should “[r]ecognize that there will be areas where these 
landscapes are altered by management activities, particularly young-growth timber harvest, and the 
activity may visually dominate the characteristic landscape.” [Id.].  We recommend that you delete this 
second sentence, and the entire Beach Fringe component of the Proposed Plan.[LRMP at 5-8]. 

The Beach Fringe logging component is also inconsistent with the proposed LRMP goal for recreation to 
“[p]rovide a range of recreation opportunities consistent with public demand, emphasizing locally popular 
recreation places and those important to the tourism industry.” [LRMP at 2-4].  The DEIS describes 
recreation generally, and recognizes that it largely involves marine transportation to bays and along water 
ways. [DEIS at 3-326-335]. It describes generally some activities that have a low tolerance for other 
groups, or incompatible activities occurring in close proximity. [Id.]  But it never consider the extent to 
which logging in particular is an incompatible activity that may discourage not only shoreline recreation, 
but even one of the most critical pieces of the tourism business – the returning customer. 
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RESPONSE 
The alternatives show a range of SIOs for analysis.  This range was developed in order that a range of 
young-growth harvests could be evaluated, especially during the early years with the idea that lower SIOs 
could help speed up the transition.  Any young growth harvest will still require a NEPA analysis at the 
project level, so impacts to scenery will still be analyzed and disclosed on a project-by-project basis. 
Public involvement will also be a part of any future project. 

Any clearcuts implemented in the suitable land base, including beach fringe, would meet NFMA 
requirements. 

The analysis is linked to the analysis conducted for the 2008 TLMP FEIS so the reader can compare and 
contrast the visual effects represented in the 2016 alternatives with the visual effects of the 2008 
alternatives.  This consistency allows the reader to understand how management is changing over time.  
The analysis does involve all the VPRs on the Forest; Distance Zones and SIOs are both related to 
VPRs.  This is a programmatic EIS; individual VPRs will be analyzed when projects are proposed in 
project-level NEPA analyses. 

The Tongass Landscape Architects recommended the change to the Scenery goal (referenced as LRMP 
2-4) by adding “particularly young-growth timber harvest” to reflect the emphasis that has been given to 
young-growth harvest by Leadership. 

COMMENT 
SCEN-2. Scenic Integrity Objectives are prejudicial and inconsistent with many local values going 
back generations.  

RESPONSE 
Changes to the definitions of scenic integrity objectives, are outside of the narrow scope of this Forest 
Plan amendment. In this amendment, changes are made only to where SIOs are applied, reducing the 
level of scenic integrity in areas of renewable energy and young growth harvest to Low and Very Low.  

Scenic integrity terminology (High, Moderate, etc.) is not prejudicial, and refers to the level of the integrity, 
or intactness, of the landscape. It does not refer to a priority or value of the scenery. Scenic Integrity 
levels are defined within Agricultural Handbook Number 701, “Landscape Aesthetics: A Handbook for 
Scenery Management”, which is required to be used on all U.S. Forest Service lands and is not specific to 
the Tongass National Forest. Constituent analysis is a part of the Scenery Management system, with 
constituents not only being the local population of an area, but the entire American public. 

COMMENT 
SCENE-3. Suggestions for changes to Visual Priority Routes in Appendix F. 

RESPONSE 
Changes to Visual Priority Routes is outside the scope of this focused plan amendment. 
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Roadless Areas (RDLS) 
COMMENT 
RDLS-1:  Forest Service Should Change the Amendment’s Appendix A to Permanently Exclude 
Roadless Areas from Lands Suitable for Timber Production. 

It appears that the Draft Forest Plan is intended to keep Inventoried Roadless Areas off limits to logging in 
its own right, regardless of the fate of the Roadless Area Conservation Rule in two pending court actions 
or in any future amendments to or litigation over that rule. Commenters appreciate this important 
amendment and strongly urge the Forest Service to adopt a final plan amendment that protects roadless 
areas from logging. The Forest Service should clarify this intent in Appendix A of the Proposed Forest 
Plan, the suitable lands analysis. That analysis identifies Inventoried Roadless Areas as not suitable for 
timber production on legal grounds in “Step 1,” since logging on those lands is prohibited by the Roadless 
Rule. 22 This is correct, but it should be made clear that even if the Roadless Rule were struck down by a 
court, or amended by USDA, the intent of this forest plan amendment is to preclude logging in roadless 
areas, as stated in the DEIS. Therefore, the “Step 2” analysis should specify that Inventoried Roadless 
Areas would be deemed not suited for timber production even if they lost their protection under Step 1. 

RESPONSE 
The intent behind the suitability analysis for this Forest Plan amendment is to identify lands that are 
suitable for timber production.  As the 2001 Roadless Area Conservation Rule (Roadless Rule) generally 
prohibits commercial timber harvest in Inventoried Roadless Areas (IRAs), the IRAs on the Tongass 
National Forest are considered not suited for timber production.  The designation of these lands as 
unsuitable in Step 1 meets the intent of FSH 1909.12, Section 61.1.1.   

FSH 1909.12, Section 61.2 provides guidance on determining, from those lands identified as tentatively 
suitable in Step 1, the lands that are suitable for timber production based on all the multiple-use 
objectives for the forest. As the lands within the IRAs on the Tongass National Forest are no longer 
considered tentatively suitable for timber production, there is no need to review their suitability under Step 
2 of this process.    

COMMENT 
RDLS-2:  Support for Updated Roadless Inventory and Rulemaking to Remove “Roaded Roadless” 
from the Inventory. 

We had hoped the agency would use this amendment process to support additional rulemaking and 
update the 2001 roadless area inventory. Such an update would have removed the so-called “roaded 
roadless” from the inventory, areas that were roaded before the 2001 Roadless Rule or during the eight 
years the Tongass was exempted from the 2001 Roadless Rule. A rule change would also conserve 
roughly 500,000 acres of roadless wildlands under the 2001 Roadless Rule excluded from the Tongass 
roadless inventory used for developing the 2001 Roadless Rule because of assumed logging 
development that never occurred. Such action would conserve remaining intact old-growth habitat, 
maintain existing carbon stocks, and increase carbon stored.   

RESPONSE 
Alternative 2 considered harvest within “roaded roadless” subject to rule making. 

This amendment to the Tongass Forest Plan is using the IRA boundaries identified in a set of maps 
associated with the Final EIS for the Forest Service Roadless Area Conservation Rule, Volume 2, dated 
November 2000. These maps identify 9.2 million acres in IRAs on the Tongass, and correspond closely 
with the 1996 roadless area inventory that was prepared for the 1997 Forest Plan Revision (USDA Forest 
Service 1997c).   

COMMENT 
RDLS-3:  Application of 2001 Roadless Rule Requires Clarification. 
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Chapter 1 of the DEIS states that “the Tongass has been subject to the Roadless Rule since 2011 and 
remains so today.”  DEIS at 1-4. The framework for Alternative 5 states “this alternative would allow old-
growth harvest only within Phase 1 of the timber sale program adaptive management strategy." Since the 
Phase 1 portion of the timber base included some Inventoried Roadless Areas, please clarify that this 
statement only applies to the developed portion of the Phase I base. 

RESPONSE 
In Chapter 2 of the FEIS, the Framework and Expected Outcomes section for Alternative 5 clarifies that, 
“(a)s in Alternatives 1 and 4, the 2001 Roadless Rule would apply and no old-growth or young-growth 
harvest would occur in roadless areas.”  Thus, it is clear that no harvest is allowed in those Inventoried 
Roadless Areas identified in the maps associated with the Final EIS for the Forest Service Roadless Area 
Conservation Rule, Volume 2, dated November 2000.  Table 2-14 in Chapter 2 of the FEIS also shows 
that no harvest is allowed in Inventoried Roadless Areas in Alternative 5. 

COMMENT 
RDLS-4:  Inventoried Roadless Areas Need to be Maintained. 

We support the preferred alternative’s adherence to the Roadless Area Conservation Rule given that 
inventoried roadless areas provide unique ecosystem, wildlife, and climate benefits to the national forest 
systems18. Alternatives 3 and 4 would violate the roadless rule and should be dismissed on those 
grounds alone. The idea that this administration might undo landmark protections like this is genuinely 
unacceptable. 

RESPONSE 
We believe Alternative 3 is reasonable. The State of Alaska’s challenge to application of the 2001 
Roadless Area Conservation Rule (Roadless Rule) in Alaska is pending in the District of Columbia District 
Court. Alternative 3 would allow young-growth and old-growth harvest in 2001 Roadless Rule IRAs. If this 
alternative were selected, harvest in IRAs would be deferred until agency rulemaking modified 36 CFR 
294(b)(4)(2001).  2001 IRAs are removed from lands suitable for timber production in Alternative 4. 

However, three of the alternatives analyzed in detail (Alternatives 1, 4, and 5) allow no harvest in roadless 
areas. 

COMMENT 
RDLS-5:  Decisions regarding resource development within Inventoried Roadless Areas should be 
delegated to the local Forest or District.  

The May 2009 Decision by Secretary of Agriculture, Tom Vilsack, to arrogate to himself all decisions 
regarding resource development in IRAs in the Tongass National Forest (now delegated to the Chief of 
the Forest Service), added national politics to decision making on such issues as issuance of a Special 
Use Permit; a decision that had previously been made by the Tongass Forest Supervisor and District 
Rangers. The Secretary’s control of what had been local decision making on the Tongass has drastically 
altered the assumptions upon which the Forest Plan was promulgated in January 2008. For example, 
even were the 

Tongass still exempt from the 2001 Roadless Rule, the Washington Office of the Forest Service could 
refuse to allow a project that is in an IRA to go forward for political reasons. The Chief of the Forest 
Service should re-delegate to the Forest Supervisor and District Rangers on the Tongass the authority to 
make permitting decisions within IRAs. 

RESPONSE 
This recommendation is outside to the decision authority of the Forest Supervisor, the Responsible 
Official for this decision. 
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Specific Comments on the Forest Plan and DEIS (SPEC) 
COMMENT 
SPEC-1:  Forest Service Should Reinstate the Deleted Beach and Estuary Management Standards 
and Guidelines. 

RESPONSE 
The amended plan includes changes specific to young-growth forest management.  The beach and 
estuary fringe standards and guidelines (BEACH 2, III. Management, 6 and 7) in Chapter 4 were removed 
as part of this amendment because the standards and guidelines were changed as a result of updating 
the suitability of lands as it pertains to lands suitable for young-growth timber production. Under 
Alternatives 2, 3 and 5, young-growth stands within the beach and estuary fringe are identified as suitable 
for timber production. The applicable standards and guidelines were deleted from Chapter 4 and rewritten 
and replaced by forest-wide standard (S-BEACH-01) in Chapter 5 to reflect that lands in the beach and 
estuary fringe are not suitable for old-growth timber production. 

COMMENT 
SPEC-2:  The Forest Service should reinstate the deleted karst resources standards and 
guidelines in Chapter 4 of the Forest Plan. 

RESPONSE 
The amended plan includes changes to young-growth forest management. The karst standards and 
guidelines (KC1, IV. Young Growth Management on Karst) in Chapter 4 were removed, rewritten, and 
added to the young-growth direction in Chapter 5. 

COMMENT 
SPEC-3:  The Forest Service should reinstate the timber sale preparation standards and 
guidelines in Chapter 4 of the Forest Plan. 

RESPONSE 
Some language that is covered in Forest Service directives (e.g., Forest Service Manual, Forest Service 
Handbook) and direction used at project level planning was deleted from the DEIS version of the Forest 
Plan. We added content at the beginning of Chapters 3, 4 and 5 of the Forest Plan to state that the 
chapter assumes all laws, regulations, and policy pertaining to management of National Forest resources 
will be followed.  We added much of this language back in for the FEIS version of the Forest Plan. 

COMMENT 
SPEC-4:  The Forest Service should reinstate the road and bridge reconstruction – location and 
design, standards and guidelines in Chapter 4 of the Forest Plan.  

RESPONSE 
In the Transportation section in Chapter 3 of the DEIS (affected environment), a description was provided 
regarding the intent of the road construction to provide access to NFS lands. In these introductory 
paragraphs, the road maintenance level system is also described.  In Chapter 4 of the Forest Plan in the 
Transportation section, the standards and guidelines provide direction for Transportation Planning in 
TRAN 3, Road and Bridge reconstruction in TRAN5, and the maintenance levels in TRAN 6 and TRAN 7. 
The aspects of location are not relative since the roads exist; however, some of the mechanisms for 
reconstruction relative to slope stability and reconstruction of stream crossing features as well as bridge 
abutments could be included. 
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COMMENT 
SPEC-5: The young growth desired condition DC-YG-04 in Chapter 5 of the Forest Plan should be 
rewritten. Accelerating old-growth characteristics in Riparian Management Areas (RMAs) and the 
beach fringe through young-growth harvest has not been scientifically demonstrated. Ten-acre 
clearcuts are not similar to natural disturbance patterns and would: 1) set back decades of 
progress toward mature, uneven-aged stand structure; 2) further fragment the older young growth 
that now exists; and 3) compromise the integrity of the old growth Conservation Strategy.  

RESPONSE 
To meet the purpose and need, the forest identified the oldest young-growth stands as lands suitable for 
timber production to begin the transition away from old-growth harvest. Some of the oldest young-growth 
stands are located in RMAs and the beach fringe, where past harvest occurred, but where the current 
Forest Plan prohibited commercial harvest. The alternatives analyzed in the FEIS include various levels 
of young-growth harvest in these areas as well as a range of potential treatment types. Additionally, 
young-growth direction (i.e., plan components and management approaches) for the beach and estuary 
fringe are applied so as to minimize impacts to these areas while also allowing some of the oldest trees to 
be harvested in support of the transition. All project-level decisions implementing the 2016 Forest Plan 
must be consistent with the plan components.  

Effects to the old-growth forest ecosystem are disclosed in the FEIS in the Biodiversity section in Chapter 
3, and Appendix D for the FEIS specifically discusses effects to the old-growth Conservation Strategy. 

See response to FISH-5.  

COMMENT  
SPEC-6: The Forest Service should change young growth suitability SUIT-YG-01 in Chapter 5 of 
the Forest Plan. The Old-growth Habitat LUD should not be identified as suitable for young-growth 
timber production because it lacks scientific justification. 

RESPONSE 
As stated in Chapter 2 of the FEIS (How the 2012 Planning Rule Applies), the responsible official has 
determined that for this amendment only a part of the substantive provisions of 36 CFR 219.11 apply for 
this amendment. Using the provisions of 36 CFR 219.11(a), specific young-growth stands are identified 
as suitable for timber production. Such stands include young growth in the beach and estuary fringe, 
riparian management areas, and in the Old-Growth Habitat LUD. 

COMMENT 
SPEC-7: The Forest Service young-growth objective O-YG-01 in Chapter 5 of the Forest Plan 
should be changed to end old-growth clearcutting in no more than five years. 

RESPONSE 
See responses to P&N-1 and ALT-4. Young-growth objective O-YG-01 in the Forest Plan was written to 
be a concise, measurable, and time-specific statement of a desired rate of progress toward a desired 
condition or conditions. That is to effectuate this transition, over the next 10 to 15 years, preserving a 
viable timber industry and allowing the forest industry time to adapt so that at the end of this period the 
vast majority of timber sold by the Tongass (i.e., gradually increase to exceed 50 percent of the timber 
offered annually) will be young growth.  

COMMENT 
SPEC-8: The young-growth objective O-YG-02 in Chapter 5 of the Forest Plan should be re-written 
to end to old-growth clearcutting before the end of the amended plan's lifespan, and preferably 
within five years, as one milestone within the overall 15 year transition.  
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RESPONSE 
See responses to P&N-1, ALT-4, ALT-5, ALT-11, and SPEC-7. 

COMMENT 
SPEC-9:  Forest Service should make the following changes to plan components for Wildlife in 
Chapter 5 of the Forest Plan. 

9a The young-growth desired condition for wildlife DC-YG-WILD-01 in Chapter 5 of the Forest Plan 
should be changed to exclude active management of young-growth stands within the Old-growth 
Habitat LUD.  The Old-growth Habitat LUD was set aside for ecological reasons and infringing 
onto those areas is not consistent with meeting social and economic needs. This LUD is a crucial 
component of the old-growth Conservation Strategy, and entering this LUD for young-growth 
timber production erodes the effectiveness of the Conservation Strategy and places undue risk on 
particular wildlife populations. 

RESPONSE 
See responses to CONS-1, PLR-1, PLR-2 and SPEC-6. 

The Old-Growth Habitat LUD does play an important role in the overall Conservation Strategy.  The Old-
Growth Habitat LUD remains not suited for old growth timber production as in the 2008 Forest Plan. In 
some instances, young growth is within the boundary of this LUD and may not be fully functioning for 
wildlife needs.  DC-YG-WILD-01 allows for young growth management within this LUD as long as habitat 
and connectivity is maintained and the treatment can move the stand toward old-growth characteristics.  
The Forest Plan also allows for an Old-Growth Habitat LUD to be modified to exclude young growth 
proposed for harvest if a net gain in old growth can be achieved through the boundary modification and 
Appendix K criteria can be met (see management prescriptions). 

COMMENT 
9b. The young-growth desired condition for wildlife DC-YG-WILD-02 in Chapter 5 of the Forest 
Plan should be rewritten. Ten-acre clearcuts do not emulate the natural scale and distribution of 
disturbance patterns, and there is no science to support this. The Forest Service should consider 
restoration treatment methods that would increase habitat value in second-growth forests, such 
as removing 1-3 trees in widely spaced gaps.  

RESPONSE 
See response to SPEC-6. 

Desired conditions describe specific social, economic, and/or ecological characteristics of the plan area, 
or a portion of the plan area, toward which management of the land and resources should be directed. 
Desired condition DC-YG-WILD-02 ensures that young-growth treatments in the Old-growth Habitat LUD 
do not foreclose the opportunity to maintain or achieve natural scale and distribution of disturbance 
patterns over the long term. Young-growth standard S-YG-WILD-01 constrains the maximum size of 
openings to not exceed 10 acres. Specific harvest prescriptions will be determined at the project level 
after site-specific analysis by an interdisciplinary team of resource specialists.  Project decisions must 
describe how the project is consistent with plan components, including meeting the desired conditions 
(see DC-YG-WILD-01 and DC-YG-WILD-02) if young-growth harvest is taking place in an Old-Growth 
Habitat LUD.   

COMMENT 
9c. Young-growth objective for wildlife O-YG-WILD-01 and young-growth standards for wildlife S-
YG-WILD-01 and S-YG-WILD-02 in Chapter 5 of the Forest Plan should be removed because the 
Old-growth Habitat LUD should not be entered for young-growth harvest.  
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RESPONSE 
See response to SPEC-6.  

Objectives are measurable and time-specific statements to indicate the desired rate of progress toward 
desired conditions. Objective O-YG-WILD-01 estimates the number of acres to be treated over a 15 year 
time period to promote the development of old-growth characteristics within the LUD, and ensures that 
young-growth treatments in the Old-growth Habitat LUD do not foreclose the opportunity to maintain or 
achieve the development of old-growth characteristics over the long-term.  

Standards are mandatory constraints on project and activity decision-making, established to help achieve 
or maintain the desired condition or conditions, to avoid or mitigate undesirable effects, or to meet 
applicable legal requirements.  This standard provides the constraints on commercial young-growth 
harvest to help achieve or maintain old-growth characteristics within the Old-growth Habitat LUD. 

Standard S-YG-WILD-01 does not require the Old-Growth Habitat LUD to be entered nor does it require 
10 acre openings. Rather, it constrains the maximum opening size and percent of stand removal.  Every 
project analysis will use an interdisciplinary approach to review site-specific conditions and determine the 
harvest prescription that will best meet the desired conditions. Similarly, Standard S-YG-WILD-02 does 
not require the Old-Growth Habitat LUD to be entered. If a project proposes commercial young-growth 
harvest in this LUD, this standard provides a constraint for a one-time entry within the first 15 years of 
Plan approval, unless there is a compelling need to do so based on the best available science and to 
meet the LUD objectives. (Consult Chapter 3 Old-Growth Habitat LUD objectives.) In addition, an Old-
Growth Habitat LUD with proposed young-growth harvest may be modified using Appendix K criteria, 
using an interagency review process, to exclude the proposed young-growth and include a net gain of 
old-growth from the adjacent landscape. (See Wildlife Management Approaches.)   

COMMENT 
9d. The young-growth goal for wildlife G-YG-WILD-01 in Chapter 5 of the Forest Plan should be re-
written to state that no new roads should be built in the Old-growth Habitat LUD. 

RESPONSE 
The management prescription for the Old-growth Habitat LUD includes standards and guidelines for 
transportation (see Old-growth Habitat LUD Transportation Operations: TRAN in Chapter 3). Since the 
Old-growth Habitat LUD has been identified as suitable for young-growth timber production in the 
amended plan (see response to SPEC-6), goal G-YG-WILD-01 was written to ensure that roads used to 
access young-growth were kept to a minimum. Projects or activities must be consistent with this goal, as 
well as all other applicable plan components, such as DC-YG-WILD-01.  

COMMENT 
SPEC-10. Forest Service should make the following change to the plan component for 
Transportation Systems Corridors Direction in Chapter 5 of the Forest Plan. 

The Transportation Systems Corridors objective O-TSC-01 should focus on improvements to 
existing travel corridors rather than new roads in areas with high road density. This is particularly 
an issue in areas on Prince of Wales Island where wolf mortality has increased in proportion to 
road density.  

RESPONSE 
Objectives are measurable and time-specific statements to indicate the desired rate of progress toward 
desired conditions. Objective O-TSC-01 is tied to Forest Desired Condition DC-03 in Chapter 5 of the 
Forest Plan. 

The purpose of transportation systems corridors is to facilitate the availability of National Forest System 
lands for the development of existing and future transportation systems corridors such as those identified 
by the State of Alaska’s Southeast Alaska Transportation Plan and applicable laws (for example, Section 
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4407 of P.L. 109-59, Title XI of the Alaska National Interest Lands Conservation Act, P.L. 96-487). These 
transportation system corridors are not part of the forest transportation system (see Chapter 7 glossary), 
such as roads that are used for timber harvest.   

At the project level, an interdisciplinary team of resource specialists analyzes the site-specific resource 
concerns such as road density and provides that information to the public and the responsible official 
(decision-maker) to determine the best course of action, which may include relevant mitigation measures. 

COMMENT 
SPEC-11:  Forest Service should add a standard and goal for Transportation Systems Corridors 
direction in Chapter 5 of the Forest Plan. 

11a. The Forest Service should aim for no net gain in roads and add a standard for wildlife to the 
Transportation Systems Corridors direction in Chapter 5 of the Forest Plan to maintain road 
densities within Wildlife Analysis Areas (WAAs) at less than 0.7 mi/mi2. If a new road goes into a 
particular WAA, the Service should close or decommission the equivalent road mileage within the 
same WAA.  

RESPONSE 
The Transportation Systems Corridors direction in Chapter 5 of the Forest Plan does not address the 
forest transportation system (see definition in Chapter 7 glossary). Chapter 4 of the Forest Plan includes 
Transportation standards and guidelines (see Transportation Improvement Planning: TRAN3; Road 
Maintenance: TRAN6; and Road Decommissioning: TRAN7), but there are no WAA road density 
thresholds.   

The Transportation section in Chapter 3 of the FEIS (affected environment) describes the intent of the 
road construction to provide access to NFS lands. There is a discussion of road density and WAAs 
included in the Wildlife section in Chapter 3 of the FEIS (environmental consequences) and Table 3.10-12 
compares by alternative the estimated average road density and percent of WAAs in road density 
categories on National Forest System lands and all lands combined, and a measurable increase is not 
anticipated.  

Road closures are determined through an access travel management plan and project level planning 
efforts. 

Standards and Guidelines are included under the primary resource that is driving that particular standard.  
In this case, the suggested standard and guideline are primarily a wildlife concern not a transportation 
concern. WILD1.XIV.A.1(c) on page 4-88 includes a similar road density in areas where wolf mortality 
concerns have been identified and road access was determined to be a significant contributing factor.  An 
interagency Wolf Technical Committee has been established and is currently working on issues related to 
wolf management concerns.   

COMMENT 
11b. A goal for wildlife should be added to Transportation Systems Corridors direction in Chapter 
5 of the Forest Plan to maintain the ability for wildlife to withstand illegal hunting pressure and 
should depend on limiting WAAs to road densities of less than 0.7 mi/mi2. In WAAs that already 
exceed the 0.7 mi/mi2 threshold, the Forest Service should actively close and decommission 
roads in order to alleviate the hunting access pressure in those areas, paying special attention to 
GMU 2. 

RESPONSE 
This request is outside of the scope of this focused amendment. Road management decisions are best 
made at the local planning unit in response to specific conditions.  This type of change is best considered 
during a revision.  It is notable, however, that road densities are expected to grow at a much lower rate 
than were predicted by the 1997 Forest Plan, under which the Conservation Strategy and species viability 
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were evaluated.    The same is true of the level of old growth remaining after 100 years, being 
substantially greater under the current amendment alternatives than under the 1997 Forest Plan. 

COMMENT 
SPEC-12: Regarding the forest wide timber objectives O-TIM-01 and O-TIM-02 in Chapter 5 of the 
Forest Plan, the Forest Service should articulate a schedule for decreasing old-growth timber to 
ensure an end to old-growth clearcut logging before the end of the Plan, and preferably within 5 
years of the Plan's implementation. Any post-transition harvest of old growth should be 
accomplished by single or small group tree selection rather than clearcutting. The overall forest 
transition may require moving away from even-flow timber harvest, allowing greater flexibility in 
annual harvest quotas. 

RESPONSE 
The Forest Plan is a broad plan that defines the appropriate uses in the Forest, sets overarching goals 
and objectives for the land use designations on the forest. The Forest Plan also sets forth desired 
conditions that describe specific social, economic, and/or ecological characteristics of the plan area, or a 
portion of the plan area, toward which management of the land and resources should be directed.  

Specific prescriptions are developed at the stand level that are designed to meet forest plan goals and 
objectives, to move the stand towards a desired condition while considering the stand’s current condition. 
Developing specific prescriptions at a Forest Plan level may not allow for flexibility at the stand level to 
account for the unique conditions that can be found at the stand level. 

See response to Alt-4 and SPEC-7. 

COMMENT 
SPEC-13: The beach and estuary fringe, RMAs, and the Old-Growth Habitat LUD should be 
changed to not suitable for timber production in Appendix A of the Forest Plan.  

RESPONSE 
See response to SPEC-6. 

Appendix A represents Alternative 5 (preferred alternative) and reflects final TAC recommendations 
(Forest Plan Appendix B). The TAC recommendations included commercial young-growth harvest in 
these areas. Appendix A in the Forest Plan has been updated and identifies lands as not suitable for old-
growth timber production in the beach and estuary fringe, RMAs, and Old-Growth Habitat LUD, but 
suitable for young-growth timber production in these areas. 

COMMENT 
SPEC-14:  The Forest Service should clarify the language in the forest plan regarding the status of 
lands in development LUDs that are not suitable for timber production, as well as other areas, 
such as The Nature Conservancy/Audubon priority conservation areas that are not suitable for 
timber production.  

RESPONSE 
Appendix A of the Forest Plan has been updated to reflect the preferred alternative and clarifications have 
been made. 

COMMENT 
SPEC-15: Incorrect potential entitlement for 5 new urban Native corporation – total acres is 
115,000, not 184,320.  

DEIS Comments and Responses I-184 Final EIS 



Appendix I 

RESPONSE 
The potential entitlement is 115,200 acres and the correction will be made. The text of the Senate Bill 
S.872 introduced on 3/26/2015 reads as follows: 

“SEC. 43. URBAN CORPORATIONS FOR HAINES, KETCHIKAN, PETERSBURG, TENAKEE, AND 
WRANGELL. 

“(a) OFFER OF COMPENSATION.—  

“(1) IN GENERAL.—On incorporation of the Urban Corporations for Haines, Ketchikan, Petersburg, 
Tenakee, and Wrangell, the Secretary, in consultation and coordination with the Secretary of Commerce, 
and in consultation with representatives of each such Urban Corporation and the Regional Corporation for 
Southeast Alaska, shall offer as compensation, pursuant to this Act, 1 township of land (23,040 acres) to 
each of the Urban Corporations for Haines, Ketchikan, Petersburg, Tenakee, and Wrangell, in 
accordance with this subsection.” 

COMMENT 
SPEC-16: As the dominant strategy for managing young-growth forests within old-growth habitat 
reserves, the Forest Service should develop an “old-growth restoration” management 
prescription that has been scientifically well vetted with a panel of experts.  

RESPONSE 
The Forest Plan is a broad plan that defines the appropriate uses in the Forest, sets overarching goals 
and objectives for the land use designations on the forest. The Forest Plan also sets forth desired 
conditions for each of the  Specific prescriptions are developed at the stand level that are designed to 
meet forest plan goals and objectives, to move the stand towards a desired condition while considering 
the stand’s current condition. Developing specific prescriptions at a Forest Plan level may not allow for 
flexibility at the stand level to account for the unique conditions that can be found at the stand level. 

The Forest has implemented several scientifically rigorous studies that are designed to quantify how 
various prescriptions can meet specific objectives that are designed to improve wildlife habitat and move 
a stand towards old-growth conditions. The Tongass-wide Young-Growth Study (TWYGS) was begun in 
2001. TWYGS is helping increase the knowledge of thinning and response of tree and plant vegetation. 
The plan is expected to continue for 20-30 years, if funding and support continue. The results of TWYGS 
should increase our knowledge of effects of thinning, inter-planting alder, pruning, girdling, and slash 
treatment for various objectives, including wildlife habitat improvement, and timber production.   

The Prince of Wales Commercial Thinning Study was awarded as an integrated resources service 
contract at the end of FY2008. This study looks at 5 different commercial thinning prescriptions that offer 
a range of potential treatments that could be used on the Tongass. The 5 different prescriptions were 
implemented at three replicates: near Harris River, in the Maybeso Experimental Forest, and near 
Naukati. The objectives of the study are to assess how mechanized equipment operates, how the 
different prescriptions hold up to SE Alaska’s weather, and what the understory response is after 
treatment. Long-term monitoring is helping to understand how a treated stand moves towards achieving 
old-growth structure. 

COMMENT 
SPEC-17: Young-growth harvest in RMAs (in or outside TTRA buffers) should only be allowed for 
habitat enhancement (e.g., to accelerate stand development toward old-growth conditions). One of 
the key processes and characteristics of old growth that is critical for the riparian zone is the 
creation of coarse woody debris inputs to streams which create diverse and structurally important 
habitats for aquatic invertebrates and fish. Using wide spaces in thinning treatments can more 
quickly grow large trees, which would provide these critical structures. 
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RESPONSE 
In order to meet the timeline for the young growth transition as outlined in the undersecretary’s memo, all 
young growth lands were considered. Since the age of the young growth stands is a limiting factor, the 
oldest stands of young growth are being considered for harvest to facilitate the transition. If the oldest 
young growth stands are not included in the earliest phase of the transition, it is highly unlikely we could 
meet the purpose and need of the amendment. Therefore, old growth timber harvest would continue for a 
longer time period.   

Most of the large woody debris recruited to stream channels would occur from the TTRA buffer. However, 
some reduction in woody debris in stream channels could occur in RMAs outside of the TTRA buffer 
depending on alterative.  Riparian Management objectives would be maintained as proposed under 
Alternatives 1, 3, and 4.  Alternatives 2 and 5 require that management in young growth riparian areas 
accelerate old-growth characteristics to improve riparian function, but would allow some harvest in young-
growth outside of TTRA buffers (refer to Water section).  Alternative 2 allows only for commercial thinning 
of up to 33 percent of stand basal area over more than 36,000 RMA acres.  This Alternative would likely 
have additional adverse effects to fish habitat not common to the other alternatives and could result in a 
loss of large woody debris to portions of floodplain and alluvial fan channel types.  While Alternative 5 
allows up to 10 acre open area cuts and commercial thinning totaling no more than 35 percent of the total 
stand acres, it is restricted to less than 900 acres of total harvested RMA area and will only occur in the 
first 15 years of the finalization of the Plan Amendment.  With these restrictions, the overall areas affected 
would be small relative to the total available in the Tongass.  A watershed analysis (as described in 
Forest Plan Appendix C) would be needed for implementing any alternative that proposed to enter the 
RMA.  Per Plan Chapter 5 Management Approaches for Riparian, it is expected that the first priority for 
wood removed from RMAs will be to support local stream restoration needs.   

COMMENT 
SPEC-18:  Specific Comments on Economic and Social Environment section of DEIS. 

Nowhere in the Economic and Social Environment section on wood products is there any 
discussion on the cost to harvest and produce a manufactured product, either lumber or biomass 
(see lumber price graph). Please provide this missing information.  Based on information on page 
3-481 revenue estimates were made in the document.  Based on this information when combining 
estimated yearly revenue for all timber sale within an alternative, as shown in text figures, results 
in some years projected into the future with negative revenue.  Negative revenue would violate 
federal laws for federal timber sales.  The estimated revenue values used for timber sales also 
does not include subsidies that the Forest Service contributes through sale preparation, support 
and administration and therefore estimates of positive review from the proposed options of timber 
sales are incorrect.   

Using the discounted net revenue number for Alternative 5 from Table 3.22-16, the USFS is saying 
it will average a positive return of ~$98/MBF ($112.9 million divided by (46MM(annual volume) 
*25years)) over a 25-year period after subtracting its administrative cost. 

RESPONSE 
The statement on p. 3-481 in Chapter 3 of the DEIS under Financial Analysis has been corrected in the 
FEIS to refer to the costs used by the R10 Appraisal program instead of Forest Service administrative 
costs. The Forest Service administrative costs are not relevant to a programmatic EIS such as the Forest 
Plan Amendment since there is no actual volume (MMBF) realized through the NEPA process.  Instead 
these costs are disclosed in project timber harvest EISs.  

The correct costs used to determine the information on including the estimated logging costs associated 
with old growth harvest and young growth and estimated road and other transportation costs, are now 
disclosed in detail in Chapter 3 of the FEIS in the Economic and Social Environment section (affected 
environment) under “R10 Appraisal Costs.”  
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The FEIS also discusses the fact that these estimates represent only a snapshot in time, and that they 
may change at the time of sale and are useful primarily for comparing alternatives. The R10 Appraisal 
was used as a tool for financial analysis and alternative comparison at the programmatic EIS level; it does 
not yield a timber sale appraisal. When actual timber sales are sold from a project after environmental 
analysis, the appraisal is based on the current appraisal bulletin, cost information, and a profit and risk 
allowance to determine stumpage values at the time of offering. 

COMMENT 
SPEC-19:  When economics are relevant and important to a decision, economic information must 
be included in an EIS. 

According to 40 CFR 1502.23, when economics are relevant and important to a decision, 
economic information must be included in an EIS. 

The DEIS documents do not detail the PLV used by the USFS. What is the PLV number for YG? 
What is the PLV for OG? Nothing in the documents tells the reviewer how the USFS determined the 
PLV and cost of future harvest 25 and 100 years out. Did the USFS use a set percentage increase 
over time? Please provide this missing information. 

In Appendix B (pg. B-13) when they performed the modeling exercise they used only the five southern 
districts on the Tongass for the first 15 years.  By not considering/using the entire Tongass they 
misrepresent the actual cost of harvesting timber from the forest. See TWFG paper, Analysis of Old 
Growth Inventory and Land Base Available for Operations within the Tongass National Forest, 2014. 
In that document the cost of transportation from the northern part of the Tongass to the Viking mill in 
Klawock drives most volume available for harvest into negative value territory. 

Based on the Woodstock model (see attached TWFG sheet) for Alternative 5 and the statement on 
pg. 2-32 of the DEIS, by year 16 the volume of OG harvest will be reduced to 5MMBF per year or a 
total of 25MMBF for the period years 16-20. The Woodstock model shows the 25MMBF of OG 
producing a net return of $360.9/MBF. Refer to the net returns for Saddle Lakes and Big Thorne; the 
USFS has not produced an OG timber sale that generates a net return after administrative cost of 
$360.99. 

Corrections or Revisions Needed 

Page 3-450, DEIS: Table 3.22-5 shows the average timber harvest for State lands is 25.7 MMBF for 
the last 13 years; the average for the last seven years is a much lower 12.3 MMBF. The last seven 
years is a better indication of future volume based on the fact that Alaska Mental Health Trust and 
the University are not bound to manage on a sustained-yield basis. 

RESPONSE 
A cost-benefit analysis has not been displayed as a strict quantitative monetary analysis due to the many 
other considerations that must be given to other resources that have no dollar value assigned as 40 CFR 
1502.23 recommends “For purposes of complying with the Act, the weighing of the merits and drawbacks 
of the various alternatives need not be displayed in a monetary cost-benefit analysis and should not be 
when there are important qualitative considerations” (emphasis added).  An analysis of the effects for 
each resource has been included with the ‘costs’ and ‘benefits’ explained either quantitatively or 
qualitatively.  A summary of the effects by Alternative and the comparison of alternatives for each of the 
significant issues is in Chapter 2.  In addition, a discussion of the Tongass Old-growth Conservation 
Strategy is displayed in the Forest Plan Amendment DEIS, Appendix D. 

The pond log values are located on the RV spreadsheets.  While this information is not included in the 
FEIS which is the summary of the analysis done for this amendment, they are located in the planning 
record. 
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The southern five districts were used instead of the entire Tongass National Forest due to their proximity 
to the majority of the existing mills.  Timber harvest projects could occur on the northern part of the 
Tongass but would probably need to be 100% exported such as the Yakutat sale in the mid-2000s.   

The analysis that you mention for Big Thorne and Saddle Lakes EISs were run using FASTR and used 
the volume for the entire alternative and much of this volume is of lower grades than is found in small 
sales and microsales which target larger, higher value trees destined for higher end value-added 
manufactured for products. 

COMMENT 
SPEC-20:  Correction on open roads in non-NFS lands needed in Appendix C. 

Page C-4, DEIS: Table C-1 breaks down past road construction and states that 3,379 miles out of 3,660 
miles of roads constructed on non-national forest land remain open. Based upon the Division of Forestry’s 
best estimate, instead of 92% remaining open, the total still open is more likely in the range of 1500-2000 
miles, or about 50%. 

RESPONSE 
As suggested, the proportion of all roads in open vs. closed status is not readily available for non-NFS 
lands.  The Forest Service based the DEIS estimate on available GIS information, and has decided to use 
the State’s estimate of 50 percent for the FEIS.  The numbers in Appendix C have been updated where 
information was available. 

COMMENT 
SPEC-21:  Specific Wildlife-related Comments on DEIS. 

Page 2-7, Wildlife, DEIS: Please consider managing habitat to provide for sustainable wildlife populations 
rather than viable populations. 

RESPONSE 
Forest Plan Chapter 2 includes the following forest-wide goal for wildlife: 

“Maintain the abundance and distribution of habitats, especially old-growth forests, to sustain viable 
populations in the planning area.” 

See response to PLR-2. 

COMMENT 
Pages 2-14 through 2-20, Alternative 2, DEIS: Please provide a clearer description of how harvest 
in the beach buffer occurs. Include discussion of the anticipated effects on MIS when the 1,000 ft 
beach buffer is removed for harvest and road construction. Please expand the discussion of how 
leaving an adjacent inland stand of POG or young growth serves the purpose of the beach buffer. 
It would be helpful to focus this discussion on biogeographic provinces 13 and 14.  See our 
similar comments for Appendix D on page 4. 

RESPONSE 
Chapter 2 of the FEIS describes the alternatives in detail, including tables and figures. The alternative 
description states whether young growth may be harvested in the beach and estuary fringe, how it can be 
harvested (e.g., clearcutting, commercial thinning), where it can be harvested, and how much young-
growth volume the alternative yields. In terms of describing how harvest in the beach and estuary fringe 
would occur, the Forest Plan provides the actual management prescription; not the FEIS. Each Land Use 
Designation (LUD) has a management prescription. Each management prescription includes the following 
elements: 1) Land Use Designation Standards and Guidelines; 2) Forest-wide Standards and Guidelines 
(Chapter 4); and 3) Plan Content Developed Under the 2012 Planning Rule (Chapter 5). Chapter 5 
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includes plan components and management approaches for young-growth harvest in the beach and 
estuary fringe that provides direction for an IDT when designing and implementing a project. 

The Forest Plan Amendment does not propose to remove the 1,000-foot beach buffer. Rather, as under 
Alternative 5, a minimum 200-foot-wide forested buffer along the shoreline adjacent to young-growth 
harvest units is required, which would continue to protect forest in the beach and estuary fringe for 
connectivity and habitat while the harvested stand matures. (See Chapter 5 young-growth standard S-
YG-BEACH-03.)  Thus, the functioning of the beach and estuary fringe may be reduced in places due to 
the reduced buffer, but effects would be short-term and more localized. (See FEIS Appendix D, Beach 
and Estuary Fringe section.)  

The FEIS provides a programmatic analysis that addresses the Forest Plan. A programmatic analysis of a 
Forest Plan includes a set of policies and maps of possible future activities and uses, the specifics of 
which are not yet known. Any future development, if and when it does take place, would result in effects. 
It is reasonable, therefore, to foresee that on-the-ground impacts would occur if the Forest Service 
harvests young-growth in the beach and estuary fringe. An analysis of each alternative and discussion 
about the anticipated effects from harvesting young growth in the beach and associated road construction 
is included under each resource section in FEIS Chapter 3 including Biodiversity and Wildlife. Because 
the FEIS is analyzing an amendment to the 2008 Forest Plan developed under the 1982 Planning Rule, 
these species are analyzed even though the 2012 Planning Rule does not use MIS for evaluating effects.  
Most of these species are associated with POG forests of Southeast Alaska either directly or rely on prey 
species associated with these habitats.   

The Forest Plan provides young-growth direction for the beach and estuary fringe. The FEIS in the 
Chapter 3 Biodiversity and Wildlife sections describe and analyze young-growth harvest in the beach and 
estuary fringe. FEIS Appendix D also provides a similar analysis, and also includes several tables that 
facilitate understanding the anticipated effects. Table 6 summarizes distribution of young-growth harvest 
acres (over 100 years) within the beach and estuary fringe by Biogeographic Province and Alternative.  

Due to the localized nature of anticipated effects, under all of the alternatives the beach and estuary 
fringe would continue to act as a transition zone between interior forest and saltwater influences, maintain 
landscape connectivity, and provide benefits to the marine environment across the planning area. 
Therefore, it would be expected that there may be localized reductions in the ability of the beach and 
estuary fringe to function as intended under the Conservation Strategy under each of the alternatives but 
Forest-wide effects would not measurably reduce the functioning of this contributing element of the 
Conservation Strategy.  

COMMENT 
Page 3-223, DEIS: Please update this section to reflect the Fish and Wildlife Service decision 
announced on January 5, 2016 that the Alexander Archipelago wolf does not warrant protection as 
an endangered or threatened species under the Endangered Species Act. 

RESPONSE 
Chapter 3 of the FEIS, Wildlife Section (Alexander Archipelago Wolf) has been updated to include a 
discussion regarding the USFWS publishing a 12-Month Finding that listing of the subspecies was not 
warranted. 

COMMENT 
Page 4-100, DEIS: We recommend eliminating the distinction between peregrine falcon 
subspecies given recent studies about the subspecies status along parts of coastal Alaska. 
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RESPONSE 
Changes to Chapters 3 and 4 of the Forest Plan were minimized during this amendment. Direction related 
to the purpose and need of this narrow amendment (young growth, renewable energy, transportation 
systems corridors) was modified as appropriate. The suggested change is not necessary to accomplish 
the narrow focus of this amendment.  

COMMENT 
SPEC-22:  Specific Wildlife-related Comments on the Proposed Plan. 

Page 2-8, Wildlife, Proposed Plan: Replace the term sport with hunting. 

RESPONSE 
The Forest Service restored some wording deleted in the Proposed Forest Plan.  Public comments 
expressed concerns about the “breadth” or expansiveness of these changes, giving the appearance of a 
broad-based amendment. (See P&N-8, PLR-3)  Although these changes are administrative, for clarity 
sake, the changes have been restored to the original language.  Therefore, the suggestion to change 
terms in Chapter 2 was not included. 

COMMENT 
Page 3-10, Desired Condition, paragraph 1, Proposed Plan: Define appropriate research, how the 
determination is made, and what role the State plays in the process. 

RESPONSE 
In Chapter 3, LUD-specific standards and guidelines provide direction for implementation of projects. It is 
not the location to give specifics on operating procedures such as how special use requests for research 
are determined.  Research may be proposed and conducted by a variety of partners and agencies, which 
may include the State of Alaska, universities, non-profits, and others. Forest Plan guidance is not 
intended to list the role of partners and cooperators for each activity that could be authorized. 

COMMENT 
Page 3-45, Proposed Plan: Consider adding a land use designation (LUD) standard and guideline 
under the wildlife habitat improvement heading that addresses non-native wildlife management 
following a natural disturbance or disease. 

RESPONSE 
Changes to Chapters 3 and 4 of the Forest Plan were minimized during this amendment. Direction related 
to the purpose and need of this narrow amendment (young growth, renewable energy, transportation 
systems corridors) was modified as appropriate. Therefore, the suggestion to add a new standard and 
guideline to the Research Natural Area LUD is not included as it is beyond the scope of the amendment. 

COMMENT 
Page 3-57, Desired Condition, Proposed Plan:  Clarify how a population of a species is defined as 
a subspecies.  Consider revising the definition on page 7-42 and consult the ADF&G draft Wildlife 
Action Plan for more information on subspecies (2015). 

RESPONSE 
LUD specific standards and guidelines is not an appropriate place to define / clarify terminology. 

COMMENT 
Page 3-138, Wildlife, Proposed Plan:  Please clarify the author and standing of the Tongass Young 
Growth Management Strategy referenced here. The document could be strengthened by adding 
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more information regarding the effects of the strategy to wildlife. The version available through 
the references (Page 6-49, DEIS) does not contain Exhibit 3. 

RESPONSE 
The Tongass Young Growth Strategy is included in the Planning Record. The Forest Plan now indicates 
the Tongass Young Growth Management Strategy is an unpublished US Forest Service document. 

COMMENT 
Page 4-96, Proposed Plan: We recommend adding standards and guidelines for protection of the 
Pacific marten Martes caurina, which is endemic to Admiralty and Kuiu Islands. Macdonald and 
Cook (2007) and Dawson (2008) are good resources. 

RESPONSE 
The FEIS acknowledges both American and Pacific marten and discusses that the existing Forest Plan 
guidance on marten (WILD1. XVIII) is intended to apply to all marten across the Tongass National Forest.  
Accordingly, no additional standards and guidelines specific to Pacific marten were added to the Forest 
Plan. 

COMMENT 
Page 4-99, Proposed Plan: Please replace goshawk nest stand with nest site. The monitoring 
protocol could be strengthened by ensuring the assumptions of nest identification and the 
probability of detection is valid. ADF&G biologists are interested in helping USFS biologists 
develop the monitoring program. We are concerned about the efficacy and statistical validity of 
the current goshawk monitoring program. 

RESPONSE 
Most of the goshawk standard and guideline (WILD4.II) refers to nest site.  The one instance where it 
says “nest stand” is intended to mean the minimum 100 acre nest buffer area, which is appropriately 
referred to as a “stand.” 

COMMENT 
Page 5-8, Management Approaches, Proposed Plan: This section would benefit from clear goals 
and objectives related to monitoring the effects of young-growth harvest on MIS. See our similar 
comments for Appendix D on page 4. 

RESPONSE 
Monitoring is outlined in the Tongass Plan Monitoring Program (USFS 2016). The monitoring plan is no 
longer included within the Forest Plan (was Chapter 6 in the 2008 Forest Plan), but is now a separate 
document.  Management approaches in Chapter 5 of the Forest Plan, describe the intent or expectations 
of the responsible official in terms of the applicable plan components, such as a desired condition or 
standard for the affected resource. 

COMMENT 
SPEC-23:  Specific Wildlife-related Comments on Appendix D of the DEIS. 

Page D-3: This section summarizes the scope of analysis and acknowledges new science. As in the 
DEIS, the analysis does not adequately describe how young-growth harvest affects wildlife species. 
Similarly, the DEIS and the section on the contribution of matrix lands lacks adequate analysis and should 
be strengthened with references from land management focused research conducted on the Tongass. 

RESPONSE 
The purpose of this section was not to describe how young-growth harvest affects wildlife, but rather to 
highlight new science related to the contribution of young-growth stands to conservation. This section 
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specifically notes that transition to young-growth management under this Forest Plan amendment has the 
potential to both positively and negatively affect the condition and quality of matrix lands, and thus their 
contribution to the Conservation Strategy. The subsequent discussion in Appendix D describes the 
potential adverse effects to wildlife associated with young-growth harvest, including: 

• Young-growth harvest within the Old-growth Habitat LUD and other non-development LUDs has 
the potential to increase habitat fragmentation and reduce the ecological contribution of young-
growth stands to the reserve system by setting back the trajectory toward late seral forest 
condition by delaying the development of old-growth stand characteristics such as snags, downed 
logs, and diverse tree canopy layers required by some POG-associated species (e.g., marten, 
goshawks, flying squirrels); 

• Young-growth harvest in the beach and estuary fringe has the potential to locally decrease buffer 
width and reduce its effectiveness in facilitating the movement of organisms across the landscape 
and providing habitat for wildlife species that are negatively affected by edge; and 

• Young-growth harvest in the RMA has the potential to locally decrease buffer width and reduce its 
effectiveness in facilitating the movement of organisms across the landscape and reduce the 
function of riparian areas. 

COMMENT 
Page D-4, paragraph 2, DEIS: Stating young growth serves as dispersal corridors between old-
growth stands is a generalization, as young-growth stands can be barriers rather than corridors 
for some old-growth associated species. Please revise. 

RESPONSE 
The purpose of this section was to note the growing recognition, which was acknowledged during the 
development of the 1997 Forest Plan, of the ecological function that young-growth stands and matrix 
lands in general play in conservation. A statement has been added to Appendix D noting that young-
growth stands can act as barriers. Throughout Appendix D, the adverse effects of young-growth harvest 
are discussed (see response to SPEC-23). 

COMMENT 
Page D-5, paragraph 3: The USFS states that on a forest-wide basis, over 90% of the existing POG 
will be protected from harvest. Given the context, this statement implies that forest management 
will have little effect on old-growth associated species because 90% of their habitat will remain 
intact. However, populations of many old-growth associated species are confined to islands or 
biogeographic regions where a much higher proportion of POG has been or will be harvested. We 
recommend that relative to wildlife, such habitat summaries be presented at a scale that is 
meaningful to the species or populations being discussed. 

RESPONSE 
For all analyses related to old-growth retention and proposed young-growth harvest in non-development 
LUDs, RMAs, or the beach and estuary fringe results included in the Wildlife and Biodiversity sections of 
the EIS and in Appendix D, which addresses the Forest Plan Conservation Strategy specifically, results 
are presented Forest-wide and by biogeographic province. The breakdown by biogeographic province is 
intended to provide context for the spatial distribution across the Forest of potential effects given that 
some portions of the Tongass have been more affected by past timber harvest than others. Where 
appropriate, a discussion of particular areas of the Tongass where effects to wildlife species are more 
likely to occur is included in the species-specific discussions and in the cumulative effects discussion in 
the Wildlife section of the EIS.  
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COMMENT 
Page D-5, paragraph 4: To help the reader get a better sense of the scale of changes resulting 
from GIS mapping updates, please add text and a table describing how the changes affected the 
wildlife habitat analysis.  For example, provide the number of polygons/acres in a given bioregion 
found to be >150 years old and corrected to size class 4, resulting in increased POG acreage in a 
bioregion. 

RESPONSE 
Mapping updates occur on an ongoing basis for various reasons. Mapping updates that have happened 
periodically since 2008 have been incorporated consistently in the description of existing conditions and 
in the evaluation of each alternative. Additional updates were made between the DEIS and FEIS to 
provide the best available information.  See Chapter 1 of the FEIS for a discussion of changes between 
the DEIS Updates. GIS data used in the FEIS is available in the project record. 

COMMENT 
Page D-12: Please provide a clearer description of how harvest in the beach buffer occurs under 
Alternative 2. Include discussion of the anticipated effects on MIS when the 1,000 ft beach buffer 
is removed for harvest and road construction. Please expand the discussion of how leaving an 
adjacent inland stand of POG or young growth serves the purpose of the beach buffer. It would be 
helpful to focus this discussion on biogeographic provinces 13 and 14, which have the highest 
level of this type of harvest under Alternative 2. See our similar comments for the DEIS on page 3. 

RESPONSE 
Page D-15 of Appendix D describes harvest proposed under Alternative 2 within the beach and estuary 
fringe. The most intensive young-growth harvest in the beach and estuary fringe would occur under 
Alternative 2 which would allow clearcutting to the shoreline during the first 15 years after plan approval 
and commercial thinning thereafter (see Table 2 in Appendix D which describes the harvest prescriptions 
proposed within the beach and estuary fringe by alternative). A statement has been added to the above 
referenced paragraph that conveys that by shifting the beach and estuary fringe inland, the level of 
connectivity between watersheds would be maintained but the ability of the beach and estuary fringe to 
serve as a transitional zone between interior forest and marine influence would be locally reduced. 

COMMENT 
Page D-17, paragraph 4: Please clarify the statement that individual islands function as 
metapopulations for some species. 

RESPONSE 
This statement has been clarified to state that this relates to species that do not typically disperse 
between islands. 

COMMENT 
Page D-18, paragraph 7: This section would benefit from clear goals and objectives related to 
monitoring the effects of young-growth harvest on MIS. See our similar comments for the DEIS on 
page 3. ADF&G is available to help develop the monitoring questions. 

RESPONSE 
Modifications to monitoring questions, and revision of the Monitoring and Evaluation program are outside 
of the scope of this EIS. In a separate process, the Tongass recently published a draft Plan Monitoring 
Plan on March 9, 2016 for a 30-day comment period. The new Plan Monitoring Plan was adopted on May 
9, 2016. The final monitoring plan is posted at http://www.fs.usda.gov/goto/R10/Tongass/Monitoring.  
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Future administrative changes may be necessary after completion of the ongoing Forest Plan 
Amendment. In addition, the Tongass is deferring action on two requirements: focal species and species 
of conservation concern. The requirement to monitor the status of focal species to assess ecological 
conditions is in 36 CFR 219.12(a)(5)(iii) and the requirement to monitor the status of ecological conditions 
to maintain viable populations of species of conservation concern is location at 36 CFR 219.12(a)(5)(iv). 
Once these species and their associated ecological conditions have been identified, relevant monitoring 
questions will be added or modified as necessary. The public would be notified of any substantial 
administrative changes and would have the opportunity to comment at that time. 

COMMENT 
SPEC-24:  Specific Fish-related Comments on the DEIS (SOA-016) 

Page 3-31, DEIS: Include discussion and citation of literature regarding how increased harvest in 
the riparian management area (RMA) in moderate vulnerability karst landscapes could impact 
diffuse recharge and stream water quality. 

RESPONSE 
The 2008 Amended Forest Plan, Appendix H, V. Young-Growth Management on Karst, Page H-8 states 
that; “Commercial thinning is appropriate on low to moderate vulnerability karst lands when the karst 
management objectives can be met.”  Preliminary data (Prussian, 2011) does support the concept that by 
commercial thinning of the older young-growth stands on karst, returning the stand to closer-to-pre-
harvest tree spacing, thus hastening the hydrologic recovery of the site.  Reducing the canopy cover 
could restore the ‘health’ of young growth forests on karst lands by increasing the volume of throughfall, 
flushing sedimentation out of diffuse and discrete karst openings, and reconnecting surface to subsurface 
flow pathways.  With increased recharge, karst springs should contribute more to the aquatic 
systems.  Wissmar et al. 1997 and Bryant et al. 1998 documented a higher productivity in karst influenced 
streams than in other streams.  The karst landscape influences productivity of its aquatic habitats in 
several ways. The geochemistry associated with karst development contributes to productivity of aquatic 
environments through its carbonate buffering capacity and carbon input dissolved from the limestone 
bedrock (Wissmar et al. 1997). This action has significant downstream effects on the aquatic food chain 
and biotic community. Preliminary studies suggest that aquatic habitats associated with karst landscapes 
may be 8 to 10 times more productive than adjacent, nonkarst-dominated aquatic habitats (Bryant et al, 
1998). The karst-dominated aquatic habitats support a higher biodiversity than the noncarbonate-based 
systems, have higher growth rates for smolts and resident fish, reflect less variable water temperatures 
and flow regimes, and contain unique habitat affecting species distribution, abundance, and adaptations 
(Bryant et al, 1998, Baichtal and Swanston, 1996).  

COMMENT 
Page 3-103, DEIS: Include discussion and citation of literature regarding potential changes to 
windfirmness due to thinning in the RMA. 

RESPONSE 
Windthrow risk will be evaluated when prescribing thinning and openings treatments in RMA to minimize 
accelerated windthrow.  In order to protect the RMA, a Reasonable Assurance of Windfirmness (RAW) 
zone adjacent to the RMA buffer will be established in situations where multiple high risk factors are 
present.  The RAW buffer guidance document (Landwehr 2007) and Harris 1989 are used to provide 
guidance when establishing these buffers during planning and final layout.  RAW buffers have and 
continue to be monitored to help determine stability of current practices.  Although the monitoring does 
not yet include young growth, the overall information is relevant as conditions that influence stability are 
determined through the monitoring process.  Monitoring information provided in this section of Chapter 3 
is specific to old growth.   We have not been monitoring windfirmness of young growth RMA buffers to 
date.  Additional text, including the paragraph below, has been added to Fish section 3.6. 
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COMMENT 
Page 3-103, DEIS: Include discussion and citation of literature regarding how a reduction of the 
RMA width could affect wood recruitment where average tree heights exceed 100 ft. 

RESPONSE 
See response for FISH-5. Wood recruitment should not be impacted from thinning as that would be 
counter to the objectives for RMA.  A watershed analysis (as described in Forest Plan Appendix C) would 
be needed for implementing any alternative that proposed to enter the RMA.  Additional information was 
added to the requested section discussing effect of tree height on LWD addition. 

COMMENT 
Page 3-118, paragraph 5, DEIS: Consider strengthening the discussion by citing recent research 
on rainbow trout and steelhead Onchorhynchus mykiss (Kendall et al. 2015, Pearse et al. 2009, 
Sloat and Reeves 2014a, Sloat and Reeves 2014b). 

RESPONSE 
The suggested references have been added to the FEIS in the Fish section in Chapter 3. 

COMMENT 
Page 3-123, DEIS: Please clarify the circumstances where substantially more RMA group selection 
could occur, and how many acres would be acceptable under this alternative given the standards 
and management approaches in the riparian section of Chapter 5. 

RESPONSE 
It would be a rare circumstance that 10-acre openings in RMA would meet the desired future condition for 
the RMA outside of the TTRA buffer.  In most cases, we would envision less than that.  The young growth 
standard for riparian S-YG-RIP-01 allows up to 10 acre openings and up to 35 percent of the acres of the 
original harvested stand. The management approach for riparian also states that the intent is that young-
growth treatments in the RMA must meet the objectives of RMA process groups as defined in Appendix 
D. Young-growth treatments in the RMA must be consistent with the all of the applicable plan 
components.  Some text changes were made to the Fish section 3.6 to clarify this.    

COMMENT 
Page 3-126, paragraph 2, DEIS: Consider removing the statement: 

Some negative effects, or more appropriately, increased risk, to the natural range of variation in 
stream processes and fish habitat would likely occur by management activities over the long 
term for all alternatives. The extent of harvest activity and associated road development are 
likely to result in decreases of some fish populations in managed watersheds. 

This is speculative and contradictory to the statement in the first two sentences of the third paragraph 
page 3-126. The presence of risk should not be confused or used interchangeably with negative effects, 
in the absence of supportive research. We recommend removing the association between risk and 
negative effects to fish habitat from the DEIS. The concept that risk is both normal and being fully 
mitigated in the Tongass should be added to the DEIS with discussion of Dr. Doug Martin’s body of 
research, cited elsewhere in the DEIS. 

RESPONSE 
This statement has been removed from the FEIS. 
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COMMENT 
Page D-19, Table 8 DEIS: Consider adding a row in the table showing projected young-growth 
acreage suitable for harvest in development LUDs following proposed changes to the scenic 
integrity standards and guidelines and the application of the rules surrounding harvest prior to 
the culmination of mean annual increment. This would provide perspective when evaluating the 
necessity to conduct harvest in environmentally sensitive areas by showing the relative gains in 
available timber from all components of each alternative. 

RESPONSE 
The relaxed SIOs do not affect the total amount of young-growth that is harvested. They only affect where 
it is harvested and may also result in larger harvest units in some areas.  For example, a higher SIO might 
force unit openings to be less than 10 or 20 ac but relaxing the SIO may allow them to be 40 or more 
acres; however, the maximum total acres of young-growth harvested would not change. Therefore, no 
changes were made to DEIS Table 8 (Table 9 in the Final EIS).COMMENT 

Page D-12, paragraph 3, DEIS: Improve clarity by beginning the first sentence with of the action 
alternatives. 

RESPONSE 
The statement has been revised. 

COMMENT 
Page D-12, paragraph 3, DEIS: Consider revising the statement in the last sentence about effects 
being short-term and localized, which contradicts the statement on page D-11, paragraph 4. 

RESPONSE 
The statement has been revised. 

COMMENT 
Page 3-98, Table 3.6-2, DEIS: Suggest changing the title to commonly targeted sport, subsistence, 
and commercial fish. The existing title is misleading since sport fishing for steelhead in the region 
is primarily catch-and-release.  

RESPONSE 
The title has been revised. 

COMMENT 
3-104, paragraph 1, DEIS: Specify the harvest type discussed in the second sentence. 

RESPONSE 
The harvest type has been revised. Text was added to clarify that cited evaluation was related to 
watershed level timber harvest rate. 

COMMENT 
Page 3-108, paragraph 2, DEIS: Angler days (Table 1), recorded in ADF&G’s statewide harvest 
survey data, better represent fishing effort trends than license sales. The data is available 
at: http://www.adfg.alaska.gov/sf/sportfishingsurvey/index.cfm?ADFG=region.home. 

Table 1.–Angler days by water type 
among Southeast Alaska 
communities, 

    1996–2014 
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Year   Freshwater   Saltwater   Total 
1996 72,459 297,960 370,419 

 
1997 

 
93,478 

 
346,320 

 
439,798 

 
1998 

 
75,445 

 
295,302 

 
370,747 

 
1999 

 
99,054 

 
435,610 

 
534,664 

 
2000 

 
106,355 

 
435,052 

 
541,407 

 
2001 

 
98,093 

 
409,148 

 
507,241 

 
2002 

 
101,563 

 
367,739 

 
469,302 

 
2003 

 
107,755 

 
369,437 

 
477,192 

 
2004 

 
104,166 

 
443,083 

 
547,249 

 
2005 

 
102,200 

 
465,584 

 
567,784 

 
2006 

 
104,834 

 
412,001 

 
516,835 

 
2007 

 
104,431 

 
435,859 

 
540,290 

 
2008 

 
100,094 

 
409,503 

 
509,597 

 
2009 

 
96,343 

 
403,738 

 
500,081 

 
2010 

 
87,279 

 
356,572 

 
443,851 

 
2011 

 
95,332 

 
352,276 

 
447,608 

 
2012 

 
91,009 

 
387,998 

 
479,007 

 
2013 

 
83,871 

 
462,179 

 
546,050 

 
2014 

 
95 068 

 
469 242 

 
564 310 RESPONSE 

Information from the total angler effort was added to the text  

COMMENT 
Page 3-328, Table 3.15-7, footnote 6, DEIS: Please include the data source for the ADF&G ratings. 

RESPONSE 
As discussed in the Draft EIS (p. 3-327), the data presented in Table 3.15-7 are from the 1997 Forest 
Plan EIS: 

The Forest Service developed this rating system in response to public comments received on the 
1990 DEIS.  Recreation places may be important for one, several, or none of the identified 
categories.  Important recreation places by category are summarized in Table 3.15-7 and discussed 
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further in the Recreation and Tourism section of the 1997 Forest Plan Revision FEIS (USDA Forest 
Service 1997a, pp. 3-109, 3-111).  

These same pages are the source of the information presented in Table 3.15-7, including the ADF&G 
ratings. 

COMMENT 
Page 3-343, Fishing, DEIS: Please provide a citation for the statement 13 percent of inventoried 
recreation places acres are currently important for fishing. 

RESPONSE 
This is a reference to the data in Table 3.15-7.  The text has been revised in the Final EIS and now refers 
the reader back to that table.  As noted in response to the above comment, the recreation place rating 
system was developed as part of the 1997 Forest Plan Revision EIS. 

COMMENT  
SPEC-25:  Specific Fish-related Comments on the Proposed Plan. 

Page 5-8, S-YG-BEACH-03, Proposed Plan: In some locations, such as estuaries, the forest edge 
could be greater than 200 feet from mean high tide and it is not clear whether or not this buffer 
includes non-forest acreage. If the standard is intended to include non-forested acreage, please 
include in the FEIS an evaluation of compatibility with the proposed desired conditions of the 
beach and estuary fringe in Chapter 5 and the forest side standards and guidelines in Chapter 4. If 
the standard is intended to include forested acreage only, we suggest modifying the first sentence 
of the standard to Commercial harvest in the beach fringe is not allowed within a minimum 200-
foot buffer beginning at the forested edge above the mean high tide line. 

RESPONSE 
S-YG-BEACH-03 now reads: “Commercial harvest within the beach and estuary fringe is not allowed 
within a minimum 200-foot forested buffer beginning at mean high tide (that is, a no commercial harvest 
buffer).  This does not preclude wildlife enhancement projects and providing access to timber harvest 
units as long as process group objectives can be met in the RMA. 

The management approach for beach and estuary fringe explains that Forest Plan Appendix D provides 
guidance for delineating RMAs associated with estuarine stream process group. Estuarine RMAs extend 
1,000 feet from the landward extent of salt tolerant vegetation, regardless of vegetation type. 

COMMENT 
Page 5-9, Proposed Plan: A 10-acre opening in the RMA outside of the Tongass Timber Reform 
Act buffer appears contradictory with desired condition DC-YG-RIP-01, the fish and riparian 
standards and guidelines of Chapter 4, and Appendix D. Given the desired condition in DC-YG- 
RIP-01 is to improve functions for soil, water, fish, wildlife, and other resources, while also 
providing a commercial byproduct, please explain where a 10-acre opening would improve 
conditions and be approved at the project level, especially if there is no requirement to thin the 
RMA following harvest. If the assumption in Alternative 5 is that timber can be harvested in such a 
matter from the RMA, the FEIS should describe instances when a 10-acre opening in the RMA 
could be implemented so that decision makers understand whether or not this wood source is a 
reliable element of the alternative. 

RESPONSE 
It would be a rare circumstance that 10 acre openings in a RMA would meet the desired future condition 
for the RMA outside of the TTRA buffer.  The Alternative 5 standard S-YG-RIP-01 allows up to 10 acre 
openings and up to 35 percent of the acres of the original harvested stand, and the management 
approach for riparian states that it is expected that young-growth treatments in the RMA achieve stream 
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process group objectives as defined in Appendix D of the Forest Plan. Young-growth treatments in the 
RMA must be consistent with the all of the applicable plan components.   

COMMENT 
Page 5-9, Proposed Plan: Alternatives 2 and 5 allow removing up to 35% basal area of a stand in 
the RMA. Consider adding a standard in the Chapter 5 riparian section to clarify how the 35% 
removal can be distributed across the stand and if harvest can be focused in the RMA. 

RESPONSE 
Alternative 2 allows for commercial thinning of up to 33 percent of stand basal area.  Alternative 5 allows 
up to 10 acre patch cuts and commercial thinning totaling no more than 35 percent of the total stand 
acres.  A combination of the two treatments may be used, with no more than 35 percent of the total stand 
removed, as long as the treatment facilitates a more rapid recovery of the late successional forest 
characteristics. 

COMMENT 
Page 4-10, Section III, Proposed Plan: Add a reference for the 2015 Fish Stream Identification and 
Stream Classification on the Tongass National Forest document and its associated field guide, 
which include results of recent working groups and field verification studies. 

RESPONSE 
The suggested reference was added. 

COMMENT 
Page 5-7, paragraph 5, Proposed Plan:  Consider including prioritization of stewardship fund use 
on the district where they were generated, a process made easier by Public Law 108-148-DEC. 

RESPONSE 
The young-growth management approach that discusses using the stewardship authority, where 
appropriate is based on final recommendations from the Tongass Advisory Committee, which did not 
address prioritizing the use of stewardship funds. Therefore, this suggestion is not included.  

COMMENT  
SPEC-26:  Specific Subsistence-related Comments on the DEIS. 

Pages 3-97 through 3-101, DEIS: This section includes a general characterization of the magnitude 
of sport and commercial fish harvests from Conrad and Gray (2014). The FEIS should include 
similar information for subsistence harvest presented in Conrad and Gray (2014).  

RESPONSE 
Additional information has been added to Chapter 3 of the FEIS in the Fish section.   

COMMENT 
Page 3-390, first paragraph under abundance and distribution, DEIS: The ADF&G (2014) citation is 
inaccurate. Please cite the 1987 Tongass resource use cooperative survey (TRUCS), which 
provides the only survey data for Tenakee Springs and Skagway. 

RESPONSE 
This has been re-worded in the FEIS. 
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COMMENT 
Pages 3-533 through 3-635, DEIS: In the subsistence sections of the Elfin Cove, Gustavus, Meyer’s 
Chuck, Metlakatla, Pelican, Port Alexander, Skagway, and Tenakee Springs individual community 
assessments, the 1987 ADF&G harvest data are referenced as distinct from the TRUCS data 
presented in Kruse and Frazier (1988), but the information in both references is from the same 
study. Citations in these sections presenting the data from both publications should be 
reconciled. 

RESPONSE 
The subsistence discussions for each community draw upon several sources of information including 
Kruse and Frazier (1988) and the latest information available in the ADF&G Community Subsistence 
Information System, cited in the EIS as ADF&G (2014).  In some cases, as indicated in the comment, the 
most current information in the ADF&G database is from 1987 and was originally reported in Kruse and 
Frazier (1988).  The references to ADF&G (2014) for the above communities have been deleted to avoid 
duplication. 

COMMENT 
Page 3-508, third paragraph, DEIS: Prince of Wales communities are listed as using a combination 
of hydroelectric and diesel-generated power while the individual community summaries indicate 
power is generated by diesel only. Please clarify. 

RESPONSE 
The FEIS has been updated to state that Coffman Cove is served by diesel generation.  The other six 
POW communities identified (Craig, Hollis, Hydaburg, Kasaan, Klawock, and Thorne Bay) are served by 
hydroelectric generation, with diesel generation used as a back-up. The source of information for the 
clarification is Black & Veatch. 2012. Southeast Alaska Integrated Resource Plan.  Volume 2 – Technical 
Report.  Prepared for the Alaska Energy Authority.   

COMMENT 
Pages 3-513 through 3-654, DEIS: Please include a citation for the source of information presented 
in the community use area maps for all communities. If maps are based on the 1987 TRUCS 
harvest data, please include an analysis of how uses may have changed in the last 30 years. 

RESPONSE 
The community use areas used in the analysis were originally developed as part of the 1997 Forest Plan 
revision EIS.  The community analysis and the use of these maps is discussed further at the beginning of 
the Communities section in the subsection entitled Community Assessments.  Updated subsistence 
information is provided for each community based on the most current information available from ADF&G 
and potential effects to deer are assessed at the WAA level using detailed unpublished information 
provided by ADF&G.  The WAAs analyzed for each community were identified based on the data 
provided by ADF&G for 2004 through 2013, the most recent available at the time of preparation.   

COMMENT 
Pages 3-542 through 3-43 and 3-560 through 3-561, DEIS: The Haines and Hyder individual 
community assessments focus on potential impacts to local resident deer harvests, however, 
moose are more important for these residents, unlike most other southeast communities. Please 
modify the assessments to include the importance of moose in these communities. 
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RESPONSE 
Chapter 3 of the DEIS on page 3-509 (subregional overview), states that deer is the only subsistence 
resource that is potentially significantly affected by the alternatives and that the subsistence analysis 
therefore uses deer as a key indicator for potential community impacts. 

The FEIS has been updated to acknowledge that moose are more important than deer for Haines 
residents and that moose are not expected to be adversely impacted by any alternative. 

Chapter 3 of the DEIS on page 3-560, acknowledges that bear and moose make up most of the land 
mammal subsistence for Hyder residents. The FEIS has been updated to include goat as well.  These 
species are not expected to be adversely impacted by any alternative. 

COMMENT 
Pages 3-568, 3-599, and 3-653, DEIS: The Kake, Pelican, and Yakutat individual community 
assessments specify several subsistence use areas as most important or very important. Please 
provide a definition for these subjective terms, or eliminate them. 

RESPONSE 
The cited text has been revised and the words “most” and “very” have been removed as suggested. 

COMMENT 
Page 3-550, DEIS: Update this section to include recent completion of the Gartina Falls 
Hydroelectric facility in Hoonah. 

RESPONSE 
This project has been updated in Chapter 3 of the FEIS in the Renewable Energy section. Gartina Falls 
Hydroelectric (P-14066) began operating on August 5, 2015 and the 425kw project provides about a third 
of Hoonah’s energy needs. This information was also updated in the Communities section.  

COMMENT 
Page 3-604, DEIS: In the Petersburg Subsistence section, replace land mammals (mostly deer) 
with deer, to be consistent with information for other communities regarding the TRUCS data. 

RESPONSE 
The words, “land mammals (mostly deer)” has been replaced with “deer.” 

COMMENT 
Page 3-612, first paragraph: Replace Pelican with Port Alexander. 

RESPONSE 
Change has been made in the FEIS. 

COMMENT 
SPEC-27:  Specific Plan Comments for Chapters 1 and 2 of the Forest Plan. 

Chapter 1 Introduction 

Proposed Plan page 1-5 second to last paragraph states: “The communities of Southeast Alaska depend 
on the Tongass National Forest in various ways, including employment in wood products, commercial 
fishing and fish processing, recreation, tourism, and mining, and mineral development.” The paragraph 
also goes on to explain the importance of subsistence resources; however, overlooked is the importance 
of public access to the forest by all modes including maintenance of forest roads.  We recommend 
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including in the introduction a sentence describing the importance and role of public access and 
transportation infrastructure. 

RESPONSE 
The following introductory sentence has been added: 

National Forest System roads are a vital component of the State of Alaska’s Southeast Transportation 
Plan to provide for mobility residents, goods and services that facilitates the economic development and 
sustainability of southeast Alaska.  These roads provide access for sustainable resource management as 
well as recreation opportunities, subsistence use, and community connectivity throughout the islands of 
the Alexander Archipelago.   

COMMENT 
Chapter 2 Goals and Objectives 

No mention is made under Forest Desired Conditions of transportation utility system goals and 
objectives. 

Recommend the inclusion statements of desired conditions for development and maintenance of regional 
and area transportation - utility systems: 

Provision and maintenance of air and marine access points and associated infrastructure by the 
Forest Service, including a system of forest trails and road to facilitate access to forest areas 
managed for timber harvest and various multi-uses including recreation, subsistence and 
administration of the forest. 

A State of Alaska maintained multi-modal regional transportation system of airports, marine docks 
and floats, and road system supporting access to and through the National Forest providing efficient 
and essential transportation between communities within the forest and between the forest and the 
rest of the world in support of the area economy. 

Under Forest-wide Multiple-use Goals and Objectives recommend the addition of the above as goals 
under a category referred to as “Access.” Similar access objectives should be listed under and in support 
of the following categories: 

Local and Regional Economies 

Minerals and Geology 

Recreation and Tourism 

Renewable Energy 

Subsistence and 

Timber 

Recommend redefining “Transportation” as a category supporting the following Goal: 

Development and operation of transportation and utility infrastructure within the “Transportation Utility 
System” corridors linking the communities of Southeast Alaska as provided by Section 4407 of P.L. 
109-59, as amended by P.L. 114-94, and as allowable under ANILCA Title XI. 

RESPONSE 
Changes to Chapters 2, 3, and 4 of the Forest Plan were minimized during this amendment. Direction 
related to the purpose and need of the amendment (young growth, renewable energy, transportation 
systems corridors) was provided. Therefore, the suggestion to change terms in Chapter 2 was not 
included. 
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COMMENT 
SPEC-28:  Specific Comments for Chapter 3 Management Prescriptions. 

Do not replace the overlay Transportation Utility System (TUS) overlay Land Use Designations 
(LUD) as described in the 2008 Forest Plan.  Retention of the TUS LUD is needed to physically 
locate TUS corridors established by law, replete with goals and management prescriptions having 
precedence over the underlying LUDs. 

RESPONSE 
See response to TUS-1. 

COMMENT 
LUD Management Prescriptions: 

ADD TUS LUD overlay LEVEL ONE precedence to other LUDs in the following categories: 

SPECIAL INTEREST AREA LUD under TRANSPORTATION, Transportation Operations, 

TRAN, add: 

B. Coordinate interpretation of the unique values of the Special Interest Area with management of 
transportation infrastructure in TUS LUD corridors and the rights-of-way of other publicly- owned 
roadways. 

REMOTE RECREATION LUD under TRANSPORTATION, Transportation Operations, TRAN, 
add: 

A. (revise) New roads are not permitted, except within a TUS LUD and to access authorized mineral 
operations (or as excepted under Lands). 

MUNICIPAL WATERSHED LUD under TRANSPORTATION, Transportation Operations, 
TRAN, add: 

A. (revise last sentence) New road construction is generally inconsistent with Old-growth Habitat LUD 
objectives, but new roads may be constructed if within a TUS LUD.  Forest roads may occur in this area 
with due consideration for protection of the watershed. 

OLD-GROWTH HABITAT LUD under TRANSPORTATION, Transportation Operations, TRAN, 
add: 

A.  (revise) New road construction is generally inconsistent with Old-growth Habitat LUD objectives, but 
new roads may be constructed if within a TUS LUD, or if a forest road with no feasible alternative. 

B.  Add: 4. Roads under the jurisdiction of the Alaska Department of Transportation and Public Facilities 
shall be managed in accordance with the State of Alaska’s best management practices. 

SEMI-REMOTE RECREATION LUD under TRANSPORTATION, Transportation 

Operations, TRAN, add: 

A. (revise) Where Semi-Primitive Motorized recreation opportunities are emphasized, existing low 
standard roads are generally managed for use by high clearance or OHVs, snowmobiles, or motorcycles 
subject to an approved Access and Travel Management Plan. Generally, new roads are not constructed 
in this area, except within a TUS LUD and to link existing roads or provide access to adjacent LUDs. 

Add : 4. Roads under the jurisdiction of the Alaska Department of Transportation and Public Facilities 
shall be managed in accordance with the State of Alaska’s best management practices. 
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LUD II Page 3-68 under Objectives add bullet: Roads and utility lines are allowed within a TUS 

LUD. 

Page 3-72 under Transportation Operations: TRAN: add 3. Roads and utility lines allowed within a TUS 
LUD.  Roads under the jurisdiction of the Alaska Department of Transportation and Public Facilities shall 
be managed in accordance with the State of Alaska’s best management practices. 

WILD RIVER LUD page 3-74 add under Objectives: Permit road and utility lines allowed within 
a TUS LUD. 

Under TRANSPORTATION, Transportation Operations, TRAN, add: 

Page 3-80 (add) D. Roads and utility lines allowed within a TUS LUD.  Roads under the jurisdiction of the 
Alaska Department of Transportation and Public Facilities shall be managed in accordance with the State 
of Alaska’s best management practices. 

SCENIC RIVER LUD page 3-87 TRANSPORTATION, Transportation Operations: TRAN Add: 5. Roads 
and utility lines allowed within a TUS LUD.  Roads under the jurisdiction of the Alaska Department of 
Transportation and Public Facilities shall be managed in accordance with the State of Alaska’s best 
management practices. 

RECREATIONAL RIVER LUD page 3-87 TRANSPORTATION, Transportation Operations: TRAN 

Page 3-94 add: 3. Roads and utility lines allowed under a TUS LUD.  Roads under the jurisdiction of the 
Alaska Department of Transportation and Public Facilities shall be managed in accordance with the State 
of Alaska’s best management practices. 

EXPERIMENTAL FOREST LUD page 3-100 TRANSPORTATION, Transportation 

Operations: TRAN 

Add: C. Roads and utility lines allowed within a TUS LUD.  Roads under the jurisdiction of the Alaska 
Department of Transportation and Public Facilities shall be managed in accordance with the State of 
Alaska’s best management practices. 

SCENIC VIEWSHED LUD 

Add under Objectives page 3-101: Roads and utility lines are allowed under a TUS LUD. 

TRANSPORTATION, Transportation operations: TRAN, page 3-108 

Add: 6. Roads and utility lines allowed within a TUS LUD.  Roads under the jurisdiction of the Alaska 
Department of Transportation and Public Facilities shall be managed in accordance with the State of 
Alaska’s best management practices. 

MODIFIED LANDSCAPE LUD  page 3-109 add under Objectives: Roads and utility lines allowed within a 
TUS LUD. 

Under TRANSPORTATION, Transportation Operations, TRAN, add: 

Page 3-115 (add) 6. Roads and utility lines allowed within a TUS LUD.  Roads under the jurisdiction of 
the Alaska Department of Transportation and Public Facilities shall be managed in accordance with the 
State of Alaska’s best management practices. 

TIMBER PRODUCTION LUD  page 3-116 add under Objectives: Roads and utility lines allowed within a 
TUS LUD. 

Under TRANSPORTATION, Transportation Operations, TRAN, add: 
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Page 3-122 (add) 5. Roads and utility lines allowed within a TUS LUD.  Roads under the jurisdiction of 
the Alaska Department of Transportation and Public Facilities shall be managed in accordance with the 
State of Alaska’s best management practices. 

MINERALS LUD  page 3-123 add under Objectives: Roads and utility lines allowed within a TUS LUD. 

Under TRANSPORTATION, Transportation Operations, TRAN, add: 

Page 3-128 (add) E. Roads and utility lines allowed within a TUS LUD.  Roads under the jurisdiction of 
the Alaska Department of Transportation and Public Facilities shall be managed in accordance with the 
State of Alaska’s best management practices. 

RESPONSE 
See response to TUS-1 and TUS-2. All of the suggested changes assume the Transportation and Utilities 
System (TUS) overlay LUD is not removed. Under the Forest Plan, the TUS overlay LUD was removed, 
as well as all associated direction (i.e., “window” and “avoidance area”) in the LUD Standards and 
Guidelines pertaining to application of this overlay LUD. The TUS LUD management prescription is 
replaced by plan components in Chapter 5 that provide management direction for renewable energy and 
transportation systems corridors and is applied to the 17 LUDs in Chapter 3 of the Forest Plan. 

See also response to PLR-1. 

COMMENT 
SPEC-29:  Specific comment for Chapter 4 Standards and Guidelines. 

Reinstate standards and guidelines for the overlay Transportation Utility System (TUS) Land Use 
Designations (LUD) as described in the 2008 Forest Plan with corridor goals and management 
prescriptions having precedence over the underlying LUDs. 

RESPONSE 
See response to TUS-1 and TUS-2. The Transportation and Utilities System (TUS) overlay LUD was 
removed, as well as all associated direction (i.e., “window” and “avoidance area”) in the LUD Standards 
and Guidelines pertaining to application of this overlay LUD. The TUS LUD management prescription is 
replaced by plan components in Chapter 5 that provide management direction for renewable energy and 
transportation systems corridors and are applied to the 17 LUDs. 

COMMENT 
SPEC-30:  Specific comment for Chapter 5 Plan Content Developed Under the 2012 Planning rule. 

Revise the Transportation System Corridor (TSC) to apply solely to development and maintenance of 
forest roads located outside of the TUS LUD corridors or under the jurisdiction of the U.S. Forest Service. 

RESPONSE 
See response to TUS-1 and TUS-3. The management direction for transportation systems corridors in 
Chapter 5 is to facilitate the availability of National Forest System land for the development of existing 
and future transportation systems such as those identified by the State of Alaska in the current version of 
the Southeast Alaska Transportation Plan (SATP) and applicable laws (for example, Section 4407 of P.L. 
109-59, Title XI of the Alaska National Interest Lands Conservation Act, P.L. 96-487). (See DEIS Chapter 
3, Transportation section.) 

COMMENT 
SPEC-31:  Specific comment for Appendices A – K of the Forest Plan. 

No appendix on transportation was developed or included.  With a proposed major revision, such as the 
elimination of LUD, it would be helpful to review the analysis and decision-making that supports the major 
federal action. 
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RESPONSE 
See response to TUS-1. Removal of the Transportation and Utilities System (TUS) overlay LUD was 
explained in the DEIS in Chapter 3, Transportation section. An analysis of Transportation System 
Corridor direction has been provided in the EIS. 

See also response to PLR-1. 

COMMENT 
SPEC-32:  Page-specific comment for Chapter 3 of the Forest Plan. 

Page 3-10, Proposed Plan: We support the proposed decision to reference Title XI of the Alaska National 
Interest Lands Conservation Act (ANILCA) in the Wilderness LUD Standards and Guidelines.  This 
change will ensure that the full context and process required in ANILCA is considered and followed when 
transportation and utility projects are proposed within conservation system units designated by ANILCA 
on the Tongass National Forest (i.e. designated Wilderness). 

RESPONSE 
Comment noted. 

COMMENT 
SPEC-33: Retain “adequate and feasible access for economic and other purposes” as it is the 
correct standard used for inholdings “effectively surrounded” by conservation system units (i.e. 
designated wilderness) in ANILCA section 1110(b). “Reasonable access” is the standard in 
ANILCA section 1323, which applies to general national forest lands; not designated wilderness.  

RESPONSE 
No change required. Adequate and feasible access for economic and other purposes in non-wilderness 
national monuments must be consistent with the Alaska National Interest Conservation Act of 1980 
(ANILCA).  The language included in the Forest Plan in TRAN (D) on p. 3-26 of the Proposed Forest Plan 
refers the reader to the wilderness LUD description. Management direction for Wilderness is included in 
Chapter 3 for Wilderness and National Monument Wilderness (Proposed Forest Plan, P. 3-19) and for 
Non-wilderness National Monument (Proposed Forest Plan, P. 3-29) where allowed by ANILCA.   

COMMENT 
SPEC-34: Plan direction in Chapter 3 should be changed related to rivers found eligible and 
suitable for inclusion in the Wild and Scenic River System in the 1997 Tongass Land Management 
Plan.  

RESPONSE 
See response to WSR-1. 

COMMENT 
SPEC-35:  Page-specific comments for Chapter 4 of the Forest Plan. 

Page 4-10, Chapter 4, Proposed Plan: Fish Habitat Planning, Fish Habitat and Channel Processes, part 
3: ANILCA section 1326(b) expressly prohibits further studies for the single purpose of considering the 
establishment of a conservation system unit, which includes Wild and Scenic Rivers, unless authorized by 
ANILCA or a further act of Congress. Consideration of new wilderness or wild and scenic rivers in this 
context is inappropriate and we request the following revision: 

Consider topics such as erosion processes, watershed hydrology, vegetation, stream channel 
morphology, water quality, wilderness designation, recommendations for inclusion into the Wild 
and Scenic River System, species and habitats, and human uses, during analyses. 

DEIS Comments and Responses I-206 Final EIS 



Appendix I 

RESPONSE 
The requested change is outside of the scope of this amendment. 

COMMENT 
Page 4-31, Proposed Plan: III. Temporary Facilities. ANILCA section 1316 applies to all federal 
public lands where the taking of fish and wildlife is authorized but it does not differentiate 
between subsistence and non-subsistence use. We request the Service consider whether the 
distinction in this section is necessary or appropriate. 

RESPONSE 
The requested change is outside of the scope of this amendment. 

COMMENT 
Page 4-44, Proposed Plan: Chapter 4 Recreation Resource Planning: The following guideline 
appears to be relevant to ensuring safe access to communities and popular recreation areas.  It is 
unclear why it is being removed.  We request the Service re-consider and provide rationale if it is 
not retained in the final plan. 

Support a system of anchorages suitable for recreation boats along small boat waterways 
that connect communities or provide access to popular recreation attractions. 

RESPONSE 
This guideline will be retained in the 2016 Forest Plan in Chapter 4 under Recreation Resource Planning: 
REC2. 

COMMENT 
SPEC-36:  Page-specific Comments for Chapter 3 of the DEIS. 

Page 3-382, third paragraph, DEIS: We request the following edit for clarity and consistency with 
ANILCA sections 802 and 804: 

It also states, in part, that “customary and traditional” subsistence uses of renewable 
resources “shall be the priority consumptive uses of all such resources on the public lands of 
Alaska when it is necessary to restrict take.” 

RESPONSE 
The requested change has been made in the Subsistence section. 

COMMENT 
Page 3-382, fourth paragraph, DEIS: We request the following edit for accuracy: 

This ruling took the state out of compliance with ANILCA and the federal government has 
managed harvest of subsistence resource s under federal subsistence regulations on federal 
lands in Alaska since 1990. As a result, federal subsistence harvests of fish and wildlife on the 
Tongass National Forest are presently managed by the Forest Service (Schroeder and Mazza 
2005). 

RESPONSE 
This requested change was not made, but is very minor. 
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SPEC-37: Page-specific Comments for Climate and Air section of the DEIS from ADEC (SOA-034)  

COMMENT 
Page 3-16, paragraph three, sentence one, should read: “The State of Alaska Department of 
Environmental Conservation (ADEC) under the Clean Air Act (CAA), via Title I and Title 5 of the 
EPA approved State Implementation Plan (SIP) regulates air emissions from stationary sources.” 

RESPONSE 
Comments from Alaska Department of Environmental Conservation provided clarifying language within 
the Climate and Air section of Chapter 3.1 found on pates 3-16, 3-18 and 3-19 of the DEIS.  These 
clarifications have been incorporated into the FEIS. 

COMMENT 
Page 3-18, paragraph three, sentence seven, notes that “ In an effort to better address the air 
quality concerns in the Wilderness, the Forest Service and ADEC enters into a Memorandum of 
Understanding each year to train Forest Service wilderness rangers to visually monitor cruise 
ship emissions with EPA-approved standards.” This sentence should be updated to reflect that 
the MOU is static and does not get entered into each year. 

RESPONSE 
The sentence has been clarified as follows: 
In an effort to better address the visibility concerns in the Wilderness due to cruise ship smoke, the 
Forest Service and ADEC have developed a Memorandum of Understanding to train Forest Service 
wilderness rangers to visually monitor cruise ship emissions with EPA-approved standards.” 

COMMENT 
Page 3-19 paragraph one, sentence three, should read: “EPA and ADEC have limited regulatory 
responsibility, under the Clean Air Act, for air quality related to these kind of sources.” This 
sentence was discussing indirect sources such as firewood burning and vehicle emissions. 

RESPONSE 
This sentence has been clarified as recommended. 

COMMENT 
Page 3-22, paragraph two, sentence five refers to “shrinking alpine habitats.” This may need to be 
re-examined and perhaps changed to read “changing alpine habitats” to reflect the fact that 
glacier melting may expose new alpine habitat at a quicker rate than those of altitudinal forest 
shifts. 

RESPONSE 
Melting glaciers do not expose new alpine habitat but rather “new non-forested habitat” that quickly 
becomes vegetated. Some lateral edges of glaciers as they shrink may uncover “alpine” habitat as the ice 
may be of higher elevation, but the terminus of many glaciers is not alpine, but sea level. We clarified to 
read “changing non-forested habitats” Altitudinal forest shifts means the marching of shrubs and trees 
up in elevation. We do not have information as to which is faster, retreating glacier re-vegetation, or the 
shifting of the true alpine zonation. 

COMMENT 
SPEC-38:  Page-specific Comments for Water section of the DEIS from ADEC. 

Page 3-56, paragraph three, sentence two should read: “Turbidity criteria indicate values will not exceed 
5 nephelometric turbidity unites (NTUs) over natural conditions, when natural values are less than 50 
NTUs.” The original text used the word “nature”. 
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Page 3-68, paragraph five, sentence two should read: “Landslide debris (e.g., sediment, large wood) that 
enters the stream may block or shift channels, fill pools, and increase the presence of fine sediments 
in the channel network.” The original text used the words “increases fines presences” which is 
grammatically cumbersome. 

RESPONSE 
Edits have been made. 

COMMENT 
SPEC-39:  Page-specific comments on Appendix G of the DEIS from ADEC. 

Appendix G, page G-11, M4(c) should be revised to read “Measurements required by M4; a and b are 
from MHW (Mean High Water) to depths of 100 feet MLLW (Mean Lower Low Water).” 

RESPONSE 
No justification was provided for making this change from 60 feet to 100 feet. The discussion on page G-
11 under M4 reads, “Sixty feet below MLLW was selected because it is a depth at which repeated dives 
can safely be conducted.” No change was made. 

COMMENT 
SPEC-40:  Typos for Appendixes of the DEIS from ADEC. 

COMMENT 
Draft EIS, Page A-1:  An incorrect date of “June 23, 2016” is given for publishing the corrected 
Notice of Intent. 

RESPONSE 
Corrections have been made in FEIS. 

COMMENT 
Draft EIS, Page B-18: “Intermeidate” is misspelled. 

RESPONSE 
Corrections have been made in FEIS. 

COMMENT 
SPEC-41:  Make Plan consistent with the TAC and the Roadless Rule. 

To make the plan consistent with the Tongass Advisory Committee (TAC) recommendations and the 
Roadless Rule, the language regarding these areas should be clarified to ensure that there should be no 
old-growth sales planned in these areas at any point during the transition or after.  

We recommend that the language on page A-4 of the Proposed Plan be changed to better reflect the 
recommendation of the Tongass Advisory Committee to ensure that all of these places are protected: 
"Within Development LUDs, the following old-growth stands (as shown on maps in the planning record) 
are identified as NOT suitable for timber production: (1) Phases 2 and 3 of the 2008 Forest Plan Timber 
Sale Program Adaptive Management Strategy; (2) Trout Unlimited T77 watersheds; and (3) The Nature 
Conservancy/Audubon Priority Conservation Areas.” 

RESPONSE 
Corrections have been made in the Forest Plan based on the Final Tongass Advisory Committee 
recommendations (see Appendix A and B of the Forest Plan). 
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COMMENT 
SPEC-42:  In chapter 5, there is a need for an addition of some specific language in the 
recommendations that should be included in management approaches for young growth. 

In chapter 5, there is a need for an addition of some specific language in the recommendations that 
should be included in management approaches for young growth, as well as included in each section in 
chapter 5 where management approaches are outlined. 

The language that should be included is the language that deals with doing post-project/after- action 
reviews.  There is good language in this section on pre-project collaboration and planning and the TAC 
recognizes the way the Forest Service has integrated our comments on these concepts.  However, the 
“after project review” was missed which specifically speaks to our intent that young growth projects 
(especially in the unsuitable lands) will need to go through a period of experimentation and innovation.  In 
order for each project to increase the knowledge of how to do these projects better and learn from what 
was successful and unsuccessful, after- action reviews will all stakeholders need to be conducted. 

Additions: 

The following language from the TAC recommendations should be included: 

• Working with project collaboratives, prepare pre- and post-project reports to the public about what 
was planned, what happened with the project or activity. Highlight positive results, such as 
collaborative planning, restoration, workforce development, jobs, and injection of capital into the 
economy and identify areas not meeting expected outcomes in order to address options through 
future efforts 

• Design and implement a simple after-action review with project collaborators for the purpose of 
identifying opportunities to make the projects achieve better outcomes in terms of efficiency and 
effectiveness. Document and share. 

See response to CONS-4. 

RESPONSE 
Collaborative approaches to engaging the public and assessing the impacts of federal actions under the 
National Environmental Policy Act (NEPA) can improve the quality of decision-making and increase public 
trust and confidence in agency decisions, and we believe that this plan provides opportunities to do that. 
One of the primary goals of NEPA is to encourage meaningful public input and involvement in the process 
of evaluating the environmental impacts of proposed federal actions. The NEPA process is a public 
process, and the Forest Service is required to “encourage and facilitate public involvement in decisions 
which affect the quality of the human environment” (40 CFR 1500.2(d)). 

We appreciate these recommendations, but have not included them in the 2016 Forest Plan. The 
responsible official may identify the need for post-project collaboration as the Forest begins to implement 
the 2016 Forest Plan. If the responsible official believes that this is needed, management approaches 
may be addressed through an administrative change to the plan.   

COMMENT 
SPEC-43:  Request for chapter 5 changes regarding high value watersheds.  

Proposed Plan, Chapter 5, Plan Content Developed Under the 2012 Planning Rule, page 5-7 (High Value 
Watersheds) 

Current language:  

“It is expected that at the end of five years following the signing of the Record of Decision (ROD) for this 
proposed plan amendment, the Forest Service would conduct a trend analysis on the annual best 
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management practices (BMPs) monitoring of young-growth timber projects that intersect with the 
following watersheds…”  

Replace with the following:  

“It is expected that by the end of the five year period after the signing of the ROD, the Forest Service will 
conduct an internal scientific review together with the Tongass Transition Collaborative and other 
stakeholders to determine likely impact to fish and wildlife habitat from proposed young growth timber 
projects that intersect with the following high-value fish producing watersheds. If harvest is proposed in 
one of these watersheds, the USFS may apply additional standards or guidelines to mitigate risk to fish 
habitat, or may apply a “no net-loss” exchange for other areas for young growth harvest.” 

RESPONSE 
Edits were made in the Young Growth Management Approaches in Chapter 5 of the Forest Plan that 
capture most of this recommendation. The Forest Service also added the following: 

“In addition, it is expected that at the end of five years and ten years following the signing of the 
ROD for this plan amendment, the Forest Service would conduct monitoring with stakeholders to 
determine if the young-growth goals are being achieved, and if not, adjust accordingly.” 

The need for additional standards or guidelines (plan components), other than the plan components that 
apply to the LUD where project takes place, would be determined through monitoring. A plan amendment 
is required to add plan components (36 CFR 219.13(a)). Applying a “no net-loss” exchange for other 
areas for young-growth harvest may be a project-specific mitigation measure.  

COMMENT 
SPEC-44: Proposed Plan Appendix A – Timber Production Land Suitability, Step 2 – Lands Suited 
and Not Suited for Timber Production Based on Compatibility with Desired Conditions and 
Objectives (FSH 1909.12, Section 61.2), Page A – 4, Item 3. B. 

Current language:  

“Within Development LUDs, old-growth stands in Phases 2 and 3 of the 2008 Forest Plan Timber Sale 
Program Adaptive Management Strategy, in the Trout Unlimited TU77 watersheds, and in The Nature 
Conservancy/Audubon Priority Conservation Areas (as shown on maps in the planning record) are 
identified as NOT suitable for timber production, except for small sales after the transition is complete. 
Young-growth stands in all of these areas are identified as suitable for timber production.”  

Replace with the following:  

“Within Development LUDs, old-growth stands (as shown on maps in the planning record) in (1) Phases 2 
and 3 of the 2008 Forest Plan Timber Sale Program Adaptive Management Strategy, (2) the Trout 
Unlimited TU77 watersheds, and (3) The Nature Conservancy/Audubon Priority Conservation Areas are 
identified as NOT suitable for timber production. Young-growth stands in all of these areas are identified 
as suitable for timber production.” 

RESPONSE 
Edits were made in Appendix A of the Forest Plan.  

COMMENT 
SPEC-45: The draft TAC recommendations stated, “During the transition period, the annual timber 
volume target should be held constant. Subject to review of the DEIS, the TAC will recommend a 
volume target to hold consistent through the transition period.” The TAC expected to see an 
analysis by the Forest Service of the effects of two different annual volume targets. The DEIS did 
not include an analysis of two volume targets, and the TAC was unable to reach consensus on an 
annual volume target. The range of annual volumes supported by individual TAC members for 
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analysis remains at 46MMBF – 70MMBF. We want to be clear that the TAC did not agree to a 
specific annual target. 

RESPONSE 
The PNW Research Station’s most recent timber demand projections (Daniels et al., 2016) used to inform 
the EIS analysis include a baseline model and three different scenarios displaying alternative futures for 
Southeast Alaska.  In the baseline model, 46 MMBF represents the annual average timber demand for 
Tongass timber over the next 15 years – with a range of 41 MMBF to 52 MMBF during the same time 
period.  As the forest plan amendment interdisciplinary team began the amendment process and focused 
on timber market demand, 46 MMBF was used to inform timber objectives used during the planning 
process.  

The Daniels et al. (2016) study of long-term timber demand projections is based on economic theory, 
peer-reviewed methodology, and scientific and objective analyses conducted by timber economists and 
forest researchers.  Daniels et al. avoids recommending any one scenario as a “most likely” projection 
because of the relatively high degree of uncertainty surrounding developments in Southeast Alaska.  The 
baseline model, however, utilizes historical datasets necessary to represent Southeast Alaska timber 
markets and assumes the timber industry in Southeast Alaska will remain at post-2008 recession levels 
for the next 15 years.  As such, the baseline annual average of 46 MMBF timber demand from the 
Tongass is considered a conservative and rationale estimate.  In addition, the 46 MMBF projection is not 
only represented in the baseline model, but it is also represented in all three scenarios at different points 
in time, and these scenarios represent alternative futures for timber harvest in Southeast Alaska.   

COMMENT  
SPEC-46: In forest-wide objective O-TIM-02 in Chapter 5 of the Forest Plan, clarify the difference 
between “annual market demand” and “projected timber sale quantity (PTSQ)”.  Based on the 
definition of PTSQ, the PTSQ timber volume is not a function of demand.  Make two separate 
objectives to clarify this distinction.  

RESPONSE 
Forest-wide objective O-TIM-01 was written to be a “concise, measurable, and time-specific” statement to 
describe the timber outcomes expected. This forest-wide objective has been revised to avoid confusion.   
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Attachment A 
Letters from Agencies, Elected Officials, and 

Tribal Governments 

 



Date submitted (UTC): 1/31/2016 6:13:23 PM
First name: Rep.
Last name: Josephson
Organization: 
Title: 
Official Representative/Member Indicator: 
Address1: 
Address2: 
City: 
State: 
Province/Region: 
Zip/Postal Code: 
Country: 
Email: Rep.Andy.Josephson@akleg.gov
Phone: 
Comments:
Tongass National Forest Management Plan (due Feb 22, 2016)

Dear Ms. Howle:

 

I am not a scientist, a fisheries biologist, a timber man or an expert on forest ecology.  I am an armchair 
observer of Tongass politics and the forest itself.  I am a student of public policy and a citizen concerned with 
our future.

 

To the extent the following comments can be woven into others and into the USFS?s management plan 
update, I would appreciate it.

 

My own beliefs are that:

 

1)      What we are doing as a people is not sustainable.  The Earth wasn?t designed to hold $7 billion all vying 
for scarce resources.  Pressures on those resources are being felt every day.  Sometimes the wiser mover is 
the conservative one?conserving a resource.  And more than Gifford Pinchot may have foreseen.  To the 
extent possible, leave the Tongass Forest in tact, and alone.

2)      Do not sell uncut timber, without value added, to overseas or domestic purchasers.  

3)      Do not clear cut old growth timber.  Lesnoi on Afognak Island has done enough of that, as has 
SeaAlaska.

4)      Tourists and cruise ship customers do not want to see denuded landscapes in SE Alaska.  They just 
don?t.

5)      Do not ever let heavy equipment be driven across a salmon stream.

6)      Do not ever let trees be denuded right down to salmon banks.

7)      Do not decimate the rest of SE the way that Prince of Wales Island has been.  I personally told Secty. 
Vilsack when I met him in the Summer of 2014, that I hoped the USFS lost the litigation related to the Big 
Thorne harvest.  He won, and I lost, apparently.

8)      It?s ?o.k.? to say ?no?.  It?s ?o.k.?



9)      Alaska?s industry is already less than 10% of what it was.  Don?t bring it back.  The economy has 
adjusted.  Just leave it alone.

10)   Future generations will be unimpressed with the amount of wealth and comfort we?ve amassed since the 
Industrial Revolution.  They?ll be more impressed with the natural beauty we protect.  

 

Thanks for listening,

 

State Rep. Andy Josephson

Juneau, Alaska



 
 

United States Department of the Interior 
OFFICE OF THE SECRETARY 

Office of Environmental Policy and Compliance 
1689 C Street, Room 119 

Anchorage, Alaska  99501-5126 

 
VIA ELECTRONIC MAIL, NO HARD COPY TO FOLLOW 

 
9043.1 
ER 15/0644     February 17, 2016 
PEP/ANC 
 
Mr. Earl Stewart 
Tongass National Forest 
Attn: Forest Plan Amendment 
648 Mission Street 
Ketchikan, AK 99901 
 
Subject:  Draft Environmental Impact Statement for the Tongass Land and Resources 
Management Plan Amendment, Alaska  
 
Dear Mr. Stewart: 
 
The U.S. Fish and Wildlife Service (FWS) has participated as a cooperating agency in 
developing alternatives and providing information for the U.S. Forest Service’s (Forest Service) 
Proposed Land and Resources Management Plan (Forest Plan) amendment for the Tongass 
National Forest (Tongass) and the associated Draft Environmental Impact Statement (EIS) 
currently under review.  The Department of the Interior (Department) appreciates the opportunity 
provided to the Department’s FWS to serve as a cooperator.  Our comments focus on areas of 
continuing concern and are based on our authorities under the Fish and Wildlife Coordination 
Act and the National Environmental Policy Act. 
 
General Comments 

 
The Forest Plan amendment is intended to help accelerate transition away from harvest of old-
growth forest, in favor of greater reliance on second-growth or “young-growth” forests that have 
regenerated following timber harvest.  The Department fully supports this goal, as it has 
excellent potential to reduce impacts of the Forest Service’s timber program on fish and wildlife.  
We understand that a secondary purpose of the Forest Plan amendment is to facilitate 
development of renewable energy on the Tongass.  
 
Old-growth logging on the Tongass has been controversial, in part due to direct and indirect 
impacts to fish and wildlife caused by clearcut logging and the roads associated with logging.  In 
response to these concerns, the Forest Service developed the Tongass Old-Growth Conservation 
Strategy (conservation strategy) in partnership with the FWS, the State of Alaska, and others, as 
part of the 1997 Forest Plan.  This conservation strategy features a network of old-growth 
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reserves (OGR) and other non-development land use designations to protect important habitat 
and corridors connecting the reserves.  The conservation strategy also includes a suite of 
standards and guidelines that direct how timber harvest and other activities must be conducted to 
reduce impacts to vulnerable species.  The conservation strategy remains an integral part of the 
current (2008) Forest Plan.  The notice of intent (NOI) for the current Draft EIS states, “It is not 
expected that changes made to the Tongass Forest Plan will affect the overall integrity of the 
Plan’s conservation strategy.”  We are concerned that some elements of the proposed action, 
(Draft EIS Alternative 2, p. 2-14) or the Forest Service’s preferred alternative (Draft EIS 
Alternative 5, p. 2-31), could significantly weaken the conservation strategy, conflicting directly 
with the expectation stated in the NOI.  
 
Below, we provide specific recommendations regarding clearcut logging and extensive 
commercial thinning without appropriate slash treatments in riparian management areas, beach 
and estuary fringe, and OGRs.  We recommend development and selection of an alternative that 
avoids sensitive areas and important habitats for any renewable energy or transportation projects 
approved under the Forest Plan.  We also recommend that specific elements of the conservation 
strategy be updated with the best available scientific data and strengthened by incorporating 
experience from the last 20 years of management, specifically where available information 
suggests the current conservation strategy is not adequate to sustain vulnerable species.  
 
Specific Comments 
 
Riparian, Beach and Estuary Fringe, and OGR Logging 
 
Riparian areas have been protected from logging to maintain water quality, streambank stability, 
and habitat for fish and wildlife across the country for many decades.  The Tongass Timber 
Reform Act (TTRA, H.R. 987) has mandated protection of riparian buffers along fish-bearing 
streams and many of their tributaries on the Tongass since 1990.  The TTRA buffers have been 
expanded for many channel types where scientific information or management experience 
showed that additional protection was warranted to minimize impacts from logging.  These 
standards should be relaxed only if reliable scientific evidence clearly demonstrates that the 
protection is not necessary.  Such findings are not presented in the Draft EIS.  Also, the Draft 
EIS contains little evaluation of the consequences of relaxing the existing standards.  We 
recommend the Final EIS include scientific or data-based recommendations supporting proposed 
management changes and provide a more robust discussion of impacts of proposed changes.   
 
Beach fringe is defined in the Forest Plan as, “the area inland from saltwater shorelines that is 
typically forested.”  The current Forest Plan forbids clearcut logging within 1,000 feet of 
saltwater shorelines to protect habitat for many species of wildlife, including deer, bears, bald 
eagles, otters, geese, and many others.  Both the proposed action and preferred alternative would 
allow clearcutting and commercial thinning in beach fringe.  Large forest openings and extensive 
timber thinning without appropriate slash treatments can interfere with animal movements and 
increase vulnerability of some species to predation, harvest by humans, and/or exposure to deep 
snow and severe weather.  We recommend that the selected alternative limit young-growth 
treatments to actions that maintain or improve wildlife habitat in beach and estuary fringe forest.  
We also recommend openings be limited to two acres or less in order to maintain hunting habitat 
for goshawks and provide thermal cover for deer.  Moreover, we recommend that slash be 
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treated to allow unconstrained movement of deer, bears, wolves, and other species.  We also 
recommend against creating openings in beach fringe where a corridor of mature or old forest 
less than 660 feet wide would be left, in order to maintain effective thermal cover (Concannon 
1995).   
 
Similarly, OGRs have been designated specifically to support wildlife dependent on old-growth 
forest.  To achieve maximum conservation benefit, treatments in OGRs should be designed 
primarily to accelerate development of old-growth characteristics without compromising 
landscape connectivity and animal movement.  For instance, thinning with slash treatment, 
pruning of lower branches to improve light penetration, small patch cuts, and narrow strip cuts 
might all be used to treat second-growth in OGRs to accelerate development of old-growth 
characteristics. We strongly recommend against creating large clearcut openings in OGRs, given 
the importance of this productive old-growth forest for a variety of species.   
 
Management actions that reduce long-term habitat values (by clearcutting in riparian areas, 
beach fringe, or OGRs) or disrupt movement of animals through logged landscapes (by cutting in 
designated corridors such as beach fringe and riparian zones) could undermine the intent and the 
functioning of the conservation strategy.  We recommend against allowing such actions, which 
we believe seriously compromise the integrity of the conservation strategy.  
 
If inadequate young-growth timber is available to meet demands outside of riparian, beach and 
estuary fringe, and OGRs, we recommend that additional alternatives be developed to offer only 
the volume of young-growth that can be produced without impacting these sensitive areas.  If 
necessary, additional old-growth could potentially be offered from areas with lower 
environmental sensitivity, to offset reductions in young-growth availability.  We also 
recommend that one or more alternatives be developed to evaluate longer timber harvest 
transition periods, if necessary, to avoid creating large openings in these sensitive habitats. 
 
Renewable Energy and Transportation Systems Corridors 
 
All action alternatives identified in the Draft EIS would remove the Transportation and Utility 
Systems Overlay land use designation, which identifies “windows” where road and utility 
corridors are deemed compatible and “avoidance areas” where roads and other human 
infrastructure would conflict with other resource values.  Current guidance would be replaced by 
direction in the Transportation Systems Corridors section, which is intended to facilitate the 
availability of Tongass lands for development of transportation systems (Proposed Forest Plan, 
pp. 5-13 to 5-15).  The proposed direction removes constraints on development of roads and 
utility corridors, while adjusting management of other resources to allow development of these 
corridors.  
 
We recommend that sensitive habitats be avoided when renewable energy facilities or 
transportation and utility corridors are proposed, studied, and ultimately developed.  We support 
inclusion of plan components that require siting roads and other infrastructure outside of OGRs, 
beach fringe, designated wildlife corridors, and other sensitive areas unless an analysis 
demonstrates that there are no practical alternatives.  The action alternatives evaluated in the 
Draft EIS do not appear to require this analysis, which leads to the presumption that construction 
of roads and renewable energy facilities are allowed wherever they may be proposed, 
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irrespective of habitat values.  This proposed approach could undermine the integrity of the 
conservation strategy, which was designed to protect important habitat in specific locations from 
human impacts.  
 
Updating Plan Components for Wildlife 
 
Alexander Archipelago Wolf  

 
Concerns over documented, unsustainable mortality of wolves on Prince of Wales Island have 
triggered several reviews, recently resulting in a petition to list the endemic Alexander 
Archipelago wolf as threatened or endangered under the Endangered Species Act.  The latest 
FWS status assessment (FWS 2015) reviewed the status of the wolf across its range and for 
several discrete populations.  The greatest concern continues to be for wolves on Prince of Wales 
and surrounding islands.  The wolf population there appears to have declined from about 350 
wolves in the 1990s and early 2000s to approximately 89 wolves in 2014 (FWS 2015).  This 
decline is believed to be due to the combined effects of both legal and unreported (illegal) 
harvest of wolves, facilitated by an extensive network of logging roads and declining deer 
numbers, which in turn are associated with the loss of winter habitat and regeneration of young-
growth forests in intensively logged areas.  Despite concerns that the wolf population on Prince 
of Wales has declined and will likely continue to decline, the FWS did not list the wolf as 
threatened or endangered because loss of the Prince of Wales population is not expected to affect 
survival or vulnerability of the subspecies across the rest of its range (Federal Register 81(3), pp. 
435-458). 
 
Under the Forest Service’s 1982 planning rule (47 FR 43037, Sept. 30, 1982), which continues to 
apply to most of the wildlife standards and guidelines in the proposed Forest Plan, the Tongass 
must be managed to provide for viable, well-distributed populations of native wildlife.  We 
believe that this includes maintaining the wolf population on Prince of Wales Island.  
Implementation of existing standards and guidelines intended to protect wolves from 
unsustainable harvest and habitat loss appears to be inadequate for the wolves on Prince of 
Wales, given the population’s documented decline.  For example: 

 Management of road densities to limit hunter and trapper access is recommended, but not 
required by the current standards and guidelines, and most areas on Prince of Wales 
exceed the recommended 0.7 to 1.0 miles of road per square mile;  

 Maintenance of deer habitat capability (as calculated by the interagency deer habitat 
model) to sustain wolf populations and human hunters appears to be required by the 
current Forest Plan, but many areas fall short of the specified 18 deer per square mile. 
Recent timber sales have reduced deer habitat capability further; and  

 A wolf habitat management program is to be developed where wolf mortality concerns 
have been expressed, but no such program has been developed despite repeated 
expressions of concern by the FWS, the Department, and others, as well as the 
completion of various interagency studies of wolf mortality.  

 
The Forest Plan amendment process offers an opportunity to strengthen the wolf standards and 
guidelines to help the Forest Service maintain or increase the amount of secure and high-value 
habitat required to maintain a viable wolf population on Prince of Wales.  We recommend that a 
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wolf habitat management program be developed, as recommended by the Forest Plan.  The FWS 
can provide assistance in development of this management program.   
 
Additionally, we recommend that road density guidelines be strengthened to require reduction of 
road densities where wolf harvest mortality exceeds sustainable levels in areas where roads 
provide access for wolf trapping.  We also recommend that no future timber sales be allowed that 
reduce deer habitat capability in areas where it is already below levels believed to be necessary 
to support human hunters and wolves. 
 
Queen Charlotte Goshawk 

 
Standards for management of northern goshawk nesting habitat should also be updated to reflect 
the best available science.  Much of the current science on management of goshawk nesting 
habitat in the coastal rainforests of the North Pacific coast is reviewed in McClaren et al. (2015).  
We recommend modification of two elements of the Forest Plan to better protect goshawks, 
which are vulnerable to habitat loss and disturbance from forest management practices.    
 
Goshawks are known to forego nesting in years with low prey abundance and/or inclement 
spring weather.  Nest sites are routinely inactive for a few years, then become active again when 
conditions are favorable.  The current Forest Plan allows nest protections to be dropped after two 
consecutive years of inactivity.  We strongly recommend that this standard be modified to 
protect documented goshawk nesting stands indefinitely, unless an active nest is detected 
elsewhere in the same goshawk territory.  The FWS has worked with the Forest Service directly 
to develop suggested language for an updated plan component to accomplish this goal.  We 
recommend that the modified standard be included in the selected alternative.  
 
Fledgling goshawks typically learn to fly and hunt in an area of about 500 acres adjacent to their 
nest stand.  Forest management to maintain suitable hunting habitat in the area around the nest is 
thought to be important for maintaining productivity of goshawk nesting territories.  We 
therefore recommend that post-fledging areas around known or suspected nest sites be managed 
to prevent creation of large forest openings, which are avoided by goshawks.  
 
Legacy Forest Structure 
 
The current Forest Plan requires retention of legacy forest structure in old-growth harvest units 
greater than 20 acres, in areas where logging has been most intensive.  The intent of this standard 
is to ensure that sufficient residual trees, snags, and clumps of trees remain in timber harvest 
units in watersheds that have had concentrated past timber harvest activity and are at risk for not 
providing the full range of matrix functions (Proposed Forest Plan, track changes version, p. 4-
90).  Areas of extensive young-growth, which will support increasingly greater proportions of 
the Tongass’s timber harvest into the future, often lack adequate residual structure.   
 
We strongly recommend that the selected alternative include updated Forest Plan components 
that restore habitat-related functions provided by older forest structure, where past logging has 
left large areas of young-growth.  Retention of residual old-growth, supplemented by second-
growth where inadequate old-growth remains, will help move harvested stands toward a 
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condition that will support a broader variety of wildlife in the future as retained young-growth 
stands mature.   
 
Alternatives 3 and 4 in the Draft EIS would apply the existing legacy forest structure standards 
(designed for old-growth logging) to young-growth harvest (Draft EIS, Appendix F, pp 3-4).  
The existing standard requires retention of 30 percent of each harvested stand, in watersheds 
where the standard applies.  We believe that a legacy forest structure standard designed 
specifically for young-growth harvest may not necessarily match existing standards and 
guidelines designed for old-growth logging.  Instead, we recommend that new Forest Plan 
components consider the amount and distribution of residual old-growth and require retention of 
additional young-growth as necessary to meet the intent of the standard.  This could reduce 
impacts on young-growth timber volume availability, while providing adequate structure to 
improve habitat values into the future.  We encourage development of guidance on treatments 
that would accelerate succession of retained young-growth toward old-growth conditions.  If 
retention of structure in young-growth stands would delay the transition to primarily young-
growth harvest, we recommend additional alternatives that use a longer transition period be 
developed and fully evaluated.  
 
Thank you for the opportunity to collaborate as a partner in your effort to amend the Forest Plan.  
If you have any questions on our comments, please feel free to contact Steve Brockmann, 
Southeast Alaska Coordinator for the FWS, at 907-780-1181 or at steve_brockmann@fws.gov. 
 
      Sincerely, 
 
 
 
 
      Philip Johnson, PhD 
      Regional Environmental Officer 
 
cc: Jackie Timothy, Alaska Department of Fish and Game 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 10 

1200 Sixth Avenue, Suite 900 
Seattle, WA 98101-3140 

February 22, 2016 

M. Earle Stewart, Supervisor, Tongass National Forest 
Attn: Forest Plan Amendment 
648 Mission Street 
Ketchikan, Alaska 99901 

Dear Mr. Stewart: 

OFFICE OF 
ECOSYSTEMS, TRIBAL 
AND PUBLIC AFFAIRS 

Thank you for the opportunity to review the Draft Environmental Impact Statement for the Tongass 
Land and Resource Management Plan Amendment, Tongass National Forest, in southeast Alaska (EPA 
Project #14-0026-AFS). We have reviewed the Draft EIS in accordance with our responsibilities under 
the National Environmental Policy Act and Section 309 of the Clean Air Act. Specifically Section 309 
directs EPA to review and comment in writing on the environmental impacts of major federal agency 
actions. Our review considered the evaluation of the anticipated environmental impacts, as well as the 
adequacy of the EIS in meeting procedural and public disclosure requirements of NEPA. 

Based on our review, we have assigned the Draft EIS a rating ofEC-2 (Environmental Concerns
Insufficient Information). We believe that the most recent, southeast Alaska-specific data and 
information should be incorporated into the climate and greenhouse gas analyses and discussion in the 
final EIS. An explanation of our rating system is enclosed (Enclosure 1 ). In general, we support the 
selection of the Forest Service and Technical Advisory Committee's preferred alternative, Alternative 5. 
We believe Alternative 5 meets the direction of Secretarial Memorandum 1044-009 by accelerating the 
transition to young-growth, while also providing greater flexibility for alternative energy projects, and 
appropriate review of inventoried roadless areas. 

We appreciate the inclusion of a "track changes" version of the 2008 Forest Plan and the scoping and 
comment summary report (Appendix A) in the Draft EIS. These resources greatly facilitated our 
review. An Executive Summary would also have been helpful, especially to stakeholders who might not 
be able to review the full document. We recommend that an Executive Summary be included in the 
Final EIS. 

As we stated in our scoping comments, we support appropriate updates to standards and guidelines that 
reflect the most recent management science regarding ecological services, climate change and resiliency. 
We also recognized the need for adequate socioeconomic analysis to promote the sustainability of 
Southeast Alaska communities, particularly tribal, low income and minority communities, dependent on 
timber harvesting and other activities on the Tongass. We believe the Tongass Amendment EIS 
adequately accomplishes this through the thorough analyses and evaluation of management alternatives, 
resources and projected outcomes and goals. We also appreciate that 1.1,broad l'ange of potential activity 
types, such as communication sites, renewable power projects, and mining, as weli as timber harVest 
were considered in this programmatic document. We believe doing so allows for greater disclosure to 
and participation of stakeholders, potential permittees and forest users. 



Finally, we have recornniendations for your consideration in the area of climate change and greenhouse 
gas emissions in the Final EIS. We appreciate the thorough discussion in the Draft EIS of the various 
factors that affect and drive climate in southeast Alaska. We also recognize that, in addition to the 
USDA Secretarial Memorandum 1044-009, another primary driver for undertaking this Forest Plan 
amendment is to consider changes in forest management and health as a consequence of a changing 
climate. 

We belfove the Affected Environment section contains adequate discussion of climate inputs and 
possible anthropogenic effects on climate. We recommend, however, that the most recent sources of 
data for Alaska be used wherever possible. For example, our own Climate Impacts in Alaska website 
(http://www3.epa.gov/climatechange/impacts/alaska.html) references the 2014 National Climate 
Assessment (http://nca2014.globalchange.gov/report/regions/alaska#intro-section), which states Alaska 
temperatures have increased approximately 3 degrees F in the last 60 years. Also, current data from The 
Alaska Climate Research Center indicates that while total mean seasonal and annual temperatures in 
Alaska from 1959 to 2014 reflect an increase in temperature, temperatures from 1979 to 2014 generally 
show a decline in mean seasonal and annual temperatures 
(http://akclimate.org/ClimTrends/Change/TempChange.html) in most of Alaska, including southeast 
Alaska. This trend, along with increased ice extent in the Bering Sea, differs from trends identified in the 
Arctic, such as increased temperatures and decreased overall Arctic ice extent. We believe assessment 
of climate change for the Tongass should be as specific to southeast Alaska as practicable. 

The Final EIS might also consider the following additional factors for incorporation into the relevant air 
quality and climate change sections of the main document, or as an appendix. These include 
quantification of GHG emissions from the proposed action and appropriate quantitative or qualitative 
analytical methods to ensure useful information is available to inform the public and the decision
making process in distinguishing between alternatives and mitigations. 

Thank you again for the opportunity to review the Draft Environmental Impact Statement for the 
Tongass Land and Resource Management Plan Amendment. Please contact Jennifer Curtis of my staff 
in Anchorage at 907-271-6324 or curtis.jennifer@epa.gov with any questions you may have. 

Christine B. Littleton, Manager 
Environmental Review and Sediments Management Unit 

Enclosure: 
1. U.S. Environmental Protection Agency Rating System For Draft Environmental Impact Statements 
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First name: Christine B.
Last name: Littleton
Organization: United States Environmental Protection Agency, Region 10
Title: Office of Ecysystems, Tribal and Public Affairs
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Address1: 1200 Sixth Avenue, Suite 900
Address2: 
City: Seattle
State: WA
Province/Region: 
Zip/Postal Code: 98101-3140
Country: United States
Email: curtis.jennifer@epa.gov
Phone: 907-271-6324
Comments:
February 22, 2016

M. Earle Stewart, Supervisor, Tongass National Forest
Attn: Forest Plan Amendment
648 Mission Street
Ketchikan, Alaska 99901

Dear Mr. Stewart:

Thank you for the opportunity to review the Draft Environmental Impact Statement for the Tongass Land and 
Resource Management Plan Amendment, Tongass National Forest, in southeast Alaska (EPA Project #14-
0026-AFS). We have reviewed the Draft EIS in accordance with our responsibilities under
the National Environmental Policy Act and Section 309 of the Clean Air Act. Specifically Section 309 directs 
EPA to review and comment in writing on the environmental impacts of major federal agency actions. Our 
review considered the evaluation of the anticipated environmental impacts, as well as the adequacy of the EIS 
in meeting procedural and public disclosure requirements of NEPA.

Based on our review, we have assigned the Draft EIS a rating of EC-2 Environmental Concerns Insufficient 
Information). We believe that the most recent, southeast Alaska-specific data and information should be 
incorporated into the climate and greenhouse gas analyses and discussion in the final EIS. An explanation of 
our rating system is enclosed (Enclosure 1). In general, we support the selection of the Forest Service and 
Technical Advisory Committee's preferred alternative, Alternative 5. We believe Alternative 5 meets the 
direction of Secretarial Memorandum 1044-009 by accelerating the transition to young-growth, while also 
providing greater flexibility for alternative energy projects, and appropriate review of inventoried roadless areas.

We appreciate the inclusion of a "track changes" version of the 2008 Forest Plan and the scoping and 
comment summary report (Appendix A) in the Draft EIS. These resources greatly facilitated our review. An 
Executive Summary would also have been helpful, especially to stakeholders who might not be able to review 
the full document. We recommend that an Executive Summary be included in the
Final EIS.

As we stated in our scoping comments, we support appropriate updates to standards and guidelines that reflect 
the most recent management science regarding ecological services, climate change and resiliency. We also 
recognized the need for adequate socioeconomic analysis to promote the sustainability of Southeast Alaska 
communities, particularly tribal, low income and minority communities, dependent on timber harvesting and 
other activities on the Tongass. We believe the Tongass Amendment EIS adequately accomplishes this 
through the thorough analyses and evaluation of management alternatives,
resources and projected outcomes and goals. We also appreciate that a broad range of potential activity types, 
such as communication sites, renewable power projects, and mining, as well as timber harvest were 
considered in this programmatic document. We believe doing so allows for greater disclosure to
and participation of stakeholders, potential permittees and forest users.

Finally, we have recommendations for your consideration in the area of climate change and greenhouse gas 



emissions in the Final EIS. We appreciate the thorough discussion in the Draft EIS of the various factors that 
affect and drive climate in southeast Alaska. We also recognize that, in addition to the
USDA Secretarial Memorandum 1044-009, another primary driver for undertaking this Forest Plan amendment 
is to consider changes in forest management and health as a consequence of a changing climate.

We believe the Affected Environment section contains adequate discussion of climate inputs and possible 
anthropogenic effects on climate. We recommend, however, that the most recent sources of data for Alaska be 
used wherever possible. For example, our own Climate Impacts in Alaska website 
(http://www3.epa.gov/climatechange/impacts/alaska.html) references the 2014 National Climate Assessment 
(http://nca2014.globalchange.gov/report/regions/alaska#intro-section), which states Alaska temperatures have 
increased approximately 3 degrees F in the last 60 years. Also, current data from The Alaska Climate 
Research Center indicates that while total mean seasonal and annual temperatures in Alaska from 1959 to 
2014 reflect an increase in temperature, temperatures from 1979 to 2014 generally show a decline in mean 
seasonal and annual temperatures
(http://akclimate.org/ClimTrends/Change/TempChange.html) in most of Alaska, including southeast Alaska. 
This trend, along with increased ice extent in the Bering Sea, differs from trends identified in the Arctic, such as 
increased temperatures and decreased overall Arctic ice extent. We believe assessment
of climate change for the Tongass should be as specific to southeast Alaska as practicable.

The Final EIS might also consider the following additional factors for incorporation into the relevant air quality 
and climate change sections of the main document, or as an appendix. These include quantification of GHG 
emissions from the proposed action and appropriate quantitative or qualitative analytical methods to ensure 
useful information is available to inform the public and the decision-making process in distinguishing between 
alternatives and mitigations.

Thank you again for the opportunity to review the Draft Environmental Impact Statement for the Tongass Land 
and Resource Management Plan Amendment. Please contact Jennifer Curtis of my staff in Anchorage at 907-
271-6324 or curtis.jennifer@epa.gov with any questions you may have.

Christine B. Littleton, Manager
Environmental Review and Sediments Management Unit

Enclosure:
1. U.S. Environmental Protection Agency Rating System For Draft Environmental Impact Statements



LO - Lack of Objections 

U.S. Environmental Protection Agency Rating System for 
Draft Environmental Impact Statements 

Definitions and Follow-Up Action* 

Environmental Impact of the Action 

The U.S. Environmental Protection Agency (EPA) review has not identified any potential environmental 
impacts requiring substantive changes to the proposal. The review may have disclosed opportunities for application 
of mitigation measures that could be accomplished with no more than minor changes to the proposal. · 

EC - Environmental Concerns 
EPA review has identified environmental impacts that should be avoided in order to fully protect the 

environment. Corrective measures may require changes to the preferred alternative or application of mitigation 
measures that can reduce these impacts. 

EO - Environmental Objections 
EPA review has identified significant environmental impacts that should be avoided in order to provide 

adequate protection for the environment. Corrective measures may require substantial changes to the preferred 
alternative or consideration of some other project alternative (including the no-action alternative or a new 
alternative). EPA intends to work with the lead agency to reduce these impacts. ' 

EU - Environmentally Unsatisfactory 
EPA review has identified adverse environmental impacts that are of sufficient magnitude that they are 

unsatisfactory from the standpoint of public health or welfare or environmental quality. EPA intends to work with 
the lead agency to reduce these impacts. If the potential unsatisfactory impacts are not corrected at the final EIS 
stage, this proposal will be recommended for referral to the Council on Environmental Quality (CEQ). 

Adequacy of the Impact Statement. 

Category 1 -Adequate 
EPA believes the draft EIS adequately sets forth the environmental impact( s) of the preferred alternative and 

those of the alternatives reasonably available to the project or action. No further analysis of data collection is 
necessary, but the reviewer may suggest the addition of clarifying language or information. 

Category 2 - Insufficient Information 
The draft EIS does not contain sufficient information for EPA to fully assess environmental impacts that should 

be avoided in order to fully protect the environment, or the EPA reviewer has identified new reasonably available 
alternatives that are within the spectrum of alternatives analyzed in the draft EIS, which could reduce the 
environmental impacts of the action. The identified additional information, data, analyses or discussion should be 
included in the final EIS. 

Category 3 - Inadequate 
EPA does not believe that the draft EIS adequately assesses potentially significant environmental impacts of the 

action, or the EPA rev~ewer has identified new, reasonably available alternatives that are outside of the spectrum of 
alternatives analyzed in the draft EIS, which should be analyzed in order to reduce the potentially significant 
environmental impacts. EPA believes that the identified additional information, data, analyses, or discussions are of 
such a magnitude that they should have full public review at a draft stage. EPA does not believe that the draft EIS is 
adequate for the purposes of the National Environmental Policy Act and or Section 309 review, and thus should.be 
formally revised and made available for public comment in a supplemental or revised draft EIS. On the basis of the 
potential significant impacts involved, this proposal could be a candidate for referral to the CEQ. 

* From EPA Manual 1640 Policy and Procedures for the Review of Federal Actions Impacting the Environment. 
February, 1987. 



Alaska State Legislature 
 
 
 
 
 
 
 
 

State Capitol 
Juneau, Alaska 

99801-1182 

Juneau Delegation 
Senator Dennis Egan  

Representative Cathy Muñoz 
Representative Sam Kito III 

22 February 2016 
 
M. Earl Stewart 
Forest Supervisor, Tongass NF  
Attn: Forest Plan Amendment 
648 Mission Street 
Ketchikan, AK 99901 
 
Dear Mr. Stewart: 
 
We are writing in response to the release of the Proposed Amended Land and Resource 
Management Plan (Proposed Forest Plan) and Draft Environmental Impact Statement (DEIS) 
for the Tongass National Forest.  As you note in your release, the Proposed Forest Plan and 
associated DEIS are the first developed under the 2012 Planning Rule.  We applaud your efforts 
and recognize the significance of charting a sound course for management activities in 
Southeast for the next 10 to 15 years. 
 
As a delegation, we support a plan that manages for sustainability and encourages a viable and 
long-term timber industry that will provide jobs and opportunities for generations to come. In 
particular, we look forward to a plan that encourages renewable energy resource development 
and value-added timber processing so that, in keeping with Article VIII of the Alaska 
Constitution, these resources are used for the maximum benefit of Alaskans.  We support local 
processing—turning timber into musical instruments, furniture, flooring, and other wood 
products—so that more Alaskans are employed for each acre harvested. 
 
Providing clear and strategic guidance for the Tongass National Forest is an important priority 
for Southeast residents and businesses alike.  We thank you for your attention to the public 
comments made on this issue and appreciate your diligence in incorporating this feedback into 
your final plan. 
 
Sincerely, 
      

    
 
Senator Dennis Egan   Rep. Cathy Muñoz  Rep. Sam Kito III 
Senate District Q   House District 34  House District 33 



 
 
February 22, 2015 
 
Forest Supervisor 
Tongass national Forest 
Attn: Forest Plan Amendment 
648 Mission Street 
Ketchikan, AK 99901 
 
Re: Comments on Proposed Tongass Nation Forest Land and Resource Management Plan 
       And the draft EIS 
 
Thank you for allowing us this opportunity to comment on the Proposed Tongass National 
Forest Land and Resource Management Plan and the draft EIS. 
 
Our understanding is that the primary changes in this plan is focusing on the transition from 
harvesting old growth to young growth. But as a community who has experienced the downside 
of the lack of a supply of old growth timber, we are concerned in the ability of the USFS to 
provide an economically viable supply of young growth timber, and to do it within the 15 year 
time frame as charged by the Secretary of Agriculture.   We are concerned that the inventory 
data is generalized, and therefore we support and encourage development of an accurate 
inventory of young growth availability.   
 
This inventory is critical for a complete and accurate economic analysis of the transition on 
communities and industry.  Loss of harvesting volume is not a result in decline in demand, it is a 
result from  the loss of  economic sales available to industry and the  slow process the USFS 
undertakes to develop sales due to an ongoing fear of lawsuits.  No business can operate 
economically in such an environment and thus the loss in industry opportunity.  
 

 The plan fails to consider social and economic metrics to measure outcomes of the 
transition from old growth to young growth. Metrics showing the impacts to industry and 
also to communities.   
 

 Appendix C Watershed Analysis:  There has been so much discussion of late regarding 
“watershed” analysis and impacts within the T77 watersheds.  Based on our own 
personal experience with the Wrangell Island Sale, an actual stream “watershed” for a 
harvest unit or harvest area, may be smaller than the T77 defined watershed.  Yet the 
USFS is trying to utilize the T77 watershed analysis.  The Plan needs to clarify its 
definition and use of watershed analysis vs. the T77 watersheds. 

 
 We support the relaxation of Standards and Guides for the harvest of Young Growth 

during the transition in land use designations that may normally minimize or prohibit 
some commercial harvesting if it will provide economic sales of young growth timber.  
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 Appendix F Visual Priority Routes and Scenic Integrity. According to our Wrangell 
District, for some reason it appears that all of Wrangell’s Forest Roads are designated a 
Visual Priority Route. While we agree that the main roads do have a visual preference, 
not all of the roads need to be classified a visual priority route to limit timber or other use. 
( Originally, some of these designations were going to be dealt with in the upcoming 
Wrangell Island Sale, but now we understand that will not happen and we have to 
address it here. Only the road management plan – what stays open, what will be closed 
and level of use will now be addressed in the Wrangell Island Sale. )  For example, the 
back side of the Nemo-Skip Loop Road (6267) (From Turn Island where the road turns 
northeast back to intersection of #6265 to Earl West) is heavily timbered and more out of 
site out of mind and a good area in which to continue to permit timber harvest.  Yes it is 
on a loop so makes for a fun day trip, but there is nothing wrong with timber harvesting.   
Questions can be answered with educational materials about timber harvesting practices 
and economic values to communities.  
Every road on Wrangell Island will meet one of the primary criteria for a visual priority 
route – for example the water routes of small and midsize boats. We are on an island. 
Timber roads climb mountains that provide views, over looks are created for turn outs for 
logging trucks and once trees are harvested, you can see the water. It does not mean 
that each road should be a visual priority route.   All roads should be analyzed as a 
whole, and key stretches of roads identified.   Off shoots of some of the priority roads 
that receive minimal traffic could be reclassified as non visual priority.  

 
 Tourism is the big growth industry since supply of timber to harvest and political affects 

have reduced the opportunity for the timber industry. The plan also fails in considering 
the social and economic metrics to measure outcomes of tourism growth for 
communities and businesses  and the impacts to recreational sites 

 
We understand that the USFS has selected as its preferred alternative, Alternative 5 that was 
proposed by the Tongass Advisory Committee.  While the Borough is not agreeing or 
disagreeing with that alternative specifically, we do understand that their proposed amendment 
included additional recommendations that were not necessarily “plan” amendments. Yet their 
recommendation was to be presented as a package.  If Alternative 5 is implemented, we believe 
the other components of their recommendation, including the monitoring, bringing stakeholder 
participation in earlier in planning processes, USFS internal culture change, inventory 
assessments and social economic impact analysis are critical components of any plan 
implementation strategy.  
 
 
Sincerely, 
 
 
 
Jeff Jabusch 
Borough Manager 
 
CC: Mayor David Jack 
        Borough Assembly 
        Carol Rushmore, Economic Director/Planner 
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Ketchikan Indian Community 
Cultural Resources Department 

429 Deermount Street. 
Ketchikan, AK 99901 

(907) 228-9445 
 
 
February 22, 2016 
 
Forest Supervisor, Tongass National Forest 
Attn: Forest Plan Amendment 
648 Mission Street, Ketchikan, AK 99901 
 
Re: Tongass Land and Resources Management Plan (Forest Plan) Amendment 
 
Ketchikan Indian Community (KIC) has benefited by having USFS staff attend Tribal Council 
meetings reporting on activities and projects of concern to the tribe. Continuing to support this 
level of communication will inevitably lead to increased cooperation and collaboration between 
USFS and KIC in the coming months and years.  
 
KIC is appreciative in general of the USFS’s attempt on behalf of the general public to protect 
and preserve our National Forests for suitable and sustainable multiple use goals and objectives.  
Some of those Uses found listed in Chapter 2 for the Forest Plan (i.e. Biodiversity, Fish, 
Wildlife, Plants, Soil and Water, Wetlands Heritage Resources, Sacred Sites and Subsistence) to 
name a few of the twenty (20) Uses specified are very key to tribal members. It is important for 
USFS to remember that though “Timber” Use predominates the planning effort and staff 
resources “Timber” still only 1 out of 20 Multiple Uses specified to be managed for in the 
Tongass Forest Plan.   
 
Timber harvest should not negatively impact the other identified goals and objectives of the 
Forest Plan disproportionate to its value, especially when it is not supporting a significant 
number of private sector jobs. It is my understanding that approximately half the trees logged on 
the Tongass are exported as unprocessed logs. On the surface this business model requires little 
long-term investment in Alaska and employs comparatively few Alaskans and potentially 
squanders a valuable resource.  
 
Southeast Alaska’s culture and economy is based on a well-functioning ecosystem. Ecosystem 
Services and the secondary benefits provided by a healthy forest include both the subsistence 
resources: fish, deer and berries, that fill freezers of many KIC members; and to employment 
opportunities and dollars brought in by tourism and fishing. To this end it would be desirable to 
focus forest management resources at restoring watersheds impacted by logging and support job 
creation in fishing, hunting, general outdoor recreation, renewable energy, mariculture and 
tourism. 
 
In regards to the Forest Plan Preferred Alternative 5: There is concern over impacts to Riparian 
Management Areas (RMAs), especially Beach and Estuary fringe areas where the likelihood of 
damaging subsistence and cultural heritage resources is greater than upland areas. Nevertheless, 
Beach and Estuary fringe areas become less protected with this new Forest Plan. Additional 



 

oversight by USFS staff would be essential to minimize impacts and mitigate damages of any 
land disturbing activity in Beach and Estuary fringe areas permitted under this new Forest Plan. 
 
Another concern is what will be required to be monitored before during and after timber harvest, 
in other words the quality and quantity of monitoring. It is our understanding that a separate 
Monitoring Plan tied to this Forest Plan will be developed in the near future. In a recent meeting 
of TAC it was stated and not disputed that due to limited USFS staff some logging sites have in 
the past received only a windshield surveys, rather than boots on the ground for through and 
frequent inspections. We strongly encourage a robust monitoring plan and enough staff to be 
present at logging sites before during and after harvest. Supported by a budget that is adequate to 
accomplish this task, funded if necessary by increased fees paid by companies harvesting timber 
to allow for this monitoring and subsequent restoration. And that this Monitoring Plan be 
developed sooner rather than later and applied retroactively to timber sales approved and 
ongoing before such a Monitoring Plan is complete and approved. 

Tribal Members especially those actively engaged in carving and weaving are extremely 
concerned over status of Yellow Cedar. Tlingit, Haida and Tsimshian people use the rot-resistant 
wood for canoe paddles and totem poles. They can take a lengthwise strip of bark from a living 
tree for weaving baskets and hats, and as backing in blankets. The tree can compartmentalize the 
injury and continue growing. However, the yellow cedar’s shallow roots make the tree 
vulnerable to changes brought on by climate warming. It is our understanding that the USFS has 
been studying yellow cedar decline in Southeast Alaska for many years. A 2014 USFS finding 
document states “substantial information indicating that listing this species may be warranted”.  
If this is the case, and tribal members feel that it is, the Forest Plan should limit timber harvest of 
healthy Yellow Cedar until this issue of decline can be addressed. With the goal of maintaining 
healthy stands of Yellow Cedar wherever possible for as long as possible. 

KIC does not outright oppose the Timber Industry but desires harvesting to be done in a 
sustainable way rather than driven by short-term economic gain for a relative few companies and 
individuals.  We strongly encourage USFS to only implement forest management actions that 
protect and maintain, subsistence and cultural values.  Southeast Native Alaskans, and other 
people groups derive significant value from a healthy Tongass National Forest and surrounding 
ecosystem. Keeping it that way is essential for what KIC Leadership considers “Our Way of 
Life”. 
 
I am appreciative of the opportunity for review documentation and to provide input. 
 
Sincerely, 
 
Tony R Gallegos, Cultural Resources Director 
Work:  (907) 228-9445 
Email: tgallegos@kictribe.org 
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Earl Stewart, Forest Supervisor 
Tongass National Forest 
648 Mission St. 
Ketchikan, AK 99901 
Re: Tongass Land and Resource Management Plan                                                                                

comments-alaska-tongass@fs.fed.us 

                                                                                                       February 22, 2016 

Dear Mr. Stewart, 

The City of Kupreanof respectfully submits the following comments in response to the 
Draft Environmental Impact Statement (DEIS) of the Proposed Tongass Land and 
Resource Management Plan (LRMP). Due to the past half century of politically-driven 
decisions of your predecessors to sign-off on unsustainable, large-scale industrial 
clearcutting of the Tongass National Forest, our island ecosystems have been tragically 
compromised on an island-wide, landscape level of impairment. Elsewhere whole 
watersheds have been rendered incapable of maintaining stable and productive 
populations of Sitka blacktail deer and are no longer capable of meeting basic local 
subsistence needs.  

The entirety of nearby Mitkof Island has suffered the most restrictive season and bag 
limits in all of Southeast for the last 45 years. These restrictions to local hunters remain in 
place to this day even after a total hunting closure which lasted over 17 years. Previous to 
large-scale clearcutting which targeted low elevation, high volume old growth on Mitkof 
island, the area provided among the most abundant deer populations in all of Southeast 
Alaska.  

mailto:comments-alaska-tongass@fs.fed.us


In 1961, the Alaska Department of Fish and Game (ADFG) published a statistical 
summary of the season’s deer hunter harvest in all Southeast communities. In terms of 
hunter success, Petersburg ranked the highest of all communities of Southeast with a 
hunter success rate of 97%. 
  
 In 1961 Petersburg ranked the highest of all communities of Southeast in terms of 
highest average number of deer per hunter, (3.5 deer per hunter), with a season total of 
over 1922 deer by 549 hunters.) However, in 2012, 147 hunters on Mitkof Island required 
565 deer hunter days to harvest just 22 deer.   1

To make matters worse, in 2013, even as the remaining high value old growth timber was 
being clearcut (Tonka Timber Sale) on nearby Lindenberg Peninsula, the same hunting 
restrictions were imposed by emergency order and remain in place for the foreseeable 
future.  

Other old growth dependent species such as the Alexander Archipelago wolf (Canis lupus 
ligoni) of Prince of Wales Island (Unit 2), face such precipitous declines in the face of 
large scale timber extraction in the on-going Big Thorne Timber Sale, that according to 
ADFG wolf researcher, Dr. David Person,   

“the Big Thorne timber sale, if implemented, represents the final straw that will 
break the back of a sustainable wolf-deer predator-prey ecological community on 
Prince of Wales Island…” 

Still other old growth dependent species such as marten, Queen Charlotte goshawk, and 
several other species demonstrate population declines consistent with biological research 
demonstrating the debilitating effects of habitat fragmentation resulting from even age 
(clearcutting) management and the associated logging road system.  

Despite these documented failures of an agency whose byline is, “Caring for the Land, 
and Serving People”, the United States Forest Service (USFS) remains committed to 
singling out the Tongass as the only public forest in the entire National Forest System in 
which large scale industrial old growth timber extraction continues apace, while being 
fully aware of long-standing negative, economic, environmental, and social 
consequences. 

 ADF&G, 2014. Deer hunter survey summary statistics. Alaska Dept. of Fish and Game. 1

Division of Wildlife Conservation. Juneau. WINFONET database.



The problem of even age management was identified in the early 1960's and summarized 
in a technical report produced by ADFG back in 1985, titled, "The impacts of Clearcut 
Logging on the Wildlife Resources of Southeast Alaska."  

The very first paragraph to the introduction of this report states, 

"Logging, as currently practiced and planned in southeast Alaska, has the 
potential to significantly and permanently alter large amounts of wildlife 
habitat.Wildlife species which are adapted to use existing habitat may decline and 
associated recreational and subsistence uses may be substantially reduced." 

So it cannot be said, the large scale mismanagement which has occurred on the Tongass 
was not well known, nor its actions constituted unintended consequences. Rather, the 
agency has consistently operated and remains, in a state of regulatory capture . 2

“Addressing sustainable forestry in Southeast Alaska” 

An industry-wide shift out of old growth logging to second growth was first pitched by 
the agency in 2010 at the Tongass Futures Roundtable (TFR.) Within 3 years, the TFR 
was disbanded, but barely two months later, Secretary Vilsack’s Memorandum of 2013  3

was issued. In that memorandum, radical revisions of the timber industry were outlined, 
with the execution of the Big Thorne Timber Sale (the largest timber sale in well over a 
decade) pitched as the first step in “addressing sustainable forestry.”  

The Memorandum included an entreaty to Congress to legislatively eliminate the 
silvicultural standard known as CMAI, or Cumulative Mean Annual Increment, which 
represented the methodology for maximizing timber yield by ensuring that timber would 
not be cut prior to achieving its greatest rate of regrowth. The consequences of this 
revision means that all second growth (rebranded as “young growth”) would no longer be 
managed to achieve the crucial structure, function, or compositional characteristics which 
old growth dependent wildlife of our coastal temperate rainforest have adapted to and 
require in order maintain, “viable, well distributed populations” as promulgated in the 
National Forest Management Act of 1976 (NFMA.) 

The consequence of this Secretarial edict constitutes nothing less than a permanent 
conversion of the (formerly) highest value, most biological productive old growth habitat 

 https://en.wikipedia.org/wiki/Regulatory_capture2

 Secretary’s Memorandum 1044-009 “Addressing Sustainable Forestry in Southeast Alaska”3

https://en.wikipedia.org/wiki/Regulatory_capture
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5445760.pdf


of the Tongass National Forest into corporate tree plantations which are incapable of 
functioning under the mandate of Multiple Use, and incapable of maintaining the 
sustainable yield of old growth dependent plants and animals central to subsistence needs 
of rural residents. 

 Ultimately, the “Transition” was re-pitched at the Tongass Advisory Committee (TAC),  
a full 6 years after its announcement at the TFR and is now found in the DEIS Proposed 
Amendment to the LRMP. The public has been reassured in this document with terms 
such as “Transition,” “Stewardship,” and “Restoration.” 

The terms seem to indicate an (albeit after-the-fact) agency acknowledgement that the 
decades of overwhelming public outcry over unsustainable old growth timber extraction 
has been heard, and an agency paradigm shift is afoot. Those familiar with corporate 
marketing tactics such as ‘bait and switch,’ ‘rebranding,’ and ‘spin,’ however, understand 
instead, that something else is underfoot.  

The TAC implementation, process, representation, and premises used to lend the patina of 
legitimacy and unbiased deliberation to the LRMP is a transparent demonstration of 
manufactured consensus for rubber stamping the predetermined outcome defined in 
Secretary Vilsack Memorandum. 

These abuses of the Federal Advisory Committee Act (FACA) abetted by the agency’s  
handpicked membership of the TAC demonstrate the agency intended from the outset to 
run roughshod over the intent of FACA. The LRMP DEIS itself, is fatally flawed in its 
Purpose and Need statement in that it excludes a full range of alternatives and with that, 
major disclosures of environmental impacts and the requisite “hard look” delineated in 
the National Environmental Policy Act. The National Forest Management Act, and other 
benchmark environmental and procedural laws in the pursuit of business as usual and it 
does not reflect well on the agency, nor the continued imposition of its failed business 
model on the regional economy, the environment, and the social wellbeing of Southeast 
Alaskans. 

Economic Overview 
A cursory overview of the LRMP, coupled with the documented historical record, 
demonstrates the Proposed Alternative reveals the actual shift away from industrial 
clearcutting of old growth will not occur for 15 years or more. This period of time will 
render moot what little remains of the existing old growth habitat, as it will be liquidated. 



The agency allowance of up to 50% or more of raw log exports to China, Japan, South 
Korea and elsewhere continues. The net effect of these policies preclude the most viable 
options and opportunities for providing local small mill owners access to local old growth 
timber. The small mills cannot add sufficient value to young growth nor can they compete 
on the scales of volume necessary to remain competitive. The DEIS fails to provide the 
analysis necessary to examine these inevitable outcomes. 

While the lion’s share of the agency budget continues to increase the size of a burgeoning 
corporate tree plantation occurring within the most biologically critical, highest volume, 
easiest to access, low elevation watersheds, the industrial scale, even age management 
regime condemns present and future opportunities of local small mill owners from access 
to viable livelihoods. 

Further, the DEIS fails to examine alternative economic scenarios in which forest 
dependent industries such as ecotourism, commercial fishing, recreation, sport hunting 
and fishing sectors are allowed to operate in an economic scenario free from the 
deleterious impacts of corporate tree plantations within the same landscapes. 

Any objective analysis of the last fifty years of the timber industry in Southeast Alaska 
must conclude the wholesale felling and foreign export of the region’s old growth 
rainforests allowed temporary profit taking for a few — while exerting a profoundly 
negative constellation of cultural, ecological, social, and economic consequences — for 
the many. On federal lands alone, a limited calculation of explicit economic 
consequences to U.S. taxpayers totaled over a billion dollars within a 30 year period  of 4

federal timber sales. The implicit ecological and social subsidies remain unaccounted and 
largely ignored. The explicit economic subsidies to the timber industry are more aptly 
described as a corporate welfare system than an “industry” competing in the “free 
market.” 

For these reasons, the City of Kupreanof respectfully requests the USFS revisit its 
obligation to fulfilling the full intent of NEPA, NFMA, FACA, and the Administrative 
Procedures Act by abandoning the current DEIS and conducting a revised DEIS. 

Sincerely, 
David Beebe 
Vice Mayor 
City of Kupreanof 

 1980-2010  Alaska Wilderness League       akbriefing.wikispaces.com4

http://akbriefing.wikispaces.com
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Dear Ms. Howle:

 

I am not a scientist, a fisheries biologist, a timber man or an expert on forest ecology.  I am an armchair 
observer of Tongass politics and the forest itself.  I am a student of public policy and a citizen concerned with 
our future.

 

To the extent the following comments can be woven into others and into the USFS?s management plan 
update, I would appreciate it.

 

My own beliefs are that:

 

1)      What we are doing as a people is not sustainable.  The Earth wasn?t designed to hold $7 billion all vying 
for scarce resources.  Pressures on those resources are being felt every day.  Sometimes the wiser mover is 
the conservative one?conserving a resource.  And more than Gifford Pinchot may have foreseen.  To the 
extent possible, leave the Tongass Forest in tact, and alone.

2)      Do not sell uncut timber, without value added, to overseas or domestic purchasers.  

3)      Do not clear cut old growth timber.  Lesnoi on Afognak Island has done enough of that, as has 
SeaAlaska.

4)      Tourists and cruise ship customers do not want to see denuded landscapes in SE Alaska.  They just 
don?t.

5)      Do not ever let heavy equipment be driven across a salmon stream.

6)      Do not ever let trees be denuded right down to salmon banks.

7)      Do not decimate the rest of SE the way that Prince of Wales Island has been.  I personally told Secty. 
Vilsack when I met him in the Summer of 2014, that I hoped the USFS lost the litigation related to the Big 
Thorne harvest.  He won, and I lost, apparently.

8)      It?s ?o.k.? to say ?no?.  It?s ?o.k.?



9)      Alaska?s industry is already less than 10% of what it was.  Don?t bring it back.  The economy has 
adjusted.  Just leave it alone.

10)   Future generations will be unimpressed with the amount of wealth and comfort we?ve amassed since the 
Industrial Revolution.  They?ll be more impressed with the natural beauty we protect.  

 

Thanks for listening,

 

State Rep. Andy Josephson

Juneau, Alaska
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Dear Mr. Stewart: 

Attached for inclusion in the referenced docket are my Comments on the Proposed Land 
Resource Management Plan for the Tongass National Forest, November 2015. 
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Cc: Robert Bonnie, U.S. Department of Agriculture 
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INTRODUCTION: 

I write to express my views on the Tongass National Forest: Proposed Land and Resource 
Management Plan (2015) (Proposed TLMP, Plan or Plan Amendment) and the U.S. Forest 
Service's (Forest Service) Proposed Preferred Alternative changing the 2008 Tongass National 
Forest: Land and Resource Management Plan (Final TLMP, or 2008 Plan) 1 released for 
comment on November 15, 2015.2 The three-volume Plan prompts a host of conflicting 
reactions. The updated scientific research and data collected by Forest Supervisor Earl Stewart, 
Project Team Leader Susan Howle, and their 20 assistant "preparers" and 46 "contributors" is 
impressive. Unfortunately however, as detailed in these comments, the substance of the Plan is 
deeply concerning. The Forest Service should wait to make a final decision on whether and what 
kind of TLMP plan update is required until there is firm data to support the Administration's 
policy decision to accelerate a transition to a young-growth forest management program in the 
reg10n. 

As an Alaskan born in Southeast Alaska, some of the research was fascinating. For example, it is 
notable that El Capitan Cave on Prince of Wales Island is between 107 ,000 and 115 ,000 years 
old.3 It is useful to know that there are 152,800 acres of Productive Old-Growth timber (POG, 
the largest of old-growth trees) on top of karst formations remaining in the Tongass;4 that since 
Statehood Alaskans have harvested only 8 percent of the original POG in the Tongass Forest; 
and that, regardless of which proposed alternative is selected to govern future forest activities, 91 
percent of all POG will remain after a century. 5 

The detailed accounting of land ownership is very useful especially because it documents 
conclusively that only 190,000 acres of the 17 ,906,000 acres of total land within the outer 
boundaries of the Tongass National Forest are privately owned. It is important to keep at the 
forefront the fact that the Forest Service controls 93.4 percent of the forest or 16,720,000 acres 
after passage of the Southeast Alaska Native Land Entitlement Finalization Act (Sealaska Lands 
Bill) in December 2014. 6 Only one-half of one percent of the forested lands in Southeast Alaska 
contain 2 miles of road per square mile, while 46 percent of the nearly 18 million acres have no 
roads at all, another fact contained in the Plan that bears emphasis. 

Unfortunately, despite its positive attributes, overall the Plan is unjustified - a extremely 
premature attempt to implement a legally questionable, economically unsupported, 
environmentally unneeded, and extremely short-sighted change in the management of the 
nation's largest federally owned forest. · 

1 U.S. Department of Agriculture Forest Service, Tongass National Forest: Land and Resource Management Plan 
(2008), available at https://fs.usda.gov/Internet/FSE DOCUMENTS/stelprdb5367422.pdf. 
2 U.S. Department of Agriculture Forest Service, Tongass National Forest: Proposed Land and Resource 
Management Plan (2015), available at http://www.fs.usda.gov/lnternet/FSE DOCUMENTS/fseprd480655.pdf. 
3 U.S. Department of Agriculture Forest Service, Tongass Land and Resource Management Plan: Draft 
Environmental Impact Statement- Plan Amendment, 3-27 (November 2015), available at 
http://www. fs. usda.gov/Internet/FSE DOCUMENTS/fseprd480660. pdf. 
4 Id. at 3-28. 
5 Id. at 2-40. 
6 Id. at 3-263. 



THE DRIVER BEHIND A PLAN UPDATE - The Proposed Plan is not driven by actual 
data, but assumptions to support an agenda to end old-growth harvesting or to satisfy the 
desire of some to end most all timber production from the Tongass. This Plan Amendment 
is a rush to judgment that is ill considered and is likely to result in harm to the residents of 
Southeast Alaska. 

The Obama Administration and Secretary Vilsack, soon after taking office in 2009, made it 
abundantly clear that they intended to dramatically alter the economic underpinnings of the 
timber industry in Southeast Alaska- an industry that the Forest Service was largely responsible 
for establishing in the 1950s and that the federal government has been partially responsible for 
seeing decline in recent decades. In the Secretary's July 1, 2013 memorandum Addressing 
Sustainable Forestry in Southeast Alaska (the Memorandum) he simply decreed that 
management of the forest would change notwithstanding Congressional direction in 1980, and 
clarifying direction in 1990 and again in 2014 that requires the Forest Service "to seek to meet" 
the existing demand for timber (once defined by average timber market conditions, not by Forest 
Service policy)7.8 He did so seemingly because he believed an industry that utilized a tiny 
percentage of the old-growth trees in the forest somehow violated the Multiple-Use Sustained 
Yield Act of 1960 (the 1960 Act). As I see it, he also decided that it simply wasn't worth the cost 
and time for his agency to address litigation from environmental groups opposed to most any 
form and any significant quantity of Tongass timber harvesting. 

The 1960 Act, even as revised in 1996, requires the Secretary to manage "all the various 
renewable surface resources of the national forests so that they are utilized in the combination 
that will best meet the needs of the American people; making the most judicious use of the land 
for some or all of these resources or related services over areas large enough to provide sufficient 
latitude for periodic adjustments in use to conform to changing needs and conditions .... "9 

Clearly under the Act, national forests are to be managed to support recreation, wildlife, 
economic activities, and timber harvesting- a specific designated use in national forests. 10 

The Memorandum, however, equated the desires of some for "changing needs" to timber 
preservation and a reduction of timber harvesting. Meanwhile, it ignores that "changing needs" 
in the minds of many Alaskans may well mean the need for greater economic benefits from 
Alaska's renewable national forest lands as income to offset declines from wealth devised from 
the production of oil and gas in other parts of the State. The Memorandum seemingly defines 
timber harvesting in Alaska as, after a transition period, largely equating only to the harvesting 
of small diameter, young-growth timber (Y-G). This was clearly never intended by Congress in 
passage of the 1960 Act, the 1980 Alaska National Interest Lands Conservation Act, or the 1990 
Tongass Timber Reform Act. 

7 Tongass Timber Reforms Act, Pub. L. No. 101-626 §101(amending·§705(a) ofthe Alaska National Interest 
Lands Conservation Act of 1980 (Pub. L. No. 96-487)). 
8 U.S. Department of Agriculture, Secretary's Memorandum 1044-009, 1(July2015), available at 
http://www.fs.usda.gov/Internet/FSE DOCUMENTS/stelprdb5445760.pdf. 
9 Multiple-Use Sustained Yield Act of 1960, Pub. L. No. 86-517 § 4(a). 
JO Id. § I. 

2 



The Memorandum calls for a transition to young-growth harvesting over a "10 to 15 year" 
period, with the possibility of a "small sale frogram" to harvest a small amount of old-growth 
timber for "niche markets" after transition. 1 A fatal flaw in this approach is that it sets in motion 
a transition to young-growth harvesting without any real evidence, but only speculation that such 
an industry could be economically viable in Southeast Alaska. There is little, if any, firm 
knowledge of the amount of young-growth that will be environmentally acceptable to harvest 
from the Tongass. Nevertheless, this information is a primary condition before any enterprise, let 
alone an industry, could attract the private financing necessary to fund the transition to Y-G. The 
Administration pressed the transition to Y-G without any clear indication of what end uses would 
constitute the economic market for Y-G-what products can be made and profitably shipped and 
sold from the wood in this forest. This transition mandate came before there was any evidence on 
the economic impacts on the region of the policy shift, an apparent violation of the National 
Forest Management Act of 1976. 12 That Act requires planning before policy changes were 
crafted, not afterwards to justify the actions already directed by the memorandum and the views 
of political appointees. 

The Department and the Forest Service clearly placed the cart before the horse in 2013. It created 
a Tongass (Citizens) Advisory Committee (TAC) in fall 2013 to make recommendations on how 
the transition could be implemented, leaving out of its charter a discussion on whether such a 
shift should take place. 13 The Administration since then has proposed the Plan Amendment to 
accelerate the transition to a young-growth industry. The Proposed TLMP picks and chooses 
which of the advisory committee recommendations to implement, apparently supporting only the 
recommendations that will allow it to "lock in" a transition plan prior to January 20, 2017. 

This Plan Amendment is a rush to judgment that is ill considered, and is likely to result in harm 
to the residents of Southeast Alaska. 

Let me acknowledge that for more than five decades it has been the common wisdom in the 
region - an area the size of West Virginia-that eventually the timber industry in the Tongass 
National Forest will transition from dependence on old-growth timber to largely young-growth 
timber. That was the justification for the expenditure of federal funds to help pay for forest road 
building in Southeast Alaska. The roads were an investment that would be repaid with stumpage 
fees and tax revenues from future second- and third- rotation sales and the economic activity 
they would promote. It makes perfectly good environmental sense to protect a majority of the 
old-growth timber stands in the Tongass National Forest, to protect fishery habitat and to protect 
wildlife, both for their own sake and the sake of subsistence, recreational, and commercial 
hunting in the region. 14 It is wise to encourage an industry to transition and to develop new 
markets for young-growth timber - markets where Alaskan timber might have economic 
advantages in sales in the future because of geographical location, product characteristics, or 
innovations. By contrast, it is arbitrary to set an end date, or effectively arbitrarily limit the 
amount of old-growth by volume or acreage that may be harvested in the Tongass, without any 

11 USDA, Secretary's Memorandum 1044-009, 2. 
12 Pub. L. No. 94-588. 
13 If the latter had been under discussion there likely would have been no recommendations issued by the TAC given 
the requirements for issuance of a report under the Federal Advisory Committee Act. 
14 80% of which will be protected even without a young-growth transition plan. 

3 



firm evidence that a transition to a young-growth timber supply is economically viable over an 
articulated time period - whether the transition is viable starting within a few years and fully 
completed within 16 years, compared to one starting in 25 years and fully underway three 
decades from now when the existing old-growth will have increased by 50 percent and the 
acreage to support a future industry 60 to 90 years later will have increased. 15 

It would be counterproductive effectively to place an arbitrary limit on old-growth timber sales 
of approximately 5 million board feet a year after a "transition," with no evidence that that is a 
sufficient harvest to meet high-value wood demand for musical instruments or other high-value 
uses. Such a limit appears to be based on environmental goals rather than a serious consideration 
of economic facts. It is also wrong to limit arbitrarily the amount of old-growth timber that can 
be harvested to about 2 percent of a 16. 7-million-acre forest, when a harvest that would still 
leave about 96 percent of such trees standing can occur while enabling a viable, integrated timber 
industry in the region. 16 

The Memorandum paid lip-service to maintaining a viable timber industry in the Tongass: 

"(The) Department of Agriculture is committed to maintaining Southeast Alaska's 
exceptional natural resources in perpetuity. USDA is equally committed to doing 
its part to ensure that the communities within and adjacent to the Tongass 
National Forest are economically vibrant. These two goals must go hand in hand . 
. . . We must speed the transition away from old-growth timber (but) we must do 
this in a way that preserves a viable timber industry that provides jobs and 
opportunities for residents of Southeast Alaska .... To accomplish the transition to 
a timber program based primarily on young growth, it is important to retain the 
experience and infrastructure of the existing industry so businesses can quickly 
retool. These businesses are fundamental to both the young growth and restoration 
components of the future timber program, and to the economic vitality of the 
region. Such an approach requires a reliable supply of economically viable 
timber, with the old-growth component decreasing over time while the young 
growth component increases .... Additional research will be necessary to develop 
effective ways to meet" the challenges of establishing an "economically viable 
young-growth program due to the relatively young age of the available stands, 
market conditions, and other factors." 17 

The Forest Service should actually fund and undertake that research to make sure that a 
transition is economically feasible and somewhat likely to succeed before amending the 2008 
Plan and "locking in" reduced old-growth timber harvest offerings. 

As noted above, there is a case to be made for a transition when the amount of second-growth 
and its volume of fiber make economic sense to support a viable timber industry. In 2014, I 
accepted a provision to allow a limited waiver of federal law to permit a limited amount of 

15 Alaska Forest Association, Comments on U.S. Forest Service Tongass National Forest Timber Demand, 
Projections for 2015 to 2030, 7 (January 7, 2016). 
16 USDA, Tongass National Forest: Land and Resource Management Plan. 
17 citation 
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timber to be harvested before it reaches optimal size to allow a transition to begin more 
quickly. 18 In 2015, I supported the Forest Service's budget to help it gain funding to conduct 
needed research to prove that there will be sufficient second-growth wood to fuel a young
growth timber industry. I am willing to support additional funding if proposed by the 
Administration for objective economic studies to determine what products can be made from 
young-growth and at what costs, to prove the economic viability of a transition given Tongass 
wood volumes, and to allow private investment to help fund a transition to a young-growth 
industry. I will support the TAC recommendations for new management policies to allow a 
transition to young-growth. But the TAC carefully proposed in its recommendations that young
growth replace old-growth on a "one-to-one volumetric basis," 19 with old-growth not being 
reduced until there is a market for young-growth to profitably replace it, i.e., until it is proven in 
an intellectually honest fashion that such a transition can actually take place without further harm 
to the economic underpinnings of Southeast Alaska's economy and not until there are markets 
for young-growth to replace the economic benefits of old-growth timber. If objective studies 
prove that a transition can occur more quickly and be financeable by the private sector it could 
well be worthy of support. 

Until then, I must adamantly oppose unnatural transition, and worse an amendment to the 2008 
Plan, that encourages Forest Service management policies that will result in a reduced timber 
harvest. The Proposed TLMP is not driven by actual data, but assumptions to support an agenda 
to end old-growth harvesting or to satisfy the desire of some to end most all timber production 
from the Tongass. This history of timber harvesting in Southeast Alaska provides an important 
foundation to understand my concerns. 

TIMBER HARVESTING HISTORY: Timber sale levels have declined dramatically for 
more than a decade resulting in the loss of more than 5,000 timber and timber-related jobs. 

The blueprint for a timber industry in Southeast Alaska has changed dramatically since the 1950s 
when the Forest Service offered timber sales to attract a pulp industry in the region. The Forest 
Service believed that the Tongass could supply up to 1.8 billion board feet of timber yearly in a 
biologically sustainable fashion. That timber was just a part of the then-estimated 95 billion 
board feet to lie in the 9.5 million acres of commercial forest lands in the Tongass.20 The Alaska 
National Interest Lands Conservation Act of 1980 (ANILCA) reduced that harvest target from 
federal lands to 450 million board feet (mmbf) a year, providing mandatory spending of $40 
million a year for pre-commercial thinning and other work to allow that harvest level to be met 
while removing 5. 7 million acres from the forest land base - land placed in conservation system 
units, protected habitat, and wilderness. ANILCA: 

18 Southeast Alaska Native Land Entitlement Finalization Act (Sealaska Lands Bill), Pub. L. No. 113-291 § 3002. 
19 Tongass Advisory Committee (TAC), Final Recommendations, 2 (December 2015), available at 
http://www.merid.org/~/med ia/Files/Projects/tongass/December%202015%20 Meeting/Tongass%20Ad visory%20C 
ommittee%20Final%20Recommendations Dec%202015.pdf. 
20 Sen. Frank Murkowski, The Tongass, Fact versus Fantasy, 4 (Chart on Timber Harvesting in Tongass Compared 
to Biological Capacity, U.S. Forest Service Data) (August 1996). 
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"Represented a proper balance between the reservation of national conservation 
system units and those public lands necessary and appropriate for more intensive 
use and disposition and thus Congress believes that the need for future legislation 
designatinF new conservation system units (CSUs) ... has been obviated 
thereby."2 

It took Congress just ten years to repeal the 1980 silviculture subsidy, to reduce the allowable 
timber harvest target to between 220 to 267 mmbf, and to add another 722,000 acres into 
protected status/CSUs. By the Forest Service's own estimates at the time, in 1990 the Tongass 
produced 6,113 direct jobs, contributing $516 million to the state's economy from the harvest of 
4 71 mmbf of timber from federal lands. 

The TLMP finally approved in 1999 to implement the Tongass Timber Reform Act (TTRA),22 

passed nine years earlier, anticipated a harvest or Allowable Sale Quantity (ASQ) of between 
153 and 187 mmbf.23 The Forest Service was required to "seek to meet" the demand for then 
existing timber markets. The mills supplying those markets all were equipped to process larger 
diameter, old-growth timber. Mills whose customer base was (and largely continues to be) 
tailored toward processing of that type of wood assumed its availability. In 1999, the harvest still 
reached 146 mmbf. 

For a host of factors, some market driven, but others driven by environmental group litigation 
and the inability of the Forest Service to provide a consistent quantity of timber to satisfy 
markets and prevent customer switching, sale levels declined dramatically for more than a 
decade. In 2005 harvests fell to 50 mmbf, and over the next I 0 years they have averaged just 
33.3 mmbf, generally far less than the "market demand" for the timber. During that period, while 
the Forest Service offered (or attempted to offer) 57.8 mmbf a year, the Service only successfully 
sold 35.4 mmbf a year - litigation and Forest Service sale policies significantly reduced the 
amount of timber being utilized in the forest. 24 

As a result, a host of mills in Southeast Alaska have closed. This has resulted in the loss of more 
than 5,000 timber and timber-related jobs. Ketchikan lost a 500-employee pulp mill, two 100-
employee sawmills and later an I 00-employee veneer plant, Sitka lost a 500-employee pulp mill, 
Prince of Wales Island, lost a 25-employee sort yard and 700 logging and road building jobs, 
Wrangell lost a 100-employee sawmill, and Metlakatka lost an I 00-employee hemlock mill and 
100 jobs in road building and logging. Other parts of the region faced and are facing steep 
indirect job losses. The industry, which once accounted for nearly 80 percent of all 
manufacturing jobs in Alaska and produced a payroll of more than $300 million a year in 1991, 
today has been reduced to an industry that accounts for only about 600 total jobs and a total 

21 Alaska National Interest Lands Conservation Act of 1980, PL. 96-487 § 101 (d). 
22 Tongass Timber Reform Act, Pub. L. No. 101-626. 
23 I do understand that the Forest Service since 2012 no longer uses the term Allowable Sale Quantity to characterize 
timber sale offerings having moved to Projected Timber Sale Quantity (PTSQ). ASQ is used here simply because it 
was in usage at the time of ANILCA and TTRA's passage and reflects the expected timber offerings by Alaskans, 
dependent, of course, on the level of congressional funding provided to the Forest Service for planning/execution of 
timber sales. 
24 U.S. Forest Service, Alaska Region Timber Volume History (January 2015). 
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payroll in the region of approximately $27 million.25 Despite these losses, the timber industry is 
important locally in the "Panhandle" of Southeast Alaska. For example, from 1990 to 2000, 
following passage of the Tongass Timber Reform Act and the eventual closure of the Alaska 
Pulp Co. mill in Sitka and the Ketchikan Pulp Co. mill in Ketchikan and sawmill in Wrangell, 
Southeast's total population declined by 7 percent. 

The decline continued from 2000 to 2010 because of the marked slowdown in timber harvesting. 
From 2000 to 2010 total population in the region declined to 69 ,849 from 73, 082, a further 
decline of 5 percent; 24 of the region's 34 communities are facing declines: from 2 percent in 
Hydaburg, now a shipping port for log exports, to 57 percent in Point Baker on northern Prince 
of Wales Island.26 Almost exclusively linked to the downturn in timber employment, state 
elementary schools in six communities closed following a region-wide enrollment decline of 15 
percent- the schools in Edna Bay, Elfin Cove, Meyers Creek (Chuck), and Whale Pass remain 
closed. Ketchikan (both City and Ketchikan Gateway Borough), for example, saw its population 
peak in 1995 at 14,800. While it bottomed out in 2004 at 13,200, it still is only at about 13,900 -
900 fewer residents in the area than at logging's peak. Ketchikan's average wage in 2013, the 
most recent year for data, was $42,767, considerably below its pre logging era collapse and well 
below the statewide average of $51,033. 27 

On Prince of Wales Island, the downturn in the timber industry caused far worse economic 
impacts. The Island's population, according to the U.S. Census Bureau, fell 20 percent from 
1996 to 2007. The Island, once fueled by timber, is now dominated by government agency 
spending. Some 52 percent ($38 million) of the total census area wages in 2011 were funded by 
government agencies and natural resources provided just 6 percent ofwages.28 

According to Southeast Conference, the umbrella organization for all communities in Southeast, 
timber jobs and payrolls fell by 24 percent from 2006 to 2011. Timber, which accounted for 
4,500 direct jobs in the region in the late 1990s, by 2011 accounted for just 422 jobs and wages 
were down to $16.8 million.29 

Even though the seafood industry increased 4 percent from 2006 to 2011, generating $391 
million in ex-vessel value for Southeast residents, and even though tourism fell 6 percent from 
2006 to 2011, generating 6,000 part-time and some year-round employment with a payroll of 

25 Caroline Schultz, Alaska's Timber Industry Fallen on Hard Times, ALASKA ECONOMIC TRENDS, Alaska 
Department of Labor and Workforce Development, 14 (October 2010), available at 
http://laborstats.alaska.gov/trends/oct 1 Oart2 .pdf. 
26 Alaska Department of Commerce, Division of Economic Development, Report to the Alaska Timber Jobs Task 
Force, 3 (March 2012). 
27 Conor Bell, Ketchikan 's Fluid Economy: Alaska's Gateway City, From Mining and Timber to Fishing and 
Tourism, Stories in the News/Sit News (August 16, 2014), available at 
http://www.sitnews.us/0814News/08 l 614/081614 ketchikan economy.html (citing the Alaska Department of Labor 
and Workforce Development, Research and Analysis Section). 
28 Prince of Wales Area Redefines its Economy after the Timber Decline, Stories in the News/Sit News, 2-3 (August 
1, 2012), available at http://www.sitnews.us/0812News/080112/080112 POW.html. 
29 Southeast Conference, Southeast Alaska by the Numbers, 8 (2012), available at 
http://www.seconference.org/sites/default/files/Southeast%20Alaska%20by%20the%20numbers%20small%20for% 
20emailing%20and%20web.pdf (citing the McDowell Group and the U.S. Forest Service). 
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$164 million, and even though mineral development has grown in Southeast, to 650 jobs and a 
$60 million payroll by 2011 (largely as a result of the opening of the Kensington gold mine in 
Juneau and the reopening of the Greens Creek silver mine outside of Juneau), timber could still 
play a vital role in a balanced economy in Southeast Alaska. That would be the case if timber 
production was allowed to return just to the allowable sale quantity levels permitted by the 2008 
TLMP. 30 

This history provides the foundation for the following comments on the Plan. 

CRITERIA FOR PLAN ALTERNATIVES-The Plan Amendment process was 
fundamentally flawed because the Plan, rather than looking objectively at the outcome of 
all reasonable forest alternatives, appears to have been predetermined in order to support 
a prior decision to exclude consideration of a more robust timber harvest scenario. 

The Plan Amendment process was fundamentally flawed because the Plan, rather than looking 
objectively at the outcome of all reasonable forest alternatives, was gerrymandered as a result of 
the 2013 Memorandum and the decision to exclude consideration of a more robust timber harvest 
scenario. The Forest Service admits that early in the Plan: 

In the past Forest Plan revisions and amendments, varying demand scenarios were 
used to develop alternatives, including scenarios that allowed for growth and 
expansion of the current industry. In this amendment, the purpose and need 
demands the transition to a predominately young-growth-based industry and the 
reduction of old-growth harvest. Therefore, examination of alternatives at levels 
above projected demand is not warranted because these would require expansion 
of old-growth harvest levels, at least during the next 1 Oto 20 years."31 

Worse, the forest "demand level" used as the base for sale forecasts in the document is not a real 
assessment of the market "demand" for timber, as required by Sec. 101 of the Tongass Timber 
Reforms Act of 1990.32 The five alternatives in the Proposed TLMP are assessed against the 
baseline "demand estimate" used by the Forest Service in crafting the Plan Amendment. The 
Tongass National Forest Timber Demand, Projections for 2015 to 2030 (the Demand Estimate), 
crafted by economists from the Pacific Northwest Research Station,33 estimates that only 40.9 
mmbf was sought by markets in 2015 and that only 41.6 mmbfwill be sought in 2016 - a 
demand level that rises to a range of between 51.9 and 76.4 mmbfby 2030 as young-growth 
production increases.34 Nowhere in the Plan does it justify why the demand level that effectively 
controls the consideration of the five alternatives is more than 100 mmbfless than the Forest 
Service's published demand levels for 2014, of between 110 and 151 mmbf in a "Limited 

30 Id. at 6-1 0. 
31 USDA Forest Service, Tongass Land and Resource Management Plan: Draft Environmental Impact Statement -
Plan Amendment, 2-9. 
32 Tongass Timber Reforms Act of 1990, Pub. L. No. 101-626 § 101 (amendment to Pub. L. No. 96-487 § 705(a). 
33 Jean M. Daniels, Michael D. Paruszkiewicz, and Susan J. Alexander, Tongass National Forest Timber Demand, 
Projections for 2015 to 2030 (December 2, 2015). 
34 USDA Forest Service, Tongass Land and Resource Management Plan: Draft Environmental Impact Statement
Plan Amendment, at 2-8 (Table 2-1). 
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Lumber" scenario and between 110 and 163 mmbf in an "Expanded Lumber" market scenario.35 

The 2015 demand estimates varied from between 58 to 113.2 to 204 mmbf on a slightly revised 
demand report. 36 

A review of the Demand Estimate, however, does shed light on the marked differences. '.'Efforts 
to end harvesting of old-growth timber on the Tongass National Forest have spurred multiple 
initiatives focused on transitioning to a young-growth timber base. The young-growth transition 
is expected to affect timber supply for the remaining Southeast Alaska forest products industry," 
write the authors.37 While noting that timber sale demand from Alaska may be impacted in the 
future by changes in domestic and export forest product markets, by foreign currency 
fluctuations, and by changes in the federal timber base because of lands legislation or 
congressional action, the report noted that this Demand Estimate was influenced by the 
Secretary's Memorandum. "Efforts were set into motion by evolving USDA policy limiting old
growth harvesting and encouraging the harvest of younger second-growth forest stands."38 

"Although this is an analysis of timber demand, it is important to remember that the interaction 
between demand and supply is what ultimately determines trends in markets," continues the 
demand report. 39 Thus the Demand Estimate, which is the basis for the Forest Service not 
seeking to offer more old-growth timber to meet "market demand" and for seeking an 
amendment to the 2008 TLMP, is being driven in significant ways not by markets, but by the 
limitation of timber supply available to markets - a process, in turn, that is solely being driven by 
the Secretary's policy directive mandating a rapid transition to a young-growth industry. 

Alaska mill operators, even with the downturn in American timber export markets in 2015 
spurred by the strengthening of the U.S. dollar, have repeatedly indicated that market demand for 
timber would have allowed them to harvest and process far more timber, if a larger multi-year, 
dependable supply of federal timber had been made available. The Viking Lumber Mill at 
Klawock, for example, has "repeatedly told the Forest Service that they would like to purchase 
more timber sales because their customers have additional capacity and Viking wants to more 
fully utilize (their) mill," according to comments by the Alaska Forest Association.40 More 
timber availability would have improved the mill's efficiency, which the Forest Service's 
Demand Estimate seemingly places at about 18.75 percent in 2013.41 

The Forest Service is arguing that it does not need to offer more timber because "demand" for 
timber was down because of lower sale levels. But without more economically appraised timber 
being put up for sale, the industry has nothing with which to attract market buyers. Except for 
2014's Big Thorne timber sale, the Forest Service was only planning to offer sales of another 60 
mmbf of old-growth saw and utility logs at Mitkof and Three Sisters Island and a 4.2 mmbf 

35 U.S. Department of Agriculture, U.S. Forest Service Alaska Region Briefing Paper, 1 ("Predicting Likely Timber 
Purchases and Offer Levels on the Tongass National Forest. Fiscal Year 2014") (February 2014), available at 
http:/ /www.fs.usda.gov/Intemet/FSE DOCUMENTS/stelprdb544 7816.pdf. 
36 Id. at 9 (Table 5 "Projected Tongass National Forest Timber Harvest (Model Item K)"). 
37 Daniels, Tongass National Forest Timber Demand, at 5. 
38 Id. at 3. 
39 Id. at 4. 
40 Alaska Forest Association, Comments on US. Forest Service Tongass National Forest Timber Demand, at 6. 
41 Daniels, Tongass National Forest Timber Demand, at 8. 
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young-growth sale at Dargon Point in 2015 - none completed. Proposed sales in 2016, according 
to preliminary Forest Service sale documents, at Saddle Lakes, Kuiu Island, and from Koscuisko 
and Wrangell Islands, as of this writing, are just 51 mmbf, which is not enough to support higher 
timber production, artificially limiting the timber demand levels. 

This makes the Plan Amendment process based on an obviously circular argument: the only 
alternative that can be accepted is one that does not exceed market demand estimates, while 
those estimates are clearly being limited so that they don't exceed the reduction in old-growth 
harvest levels being driven by the Secretary's policy decision to accelerate a transition to young
growth harvesting. 

The Forest Service should be adopting a more rational "no-action" amendment, at least as it 
relates to the timber program. That would allow harvests at the levels anticipated by the 2008 
TLMP of up to 167 mmbf a year, depending upon congressional appropriation, while not 
preventing the Forest Service from offering more young-growth sales to help begin a transition 
to a Y-G industry. 

ENVIRONMENT AL IMP ACTS - Concerns about the effects of a larger harvest on the 
environment, commercial fishing, and tourism are unsupported by the record. 

The Forest Service leadership obviously is opposed to such a large harvest. Consider, however, 
what a larger harvest would mean to the forest, the environment, and its resources. Based on the 
2008 TLMP, admittedly crafted on the 1982 planning rules and not the revised 2012 rules, 
logging would limit impacts in the land under Forest Service control to just another 655,000 
acres of the remaining 5.6 million acres of commercially productive forest. That would mean that 
no more than 12 percent of the commercially productive forest will ever be affected and less than 
4 percent of the total forest. 

Already, 4.9 million acres of the productive forest - 88 percent - are in protected status and 
unavailable for logging or construction activity. Of the total Tongass, besides the 6.5 million 
acres in wilderness, parks, monuments and LUD II land status, another 9.5 million acres are 
currently classified by the Forest Service as Inventoried Roadless Areas (IRAs) - which prevents 
road construction and any activities that will dramatically reduce biological protections for 
wildlife. Even if the Forest Service's Alternative One from its Plan document would be selected, 
an alternative modified by the 2012 planning rules, just 40, 140 acres of old-growth would be 
harvested over the next 25 years (generating up to 118.7 mmbf of harvest annually), and only 
62,413 acres of old-growth would be harvested after 100 years. That means after 100 years only 
1.2 percent of the productive old growth would be harvested in the Tongass, i.e., 90 percent of 
the original amount of productive old growth will remain, and just 1 percent less than under the 
other four alternatives being considered by the Plan Amendment.42 

That also means 82 percent of all high volume, POG trees will remain in the Tongass untouched 
after 100 years, just one percent less than the other four alternatives. Some 80 percent of POG 
will remain in 100 years compared to the 82 percent that now exists in the forest, just one percent 

42 USDA Forest Service, Tongass Land and Resource Management Plan: Draft Environmental Impact Statement
Plan Amendment, at 2-43 (Table 2-18). 

10 



less than in the other four alternatives. According to the data developed in the Forest Service's 
Tongass Land and Resource Management Plan: Draft Environmental Impact Statement - Plan 
Amendment (the DEIS), deer habitat will be 87 percent of the levels of 1954 (before commercial 
timber harvesting began), just 1 percent less than under the other four alternatives, and just 2 
percent less than today's leveI.43 

The leading concern with timber harvesting is traditionally the effect of logging on commercial 
fishing, specifically salmon production. But the record of fisheries and timber is quite clear - it is 
fully possible to permit logging by means of modern-era logging practices without negative 
environmental impacts on fisheries. Exempting minor spruce harvesting during World War II, 
modern commercial logging began in the Tongass in 1954. In 1954 Alaska statewide produced 
44.29 million salmon. While harvests declined to 25.12 million salmon at the time of Statehood 
in 1959, because the federal government allowed the use of fish traps, commercial salmon 
harvests rebounded to set a then record of 189 .51 million in 1991 - the peak year for timber 
production from Southeast Alaska - proving that the fish harvests were not harmed in spite of 
timber harvesting. Despite the timber harvests, pink salmon production (Southeast being the 
leading source for pink salmon in the state) hit a then record of 128.33 million pink salmon in 
1991. While pink returns biologically usually are higher in alternating years, pink returns to the 
state surpassed the 90 million mark 14 times from 1989 to 2011 - when logging on federal, state 
and Native corporations lands were at their peak- while pink production had only passed the 90 
million mark once from 1878 to 1989. Clearly, that record of increasing salmon production is 
partially the result of state management, partially the result of the state's regional aquaculture 
program that began in the mid-1970s, and partially the result of moderating weather and stream 
conditions improving fry survival. But it also undercuts the argument that timber production in 
Southeast Alaska harms salmon production.44 Timber harvest practices have improved in Alaska, 
especially since the late 1980s, further reducing the impacts of timber operations on fisheries. 

It is equally unpersuasive to argue that timber production has harmed tourism in Southeast 
Alaska. In 1985, 497,300 visitors came to Alaska. By 1999, when timber harvesting was at 146 
mmbf (one of the last years above 140 mmbf) tourism in Alaska reached 1.199 million visitors. 45 

The impacts of the logging of 435,000 acres of the region certainly have not prevented tourists 
from visiting. According to the most recent extensive study of tourism, 1,064,000 visitors came 
to Southeast in 2011-12 out of a total visitor volume to the state that year of 1.82 million. 
Visitors spent $1.003 billion in Southeast in 2011-12. This is hardly an indication that timber 
development has destroyed Alaska's environment and reduced its attractiveness to tourists.46 

43 Id. at 2-44, (Table 2-18 continued). 
44 Alaska Department of Fish and Game, Alaska Salmon Catches 187 8 to 2011 (2012). 
45 McDowell Group Inc., Economic Impact of Alaska's Visitor's Industry 2011-2012, 3 (February 2013), available at 
https://www.commerce.alaska.gov/web/p01ials/6/pub/Visitor Industry Impacts 2 13.pdf. 
46 Id. 
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ECONOMIC IMPACTS - An immediate transition to a young-growth forest management 
program is unreasonable and economically unjustified. 

There is no basis for the Forest Service to limit old-growth logging to the levels that would be 
enshrined in the TLMP by approval of the proposed Plan Amendment, especially when it is not 
clear that an industry can afford to transition to Y-G timber. 

Except for Federal Forest Service timber lands, there are few other lands available for timber 
production in the region. The total state forest lands in Southeast covers about 50,000 acres.47 

That equates to an allowable sale quantity of only about 11 mmbf a year over the next 100-year 
rotation. Information provided by the Alaska Division of Forestry shows that while it can 
consider about 70 mmbf in sales from Prince of Wales Island and perhaps 50 mmbftotal in other 
sales (the Vallenar Bay sale at12 mmbf and the Edna Bay sale on Koscuisko Island at 24.5 mmbf 
are among the largest) after that state additions to the timber base will be relatively small. 

Looking at Native owned tracts, all provided as a result of the Alaska Native Claims Settlement 
Act of 1971, Sealaska Native Regional Corporation has about 292,000 acres of timber lands out 
of its 365,000 total acres that it has and will receive under the act. While village corporations 
may have more second-growth acres, there is a real question whether many of those acres will be 
of sufficient size to make Y-G harvesting economic in future decades. One of the key problems 
with the DEIS is that it assumes, based on the Demand Estimate, that about 61 mmbf a year are 
currently available to support a Y-G transition - a figure that will rise to about 80 mmbf over the 
15 year transition.48 However, the fact that Sealaska is estimating that its sustainable harvest over 
the next 25 years is only about 45 mmbf annually casts doubt on the accuracy of that entire part 
of the supply forecast - the part upon which the DEIS transition policy is based.49 

In the Lower 48 the average Y-G mill costs about $100 million to build and equip - more than 
the total capitalization of Alaska's existing timber industry. The Forest Service's own Demand 
Estimate questions whether a young-growth transition is feasible. "Whether Alaskan products 
will remain competitive during the young-growth transition will depend on a variety of factors," 
the market Demand Estimate concludes. It suggests that for a transition to be successful, given 
the limited volumes of young-growth available based on current land uses, a biomass and a wood 
pellet industry will need to be developed to better utilize wood waste from young-growth product 
production. It notes for that to happen wood pellets will need to replace 30 percent of the heating 
oil currently used in Southeast Alaska for home heating. "Producers, however, may find it 
difficult to compete with pellet producers in British Columbia in international markets. In 
addition, transportation challenges make it difficult for Southeast Alaska producers to ship 
material to other regions within Alaska itself. There is tremendous interest in developing markets 
for value-added niche products. Whether demand for these products would be sufficient to 
sustain a timber industry in southeast Alaska will likely be the subject of debate for many years 
to come," concludes the Demand Estimate. 50 

47 State of Alask:a Division of Economic, Development Report to the Alaska Timber Jobs Task Force, 2 (March 
2012). 
48 Daniels, Tongass National Forest Timber Demand, at Table 22. 
49 See comments by Sealaska and by the Alaska Forest Association for additional details. 
50 Daniels, Tongass National Forest Timber Demand, at 32. 
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That is hardly a firm foundation upon which to base a transition to a young-growth industry, or 
on which to base adoption of the Proposed TLMP to start implementation of that transition. 

If the Forest Service is intent upon proceeding with one of the published alternatives, then 
Alternative 5, the preferred alternative, is best to ensure continuation of some timber industry in 
Southeast Alaska. It allows more old-growth to be harvested than any of the three reduced
harvest alternatives, and allows the transition to stretch over a longer period of time. It also 
comes closer to meeting the recommendations of the TAC than the other three reduced timber 
alternatives (Alternatives 2-3-4). But the alternative is still defective because it does not include 
any of the suggestions the State of Alaska offered in the state's harvest alternative, does not 
consider the impacts of the Alaska Mental Health Trust land exchange that is currently being 
considered by the Forest Service in the region, and does not follow the more reasonable 1982 
planning rule procedures. 

ROADLESS RULE REVISION - Harvesting should be permitted from existing roads that 
have already been built in the Tongass. 

There are good reasons to include one part of Alternative 2 in a final new TLMP. Alternative 2 
proposes to allow timber harvesting in areas where roads were built prior to the adoption of the 
federal Inventoried Roadless Area (IRA) Rule in 2001. There are nearly 33,000 acres of timber 
in the Tongass that are currently off limits to timber harvesting, but accessible by established 
roads. This is largely because the final IRA regulations were not updated to reflect as-built roads 
in the Tongass between when roadless designations were first proposed as part of the RARE II 
process in 1978 and when the IRA regulations were issued in 2001. The 2008 TLMP certainly 
does not consider the additional roads built in the forest between 2003 and 2009, when the rule 
was not in effect in the Tongass because of a court accepted consent decree, but then was 
reinstated early in the Obama Administration - a decision still being litigated. Harvesting should 
be permitted from existing roads that have already been built in the Tongass. It should not be 
prohibited simply because of planning inertia that was in effect prior to adoption of the IRA rule 
by the Clinton Administration. 

TIMING ISSUES OF PLAN AMENDMENT - The Forest Service should ensure that a 
transition is economically feasible and likely to succeed before amending the 2008 Plan and 
"locking in" reduced old-growth timber harvest offerings. 

As noted above, it seems clear that the final new TLMP will be crafted and reviewed before there 
is data that confirms the volume of young-growth timber currently available for harvest in the 
Tongass, and long before an economic study is finished that confirms that it will be financially 
viable for a Y-G industry to develop (and find profitable markets for its products) based on that 
level of wood volume. 

In its final recommendations, the TAC acknowledged that there are still considerable 
uncertainties in the amount, volume, and timing of the availability of Y-G to support a transition. 
Among the panel's overarching principles is the statement that "due to uncertainties in young 
growth inventory data and often significant differences in on the ground operational outcomes, 
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independent monitoring is essential to achieve the dual objective of reducing old-growth sooner 
and providing for a viable timber industry."51 

During its review of forest policy, the TAC noted that of the 16.7 million acres of the Tongass 
under Forest Service control, 13.3 million acres already are under wilderness (5.9 million acres) 
and Natural Setting classifications (7.4 million acres). That leaves just 3.4 million acres for any 
development. 52 The panel found that of the 435,000 acres of the Tongass that have already been 
harvested, most harvested since 1954, only 273,000 acres are areas currently considered as 
"suitable" for harvest - outside of beach fringe and stream buffers - and only 186,000 acres 
currently are in Forest Service areas open for Y-G harvesting. More than 120,000 acres of Y-G is 
currently classified as non-suitable for second-growth harvest. 53 

The Forest Service, acting on the TAC recommendations, proposed in July 2015 to fund up to $4 
million of studies to update the inventory of young-growth by location and to develop better data 
on the growth rates of young-growth trees. While a privately funded study was in process in late 
summer and early fall of2015, the separate Forest Service funded study of inventory, led by the 
Pacific Northwest Research Station with assistance from the State of Alaska's Division of 
Forestry personnel, was delayed from the start. Work presumably continues to progress on the 
methodology to guarantee that it will provide credible data from more age-classes of Y-G timber 
in more locations forest-wide and on all slopes, not just on southern facing slopes (southern slope 
trees due to ground warming in northern climates usually produce the biggest and fastest 
growing trees). Consequently, that study is unlikely to be started until spring 2016 and unlikely 
to be completed prior to the finalization of the final new TLMP planned for December 2016. 

Even if the study will be completed in time, the study, as currently envisioned, will not produce 
the quality of data needed to accurately forecast future Y-G timber availability forest-wide. 
Again, the inventory study should sample young-growth from all land areas and all age Classes. 
Harvests in the Tongass before 1976 tended to be at low elevations, below 500 feet, where 
harvesting costs were the lowest, but also where trees grow the fastest from warmer soil 
temperatures. Harvesting- and thus future tree growth after 1976 where about two-thirds of the 
future Y-G trees will come from -will produce markedly different growth rates and thus 
different harvest volumes. Appendix B-2 of the DEIS seems to imply that while new site 
class/site index data was estimated and fed into the computer models used to estimate wood 
availability, there were not any actual field surveys at the time of the DEIS to prove the accuracy 
of the site index information upon which the new land Plan Amendment is based. Until the site 
index data is confirmed as accurate across all age classes and all terrains and elevations in 
Alaska, not just the Pacific Northwest, it would appear to be impossible for either the Forest 
Service or private mill operators to have much faith in the accuracy of the DEIS. All of the 
assumptions on the economic feasibility of a transition flow from this basic data. How can, for 
example, logging costs for Y-G timber be accurately forecast without true faith in the volume 
estimates? How can the computer models be upgraded to depict Alaska Y-G timber output if the 
volumes and grades for that timber are in so much doubt, affecting saw and utility log forecasts? 

51 TAC, Final Recommendations, 4. 
52 Id. at 1 (a slightly different number than the Forest Service projections). 
53 Id. at 8-10. 
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The Alaska Forest Association and individual timber operators in the region will likely express 
similar concerns with greater precision in their comments. 

Equally important, the TAC urged that funding take place for studies into the economics of 
product formation from Y-G timber. "There is limited information available on growing, 
managing, harvesting, processing, manufacturing, and marketing of young-growth timber within 
Southeast Alaska. Additional research re~arding young-growth silviculture and operability is 
necessary to support a viable transition." 4 The committee noted that for a Y-G industry to 
succeed businesses will have "to adapt their business models and develop new products and 
markets." It recommended that the Forest Service "provide assistance to communities and 
businesses, conduct market analysis and products demand analysis" to aid a transition.55 An 
economic analysis should proceed and be funded and finished before a plan amendment to the 
2008 Plan is proposed, much less adopted. 

U.S. Department of Agriculture (USDA) officials have voiced support for providing additional 
funding to cover an economic study of products that may be produced in Alaska from Y-G 
timber, to estimate costs of production, transportation and sale. The environmental community 
has expressed suppo1i for such studies. Such studies need to be conducted. My concern is that the 
Secretary did not propose any money for such studies in the Administration's FY 17 budget 
released February 9, 2016, nor did the budget propose any additional funding for the inventory 
studies cited above. Without the Secretary and Forest Service committing significant funds to 
advance their transition, the transition will falter. 

I suspect that even more funding will be required for economic and marketing studies before 
private financing will be available to support a Y-G transition. The financial analysis on Page 3-
481 of the DEIS, for example, indicates that all of the plan alternatives, including the preferred 
Alternative 5, have a positive net present value. And Table 3 .22-16 indicates that Alternative 5 
will result in a $112.9 million net present value. But without any information on the cost of Y-G 
harvest, much less better estimates of the reduction in the value of POG when sale areas decrease 
and production costs rise, how can estimates that predict Forest Service costs will be about $105 
per thousand board feet and the typical purchaser profit will be about $80 per thousand board 
feet possibly be accepted as potentially accurate? Until data on the volume of Y-G and data on 
the potential products that will be manufactured from Y-G, as well as their costs and profits, are 
generated, it is impossible to believe that forecast models, based on the Lower 48' s experience, 
can possibly govern either Forest Service policy or private sector investment decisions. It is one 
thing to base policy on "informed estimates" when those estimates have a reasonable, proven 
basis in fact, but it is a totally different case to base public policy on forecasts that have such a 
tenuous relationship to proven facts in Alaska - given its different marketing costs, labor costs, 
transportation costs, operating costs, and likely volumes of future wood availability. 

While it is fully appropriate for the Forest Service to continue to study and develop actual data 
that may prove that a transition to greater Y-G usage can happen sooner than the industry's 
expectation of 30 years, it is inappropriate for the Plan Amendment to be proposed, much less 

54 Id. at 24 (Research Investments). 
55 Id. at 25. 
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finalized, until that work is undertaken - something that is unlikely to happen prior to 2017 on a 
forest-wide basis at the current level of funding seemingly being proposed by the Forest Service. 

TONGASS ADVISORY COMMITTEE RECOMMENDATIONS -The Forest Service 
should take closer account of the TAC's detailed recommendations. 

While I will leave it to the TAC to file their own comments on the Proposed TLMP, it is 
noteworthy that the Forest Service has declined to follow a number of the TAC 
recommendations. 

To encourage a transition to Y-G sooner than market conditions might allow, the TAC proposed 
a system of "co-intent" where Y-G acreage in "unsuitable" areas could be harvested within the 
first 15 years of a transition to provide greater volumes quickly to permit an economic transition 
to begin. But the Forest Service's Alternative 5 includes restrictions of harvesting in such areas 
that may make it far harder for such Y-G harvesting to take place economically. 

More important, the TAC recommended that if any suitable young-growth acres are removed 
from the timber base as a result of future review processes, an equal number of acres should be 
added to the Y-G base. This effectively prevents the continual chipping away of a commercial 
timber base as has been the case under recent Forest Service TLMP revisions. There is nothing in 
Alternative 5 that seems to carry out that requirement - a key basis for the panel reaching 
consensus on its recommendations. There is also little in the Plan Amendment alternatives that 
will implement the TAC's detailed recommendations on additional federal aid, new policies for 
planning and overseeing sales, guarantees that timber sales will be conducted to provide a 
reliable supply of timber for mill amortization, or on its requests for new oversight panels 
governing and reviewing forest plan implementation and enforcement. 

RENEW ABLE ENERGY OVERLAY - The plan revisions should give greater assurance 
of speedy approval for roads or transmission facilities through roadless areas to developers 
of proposed renewable energy projects. 

As part of its plan update, the Forest Service agreed to consider changes in regulations governing 
the construction of roads and electrical transmission lines to' facilitate the economics of 
construction of renewable energy projects in or through the 9 .5-million acres of Inventoried 
Roadless Areas (IRAs) in the Tongass. In my comments of June 26, 2014 on the harvest plan, I 
encouraged the Forest Service to modify the 2008 Plan to make it clearer and easier for r.oads 
and utility systems to be built to facilitate less expensive construction of renewable energy 
projects, and also to aid economic development of mineral deposits in the forest. 

I welcome the decision of the Forest Service to include language in the plan update to make its 
intent known that it wants to facilitate construction of roads and electrical transmission lines for 
renewable energy developments. Unfortunately, it's far from clear that the actual plan revision 
will give any greater assurance of speedy approval for roads or transmission facilities through 
roadless areas to developers of proposed renewable energy projects. 
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Because the Forest Service prepared the post-World War II study that noted nearly 200 sites in 
Southeast Alaska that could potentially be tapped for hydroelectric power generation, there are 
innumerable sites that could permit lower-cost hydroelectric generation. Such cost savings are 
considerable in light of the roughly 60-cents per kilowatt hour cost of diesel-fueled generation in 
the region (a cost that admittedly has fallen recently due to falling world oil prices). 
Theoretically, transportation and utility access was guaranteed through most of the Tongass 
National Forest by Title 11 of ANILCA, which set up a process guaranteeing access through 
conservation system units after the agency ruled that IRAs are covered under that definition. A 
consent decree several years ago did permit about a dozen projects to proceed in roadless areas. 
But that ruling leaves out many dozens more. While the existing 2008 Plan does not preclude 
construction of roads and utilities in roadless areas, it does contain regulations that complicate 
approvals for roads and transmission facilities in some Land Unit Designation (LUD) areas. 
Although the existing alternatives propose to provide more "flexibility" on a "case-by-case" 
basis for roads and utilities, the language does not provide sufficient certainty of approval to 
encourage developers to advance costly reconnaissance studies of potential projects that could be 
impacted by roadless rule regulations. I strongly encourage the Forest Service to look again at 
how it is proposing to handle future requests for renewable energy developments in and impacted 
by roadless areas to prevent needless costs and development uncertainties. 

MINERAL DEVELOPMENT ACCESS - The Forest Service should allow roads through 
roadless areas to guarantee more affordable access to mineral developments. 

Concerning mineral development, the draft alternatives do nothing to allow development of 
roads or power transmission lines through IRAs to aid mineral developments in the region. The 
2001 Roadless Rule allows for "reasonable access" to locatable minerals covered by the Mineral 
Leasing Act of 1920. 56 But agencies have defined "reasonable" access to not be determined by 
the economics of access. 

Thus, if a mine site can be accessed by water, the Forest Service is unlikely to approve roads that 
likely would make access less expensive for both the mineral developers and for workers 
heading to the project, even though the January 2001 regulations permit roads to be built across 
inventoried roadless areas if needed "in conjunction with the continuation, extension or renewal 
of a mineral lease on lands that are under lease by the Secretary of the Interior."57 The Forest 
Service, for example, in 2013 opposed legislative efforts to speed a permit for a road through an 
IRA to reach either the Niblack or Bokan Mountain mineral and rare earth element deposits on 
southeastern Prince of Wales Island. While access to the mines can come by water, workers 
living on the island will effectively have to reach Ketchikan in order to be transported back to the 
mines for work - a more dangerous and time consuming process than if they could simply drive 
to work by the road network on the Island. It would make great sense for the USDA, which two 
years ago classified Southeast Alaska as a high unemployment area, authorizing it to receive aid 
from its Operation Strikeforce initiative, to allow roads through roadless areas to provide more 
reasonably priced access for workers to mineral developments. Any plan update should be 
modified to guarantee more affordable access to mineral developments. 

56 36 C.F.R. Part 228. 
57 36 C.F.R Ch. II § 294.12(b)(7). 
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GENERAL ADDITIONAL POINTS: 

The Proposed TLMP and the Demand Estimate have a variety of other issues. There are serious 
weaknesses in both the Demand Estimate and in the DEIS. For example, in no particular order: 

• The demand analysis does not make any estimates as to the cost of accessing, 
transporting, and harvesting of Y-G timber, undercutting the credibility of its cost 
estimates. 

• The demand analysis contains no Alaska-specific estimates of the cost of producing 
products from Y-G timber, which undercuts the credibility of its estimates for the demand 
for Y-G in the first 10 years, and in years through 2030. 

• The DEIS on Page 3-223 argues that an Alexander Archipelago wolf threatened or 
endangered listing decision under the Endangered Species Act would impact timber 
harvesting and seemingly require greater use of Y-G. Since the listing did not take place 
on January 6, 2016 and the USF&WS ruled that the Alexander Archipelago is not a 
unique subspecies of gray wolf, that assumption affecting the Plan is invalid. 

• The demand report argued that biomass from Y-G timber could be economic because of 
the high price of diesel fuel for home heating. Given current world prices for crude oil of 
around $28 a barrel, the price for diesel fuel is falling rapidly which undercuts the 
methodology of the demand study. As of January 20, 2016, diesel prices nationwide on 
average were $2.13 a gallon, compared to $2.89 one year earlier - a fall of 35%.58 

CONCLUSION: 

Since the start of commercial logging in an area slightly larger than West Virginia, only about 
435,000 acres of the nearly 10 million acres of total forested lands have been disturbed by 
humans, or just eight percent of the total productive forest. By allowing an alternative that might 
involve harvesting of just 17 ,000 more acres of old-growth timber over the next quarter century 
than the other four plan alternatives, the Forest Service could well restore hundreds of direct and 
indirect jobs in the region, without noticeable harm to the region's commercial fisheries, wildlife 
habitat, Native subsistence activities or the environment. By simply following the existing 2008 
Plan, it could add even more jobs and payroll in an economically distressed region, without harm 
to the environment or wildlife or fisheries. The agency should wait to decide whether and what 
kind of TLMP plan update is required until there is firm data to support the Administration's 
policy decision to accelerate a transition to a young-growth forest management program in the 
region. A delay in this plan revision is the only action available to the Forest Service that is 
justified by the record. 

Sincerely, 

~Murkowski 
United States Senator 

58 AAA Daily Fuel Gauge Report (January 20, 2016), available at http://www.fuelgaugereport.com/. 
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STATE CAPITOL 

P.O. Box I IOOO I 
Juneau. AK 9981 1-000 I 

907-465-3500 

fax: 907-465-3532 

February 22, 2016 

Mr. Earl Stewart 
Forest Supervisor 
Tongass National Forest 
Attn: Forest Plan Amendment 
648 Mission Street 
Ketchikan, AK 99901 

Governor Bill Walker 
STATE OF ALASKA 

Re: Tongass Land & Resource Management Plan Amendment and DEIS 

Dear Mr. Stewart: 

550 West Seventh Avenue. Suite 1700 

Anchorage. AK 9950 I 
907-269-7450 

fax 907-269-7461 

www.Gov.Alaska.Gov 

Governor@Alaska.Gov 

The State of Alaska (State) has reviewed the Draft Environmental Impact Statement (DEIS) for the 
U.S. Forest Service's (USFS) proposed Land and Resource Management Plan (Proposed Plan) for 
the Tongass National Forest and is pleased to provide its comments. 

I appreciate the primary intent of the plan amendment to accelerate the transition from an old
growth to a predominantly young-growth forest management program in the National Forest, and 
to do so in a way that preserves and sustains a viable timber industry that provides jobs and 
opportunities for residents and communities in southeast Alaska. Through the Division of Forestry, 
the State actively participated in the Tongass Advisory Committee (TAC) that achieved consensus 
on a suite of recommendations to the USFS on its young-growth transition strategy. A key objective 
for the State is the triple bottom line, where social, economic, and environmental interests are 
balanced to produce an outcome with broad support. We must continue to work together to ensure 
that the Tongass National Forest provides maximum benefits to the communities of Southeast 
Alaska and all users of the forest. 

I would also like to acknowledge the great work that has been done by the TAC. Rarely have I ever 
seen an effort like this, where stakeholders with such varied interests have come together to reach a 
consensus on a very complex resource management issue. I greatly appreciate the work of the TAC, 
and I hope that this committee, or one similar to it, will continue to help guide the USFS and the 
State as we continue to work toward a strong, vibrant economy for the residents of Southeast 
Alaska. 

I am pleased that many key recommendations from the TAC were incorporated into Alternative 5 of 
the DEIS. 

However, I am generally concerned about the underlying science and analysis that 1) supports the 
feasibility of young-growth forest management, and 2) demonstrates the effectiveness of such a 
strategy. The Forest Plan needs to include scientific information and sound analysis regarding both 
the silvicultural treatments necessary for timber production and a sustainable industry, and a 
concurrent analysis of how these treatments affect key wildlife species and their habitat. The plan 
must demonstrate, with accompanying science-based appendices, that young-growth management 
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can sustain timber outputs and useable and sustainable wildlife populations. This is particularly 
important in highly-modified landscapes. 

While this is an amendment and not a full forest plan revision, the transition to predominantly 
young-growth harvest and management will be a ground-breaking event on the Tongass. Science is 
key to determining what is, or is not, feasible. For such a significant resource management policy 
change, the science and analysis must be rigorous. State resource managers believe more work is 
required in this area. 

I would also like to highlight a significant concern that none of the alternatives will meet the 
requirement of the Tongass Timber Reform Act. The State encourages USFS to assess the legal 
consistency of the Forest Plan with the Act. The Act's clear directive to maintain a viable forest 
products industry supported by Tongass timber must not be lost in the evolution of Tongass 
National Forest policy. To do so only continues the crippling legacy of litigation and controversy 
that unfortunately is a historic legacy of Tongass forest management. 

The State departments of Natural Resources, Fish and Game, Transportation and Public Facilities, 
and Environmental Conservation have carefully reviewed the Proposed Plan and DEIS. Their 
attached consolidated comments include more technical detail regarding the concerns listed above, 
as well as comments and suggested revisions on topics including timber demand calculations, 
transportation corridors, subsistence, fish and wildlife habitat, water quality, and consideration of 
wilderness and wild and scenic rivers. It must also be emphasized that mineral development and 
alternative energy values are of significant consideration. 

Thank you for the opportunity to comment on the DEIS and draft Proposed Plan. Please contact 
the State of Alaska agency staff identified in the attached consolidated comment letter if you have 
any questions or you would like to discuss our comments in greater detail. 

Sincerely, 

'll~P~ 
Bill Walker 
Governor 

Enclosure 

cc: The Honorable Lisa Murkowski, United State Senate 
The Honorable Dan Sullivan, United States Senate 
The Honorable Don Young, United States House of Representatives 
The Honorable Sam Cotten, Commissioner, Alaska Department of Fish and Game 
The Honorable Larry Hartig, Commissioner, Alaska Department of Environmental 
Conservation 
The Honorable Marc Luiken, Commissioner, Alaska Department of Transportation and 
Public Facilities 
The Honorable Mark Myers, Commissioner, Alaska Department of Natural Resources 
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Tongass Land and Resource Management Plan Amendment 
Draft Environmental Impact Statement (DEIS) 

State of Alaska – Agency Comments 
February 22, 2016 

 

The State of Alaska (State) appreciates the opportunity to provide its comments on the Proposed 
Amended Land and Resource Management Plan (Proposed Plan) and Draft Environmental 
Impact Statement (DEIS) for the Tongass National Forest. 
 
The State has participated in the development of the Proposed Plan since the U.S. Forest Service 
(USFS) issued a Notice of Intent (NOI) to prepare an environmental impact statement (Federal 
Register, Vol. 79, No. 101, May 27, 2014). The State submitted comments during the 30-day 
public scoping period and now requests your consideration of the following comments on the 
Proposed Plan and DEIS. These comments were prepared by the departments of Natural 
Resources (ADNR), Fish and Game (ADF&G), Transportation & Public Facilities (ADOT&PF), 
and Environmental Conservation (ADEC). They are presented in order of general priority. 
 
FORESTRY1 
 
The State, through ADNR’s Division of Forestry, was an active participant in the Tongass 
Advisory Committee (TAC).  The TAC was a formally recognized Federal Advisory Committee 
Act (FACA) process that achieved consensus on a suite of recommendations to the USFS on the 
Young Growth transition strategy.  Many of the key recommendations from the TAC are 
incorporated into Alternative 5 of the DEIS, however there were many important 
recommendations concerning the transition that were not appropriate to include in the DEIS and 
Proposed Plan.  These recommendations were focused on the forest plan implementation process 
and cultural change within the USFS that will be necessary to successfully navigate the agency, 
forest industry, communities and residents of the region through the transition. 
 
The TAC charter was narrow and focused its effort primarily on the Young Growth transition 
and the timber management aspects of this challenge. There are other important economic 
sectors and interests at play in the Tongass National Forest and these interrelated interests should 
be addressed as the transition unfolds.  Balancing these interests is no easy task but the TAC has 
taken the first steps in laying the foundation for this effort. The next steps of implementation and 
adaptation will be critical to the outcome of the transition.  While the State fully supports the 
TAC process and recommendations, we have serious concerns with the Proposed Plan and DEIS. 

                                                                 
1 The State of Alaska point of contact for forestry-related comments on the Proposed Plan and DEIS is Jim 
Schwarber with DNR’s Division of Forestry. He can be reached at james.schwarber@alaska.gov or 907-451-2704. 
 

mailto:james.schwarber@alaska.gov
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By providing the following comments, the State retains its right to file an objection after the 
public comment period closes on February 22 or consider other action.  
 
Any national forest plan developed must meet all applicable laws including Section 101 of the 
Tongass Timber Reform Act (TTRA) of 1990 (Public Law 101-626) that states in part, “the 
Secretary shall to the extent consistent with providing for the multiple use and sustained yield of 
all renewable forest resources, seek to provide a supply of timber from the Tongass National 
Forest which (1) meets the annual market demand for timber from such forest and (2) meets the 
market demand from such forest for each planning cycle.” 
 
Currently the “existing industry” is an old-growth-dependent industry and the majority of the 
industry believes that old-growth harvest must continue until there is a sufficient quantity of 
young growth to supply the industry (greater than 100 MMBF); in addition for mills the young 
growth must reach sufficient size to produce clear cuttings for niche markets (150+ years of age) 
(See the attached Working Forest Group (TWFG) report, Strategies to Maintain a Viable Timber 
Industry in Southeast Alaska, 2015). 
 
The annual market demand (seek to meet) in the past has been calculated by the Morse 
Methodology. The last information on the Region 10 website is for FY2014; for that year, the 
estimated volume the USFS should offer to meet the FY2014 sell objectives was 142 MMBF 
(line Q under the expanded lumber scenario). The annual projected timber sale quantity (PTSQ) 
under the amended Forest Plan should equal the annual market demand number. No alternative 
in the DEIS provides sufficient volume to meet this annual demand number. The proposed PTSQ 
in the DEIS, 46 MMBF, does not meet the requirements of TTRA sec. 101 to seek to meet the 
annual timber demand from the forest. 
 
The Proposed Plan also does not meet the statutory requirements of TTRA because no alternative 
provides sufficient quantities of old growth during the planning cycle (life of the Plan, 15 years) 
to meet the demands of the existing industry which is old-growth dependent.  Thus, regardless of 
which alternative is selected, the Proposed Plan will violate both prongs of the requirement of 
TTRA sec. 101 to “seek to meet” timber demand.  This will be a fatal legal flaw in the amended 
plan.  The language requiring the USFS to “seek to meet” timber demand is more than a mere 
suggestion from Congress that the Forest Service consider the timber industry in its planning 
process.   
 
The TTRA includes caveats that recognize the USFS may not always actually meet the market 
demand for timber due to circumstances beyond its control, such as litigation that prevents a 
planned sale from actually being offered and sold.  However, the intentional creation of a Forest 
Plan that on its face actually prevents the USFS from offering sufficient timber to meet demand 
cannot possibly be construed by the public or the federal courts as “seeking to meet market 
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demand.”  Based on the above, none of the action alternatives meet the Purpose and Need to 
preserve a “viable timber industry.” 
 
We find it problematic that the DEIS utilizes, as a foundational source, an unpublished draft 
report (Daniels, et al; in press) that is referenced 52 times. A final Timber Demand Study would 
be more appropriate considering its importance to informing the DEIS. 
 

• Since the Tongass Timber Reform Act, sec. 101 requires the Forest Service to “seek to 
meet” timber demand, the use of an unpublished draft of timber demand projections is 
unacceptable in the DEIS. In addition, the Proposed Plan itself makes no direct mention 
of the Daniels et al. study. 
 

• Daniel’s draft Demand Study is flawed in part because of its incorrect assumptions of 
volume available from State and private lands, and by assuming this volume will be 
offered on an annual basis. Timber resources managed by the University of Alaska Lands 
Office and the Alaska Mental Health Trust will not contribute as much timber harvest in 
the near future as they have in the recent past. These two entities follow a different 
harvest strategy than the Alaska Division of Forestry does on the state lands it manages in 
Southeast Alaska. 
 

• An unrealistic assessment of market demand may be considered a fatal flaw in a national 
forest plan EIS. The USFS’ inflated assessment of market demand was successfully 
challenged in Natural Resource Defense Council v. USFS, 421 F.3d 797, 811-12 (9th Cir. 
2005) We think the same flaw exists in this plan, wherein the market demand is deflated 
to the point that it is misleading. The PTSQ is what the USFS wants to offer over the long 
term, not what the industry needs to survive or maintain itself at the existing level. 
 

• The DEIS refers to Daniels (2015) inconsistently throughout the document. Initially the 
“Daniels (2015)” format is used 22 times between pages 2-8 to 3-347, implying this is a 
final report. A variation that appears once is “(Daniels et al 2015)” on page 3-313. One 
must review the References on page 6-14 to see this actually refers to an “Unpublished 
Draft Methodology.” Appendix G of the DEIS then refers 27 times to a “Daniels et al. (in 
press)” and includes a different title in the Citations on page G-9 of the DEIS. Are these 
actually two different references, or do they refer to the same unpublished manuscript?  
 

• Please explain why the DEIS uses 25- and 100-year timeframes for comparison purposes. 
The use of those timeframes is misleading to the public. The lifespan of a Forest Plan is 
15 years. A forest plan must show volumes for PWSQ (Projected Wood Sale Quantity) 
and PTSQ (Projected Timber Sale Quantity) for two decades per USFS Handbook 
direction. Based on this requirement, analysis and comparison of alternatives should be 
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based on a 20-year period. Projecting that a Forest Plan and PTSQ will not change over 
25- and 100-year periods is misleading especially for the Tongass. Page 1-2 and 1-3 of 
the DEIS provide a planning history for the Tongass. The first forest plan for the Tongass 
was completed in 1979; since then there has been at least six different forest plans for the 
Tongass and the annual sales quantity has gone from over 400 MMBF to 46 MMBF 
under the current DEIS. Over a 36-year period, the forest plan has been changed every 
six years. To project and compare alternatives and suggest to the public that 
implementation of forest management activities will not change over 25- and 100-year 
periods misleads the public and prevents the public from being able to provide informed 
comments on the Proposed Plan. Please revise with appropriate timeframes for 
comparison.  
 

• Analysis for the DEIS should be based on a 20-year period that coincides with the PWSQ 
and PTSQ calculations. Analysis over longer timeframes should provide the public 
information on the continued effects of actions taken during the life of the Forest Plan (15 
years) or the PTSQ projects for the first two decades. 
 

• Another issue is the timeframe used in Daniel’s draft Demand Study, which only projects 
timber demand for a 15-year period (2015-2030). Any demand study associated with a 
forest plan should be for the first two decades so that the projected wood sale quantity 
(PWSQ) and PTSQ can be developed. Note that the proposed PTSQ under the DEIS is 
less than the derived Demand for the three scenarios that Daniels develops (Table G-1 
page G-6 DEIS Vol II). The PTSQ should at least be equal to the largest derived demand 
volume for the first two decades of the plan.  
 

• The PTSQ developed for the Proposed Plan should have taken into consideration the 
following statement from the Timber Demand section of the DEIS: 
 

o “In choosing the timber sale offer level, it is important to anticipate the 
consequences of decisions. In terms of short-term economic consequences, over-
supplying the market is less damaging than under-supplying it. If more timber is 
offered than purchased in a given year, the unsold volume is still available for 
purchasing off-the-shelf or re-offered at a minimal investment. However, a 
significant shortfall in timber supply available for harvest can be financially 
devastating to the industry.” (Pg. G-8, DEIS Vol. II) 
 

• The DEIS on page 1-5 under Need states, “that the transition should be implemented in a 
manner that preserves a viable timber industry that provides jobs and opportunities for 
Southeast Alaska residents.”  The DEIS needs to define “viable timber industry” and 
“existing industry.” These terms need to be defined for the Forest Service to be able to 
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develop a Forest Plan that “preserves” or “retains” the timber industry in southeast, and 
to be able assess positive or negative changes in the timber industry resulting from 
implementing the transition. 

 
Analytical Needs 
 
The analysis within the DEIS needs strengthening. For example: 
 

• Table 3.9-10 Existing Young Growth in Reserves and in Matrix Lands by Alternative is 
misleading in that the percentage in each column is the percent of the total amount of 
young growth (YG) on the forest, not its percentage based on the subsection it is in 
(Reserve or Matrix). 
 

• In Alternative 2 in Table 3.9-10, the reserves contain 110,339 acres of YG. This 
alternative will harvest 47,136 acres or 42.7% of the YG acres within the reserves; the 
table shows that amount of harvest as only 10% of the total acres of YG. What are the 
effects to the reserve system if 42.7% of the YG within the reserves is harvested? YG 
stands within beach buffers and less than 800 foot in elevation have greater value for 
wildlife that YG stands above 800 feet in elevation, and they may have more value than 
old-growth stands depending upon the location of the old growth (OG). 
 

Nowhere in the Economic and Social Environment section on wood products is there any 
discussion on the cost to harvest and produce a manufactured product, either lumber or biomass 
(see lumber price graph). Please provide this missing information. 
 

• Note graphs on pages 3-482 and 3-483 (Net Revenue) Figure 3.22-17 is net revenue for 
OG and Figure 3.22-18 is net revenue for YG. When you add the values together for a 
five year period in most cases the total net revenue is negative in value. As an example, 
Alternative 5 (preferred alt.) in Years 16-20 (a period when the transition has been 
completed and YG makes up the majority of the volume being offered) the total net 
revenue sum is a negative $10 million. How can the USFS have a timber sale program 
that is negative value when Public Law 112-74, House Report 2055-257, Section 414 
allows it only to offer positive value timber sales? 
 

• Note the information under Financial Analysis on pg. 3-481. The DEIS uses pond log 
value (PLV) to determine net revenue.  
 

o Pond log values are the price a buyer would pay for a log at the mill site (selling 
value minus manufacturing costs). Logging and transportation costs and an 
amount for normal profit and risk are also factored into this value. These pond log 
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values represent the value to the purchaser and are net of Forest Service costs that 
would be incurred for National Environmental Policy Act (NEPA) preparation, 
sale preparation and administration, and engineering support. (DEIS pg. 3-481) 
 

• Table 2.22-16 shows discounted net revenue by alternative. How can the USFS show 
positive net revenue based on the statement above when the USFS has been subsidizing 
its timber sale program for years? The USFS cost for sale preparation and support is 
approximately $104/mbf (2014 Saddle Lakes DEIS pg. 3-67). 
 

• Real life example – (2014 Saddle Lakes DEIS chapter 3 Issue 1 – Timber Economics 
section pg. 3-62) In Table 5,they have taken the end sales value minus the total cost to 
create the end product and the result is a negative value in all but one alternative under 
the export policy scenario. What is labeled the indicated advertised rate is the stumpage 
return to the USFS and is before the USFS subtracts their administrative cost of 
$104/mbf. 
 

• Another real life example – (Big Thorne Project, ROD 2013) Table ROD-9 on page 36 
shows an indicated bid value for the selected alternative as $23.77 positive; again this is 
before the FS admin fee of $104/mbf is subtracted. Big Thorne includes both OG and YG 
volume. 
 

• Using the discounted net revenue number for Alternative 5 from Table 3.22-16, the USFS 
is saying it will average a positive return of ~$98/MBF ($112.9 million divided by 
(46MM(annual volume) *25years)) over a 25-year period after subtracting its 
administrative cost. 
 

According to 40 CFR 1502.23, when economics are relevant and important to a decision, 
economic information must be included in an EIS.  
 

• The DEIS documents do not detail the PLV used by the USFS. What is the PLV number 
for YG? What is the PLV for OG? Nothing in the documents tells the reviewer how the 
USFS determined the PLV and cost of future harvest 25 and 100 years out. Did the USFS 
use a set percentage increase over time? Please provide this missing information. 
 

• In Appendix B (pg. B-13) when they performed the modeling exercise they used only the 
five southern districts on the Tongass for the first 15 years.  By not considering/using the 
entire Tongass they misrepresent the actual cost of harvesting timber from the forest. See 
TWFG paper, Analysis of Old Growth Inventory and Land Base Available for Operations 
within the Tongass National Forest, 2014. In that document the cost of transportation 
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from the northern part of the Tongass to the Viking mill in Klawock drives most volume 
available for harvest into negative value territory. 

 
• Based on the Woodstock model (see attached TWFG sheet) for Alternative 5 and the 

statement on pg. 2-32 of the DEIS, by year 16 the volume of OG harvest will be reduced 
to 5MMBF per year or a total of 25MMBF for the period years 16-20. The Woodstock 
model shows the 25MMBF of OG producing a net return of $360.99/mbf. Refer to the 
net returns for Saddle Lakes and Big Thorne; the USFS has not produced an OG timber 
sale that generates a net return after administrative cost of $360.99. 
 

Corrections or Revisions Needed 
 
Page 3-450, DEIS: Table 3.22-5 shows the average timber harvest for State lands is 25.7 MMBF 
for the last 13 years; the average for the last seven years is a much lower 12.3 MMBF. The last 
seven years is a better indication of future volume based on the fact that Alaska Mental Health 
Trust and the University are not bound to manage on a sustained-yield basis.  
 
Page C-4, DEIS: Table C-1 breaks down past road construction and states that 3,379 miles out of 
3,660 miles of roads constructed on non-national forest land remain open. Based upon the 
Division of Forestry’s best estimate, instead of 92% remaining open, the total still open is more 
likely in the range of 1500-2000 miles, or about 50%. 
 
Additions 
 
Since this amendment process is driven by Memorandum 1044-009 – July 2, 2013, consider 
including the memorandum in the Appendix of the DEIS, or at least the two quotes below: 
 

• “To accomplish the transition to a timber program based primarily on young growth, it 
is important to retain the expertise and infrastructure of the existing industry so 
businesses can quickly re-tool. These businesses are fundamental to both the young 
growth and restoration components of the future timber program, and to the economic 
vitality of the region. Such an approach requires a reliable supply of economically viable 
timber, with the old growth component decreasing over time while the young growth 
component increases.” 
 

• “To ensure a smooth transition, the Forest Service will continue to offer a supply of old 
growth timber while increasing the supply of young growth to provide industry in Alaska 
the opportunity to develop new markets, learn new skills, and acquire new equipment. 
The continuation of limited sales of old growth timber is essential to maintain the existing 
industry until young growth can efficiently be processed.” 
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WILDLIFE2 
 
The Alaska Department of Fish and Game (ADF&G) reviewed USFS alternatives 
accommodating the transition from old-growth to young-growth timber harvest and looks 
forward to participating in future interagency review of the young-growth monitoring plan. 
ADF&G recognizes the value to wildlife in transitioning to young-growth forest management 
while maintaining sufficient old-growth forest to support sustainable and harvestable populations 
of old-growth associated birds and mammals. 
 
Wolves 
 
ADF&G supports additional research and analyses concerning the effect of the Proposed Plan on 
Alexander Archipelago wolves. The State has primary trust authority for managing wolves and 
the USFS has land management authorities to provide habitat and access management for wolves 
in cooperation with the state.  Conservation of wolves in this area warrants additional 
consideration in the Forest Plan. 
 
Sealaska Land Exchange and the Old Growth Reserve System 
 
The Old Growth Reserve (OGR) system was first established in the 1997 Forest Plan as the 
primary component of the wildlife conservation strategy with the intent of providing habitat 
sufficient to maintain sustainable, well-distributed populations of old-growth associated species. 
The OGR system is particularly important for maintaining populations of old-growth associated 
species in areas where much of the old-growth forest has been harvested. The Southeast Alaska 
Native Land Entitlement Finalization and Jobs Protection Act transferred land out of the Tongass 
National Forest to Sealaska Corporation including lands within existing OGRs.  The USFS 
worked with ADF&G and others to create new or modified OGRs for affected areas of the 
Tongass National Forest from remaining productive old growth (POG). A report on that effort is 
included in Appendix D of the DEIS.  
 
Although Appendix D of the DEIS states that a review of the scientific basis for the current 
conservation strategy is outside the scope of this amendment, ADF&G recommends the USFS 
use its science review process to assess the new and modified OGRs before issuing the Final 
Environmental Impact Statement (FEIS). If the review of the modified OGRs indicates they are 
unlikely to meet the OGR system intent, especially in heavily-logged areas, and more old-growth 
logging occurs on nearby USFS land, the opportunity to create a more effective system in those 
areas may be lost.   
                                                                 
2 The State of Alaska point of contact for fish, wildlife and subsistence-related comments on the Proposed Plan and 
DEIS is Greg Albrecht with ADF&G’s Division of Habitat. He can be reached at greg.albrecht@alaska.gov or 907-
465-6384. 

mailto:greg.albrecht@alaska.gov
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Young-Growth Management 

Page 3-215 through 3-217, DEIS: Please provide more information on benefits to wildlife from 
precommercial thinning. Explain the assumption that reestablishing old-growth characteristics 
will benefit wildlife by discussing benefits and losses to species groups, and describe how 
recurring thinning treatments will affect those groups prior to reaching old-growth characteristics 
or harvest. Please clarify the terms maintain and improve with regard to wildlife habitat by 
providing or referencing a standard of what it means to maintain or improve.   
 
We recommend the USFS articulate how young-growth management will benefit wildlife.  
Depending on the species and phases of their natural history, some species may benefit from the 
young-growth management, while others may not. The Forest Plan should address the state of 
knowledge regarding the proposed management scheme for at least the management indicator 
species (MIS), provide a quantitative assessment of the most likely effects of second growth 
management for individual wildlife species, and provide a qualitative assessment of effects 
where no quantitative assessments are possible. 
 
Page 3-215 through 3-217 and 3-245, DEIS: Please include outputs (e.g. deer/mi2) from the 
habitat suitability index model at the wildlife analysis area level so that finer scale analyses can 
be made in areas where extensive old-growth harvest was conducted. We caution using the 
FRESH model, with which ADF&G is not familiar, prior to field verification. Please include 
more information in Chapter 3 about the FRESH model and its assumptions. Also, clarify how 
habitat quality is expected to improve after 25 years following thinning prescriptions (DEIS 
Table 3.10.11).  
 
Specific Comments on the Proposed Plan and DEIS 
 
Page 2-7, Wildlife, DEIS: Please consider managing habitat to provide for sustainable wildlife 
populations rather than viable populations.  
 
Page 2-8, Wildlife, Proposed Plan: Replace the term sport with hunting. 
  
Page 2-14 through 2-20, Alternative 2, DEIS: Please provide a clearer description of how harvest 
in the beach buffer occurs. Include discussion of the anticipated effects on MIS when the 1,000 ft 
beach buffer is removed for harvest and road construction. Please expand the discussion of how 
leaving an adjacent inland stand of POG or young growth serves the purpose of the beach buffer. 
It would be helpful to focus this discussion on biogeographic provinces 13 and 14.  See our 
similar comments for Appendix D on page 4. 
 
Page 3-10, Desired Condition, paragraph 1, Proposed Plan: Define appropriate research, how the 
determination is made, and what role the state plays in the process.  
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Page 3-45, Proposed Plan: Consider adding a land use designation (LUD) standard and guideline 
under the wildlife habitat improvement heading that addresses non-native wildlife management 
following a natural disturbance or disease. 
 
Page 3-67, Desired Condition, Proposed Plan:  Clarify how a population of a species is defined 
as a subspecies.  Consider revising the definition on page 7-92 and consult the ADF&G draft 
Wildlife Action Plan for more information on subspecies (2015). 
 
Page 3-138, Wildlife, Proposed Plan:  Please clarify the author and standing of the Tongass 
Young Growth Management Strategy referenced here. The document could be strengthened by 
adding more information regarding the effects of the strategy to wildlife. The version available 
through the references (Page 6-49, DEIS) does not contain Exhibit 3. 
 
Page 3-223, DEIS: Please update this section to reflect the Fish and Wildlife Service decision 
announced on January 5, 2016 that the Alexander Archipelago wolf does not warrant protection 
as an endangered or threatened species under the Endangered Species Act. 
 
Page 4-96, Proposed Plan: We recommend adding standards and guidelines for protection of the 
Pacific marten Martes caurina, which is endemic to Admiralty and Kuiu Islands. Macdonald and 
Cook (2007) and Dawson (2008) are good resources.  
 
Page 4-100, DEIS: We recommend eliminating the distinction between peregrine falcon 
subspecies given recent studies about the subspecies status along parts of coastal Alaska.  
  
Page 4-99, Proposed Plan: Please replace goshawk nest stand with nest site. The monitoring 
protocol could be strengthened by ensuring the assumptions of nest identification and the 
probability of detection is valid. ADF&G biologists are interested in helping USFS biologists 
develop the monitoring program. We are concerned about the efficacy and statistical validity of 
the current goshawk monitoring program.   
 
Page 5-8, Management Approaches, Proposed Plan: This section would benefit from clear goals 
and objectives related to monitoring the effects of young-growth harvest on MIS. See our similar 
comments for Appendix D on page 4. 
 
Appendix D of the DEIS 
 
Page D-3: This section summarizes the scope of analysis and acknowledges new science. As in 
the DEIS, the analysis does not adequately describe how young-growth harvest affects wildlife 
species. Similarly, the DEIS and the section on the contribution of matrix lands lacks adequate 
analysis and should be strengthened with references from land management focused research 
conducted on the Tongass. 
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Page D-4, paragraph 2, DEIS: Stating young growth serves as dispersal corridors between old-
growth stands is a generalization, as young-growth stands can be barriers rather than corridors 
for some old-growth associated species. Please revise. 
 
Page D-5, paragraph 3: The USFS states that on a forest-wide basis, over 90% of the existing 
POG will be protected from harvest. Given the context, this statement implies that forest 
management will have little effect on old-growth associated species because 90% of their habitat 
will remain intact. However, populations of many old-growth associated species are confined to 
islands or biogeographic regions where a much higher proportion of POG has been or will be 
harvested. We recommend that relative to wildlife, such habitat summaries be presented at a 
scale that is meaningful to the species or populations being discussed.  
 
Page D-5, paragraph 4: To help the reader get a better sense of the scale of changes resulting 
from GIS mapping updates, please add text and a table describing how the changes affected the 
wildlife habitat analysis.  For example, provide the number of polygons/acres in a given 
bioregion found to be >150 years old and corrected to size class 4, resulting in increased POG 
acreage in a bioregion. 
 
Page D-12: Please provide a clearer description of how harvest in the beach buffer occurs under 
Alternative 2. Include discussion of the anticipated effects on MIS when the 1,000 ft beach 
buffer is removed for harvest and road construction. Please expand the discussion of how leaving 
an adjacent inland stand of POG or young growth serves the purpose of the beach buffer. It 
would be helpful to focus this discussion on biogeographic provinces 13 and 14, which have the 
highest level of this type of harvest under Alternative 2. See our similar comments for the DEIS 
on page 3.  
 
Page D-17, paragraph 4: Please clarify the statement that individual islands function as 
metapopulations for some species.   
 
Page D-18, paragraph 7: This section would benefit from clear goals and objectives related to 
monitoring the effects of young-growth harvest on MIS. See our similar comments for the DEIS 
on page 3. ADF&G is available to help develop the monitoring questions. 
 
FISH 
 
Ongoing USFS monitoring results show existing standards and guidelines protecting riparian 
areas and fish habitat are largely effective. ADF&G recognizes the need to provide bridge timber 
for the transition to young growth which may require short-term relaxations of conservation 
strategy elements. We encourage simple, measurable, replicable methods to ensure monitoring is 
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completed and results are useful. ADF&G biologists look forward to being involved with these 
monitoring efforts. 
 
Page 3-31, DEIS: Include discussion and citation of literature regarding how increased harvest in 
the riparian management area (RMA) in moderate vulnerability karst landscapes could impact 
diffuse recharge and stream water quality. 
 
Page 3-103, DEIS: Include discussion and citation of literature regarding potential changes to 
windfirmness due to thinning in the RMA. 
 
Page 3-103, DEIS: Include discussion and citation of literature regarding how a reduction of the 
RMA width could affect wood recruitment where average tree heights exceed 100 ft. 
 
Page 3-118, paragraph 5, DEIS: Consider strengthening the discussion by citing recent research 
on rainbow trout and steelhead Onchorhynchus mykiss (Kendall et al. 2015, Pearse et al. 2009, 
Sloat and Reeves 2014a, Sloat and Reeves 2014b). 
 
Page 3-123, DEIS: Please clarify the circumstances where substantially more RMA group 
selection could occur, and how many acres would be acceptable under this alternative given the 
standards and management approaches in the riparian section of Chapter 5. 
 
Page 3-126, paragraph 2, DEIS: Consider removing the statement:  
 
Some negative effects, or more appropriately, increased risk, to the natural range of variation in 
stream processes and fish habitat would likely occur by management activities over the long 
term for all alternatives. The extent of harvest activity and associated road development are 
likely to result in decreases of some fish populations in managed watersheds. 
 
This is speculative and contradictory to the statement in the first two sentences of the third 
paragraph page 3-126. The presence of risk should not be confused or used interchangeably with 
negative effects, in the absence of supportive research. We recommend removing the association 
between risk and negative effects to fish habitat from the DEIS. The concept that risk is both 
normal and being fully mitigated in the Tongass should be added to the DEIS with discussion of 
Dr. Doug Martin’s body of research, cited elsewhere in the DEIS. 
 
Page 5-8, S-YG-BEACH-03, Proposed Plan: In some locations, such as estuaries, the forest edge 
could be greater than 200 feet from mean high tide and it is not clear whether or not this buffer 
includes non-forest acreage. If the standard is intended to include non-forested acreage, please 
include in the FEIS an evaluation of compatibility with the proposed desired conditions of the 
beach and estuary fringe in Chapter 5 and the forest side standards and guidelines in Chapter 4. If 
the standard is intended to include forested acreage only, we suggest modifying the first sentence 
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of the standard to Commercial harvest in the beach fringe is not allowed within a minimum 200-
foot buffer beginning at the forested edge above the mean high tide line. 
 
Page 5-9, Proposed Plan: A 10-acre opening in the RMA outside of the Tongass Timber Reform 
Act buffer appears contradictory with desired condition DC-YG-RIP-01, the fish and riparian 
standards and guidelines of Chapter 4, and Appendix D. Given the desired condition in DC-YG-
RIP-01 is to improve functions for soil, water, fish, wildlife, and other resources, while also 
providing a commercial byproduct, please explain where a 10-acre opening would improve 
conditions and be approved at the project level, especially if there is no requirement to thin the 
RMA following harvest. If the assumption in Alternative 5 is that timber can be harvested in 
such a matter from the RMA, the FEIS should describe instances when a 10-acre opening in the 
RMA could be implemented so that decision makers understand whether or not this wood source 
is a reliable element of the alternative. 
 
Page 5-9, Proposed Plan: Alternatives 2 and 5 allow removing up to 35% basal area of a stand in 
the RMA. Consider adding a standard in the Chapter 5 riparian section to clarify how the 35% 
removal can be distributed across the stand and if harvest can be focused in the RMA. 
 
Page D-19, Table 8 DEIS: Consider adding a row in the table showing projected young-growth 
acreage suitable for harvest in development LUDs following proposed changes to the scenic 
integrity standards and guidelines and the application of the rules surrounding harvest prior to the 
culmination of mean annual increment. This would provide perspective when evaluating the 
necessity to conduct harvest in environmentally sensitive areas by showing the relative gains in 
available timber from all components of each alternative. 
 
Page 4-10, Section III, Proposed Plan: Add a reference for the 2015 Fish Stream Identification 
and Stream Classification on the Tongass National Forest document and its associated field 
guide, which include results of recent working groups and field verification studies.  
 
Page 5-7, paragraph 5, Proposed Plan:  Consider including prioritization of stewardship fund use 
on the district where they were generated, a process made easier by Public Law 108-148-DEC. 
 
Page D-12, paragraph 3, DEIS: Improve clarity by beginning the first sentence with Of the action 
alternatives.  
 
Page D-12, paragraph 3, DEIS: Consider revising the statement in the last sentence about effects 
being short-term and localized, which contradicts the statement on page D-11, paragraph 4.  
 
Page 3-98, Table 3.6-2, DEIS: Suggest changing the title to Commonly targeted sport, 
subsistence, and commercial fish. The existing title is misleading since sport fishing for 
steelhead in the region is primarily catch-and-release. 
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Page 3-104, paragraph 1, DEIS: Specify the harvest type discussed in the second sentence. 
 
Page 3-108, paragraph 2, DEIS: Angler days (Table 1), recorded in ADF&G’s statewide harvest 
survey data, better represent fishing effort trends than license sales. The data is available at: 
http://www.adfg.alaska.gov/sf/sportfishingsurvey/index.cfm?ADFG=region.home.  
 

Table 1.–Angler days by water type 
among Southeast Alaska communities, 

1996–2014 
Year Freshwater Saltwater Total 

1996 72,459 297,960 370,419 

1997 93,478 346,320 439,798 

1998 75,445 295,302 370,747 

1999 99,054 435,610 534,664 

2000 106,355 435,052 541,407 

2001 98,093 409,148 507,241 

2002 101,563 367,739 469,302 

2003 107,755 369,437 477,192 

2004 104,166 443,083 547,249 

2005 102,200 465,584 567,784 

2006 104,834 412,001 516,835 

2007 104,431 435,859 540,290 

2008 100,094 409,503 509,597 

2009 96,343 403,738 500,081 

2010 87,279 356,572 443,851 

2011 95,332 352,276 447,608 

2012 91,009 387,998 479,007 

2013 83,871 462,179 546,050 

2014 95,068 469,242 564,310 

http://www.adfg.alaska.gov/sf/sportfishingsurvey/index.cfm?ADFG=region.home
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Page 3-328, Table 3.15-7, footnote 6, DEIS: Please include the data source for the ADF&G 
ratings. 
 
Page 3-343, Fishing, DEIS: Please provide a citation for the statement 13 percent of inventoried 
recreation places acres are currently important for fishing. 
 
SUBSISTENCE 
 
Pages 3-97 through 3-101, DEIS: This section includes a general characterization of the 
magnitude of sport and commercial fish harvests from Conrad and Gray (2014). The FEIS 
should include similar information for subsistence harvest presented in Conrad and Gray (2014). 
Page 3-390, first paragraph under abundance and distribution, DEIS: The ADF&G (2014) 
citation is inaccurate. Please cite the 1987 Tongass resource use cooperative survey (TRUCS), 
which provides the only survey data for Tenakee Springs and Skagway. 
 
Pages 3-533 through 3-635, DEIS: In the subsistence sections of the Elfin Cove, Gustavus, 
Meyer’s Chuck, Metlakatla, Pelican, Port Alexander, Skagway, and Tenakee Springs individual 
community assessments, the 1987 ADF&G harvest data are referenced as distinct from the 
TRUCS data presented in Kruse and Frazier (1988), but the information in both references is 
from the same study. Citations in these sections presenting the data from both publications 
should be reconciled. 
 
Page 3-508, third paragraph, DEIS: Prince of Wales communities are listed as using a 
combination of hydroelectric and diesel-generated power while the individual community 
summaries indicate power is generated by diesel only. Please clarify. 
 
Pages 3-513 through 3-654, DEIS: Please include a citation for the source of information 
presented in the community use area maps for all communities. If maps are based on the 1987 
TRUCS harvest data, please include an analysis of how uses may have changed in the last 30 
years.  
 
Pages 3-542 through 3-43 and 3-560 through 3-561, DEIS: The Haines and Hyder individual 
community assessments focus on potential impacts to local resident deer harvests, however, 
moose are more important for these residents, unlike most other southeast communities. Please 
modify the assessments to include the importance of moose in these communities. 
 
Pages 3-568, 3-599, and 3-653, DEIS: The Kake, Pelican, and Yakutat individual community 
assessments specify several subsistence use areas as most important or very important. Please 
provide a definition for these subjective terms, or eliminate them. 
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Page 3-550, DEIS: Update this section to include recent completion of the Gartina Falls 
Hydroelectric facility in Hoonah. 
 
Page 3-604, DEIS: In the Petersburg Subsistence section, replace land mammals (mostly deer) 
with deer, to be consistent with information for other communities regarding the TRUCS data.  
 
Page 3-612, first paragraph: Replace Pelican with Port Alexander. 
 
TRANSPORTATION3 
 
Elimination of the TUS LUD violates USFS planning regulations and NEPA.  
 
The most significant proposed amendment to the 2008 Tongass Land and Resource Management  
Plan is the elimination of the Transportation and Utility Systems Land Use Designation (TUS 
LUD). Under the current plan, the TUS LUD depicts specific geographic corridors connecting 
the communities located within the boundaries of the Tongass National Forest.  These corridors 
are intended to be developed and operated as transportation and utility systems in accordance 
with the State of Alaska’s Southeast Alaska Transportation Plan (SATP).  The State of Alaska 
holds transportation and utility easements to develop and operate the public infrastructure 
connecting these communities by way of a reciprocal exchange of easements with the United 
States, which was enacted by Congress in the Section 4407 of SAFETEA-LU (P.L. 109-59), the 
2006 federal transportation bill.  In December 2015, Congress passed the latest federal 
transportation bill (FAST Act, P.L. 114-94), which clarified a “perceived defect” in Section 4407 
and expressly granted to the State the transportation and utility easements linking the 
communities of Southeast Alaska. Senate Report 114-80 (July 15, 2015) at pages 23-24.  The 
elimination of the TUS LUD, as proposed in the amendments, would remove specific geographic 
management areas from the Forest Plan, which would violate USFS planning regulations and 
would violate the requirements of the National Environmental Policy Act (NEPA).  
Elimination of the TUS LUD requires a plan revision, rather than a plan amendment.  
 
Under USFS planning regulations, a plan may be amended “to add, modify, or remove one or 
more plan components, or to change how or where one or more plan components apply to all or 
part of the plan area.” 36 CFR § 219.13.  The plan components are guides for future project 
activities which include: (i) desired conditions; (ii) objectives; (iii) standards; (iv) guidelines; and 
(v) suitability of lands. 36 CFR § 219.7.  Each plan component may apply “to the entire plan 
area, or to specific management or geographic areas.” Id.  Thus, a plan amendment may change 

                                                                 
3 The State of Alaska primary contact for Proposed Plan and DEIS comments related to transportation is Roger 
Healy of the Alaska Department of Transportation & Public Facilities. Roger can be reached at 
roger.healy@alaska.gov or 907-465-6958. 

mailto:roger.healy@alaska.gov
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how a geographic area (i.e., a LUD) is managed in the National Forest, but it may not add or 
eliminate a management area or geographic area from the plan. 
 
The designation or elimination of a management area or geographic area from an existing plan 
must be done through a plan revision. 36 CFR § 219.7(c) and (d).  The administrative and public 
processes for a plan revision are separate and different from the processes required for a plan 
amendment. 36 CFR §§ 219.7(c) and 219.13(b).  The USFS’ attempt to eliminate the TUS LUD 
through a fast-track plan amendment violates the regulatory processes that are designed to ensure 
a reasoned and deliberative consideration of proposed modifications to planning areas or 
geographic areas in forest plans. 36 CFR §§ 219.7(c).  As the USFS has not commenced or 
undertaken the required administrative and public processes for the elimination of the TUS LUD, 
the elimination of the LUD would violate the National Forest Management Act and the 
implementing regulations. 
 
Elimination of the TUS LUD requires public notice and compliance with NEPA. 
 
The stated purpose and need for the Proposed Plan amendments is to enable the transition to 
young-growth timber harvest management as directed by the Secretary’s 1044-009 
Memorandum.  Elimination of the TUS LUD does not fulfill or further the stated purpose of the 
proposed plan amendments, and the proposed action was not disclosed as a secondary purpose 
for the plan amendment.  During the scoping process, the USFS identified four significant issues 
that were to be analyzed in depth as there were “disagreements about the best way to use a 
resource.” DEIS, page 1-9.  Those significant issues are: 
  

1. Young Growth Transition;  
2. Renewable Energy; 
3. Protection of Roadless Areas; and  
4. Protection of Wildlife Habitat and the Old Growth forest.  

 
Quite notably, neither the published notice of intent nor the DEIS purpose and need statement 
disclose the intent to eliminate the TUS LUD.  The elimination of the existing management 
prescriptions for Southeast Alaska’s transportation and utility corridors is unnecessary and 
counterproductive.  If the USFS intends to consider and debate ‘the best way to use’ these 
transportation and utility corridors, the National Environmental Policy Act (NEPA) requires the 
significant federal action be disclosed and fully analyzed prior to implementation. 
 
The Proposed Plan and DEIS grossly underestimate development in the TUS LUD. 
 
The USFS draws an unsupported conclusion that “[t]here is considerable uncertainty concerning 
the future development of Southeast Alaska’s road system.” DEIS, p. 3-278.  This statement is 



18 

 

particularly confusing, as an array of present and reasonably foreseeable transportation projects 
are identified in the cumulative effects analysis.  DEIS Appendix C.  Just in the category of 
highway development projects: construction of 32.3 miles of highway in the TUS LUD were 
recently completed; 140.6 miles of highway are funded for design and construction; and 15.7 
miles of highway are funded for environmental permitting and design.  These multiple highway 
projects are indicative of the State of Alaska’s robust delivery of improved transportation 
infrastructure to Southeast Alaska—there is no uncertainty in these actions. 
 
Development and delivery of transportation projects in the established transportation and utility 
corridors is accomplished, in part, by the stability and predictability of the geographically 
designated TUS LUD.  The USFS’ proposed objective to “Cooperate with other agencies in 
developing 35 miles of transportation corridors on NFS lands during the 15 years after plan 
approval [Proposed Plan, 5-14]” appears extremely limited and quite contradictory to the many 
upcoming and reasonably foreseeable highway projects.  With nearly 200 miles of state highway 
construction recently completed and planned for the near future—and congressionally granted 
easements underlying hundreds of miles of the TUS LUD—the USFS’s proposed objective does 
not reflect the planned development in the TUS LUD. 
 
The Proposed Plan could benefit by adding new components in addition to TUS LUD. 
 
The DEIS expresses a need to support development of renewable energy and perhaps to include 
power transmission corridors in the new Renewable Energy Direction (RE) component.  It is 
easy to imagine that renewable energy projects, including support roads and power transmission 
lines, will need to branch from and be located outside the TUS LUD corridors.  To ease the 
development of those discrete projects, the RE component and the Transportation Systems 
Corridor Direction (TSC) component may prove workable for the USFS.  However, for the 
multiple-agency and multiple-year planning required to connect the communities of Southeast 
Alaska, the State requires that the forest plan recognize the Section 4407 easements and the 
SATP corridors in the existing TUS LUD.  The Forest Plan must make the distinction that the 
new RE and TSC components are designed for, and apply to developments outside the TUS 
LUD. 
 
The DEIS and proposed plan amendments explain that the geographically specific TUS LUD is 
being eliminated and replaced with area wide plan components for the new TSC.  The purpose of 
the plan direction for TSC is to facilitate the availability of NFS land for the development of 
existing and future transportation systems.  However, the rationale for this change is not clear 
nor was it developed as an issue that required addressing.  It is unclear how eliminating the TUS 
LUD will better facilitate the availability of NFS land for the development of existing and future 
transportation systems, since the State currently holds easements over the vast majority of the 
TUS LUD.  The depiction of the corridors on the TUS LUD maps in the 2008 plan was 
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informative and consistent with the management direction in the plan concerning the priority of 
TUS development in those corridors.  The removal of the TUS LUD corridors from the Proposed 
Plan’s maps is a significant change that does not seem either necessary or productive.  Removal 
appears to be counterproductive particularly given that the corridors were incorporated into the 
2008 Forest Plan, but now the same corridors identified in the SATP appear to be only 
referenced as examples of corridors that might be constructed in the national forest.  The 
elimination of TUS LUDs eliminates any attempt to recognize and reserve corridors for this 
potential future land use.  It removes any current effort to identify the need of specific corridor 
reservations and to inform other current and potential land use of corridor reservations.  Removal 
of the TUS LUD will likely have the effect of making NSF land less available, create future use 
conflicts, and deter development of existing and future transportation systems. 
 
The proposed revision to the plan is confusing in that it repeatedly states that transportation and 
utility systems are not precluded anywhere in the Tongass Nation Forest under the provisions of 
Public Law 109-59 and ANILCA Title XI.  That statement masks a great deal of information.  
Section 4407 of Public Law 109-59 granted transportation and utility easements within specific 
corridors that are recognized by the TUS LUD; ANILCA Title XI provides a process wherein a 
transportation and utility easement may or may not be granted.  Since the State currently holds 
property rights in the corridors identified in the TUS LUD, the LUD must be preserved.  The 
State could pursue infrastructure development outside the TUS LUD, under ANILCA or other 
authorities, but that would be a somewhat unusual or rare occurrence.  The new RE and TSC 
components may prove useful in that unusual circumstance; however, for development of 
infrastructure connecting the communities in the Tongass, the State, regulatory agencies, and the 
public require the disclosure and predictable management of the transportation and utility 
corridors in the TUS LUD.  
 
There is no management advantage by replacing TUS LUD with a new TSC component. 
 
Under the current plan, the TUS LUD guarantees precedence of transportation and utility 
development goals over the goals and management prescriptions of an underlying LUD crossed 
by the TUS LUD by stating “The Transportation Utility System (TUS) LUD takes precedence 
over any underlying LUD (subject to applicable laws) regardless of whether the underlying LUD 
is a TUS Avoidance LUD or not.  As such, it represents “a ‘window’ through the underlying 
LUD through which roads and/or utilities can be built.”  This is an ideal LUD to manage a 
property interest and development interest that may not spring to life for years or decades to 
come.  The express purpose of the TUS LUD was to minimize potential conflicts with 
underlying LUD goals and associated management prescriptions should transportation 
development occur.  The LUD flags in advance specific areas of land use goals conflicting with 
those of future potential transportation and utility development, though the goals objectives and 
management standards and guidelines of the TUS LUD do not spring into existence until 
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commencement of construction of the transportation or utility facility.  The TUS LUD provides 
predictability and transparency.   
 
The proposed plan amendment is designed to eliminate the TUS LUD and the specific 
geographic corridors where the management prescriptions of the TUS LUD apply.  The Proposed 
Plan and the DEIS explain that the TSC components will take precedence over LUD-specific 
standards and guidelines throughout the Tongass National Forest, but those statements give little 
comfort when the specific property and development rights granted by Congress and recognized 
in the TUS LUD are removed from the plan.  While the State recognizes that the TSC component 
and the RE component may provide clarity for potential development outside the TUS LUD, all 
but the smallest fraction of infrastructure development in Southeast Alaska will occur within the 
TUS LUD.  To provide the predictability and transparency necessary for the continued 
development of the infrastructure connecting the communities of Southeast Alaska, the TUS 
LUD must be preserved.  
 
General Plan comments by section: 
 
Chapter 1 Introduction 
 
Proposed Plan page 1-5 second to last paragraph states: “The communities of Southeast Alaska 
depend on the Tongass National Forest in various ways, including employment in wood 
products, commercial fishing and fish processing, recreation, tourism, and mining, and mineral 
development.”  The paragraph also goes on to explain the importance of subsistence resources; 
however, overlooked is the importance of public access to the forest by all modes including 
maintenance of forest roads.  We recommend including in the introduction a sentence describing 
the importance and role of public access and transportation infrastructure. 
 
Chapter 2 Goals and Objectives 
 
No mention is made under Forest Desired Conditions of transportation utility system goals and 
objectives.   
 
Recommend the inclusion statements of desired conditions for development and maintenance of 
regional and area transportation - utility systems: 

 
• Provision and maintenance of air and marine access points and associated infrastructure 

by the Forest Service, including a system of forest trails and road to facilitate access to 
forest areas managed for timber harvest and various multi-uses including recreation, 
subsistence and administration of the forest.  
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• A State of Alaska maintained multi-modal regional transportation system of airports, 
marine docks and floats, and road system supporting access to and through the National 
Forest providing efficient and essential transportation between communities within the 
forest and between the forest and the rest of the world in support of the area economy. 
 

Under Forest-wide Multiple-use Goals and Objectives recommend the addition of the above as 
goals under a category referred to as “Access.”  Similar access objectives should be listed under 
and in support of the following categories: 
 

• Local and Regional Economies  
• Minerals and Geology 
• Recreation and Tourism 
• Renewable Energy  
• Subsistence and  
• Timber 

 
Recommend redefining “Transportation” as a category supporting the following Goal: 

 
• Development and operation of transportation and utility infrastructure within the 

“Transportation Utility System” corridors linking the communities of Southeast Alaska as 
provided by Section 4407 of P.L. 109-59, as amended by P.L. 114-94, and as allowable 
under ANILCA Title XI. 
 

Chapter 3 Management Prescriptions 
 
Do not replace the overlay Transportation Utility System (TUS) overlay Land Use Designations 
(LUD) as described in the 2008 Forest Plan.  Retention of the TUS LUD is needed to physically 
locate TUS corridors established by law, replete with goals and management prescriptions 
having precedence over the underlying LUDs. 
 
LUD Management Prescriptions: 
 
ADD TUS LUD overlay LEVEL ONE precedence to other LUDs in the following 
categories: 
 
SPECIAL INTEREST AREA LUD under TRANSPORTATION, Transportation Operations, 
TRAN, add:  
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B. Coordinate interpretation of the unique values of the Special Interest Area with management 
of transportation infrastructure in TUS LUD corridors and the rights-of-way of other publicly-
owned roadways. 
 
REMOTE RECREATION LUD under TRANSPORTATION, Transportation Operations, 
TRAN, add: 

A. (revise) New roads are not permitted, except within a TUS LUD and to access authorized 
mineral operations (or as excepted under Lands). 
 

MUNICIPAL WATERSHED LUD under TRANSPORTATION, Transportation Operations, 
TRAN, add: 
 
A. (revise last sentence) New road construction is generally inconsistent with Old-growth 
Habitat LUD objectives, but new roads may be constructed if within a TUS LUD.  Forest roads 
may occur in this area with due consideration for protection of the watershed. 
 
OLD-GROWTH HABITAT LUD under TRANSPORTATION, Transportation Operations, 
TRAN, add: 
 

A. (revise) New road construction is generally inconsistent with Old-growth Habitat LUD 
objectives, but new roads may be constructed if within a TUS LUD, or if a forest road 
with no feasible alternative. 

B. Add: 4. Roads under the jurisdiction of the Alaska Department of Transportation and 
Public Facilities shall be managed in accordance with the State of Alaska’s best 
management practices. 

 
SEMI-REMOTE RECREATION LUD under TRANSPORTATION, Transportation 
Operations, TRAN, add: 
 
A. (revise) Where Semi-Primitive Motorized recreation opportunities are emphasized, 
existing low standard roads are generally managed for use by high clearance or OHVs, 
snowmobiles, or motorcycles subject to an approved Access and Travel Management Plan.  
Generally, new roads are not constructed in this area, except within a TUS LUD and to link 
existing roads or provide access to adjacent LUDs. 
 
Add : 4. Roads under the jurisdiction of the Alaska Department of Transportation and Public 
Facilities shall be managed in accordance with the State of Alaska’s best management practices. 
 
LUD II Page 3-68 under Objectives add bullet: Roads and utility lines are allowed within a TUS 
LUD.  
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Page 3-72 under Transportation Operations: TRAN: add 3. Roads and utility lines allowed within 
a TUS LUD.  Roads under the jurisdiction of the Alaska Department of Transportation and 
Public Facilities shall be managed in accordance with the State of Alaska’s best management 
practices. 
 
WILD RIVER LUD page 3-74 add under Objectives: Permit road and utility lines allowed 
within a TUS LUD. 
 
Under TRANSPORTATION, Transportation Operations, TRAN, add: 
 
Page 3-80 (add) D. Roads and utility lines allowed within a TUS LUD.  Roads under the 
jurisdiction of the Alaska Department of Transportation and Public Facilities shall be managed 
in accordance with the State of Alaska’s best management practices. 
 
SCENIC RIVER LUD page 3-87 TRANSPORTATION, Transportation Operations: TRAN  
Add: 5. Roads and utility lines allowed within a TUS LUD.  Roads under the jurisdiction of the 
Alaska Department of Transportation and Public Facilities shall be managed in accordance with 
the State of Alaska’s best management practices. 
 
RECREATIONAL RIVER LUD page 3-87 TRANSPORTATION, Transportation Operations: 
TRAN  
 
Page 3-94 add: 3. Roads and utility lines allowed under a TUS LUD.  Roads under the 
jurisdiction of the Alaska Department of Transportation and Public Facilities shall be managed 
in accordance with the State of Alaska’s best management practices. 
 
EXPERIMENTAL FOREST LUD page 3-100 TRANSPORTATION, Transportation 
Operations: TRAN  
 
Add: C. Roads and utility lines allowed within a TUS LUD.  Roads under the jurisdiction of the 
Alaska Department of Transportation and Public Facilities shall be managed in accordance with 
the State of Alaska’s best management practices. 
 
SCENIC VIEWSHED LUD  
 
Add under Objectives page 3-101: Roads and utility lines are allowed under a TUS LUD. 
 
TRANSPORTATION, Transportation operations: TRAN, page 3-108 
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Add: 6. Roads and utility lines allowed within a TUS LUD.  Roads under the jurisdiction of the 
Alaska Department of Transportation and Public Facilities shall be managed in accordance with 
the State of Alaska’s best management practices. 
 
MODIFIED LANDSCAPE LUD  page 3-109 add under Objectives: Roads and utility lines 
allowed within a TUS LUD. 
Under TRANSPORTATION, Transportation Operations, TRAN, add: 
 
Page 3-115 (add) 6. Roads and utility lines allowed within a TUS LUD.  Roads under the 
jurisdiction of the Alaska Department of Transportation and Public Facilities shall be managed 
in accordance with the State of Alaska’s best management practices. 
 
TIMBER PRODUCTION LUD  page 3-116 add under Objectives: Roads and utility lines 
allowed within a TUS LUD. 
 
Under TRANSPORTATION, Transportation Operations, TRAN, add: 
 
Page 3-122 (add) 5. Roads and utility lines allowed within a TUS LUD.  Roads under the 
jurisdiction of the Alaska Department of Transportation and Public Facilities shall be managed 
in accordance with the State of Alaska’s best management practices. 
 
MINERALS LUD  page 3-123 add under Objectives: Roads and utility lines allowed within a 
TUS LUD. 
 
Under TRANSPORTATION, Transportation Operations, TRAN, add: 
 
Page 3-128 (add) E. Roads and utility lines allowed within a TUS LUD.  Roads under the 
jurisdiction of the Alaska Department of Transportation and Public Facilities shall be managed 
in accordance with the State of Alaska’s best management practices. 
 
Chapter 4 Standards and Guidelines 
 
Reinstate standards and guidelines for the overlay Transportation Utility System (TUS) Land 
Use Designations (LUD) as described in the 2008 Forest Plan with corridor goals and 
management prescriptions having precedence over the underlying LUDs. 
 
Chapter 5 Plan Content Developed Under the 2012 Planning rule 
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Revise the Transportation System Corridor (TSC) to apply solely to development and 
maintenance of forest roads located outside of the TUS LUD corridors or under the jurisdiction 
of the U.S. Forest Service. 
 
Chapter 6 Implementation 
 
No comments. 
 
Appendices A – K  
 
No appendix on transportation was developed or included.  With a proposed major revision, such 
as the elimination of LUD, it would be helpful to review the analysis and decision-making that 
supports the major federal action.   
 
ALASKA NATIONAL INTEREST LANDS CONSERVATION ACT4 
 
Wild and Scenic River Management 
 
ANILCA amended the Wild and Scenic Rivers Act and designated 26 Wild and Scenic Rivers 
and an additional 12 rivers designated for study. There are currently no designated rivers on the 
Tongass National Forest, and pursuant to ANILCA Section 1326(b)5, Congress has since 
provided no further direction to the Forest Service to conduct additional Wild and Scenic River 
studies in Alaska. 
 
We appreciate the proposed plan does not include new wilderness and wild and scenic river 
reviews or recommendations.  However, we remain concerned that, despite explicit direction in 
ANILCA Section 1326(b) to not conduct such studies, the USFS continues to manage the 32 
rivers recommended in the 1997 Forest Plan Record of Decision to maintain their eligibility for 
designation at some distant future date as wild and scenic rivers.   
 
The plan indicates such management will continue until Congress takes action; however, the plan 
does not disclose any details on how or when the recommendations were submitted to Congress 
and what occurred subsequent to the submittal.  We do not support protective management for 
recommended rivers that resulted from a study conducted in violation of ANILCA, nor do we 

                                                                 
4 The State of Alaska point of contact for ANILCA comments on the Proposed Plan and DEIS is Sue Magee with 
DNR’s Office of Project Coordination and Permitting. She can be reached at susan.magee@alaska.gov or 907-269-
7529. 
5 ANILCA Section 1326(b) No further studies of Federal lands in the State of Alaska for the single purpose of 
considering the establishment of a conservation system unit, national recreation area, national conservation area, or 
for related or similar purposes shall be conducted unless authorized by this Act or further Act of Congress. 
(Emphasis added) 

mailto:susan.magee@alaska.gov
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support applying management prescriptions on that basis indefinitely.  We therefore request the 
corresponding Wild, Scenic and Recreational LUDs either be removed from the plan or only 
applied after a river is designated by Congress.  Further, we request the plan include specific 
information about the recommendations’ submittal to Congress and any subsequent actions taken 
by Congress in response. 
 
ANILCA Section 810 Analysis 
 
The DEIS states that an 810 evaluation and determination is not required because this is a 
programmatic amendment.  However, the DEIS not only evaluates the impacts to subsistence, 
citing a “significant possibility of a significant restriction, resulting from a change in 
competition” (p. 3-394), the Service is also holding subsistence hearings. For clarity and 
compliance with ANILCA, we recommend the Service include a full 810 evaluation in the plan.  
We note the information is largely already contained in the DEIS. 
 
Page-specific Comments 
 
Page 3-10, Proposed Plan: We support the proposed decision to reference Title XI of the Alaska 
National Interest Lands Conservation Act (ANILCA) in the Wilderness LUD Standards and 
Guidelines.  This change will ensure that the full context and process required in ANILCA is 
considered and followed when transportation and utility projects are proposed within 
conservation system units designated by ANILCA on the Tongass National Forest (i.e. 
designated Wilderness). 
 
Page 3-26, Chapter 3, Proposed Plan, Transportation, Transportation Operations: TRAN (D). We 
request the plan retain “adequate and feasible access for economic and other purposes” as it is 
the correct standard used for inholdings “effectively surrounded” by conservation system units 
(i.e. designated wilderness) in ANILCA section 1110(b).  “Reasonable access” is the standard in 
ANILCA section 1323, which applies to general national forest lands, not designated wilderness. 
 
Page 3-107, Proposed Plan: We do not support this management prescription, which would 
recommend FERC not authorize hydroelectric facilities on rivers found eligible and suitable for 
inclusion in the Wild and Scenic River System in the 1997 Tongass Land Management Plan.  
This comment also applies to other management prescriptions found elsewhere in the plan that 
rely on the 1997 wild and scenic river recommendations as their basis. See above general 
comment on wild and scenic rivers.   
 
Page 4-10, Chapter 4, Proposed Plan: Fish Habitat Planning, Fish Habitat and Channel 
Processes, part 3: ANILCA section 1326(b) expressly prohibits further studies for the single 
purpose of considering the establishment of a conservation system unit, which includes Wild and 
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Scenic Rivers, unless authorized by ANILCA or a further act of Congress. Consideration of new 
wilderness or wild and scenic rivers in this context is inappropriate and we request the following 
revision: 
 

Consider topics such as erosion processes, watershed hydrology, vegetation, stream 
channel morphology, water quality, wilderness designation, recommendations for 
inclusion into the Wild and Scenic River System, species and habitats, and human uses, 
during analyses. 

 
Page 4-31, Proposed Plan: III. Temporary Facilities.  ANILCA section 1316 applies to all federal 
public lands where the taking of fish and wildlife is authorized but it does not differentiate 
between subsistence and non-subsistence use. We request the Service consider whether the 
distinction in this section is necessary or appropriate. 
 
Page 4-44, Proposed Plan: Chapter 4 Recreation Resource Planning: The following guideline 
appears to be relevant to ensuring safe access to communities and popular recreation areas.  It is 
unclear why it is being removed.  We request the Service re-consider and provide rationale if it is 
not retained in the final plan. 
 

Support a system of anchorages suitable for recreation boats along small boat waterways 
that connect communities or provide access to popular recreation attractions.   

 
Page 3-382, third paragraph, DEIS: We request the following edit for clarity and consistency 
with ANILCA sections 802 and 804: 
 

It also states, in part, that “customary and traditional” subsistence uses of renewable 
resources “shall be the priority consumptive uses of all such resources on the public 
lands of Alaska when it is necessary to restrict take.” 
 

Page 3-382, fourth paragraph, DEIS: We request the following edit for accuracy: 
 

This ruling took the state out of compliance with ANILCA and the federal government has 
managed harvest of subsistence resource s under federal subsistence regulations on 
federal lands in Alaska since 1990. As a result, federal subsistence harvests of fish and 
wildlife on the Tongass National Forest are presently managed by the Forest Service 
(Schroeder and Mazza 2005). 
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ENVIRONMENTAL CONSERVATION6 
 
The Alaska Department of Environmental Conservation (ADEC) provided the following 
comments on the DEIS. 
 
Page 3-16, paragraph three, sentence one, should read: “The State of Alaska Department of 
Environmental Conservation (ADEC) under the Clean Air Act (CAA), via Title I and Title 5 of 
the EPA approved State Implementation Plan (SIP) regulates air emissions from stationary 
sources.” 
 
Page 3-18, paragraph three, sentence seven, notes that “ In an effort to better address the air 
quality concerns in the Wilderness, the Forest Service and ADEC enters into a Memorandum of 
Understanding each year to train Forest Service wilderness rangers to visually monitor cruise 
ship emissions with EPA-approved standards.” This sentence should be updated to reflect that 
the MOU is static and does not get entered into each year. 
 
Page 3-19 paragraph one, sentence three, should read: “EPA and ADEC have limited regulatory 
responsibility, under the Clean Air Act, for air quality related to these kind of sources.” This 
sentence was discussing indirect sources such as firewood burning and vehicle emissions. 
 
Page 3-22, paragraph two, sentence five refers to “shrinking alpine habitats”. This may need to 
be reexamined and perhaps changed to read “changing alpine habitats” to reflect the fact that 
glacier melting may expose new alpine habitat at a quicker rate than those of altitudinal forest 
shifts. 
 
Page 3-56, paragraph three, sentence two should read: “Turbidity criteria indicate values will not 
exceed 5 nephelometric turbidity unites (NTUs) over natural conditions, when natural values are 
less than 50 NTUs.” The original text used the word “nature”.  
 
Page 3-68, paragraph five, sentence two should read: “Landslide debris (e.g., sediment, large 
wood) that enters the stream may block or shift channels, fill pools, and increase the presence of 
fine sediments in the channel network.” The original text used the words “increases fines 
presences” which is grammatically cumbersome. 
 
Appendix G, page G-11, M4(c) should be revised to read “Measurements required by M4; a and 
b are from MHW (Mean High Water) to depths of 100 feet MLLW (Mean Lower Low Water).” 

                                                                 
6 The State of Alaska’s primary contact for DEIS comments related to environmental conservation is Gary Mendivil 
of the Alaska Department of Environmental Conservation. He can be reached at gary.mendivil@alaska.gov or 907-
465-5061. 

mailto:gary.mendivil@alaska.gov
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MISCELLANEOUS EDITS 
 
Typos 
 

• Draft EIS, Page A-1:  An incorrect date of “June 23, 2016” is given for publishing the 
corrected Notice of Intent. 
 

• Draft EIS, Page B-18: “Intermeidate” is misspelled. 
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EXECUTIVE SUMMARY 
 
The purpose of this Challenge Cost-Share Agreement was for The Working Forest Group (TWFG) to 
facilitate an analysis that defined where and what types of investments should be made in retooling the 
existing old growth timber industry into one that is dependent on young growth timber supply from 
Southeast Alaska considering all lands as sources.   
 
Originally, the project scope called for facilitation of a 2-day work session to collect the information from 
15 knowledgeable individuals from various Southeast Alaska timber industry segments 
(manufacturing/processing, harvesting, land owner/operator, logistics, road building, consulting, and 
other).  After several attempts to reach a cross-section of the industry by telephone and email, several 
respondents emphasized a frustration with the process.   The current industry has been involved in 
discussions for several years and have not seen their primary concern for timber supply being 
addressed.  This non-participation led to a request that the project scope be adjusted from a two-day 
work session to on-site discussions with industry at their various mill sites.  The U.S. Forest Service 
agreed to amend the scope and on-site interviews were conducted in November 2014. 
 
The common message TWFG heard from those interviewed was that the timber industry in Southeast 
Alaska will cease to exist unless there is old growth timber made available while the young growth 
matures and/or a market for Alaska’s young growth is developed. 
 
Therefore, based on the information provided on the surveys and during the interview process along 
with The Working Forest Group’s knowledge of the timber industry, TWFG would like to propose two 
potential future industry concepts: 
 

• Future Industry Concept #1:  The creation of a viable timber Industry in Southeast Alaska that is 
dependent on young growth fiber, can only be achieved by extending the rotation length until 
young growth trees develop old growth characteristics. Old growth harvest on the Tongass 
National Forest must continue for the foreseeable future. 
 

• Future Industry Concept #2:  The creation of a viable timber Industry in Southeast Alaska that is 
dependent on young growth fiber, which maintains the existing industry while ceasing the 
harvest of old growth timber stands on the Tongass National Forest within five (5) years. 
 

 With the cornerstones for future forest management in Southeast Alaska being based on: 
 

• Active Forest Management by use of the abundant forest resources of the region, 
• Making Southeast Alaska investment friendly to future timber industry investors, 
• Developing an all Landowners (public and private) Management Strategy based on the Working 

Circle concept; and 
• Using Timber Management to develop methods to resolve the regional issues of: 

 
 Transportation 
 Renewable Energy 
 Solid Waste 
 Employment – development and retention of tomorrow’s workforce 
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INTRODUCTION 
 

Background 
 
At the request of the U.S. Department of Agriculture, Forest Service, Alaska Region (USFS), The Working 
Forest Group (TWFG) was granted funds under a Challenge Cost-Share Agreement (14-CS-11100500-
020) to complete an analysis that defines where and what types of investments should be made in 
retooling the exiting old growth timber industry into one that is dependent on young growth supply 
from Southeast Alaska considering all lands as sources.   
 
The United States Department of Agriculture, Office of the Secretary issued Secretary’s Memorandum 
1044-009 – Addressing Sustainable Forestry in Southeast Alaska on July 2, 2013 (Appendix A) stating that 
the USDA Forest Service must speed the transition away from old growth timber harvesting, towards a 
forest industry that utilizes young growth and calling for additional research to develop effective ways to 
meet the challenges of the transition over the next 10-15 years.  Hence, the support for this report. 
 
This analysis was to be conducted by facilitating a 2-day work session with 15 individuals, who were 
chosen from surveys created and distributed by The Working Forest Group (TWFG), based on the 
respondent’s interest in attending the work session and their knowledge of the Southeast Alaska timber 
industry.  However, the original project scope was modified from facilitating a 2-day work session to 
one-on-one meetings to better fit the industry’s work season. 

Report Objective 
 
The objective of this report is to deliver the following timeframe information for a transition from old 
growth to young growth: 
  

 Short-Term (Present Day to Five Years) 
 

 Mid-Term (Six Year to Fifteen Years) 
 
 Long-Term (Beyond Fifteen Years) 

REPORT DATA COLLECTION / WORK SESSION / INTERVIEWS 
 

Objective 
 
In order to gain insight into where and what types of investments should made in retooling the existing 
old growth timber industry into one that is dependent on young-growth, the original project scope was 
to select and recruit 15 representatives from the forest industry and forest land owners within 
Southeast Alaska to attend a two-day work session in Ketchikan. 
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Survey Planning and Methodology 
 
The process was to: 
 

1. Build a list of potential participants 
2. Construct a short survey (Appendix B) to compile preparatory information to schedule a two-day 

work session and assess participation level interest 
3. Distribute survey and response through The Working Forest Group via web, email, and mail 
4. Retrieve, compile, and summarize data 
5. Select and invite participants to a two-day work session 
6. Conduct work session 
7. Compile information from all data received and build a report 
8. Deliver the draft and review with client 
9. Deliver final report and recommendations 

The data collection of the project started in April 2014 with the development of The Working Forest 
Group website (www.akworkingforest.org) in order to distribute, collect and compile the survey 
information.  Concurrently, a list of 100 potential participants was built with the help of the State of 
Alaska Department of Commerce and Economic Development, the Division of Forestry, other forest 
industry contacts, and by searching the State of Alaska business license database.   
 
A short, but concise survey was developed (Appendix B) asking questions such as: contact information, 
the respondents industry, number of years involved in the business, number of employees, and their 
business plan for the next ten years.  Additional questions asked their views on: 1) what would make a 
viable forest products industry in Southeast Alaska; 2) did they think the government (federal, state, 
local) should make investments to advance the transition to young growth and if so, what area (multiple 
choice); 3) volume of economically viable young growth manufacturing/processing opportunities they 
saw (multiple choice); 4) activities/components they considered essential for an integrated young 
growth forest products industry (multiple choice); 5) could their business operate exclusively from a 
young growth resource today (yes/no), and if not, what changes would need to be made to their 
business (multiple choice); and 6) landowners were asked if they were committed to keeping their 
entire managed forest land base in production for the next rotation or harvest (yes/no) and if not, why.  
The survey concluded with questions related to the proposed 2-day work session - if they were 
interested in participating, and if so what dates and would they need financial assistance to attend.  
 
Initial contact was made with 47 businesses and individuals (Appendix C) with ties to the Southeast 
Alaska forest products industry via email on July 10, 2014.  The email included an introduction to the 
project, the proposed 2-day work session, and The Working Forest Group (TWFG).  The ten question 
survey was attached as a fillable PDF form, but a direct link was given to where the survey could be 
taken online and submitted as well as instructions on how to fill the survey out offline and then be able 
to mail, fax, or email.  The email was then followed-up by phone calls the week of July 14, 2014 with the 
addition of another seven to ten contacts who did not have email addresses. 
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From this initial outreach only eight accepted the invitation to complete the survey.  The method above 
was repeated on July 31, 2014 with three additional surveys completed.  Survey responses can be found 
in the Results section below. 
 

Survey Implementation Issues and Revised Project Scope 
 
Out of the eleven responses received, only five showed interested in attending a 2-day work session.  
Feedback received outside the survey responses were:  1) it was the wrong time of year to try and hold a 
2-day work session due to the industry’s work season and 2) the current industry has been involved in 
discussions for several years and have not seen their primary concern for timber supply being addressed 
and did not see the value in participating in another work session.  
 
In early September 2014 TWFG pulled together a list of 15 potential work session attendees based on 
their forest industry affiliation and industry knowledge, including those who showed interest from the 
survey.  An invitation was sent to the work session invitees on September 17, 2014 with only one 
individual accepting the invitation.  
 

Revised Project Implementation 
 
Therefore, TWFG decided that the 2-day work session was not the most productive way to collect the 
information and revised the project scope by trying to schedule and meet people individually during the 
Alaska Forest Association’s 57th Annual Convention in Anchorage (October 22-24, 2014), at the Forest 
Products Task Force meeting in Klawock (November 17, 2014), and by on-site visits (Prince of Wales 
Island and Ketchikan, November 16-19, 2014) instead of facilitating a formal 2-day meeting.  
 
From October 22-November 19, 2014 TWFG spoke personally to 18 individuals tied to the Southeast 
Alaska timber industry (land owner-2; timber consulting-2; manufacturing/processing-9; harvesting-3; 
other-2.) 
 

Results 
 
The purpose of the one-on-one meetings was to collect each person’s thoughts on how and what they 
saw was needed in order to transition from an old growth industry to a young growth industry.  The 
common message that TWFG heard from respondents (17 out of 18) was: 
 

• the current young growth timber is too young to be economically harvested and there is no 
current product/market for the timber; and 

• if there is not some volume of old growth made available while the young growth matures, they 
will no longer be in business. 

 
Only one manufacturer saw a potential for young growth and that potential was in a pellet/chip 
manufacturing facility. 
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Survey Responses 
 
Survey Responses – Page 1 of 3 

 
Continued 
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Survey Responses – Page 2 of 3 

 
Continued 
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Other comments heard from in-person interviews were: 
 

• The current young growth needs 180+ years of growth to be viable. 
• Still need 75-120 MMBF of old growth in order to stay in business while current young growth 

matures. 
• Old growth products is Alaska’s only viable timber market at this time because there is no other 

old growth supplier. 
• Alaska’s young growth cannot compete in the market because of high shipping costs to Seattle. 
• Pulp mills could/would be the biggest consumer of Alaska’s current young growth, however no 

more pulp mills in Alaska. 
• There is potential for a whole log, young growth export to Asia, but not dimensional lumber.  

This does not help current small operators since most focus on dimensional lumber and old 
growth specialty products – this does not allow the industry to grow. 

• Currently, there isn’t enough infrastructure by the way of trucks to haul logs or cheap power to 
transition to a large enough young growth industry to be sustainable. 

• Alaska’s young growth cannot compete with Washington. 
• A 10% profit will not bring investors to Alaska. 
• Alaska has the best old growth hemlock, vertical grain wood in the world that is used for doors, 

windows, and molding.  Young growth does not act the same, it’s too crooked. 
• Initially Alaska’s old growth cedar did not fit in the market, but now it’s in demand for high end 

garage doors, entry doors, decks, and stairs and goes for a premium price.  Young growth cedar 
is for lower end commodities such as fencing because it’s crooked and splits easily. 

• The only other comparable cedar on the market as compared to Alaska’s old growth cedar is 
British Columbia cedar. 

• Alaska’s old growth spruce is a wanted commodity in Japan, Indonesia, and China (70%) and the 
other 30% goes to Tacoma for Steinway pianos in New York and Germany. 

• In order to keep a timber industry in Alaska there needs to be a mix of old growth timber 
(spruce, hemlock and cedar) made available as the young growth matures and/or a market for 
young growth is developed. 

 
The straightforward message TWFG heard from those interviewed was that there will be no timber 
industry in Southeast Alaska unless the majority of the timber offered is old growth, while the young 
growth matures and/or a market for Alaska’s young growth is developed. 
 
Based on the information provided during the interview process and with The Working Forest Group’s 
working knowledge of the timber industry TWFG would like to propose two potential future industry 
concepts, both with recommendations and the Future Industry Concept #2 broken into three (3) 
timeframe analyses: 1) Short-term defined as present day to five (5) years out; 2) Mid-term defined as 
year six (6) to fifteen (15) years out; and 3) Long-term as defined beyond fifteen (15) years out. 
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SOUTHEAST ALASKA’S FUTURE TIMBER INDUSTRY 
 
The cornerstones for future forest management in Southeast Alaska will need to be based on: 
 

• Active Forest Management by use of the abundant forest resources of the region, 
• Making Southeast Alaska investment friendly to future timber industry investors, 
• Developing an all Landowners (public and private) Management Strategy based on the Working 

Circle Concept; and 
• Using Timber Management to develop methods to resolve the regional issues of: 

 
 Transportation 
 Renewable Energy 
 Solid Waste 
 Employment – development and retention of tomorrow’s workforce 

 
Infrastructure Needs maps have been created for 12 regions as seen below in the index of maps.  Each 
map can be found in Appendix G and will be referenced in the Future Industry Concept #1 and #2 
sections.  

 Map Developed by Alaska Mental Health Trust Land Office 
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Future Industry Concept #1 
 
Creation of a viable timber Industry in Southeast Alaska, dependent on young growth fiber, can only be 
achieved by extending the rotation length until young growth trees develop old growth characteristics. 
Old growth harvest on the Tongass National Forest must continue for the foreseeable future. 

Basis for Concept #1 
 

The existing timber industry in Southeast Alaska, both exporters and manufacturers, believe that the 
harvest of old growth timber must occur in order to maintain a viable industry into the future.  The only 
Southeast Alaska landowner currently able to provide sufficient quantities of old growth to maintain a 
viable industry is the U.S. Forest Service. 
 
Exporters and manufacturers differ regarding the management of young growth stands. Round log 
exporters maintain that young growth can and should be included in the current Tongass Timber 
Program and are considered that young growth trees may reach a diameter size that makes them 
undesirable on the international market. 
 
Manufacturers believe that all young growth stands should be allowed to grow over an extended 
rotation period, usually estimated to be between 200-250 years until the trees develop sufficient fiber 
containing old growth characteristics that such fiber meets niche market requirements. For a current 
young growth stand to have enough time to grow shop grade or better wood requires the continued 
cutting of old growth for at least another 150 years. 
 
There is limited demand for Sitka spruce as a species to be manufactured into dimensional lumber. 
Current dimensional lumber producers/marketers include small percentages of Sitka spruce into lumber 
orders as “other species” or incidental and limited to no more than 5% of the volume.  Hemlock, pine 
and fir are the most common species used on the West Coast for dimensional lumber. Existing 
manufacturers are not optimistic about being able to integrate large volumes of Sitka spruce into 
current markets. Based on the Species Summary Report provided by the USFS (Appendix D) older stands 
(45-65 years of age) of young growth on the Tongass National Forest are predominately hemlock by the 
number of stems per acre, but volume per acre is dominated by Sitka spruce. It is not uncommon to 
have spruce make up two thirds of the volume in a stand.   

Recommendations 
 

1. To maintain an old growth industry for a minimum of 150 years from today, the U.S. Forest 
Service needs to develop a timber sale program that will provide on an annual basis, a minimum 
sufficient volume to meet the statutory requirements of Tongass Timber Reform Act (TTRA) Sec. 
101 (Appendix E) and ANILCA Section 705(a) (Appendix F); that “the Secretary shall” provide a 
supply of timber from the Tongass National Forest which meets the annual market demand and 
the market demand for each planning cycle.  
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2. Current and future forest plans development land use designations must provide sufficient acres 
of forested lands to meet the supply demand of ANILCA and TTRA (Recommendation 1) while, 
“providing for the multiple use and sustained yield of all renewable resources” (TTRA Sec. 101). 

 
3. The Tongass Exemption to the Roadless Rule must be re-instated. 

 
4. Develop long term “Agreements” between Federal, State and Private Landowners addressing: 

 
a) Access and Road Use – This agreement should provide all landowners the ability to use 

each other’s infrastructure at no cost to the non-landowner. Such an agreement should 
include a project specific use agreement that can be implemented quickly under the 
umbrella agreement. 
 

b) Infrastructure – Develop collaboratively with an emphasis on consolidating existing 
infrastructure and minimizing future development. 

 
c) Maintenance – Ensure that maintenance and upgrades of infrastructure is performed by 

or paid for by the “user” and includes activities needed to “maintain” permits as well. 
 

5. Develop and implement an Infrastructure Improvement Plan for roads, sort yards, log transfer 
facilities, rafting grounds, long/short term storage areas and barge/ship loading facilities on all 
ownerships.  Consolidate existing road systems to maximize volume at centralized sort yards, log 
transfer facilities and ship loading points. Road systems for resource management should be 
connected to existing community road systems when possible to reduce management costs and 
expand local workforce job opportunities.  

 
a) Consider at the minimum the following development needs:  
 

• Revillagigedo Island: Connect all isolated road systems; develop a centralized 
wood processing facility (Leask Cove) including a sort yard, log transfer facility and 
barge/ship loading facility. Consider development of an industrial park that 
includes a sawmill, and a wood-energy / municipal solid waste fueled electrical 
plant. (Map can be found in Appendix G – Map 1.) 

 
• Prince of Wales Island – Trocadero Bay: Connect the private road systems in 

Trocadero Bay to the Hydaburg Highway (Map can be found in Appendix G – Map 
2.) 

 

• Prince of Wales Island – Cabin Creek: Provide access to the Prince of Wales road 
system by connecting the private road systems at Kina Cove, Cabin Creek, Paul's 
Bight and Smith Lagoon with the USFS roads at Polk Inlet and Little Coal Bay (Map 
can be found in Appendix G – Map 3.) 
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• Prince of Wales Island – Sandy Point: Connect the private roads at Sandy Point 
road to the Hollis Highway (Map can be found in Appendix G – Map 4.) 
 

• Prince of Wales Island – Dolomi Bay: Connect the Dolomite, Lancaster Cove, Reid 
Cove and Dora Bay road systems together. Look at feasibility of a connection with 
the West Arm of Cholmondeley Sound road system (Map can be found in Appendix 
G – Map 5.) 

 
• Prince of Wales Island - West Arm of Cholmondeley Sound: Connect the West 

Arm of Cholmondeley Sound with Sulzer Portage (Map can be found in Appendix G 
– Map 6.) 

 
• Wrangell Island: Extend the existing Wrangell Island road system to Fool's Inlet. At 

Fool's Inlet construct a sort yard, log transfer facility and a barge/ship loading 
facility (Map can be found in Appendix G – Map 7.) 

 
• Mitkof Island: Blind Slough development to include improvements to existing log 

transfer facility, construction of a sort yard and barge/ship loading facility (Map can 
be found in Appendix G – Map 8.) 

 
• Kupreanof Island:  Improve or construct sort yards, log transfer facilities, and 

barge/ship loading facilities at both Kake and Totem Bay. Connect the Portage Bay 
road system with Kake road system. Extend Kake road system south to Totem Bay 
(Map can be found in Appendix G – Map 9.) 

  

• Kuiu Island: Connect the existing road system to No Name Bay, with development 
in No Name Bay to include a sort yard, log transfer facility, and a barge/ship loading 
facility.  Saginaw Bay development to include a sort yard and log transfer facility. 
(Map can be found in Appendix G – Map 10.) 

 

• Chichagof Island:  Connect the road systems of False Island to Corner Bay, Hoonah 
to Salt Lake Bay, Hoonah to Freshwater Bay, Salt Lake Bay to Eight Fathom Bight (if 
possible), and Port Fredrick to Sealaska land (if possible).  Hoonah development to 
include a sort yard, log transfer facility, and a barge/ship loading facility. (Map can 
be found in Appendix G – Map 11.) 

  

• Baranof Island:  Connect the road systems at Rodman Bay, Fish Bay and Katlian Bay 
to the community of Sitka. Develop a sort yard, log transfer facility and barge/ship 
loading facility at Sitka. Consider connecting, if possible, the Northern Baranof 
Island road systems at Appleton Cove, Saook Cove and Hanus Bay with the Rodman 
Bay Road system. (Map can be found in Appendix G – Map 12.) 
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Future Industry Concept #2 
 
Creation of a viable timber Industry in Southeast Alaska, dependent on young growth fiber, which 
maintains the existing industry while ceasing the harvest of old growth timber stands on the Tongass 
National Forest within five (5) years. 

Basis for Concept #2 
 
The Working Forest Group proposes that the Tongass National Forest implement the following 
recommendations to meet the mandates listed below from the Secretary’s Memorandum 1044-009, 
dated July 2, 2013 (Appendix A): 
 

to speed the transition away from old growth timber harvesting and towards a forest industry 
that utilizes second growth – or young growth – forests.  
 
to effectuate this transition over the next 10 to 15 years, so that at the end of this period the vast 
majority of timber sold by the Tongass will be young growth. 
 
to retain the expertise and infrastructure of the existing industry so businesses can quickly re-
tool. 

Recommendations 

 Short-Term (Present Day to Five Years) 
 

1. USFS provide the existing industry old growth volume based on the Tongass Integrated Plan 
(TIP) (http://www.fs.usda.gov/detail/tongass/landmanagement/?cid=stelprd3812864 – USDA 
Forest Service) for the next five (5) years. The majority of the volume sold would be old growth, 
with only incidental volumes of young growth sold as a by-product of wildlife habitat 
development in non-development lands. 
 

2. Develop long term “Agreements” between Federal, State and Private Landowners addressing: 
 

a) Access and Road Use – this agreement should provide all landowners the ability to use 
each other’s infrastructure at no cost to the non-landowner. Such an agreement should 
include a project specific use agreement that can be implemented quickly under the 
umbrella agreement. 

 
b) Infrastructure – Develop collaboratively with an emphasis on consolidating existing 

infrastructure and minimizing future development. 
 
c) Maintenance – Ensure that maintenance and upgrades of infrastructure is performed by 

or pay for by the “user”. Include activities needed to “maintain” permits as well. 
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3. Conduct Stand Surveys of all young growth stands on all land-ownerships and gather at a 
minimum the following data: 

 
• Acreage – available over multiple rotations for timber production 
• Stand Age at the time of the survey 
• Species Composition 
• Site Index including information on aspect, slope and elevation for each stand 
• Management intent of the owner – will the stand be intensely managed over a 

short rotation or will rotation be extended to accomplish landowners’ 
management goals. 

 
4. Develop an Infrastructure Improvement Plan for roads, sort yards, log transfer facilities, rafting 

grounds, long/short term storage areas and barge/ship loading facilities on all ownerships.  
Consolidate existing road systems to maximize volume at centralized sort yard, log transfer 
facilities and ship loading points. Road systems for resource management should be connected 
to existing community road systems when possible to reduce management cost and expand 
local workforce job opportunities.  

 
b) Consider at the minimum the following development needs:  
 

• Revillagigedo Island: Connect all isolated road systems; develop a centralized 
wood processing facility (Leask Cove) including a sort yard, log transfer facility and 
barge/ship loading facility. Consider development of an industrial park that 
includes a sawmill, and a wood-energy / municipal solid waste fueled electrical 
plant. (Map can be found in Appendix G – Map 1.) 

 
• Prince of Wales Island – Trocadero Bay: Connect the private road systems in 

Trocadero Bay to the Hydaburg Highway (Map can be found in Appendix G – Map 
2.) 

 

• Prince of Wales Island – Cabin Creek: Provide access to the Prince of Wales road 
system by connecting the private road systems at Kina Cove, Cabin Creek, Paul's 
Bight and Smith Lagoon with the USFS roads at Polk Inlet and Little Coal Bay (Map 
can be found in Appendix G – Map 3.) 

 
• Prince of Wales Island – Sandy Point: Connect the private roads at Sandy Point 

road to the Hollis Highway (Map can be found in Appendix G – Map 4.) 
 

• Prince of Wales Island – Dolomi Bay: Connect the Dolomite, Lancaster Cove, Reid 
Cove and Dora Bay road systems together. Look at feasibility of a connection with 
the West Arm of Cholmondeley Sound road system (Map can be found in Appendix 
G – Map 5.) 
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• Prince of Wales Island - West Arm of Cholmondeley Sound: Connect the West 
Arm of Cholmondeley Sound with Sulzer Portage (Map can be found in Appendix G 
– Map 6.) 

 
• Wrangell Island: Extend the existing Wrangell Island road system to Fool's Inlet. At 

Fool's Inlet construct a sort yard, log transfer facility and a barge/ship loading 
facility (Map can be found in Appendix G – Map 7.) 

 
• Mitkof Island: Blind Slough development to include improvements to existing log 

transfer facility, construction of a sort yard and barge/ship loading facility (Map can 
be found in Appendix G – Map 8.) 

 
• Kupreanof Island:  Improve or construct sort yards, log transfer facilities, and 

barge/ship loading facilities at both Kake and Totem Bay. Connect the Portage Bay 
road system with Kake road system. Extend Kake road system south to Totem Bay 
(Map can be found in Appendix G – Map 9.) 

  

• Kuiu Island: Connect the existing road system to No Name Bay, with development 
in No Name Bay to include a sort yard, log transfer facility, and a barge/ship loading 
facility.  Saginaw Bay development to include a sort yard and log transfer facility. 
(Map can be found in Appendix G – Map 10.) 

 

• Chichagof Island:  Connect the road systems of False Island to Corner Bay, Hoonah 
to Salt Lake Bay, Hoonah to Freshwater Bay, Salt Lake Bay to Eight Fathom Bight (if 
possible), and Port Fredrick to Sealaska land (if possible).  Hoonah development to 
include a sort yard, log transfer facility, and a barge/ship loading facility. (Map can 
be found in Appendix G – Map 11.) 

  

• Baranof Island:  Connect the road systems at Rodman Bay, Fish Bay and Katlian Bay 
to the community of Sitka. Develop a sort yard, log transfer facility and barge/ship 
loading facility at Sitka. Consider connecting, if possible, the Northern Baranof 
Island road systems at Appleton Cove, Saook Cove and Hanus Bay with the Rodman 
Bay Road system. (Map can be found in Appendix G – Map 12.) 

 
5. Land Exchange between the U.S. Forest Service and the State of Alaska - the National Forests 

within the State of Alaska are in the process of writing a new forest plan (Chugach) or amending 
an existing plan (Tongass). Both forests have State lands within or adjacent to their external 
boundaries. The Alaska Timber Jobs Task Force report of June 2012 (Appendix H) contains the 
recommendation to exchange 250,000 acres (recommendation #4 of Section 2, Task 5). This 
recommendation was driven in part by the Chugach National Forest’s interest in obtaining state 
owned lands within or near the Chugach for recreational purposes.  
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Consideration should be given to a land exchange between the State and the U.S. Forest Service. 
Such an exchange would maintain the existing amount of land by ownership (no net loss of 
national forest lands or state lands) and would help align ownership with land use objectives. 
State land within or near the Chugach National Forest could be exchanged for lands within the 
Tongass National Forest. Federal lands transferred to the State should be included in the 
Southeast State Forest.   
 
At the conclusion of the land exchange (5 years from now) the Tongass timber sale program 
would cease selling old growth timber except for volumes affected by large insect or disease 
outbreaks, catastrophic windthrow events, the salvage of dead or down material and incidental 
volumes sold through a micro-sale program (sales under 50 MBF).  Lands transferred from the 
State to the USFS could be developed for non-timber purposes (recreation facilities), but would 
be excluded from availability for timber harvest. 

 Mid-Term (Six Years to Fifteen Years) 
 

1. Implement Land Exchange between USFS and State of at least 250,000 acres or per the 
recommendation of the Alaska Timber Jobs Task Force report. 

 
2. Implement Infrastructure Plan 
 
3. Continue collecting young growth stand data on all lands 
 
4. USFS Timber Sale Program will only include of the harvest of old growth timber volumes 

affected by large scale insect and/or disease outbreaks, catastrophic windthrow events, the 
salvage of dead or down material and incidental volumes sold through a micro-sale program 
(sales under 50 MBF).  Stewardship contracting should be used as the contracting method on all 
sales. 

 
Young growth volumes sold during this timeframe would be minimal and be a by-product of 
treating young growth acreage in non-development land use designations for purposes of 
wildlife habitat development.  

 
5. Develop a young growth management/marketing strategy in association with the State and 

private landowners by coordinating the harvest between land ownerships based on young 
growth stand data gathered in the short and mid-term and future land management plans by 
land ownership should be consider when developing harvest plans.   

 
Also, consider the Working Circle concept that proposes the establishment of five (5), 50-mile 
radius Working Circles centered in the Southeast Alaska communities of Hoonah, Kake, Wrangell, 
Klawock, and Ketchikan. The total operating area of these Working Circle centers encompasses 
more than 95 percent of the production forest land use designations (LUDs) contained within 
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the Tongass National Forest (TWFG. pg. 15). The primary goal of the Working Circle concept, 
within the TWFG paper cited, was the creation of an appraisal point at each of the five (5) 
Working Circle centers to generate positive value USFS timber sales.  When included as part of 
this report’s Infrastructure Development Plan, the Working Circle concept maximizes future 
volume across all landownerships at centralized locations that will provide an economy of scale 
and manufacturing opportunities. 

 
Research and/or consider potential young growth product development such as: 
 

a) Pacific Rim needs and cutting methods/dimensions – Southeast Alaska has a 
competitive advantage over the Pacific Northwest in shipping cost to Pacific Rim 
countries; can that advantage be used by mills to provide manufactured 
products to Pacific Rim countries?  What are those products?   

 
b) Bio-diesel for marine use – Navy, Coast Guard, Cruise ships, commercial fishing 

fleet – can waste material and/or non-traditional commercial wood fiber 
associated with timber harvest be used to produce bio-diesel? Is there a 
competitive advantage to produce that fuel in Southeast Alaska in connection 
with the supposed “boom” that will occur in the Arctic? Can such a product be 
integrated into the marine support industry currently being envisioned for 
Southeast Alaska?  

 
c) Stock for remanufacturing – veneer, timbers, and shop material – can primary 

manufacturing work to supply stock to the Pacific Rim or other international 
markets vs. domestic markets? Is supplying domestic markets economically 
feasible? 

 
d) Wood energy – producing fuel products for export outside the region and/or 

producing heat and power within the region. Is it better to produce power at a 
small scale locally or at a larger “regional size” and transport via a region grid? 
Can waste material and/or non-traditional commercial wood fiber associated 
with timber harvest be combined with municipal solid waste to produce power 
and resolve communities’ issues with handling solid waste? 
 

6. Develop a mill infrastructure/transition plan in association w/ State and private landowners 
based on the developed young growth management and marketing strategy as proposed above.  
What is the infrastructure need based on the strategies developed? What is the infrastructure 
needs based on the annual available volume from the “all lands” management strategy? Is it one 
or two large capacity mills that consume the volume generated on an annual basis region wide? 
Or multiple high efficiency mills strategically located across the region (Working Circle concept)? 
What infrastructure is needed to produce primary manufactured products vs. finished products? 
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Are there different infrastructure needs when considering the production of domestic vs. 
international products? 

 Long-Term (Beyond Fifteen Years) 
 

1. Seek investors and entrepreneurs to implement plans and strategies developed during the mid-
term. 
 

2. USFS starts offering young growth volumes from National Forest lands when available volumes 
combined with volume from all other landowners are sufficient on an annual basis to provide for 
the future industry as envisioned and planned for during the mid-term.  
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APPENDIX G: INFRASTRUCTURE NEEDS MAPS 

Map 1. Revillagigedo Island 

 
 

 
Map Developed by Alaska Mental Health Trust Land Office 
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Map 2.  Prince of Wales Island - Trocadero Bay  

 
 Map Developed by Alaska Mental Health Trust Land Office 
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Map 3.  Prince of Wales of Island – Cabin Creek  

 
 Map Developed by Alaska Mental Health Trust Land Office 
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Map 4.  Prince of Wales of Island – Sandy Point  

 
 

 

Map Developed by Alaska Mental Health Trust Land Office 
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Map 5.  Prince of Wales of Island – Dolomi Bay  

 
 Map Developed by Alaska Mental Health Trust Land Office 
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Map 6.  Prince of Wales of Island – West Arm of Cholmondeley 
Sound  

 
Map Developed by Alaska Mental Health Trust Land Office 
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Map 7.  Wrangell Island 

 
 Map Developed by Alaska Mental Health Trust Land Office 
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Map 8.  Mitkof Island  

 
 Map Developed by Alaska Mental Health Trust Land Office 
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Map 9.  Kupreanof Island  

 
Map Developed by Alaska Mental Health Trust Land Office 
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Map 10.  Kuiu Island 

 
Map Developed by Alaska Mental Health Trust Land Office 
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 Map 11.  Chichagof Island  

 
 

Map Developed by Alaska Mental Health Trust Land Office 
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Map 12.  Baranof Island 

 
 Map Developed by Alaska Mental Health Trust Land Office 
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February 22, 2015 
 
Forest Supervisor 
Tongass national Forest 
Attn: Forest Plan Amendment 
648 Mission Street 
Ketchikan, AK 99901 
 
Re: Comments on Proposed Tongass Nation Forest Land and Resource Management Plan 
       And the draft EIS 
 
Thank you for allowing us this opportunity to comment on the Proposed Tongass National 
Forest Land and Resource Management Plan and the draft EIS. 
 
Our understanding is that the primary changes in this plan is focusing on the transition from 
harvesting old growth to young growth. But as a community who has experienced the downside 
of the lack of a supply of old growth timber, we are concerned in the ability of the USFS to 
provide an economically viable supply of young growth timber, and to do it within the 15 year 
time frame as charged by the Secretary of Agriculture.   We are concerned that the inventory 
data is generalized, and therefore we support and encourage development of an accurate 
inventory of young growth availability.   
 
This inventory is critical for a complete and accurate economic analysis of the transition on 
communities and industry.  Loss of harvesting volume is not a result in decline in demand, it is a 
result from  the loss of  economic sales available to industry and the  slow process the USFS 
undertakes to develop sales due to an ongoing fear of lawsuits.  No business can operate 
economically in such an environment and thus the loss in industry opportunity.  
 

 The plan fails to consider social and economic metrics to measure outcomes of the 
transition from old growth to young growth. Metrics showing the impacts to industry and 
also to communities.   
 

 Appendix C Watershed Analysis:  There has been so much discussion of late regarding 
“watershed” analysis and impacts within the T77 watersheds.  Based on our own 
personal experience with the Wrangell Island Sale, an actual stream “watershed” for a 
harvest unit or harvest area, may be smaller than the T77 defined watershed.  Yet the 
USFS is trying to utilize the T77 watershed analysis.  The Plan needs to clarify its 
definition and use of watershed analysis vs. the T77 watersheds. 

 
 We support the relaxation of Standards and Guides for the harvest of Young Growth 

during the transition in land use designations that may normally minimize or prohibit 
some commercial harvesting if it will provide economic sales of young growth timber.  

    

CITY AND BOROUGH OF WRANGELL 
INCORPORATED MAY 30, 2008 

    
 

P.O. BOX 531                      (907)-874-2381 
Wrangell, AK 99929   FAX (907)-874-3952 

        www.wrangell.com 
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 Appendix F Visual Priority Routes and Scenic Integrity. According to our Wrangell 
District, for some reason it appears that all of Wrangell’s Forest Roads are designated a 
Visual Priority Route. While we agree that the main roads do have a visual preference, 
not all of the roads need to be classified a visual priority route to limit timber or other use. 
( Originally, some of these designations were going to be dealt with in the upcoming 
Wrangell Island Sale, but now we understand that will not happen and we have to 
address it here. Only the road management plan – what stays open, what will be closed 
and level of use will now be addressed in the Wrangell Island Sale. )  For example, the 
back side of the Nemo-Skip Loop Road (6267) (From Turn Island where the road turns 
northeast back to intersection of #6265 to Earl West) is heavily timbered and more out of 
site out of mind and a good area in which to continue to permit timber harvest.  Yes it is 
on a loop so makes for a fun day trip, but there is nothing wrong with timber harvesting.   
Questions can be answered with educational materials about timber harvesting practices 
and economic values to communities.  
Every road on Wrangell Island will meet one of the primary criteria for a visual priority 
route – for example the water routes of small and midsize boats. We are on an island. 
Timber roads climb mountains that provide views, over looks are created for turn outs for 
logging trucks and once trees are harvested, you can see the water. It does not mean 
that each road should be a visual priority route.   All roads should be analyzed as a 
whole, and key stretches of roads identified.   Off shoots of some of the priority roads 
that receive minimal traffic could be reclassified as non visual priority.  

 
 Tourism is the big growth industry since supply of timber to harvest and political affects 

have reduced the opportunity for the timber industry. The plan also fails in considering 
the social and economic metrics to measure outcomes of tourism growth for 
communities and businesses  and the impacts to recreational sites 

 
We understand that the USFS has selected as its preferred alternative, Alternative 5 that was 
proposed by the Tongass Advisory Committee.  While the Borough is not agreeing or 
disagreeing with that alternative specifically, we do understand that their proposed amendment 
included additional recommendations that were not necessarily “plan” amendments. Yet their 
recommendation was to be presented as a package.  If Alternative 5 is implemented, we believe 
the other components of their recommendation, including the monitoring, bringing stakeholder 
participation in earlier in planning processes, USFS internal culture change, inventory 
assessments and social economic impact analysis are critical components of any plan 
implementation strategy.  
 
 
Sincerely, 
 
 
 
Jeff Jabusch 
Borough Manager 
 
CC: Mayor David Jack 
        Borough Assembly 
        Carol Rushmore, Economic Director/Planner 
 


	R10 timber sales before after 2011 Roadless  ip 112219
	Offer>1mmbf
	Awarded=Y
	by year
	key info
	SUMMARY before after 2011
	Annual Exp
	Annual Harvest

	Region 10 - Forest & Grassland Health
	Reid et al 2009
	Resolution OVKasaan-19-10-001
	Review of environmental impacts of winter road maintenence
	A review of environmental impacts of winter road maintenance
	Introduction
	Theoretical framework
	Search terms
	Article selection for further study

	Results and discussion
	General overview of search results
	Environmental impacts and effects of WRM
	Global impact
	Local effect
	Air
	Soil
	Vegetation
	Water
	Biodiversity

	Research methods
	WRM methods and alternatives to deicers

	Conclusion
	Author contributions
	Declarations of interest
	Acknowledgement
	References


	RIPPLEETAL2019
	RippleWorldSciWarning
	Robertson and Brooks 2001
	Roffler 2018_Resource selection by coastal wolves
	Resource selection by coastal wolves reveals the seasonal importance of seral forest and suitable prey habitat
	Introduction
	Materials and methods
	Study area
	Wolf location data
	Habitat covariates
	Habitat selection modelling

	Results
	Wolf habitat selection

	Discussion
	Conclusion
	Acknowledgements
	Supplementary material
	References


	Roffler 2019_Esimating abundance of AA wolf using capture-recapture
	Roffler 2019_Wolf space use during denning on POW
	Rollerson and McGourlick
	Runcketal_2009
	Abstract
	Background
	Results
	Conclusion

	Background
	Results
	Post-palatal bridge morphology
	Nuclear gene MYH6 genetic variation
	Mitochondrial genetic variation and character concordance
	Demographic history and molecular evolution

	Discussion
	Concordance of diagnostic characters
	Colonization and hybridization dynamics
	Origin of mitochondrial signature in introgressants
	Evolution of an introgressant contact zone
	A North Pacific Coast suture zone

	Conclusion
	Methods
	Sampling
	Morphological data collection
	Molecular methods
	Nuclear locus, MYH6
	Mitochondrial locus, cytochrome b
	Phylogenetic analysis
	Demographic history and molecular evolution

	Authors' contributions
	Additional material
	Acknowledgements
	References

	Ryan2018
	Sawyer et al 2019
	Sawyer_et_al-2016-Ecology_and_Evolution
	Sawyer_et_al-2017-Journal_of_Biogeography
	Saxman RR Resolution Oct 2018 
	Schindler et al 2010
	ScientistsTongass_final_2019_10_15
	SE Conference, Southeast By the Numbers (2019)
	SEACC et al. on Central Tongass DEIS 09-16-19
	B. The Forest Service’s Condition-Based Analysis Renders Its Decision-Making Arbitrary Under NFMA And The Other Laws Governing Timber Sales.
	A. The Forest Service’s Condition-Based Analysis Fails to Consider Site-Specific and Temporal Alternatives.
	B. The Forest Service Fails To Analyze Different Action Alternatives To Achieve The Transition Outlined In The 2016 Amended Forest Plan.

	Given the uncertainty of the “condition-based” analysis, the Forest Service’s assessment, disclosure, and consideration of road costs and impacts (including construction, maintenance, and decommissioning) is incomplete and misleading. This renders the...

	Selva et al 2015
	Selvaetal2011
	Sikes & Stockbridge 2013
	Skagway Res 19-32R Supporting EIS Alternative 1 Roadless Rule Tongass (1)
	Slauson et al abstract
	Smith 2013
	Smith 2016 Goshawks analysis
	Smith et al 2005
	Smith, Tongass 77 Watersheds
	SNAP, Alaska Regional Climate Projections
	Stabenow Grijalva letter on Tongass
	State of Alaska, Petition (Jan. 19, 2018)
	Stephenson et al 2014 large old trees and carbon
	Title
	Authors
	Abstract
	Methods Summary
	References
	Methods
	Data
	Estimating tree mass
	Modelling mass growth rate
	Assessing model fits
	Effects of combined data
	Effects of possible allometric biases
	Fitting log-log models
	Growth in the absence of competition

	Methods References
	Figure 1 Example model fits for tree mass growth rates.
	Figure 2 Aboveground mass growth rates for the 403 tree species, by continent.
	Figure 3 Aboveground mass growth rates of species in our data set compared with E. regnans and S. sempervirens.
	Table 1 Sample sizes and tree growth trends by continent
	Extended Data Figure 1 Summary of model fits for tree mass growth rates.
	Extended Data Figure 2 Log–log model fits of mass growth rates for 381 tree species, by continent.
	Extended Data Figure 3 Aboveground mass growth rates for 41 tree species in the absence of competition.
	Extended Data Figure 4 Residuals of predicted minus observed tree mass.
	Extended Data Figure 5 Estimated mass growth rates of the nine temperate species

	Stone_etal_2002
	Swanston and Marion
	8th FISC, 2006, Reno, NV

	Switalski et al
	Tamiasciurus_fremonti_Hope_etal_2016 (1)
	Revision of widespread red squirrels (genus: Tamiasciurus) highlights �the complexity of speciation within North American forests
	1 Introduction
	2 Methods
	2.1 Study area, sampling and sequencing
	2.2 Multi-locus gene trees and evolutionary rates
	2.3 Mitochondrial diversity and demographics
	2.4 Systematic scenarios
	2.5 Bioclimatic envelope modeling
	2.5.1 Occurrence and environmental data
	2.5.2 Correlative modeling
	2.5.3 Paleodistributions
	2.5.4 Model-based niche divergence


	3 Results
	3.1 Gene trees and evolutionary rates
	3.2 Diversity and demographics
	3.3 Systematic hypotheses
	3.4 Bioclimatic envelope modeling
	3.4.1 Niche variables and occurrence points
	3.4.2 Model performance
	3.4.3 Current distributions and overlap
	3.4.4 Paleodistributions
	3.4.5 Stable regions for squirrels
	3.4.6 Niche identity


	4 Discussion
	4.1 Systematic relationships
	4.2 Niche variability among species
	4.3 Ecology and conservation of regional forest ecosystems
	4.4 Refugia and important ancestral areas of occupation

	5 Conclusions
	Acknowledgements
	Appendix A Supplementary material
	References


	Tamiasciurus_fremonti_Hope_etal_2016
	Revision of widespread red squirrels (genus: Tamiasciurus) highlights �the complexity of speciation within North American forests
	1 Introduction
	2 Methods
	2.1 Study area, sampling and sequencing
	2.2 Multi-locus gene trees and evolutionary rates
	2.3 Mitochondrial diversity and demographics
	2.4 Systematic scenarios
	2.5 Bioclimatic envelope modeling
	2.5.1 Occurrence and environmental data
	2.5.2 Correlative modeling
	2.5.3 Paleodistributions
	2.5.4 Model-based niche divergence


	3 Results
	3.1 Gene trees and evolutionary rates
	3.2 Diversity and demographics
	3.3 Systematic hypotheses
	3.4 Bioclimatic envelope modeling
	3.4.1 Niche variables and occurrence points
	3.4.2 Model performance
	3.4.3 Current distributions and overlap
	3.4.4 Paleodistributions
	3.4.5 Stable regions for squirrels
	3.4.6 Niche identity


	4 Discussion
	4.1 Systematic relationships
	4.2 Niche variability among species
	4.3 Ecology and conservation of regional forest ecosystems
	4.4 Refugia and important ancestral areas of occupation

	5 Conclusions
	Acknowledgements
	Appendix A Supplementary material
	References


	Taxpayers for Common Sense (2019)
	TLMP Adaptive Management Strategy Map (Dec. 2016)
	TLMP Adaptive Management Strategy Map (June 2016)
	TLMP Amendment FEIS Summary (June 2016)
	TLMP Amendment FEIS Vol II, Appendices (June 2016)
	Appendix A Scoping and Comment Summary Report
	1.0 Project Summary
	2.0 Background
	3.0 Purpose and Need for Project
	4.0 Proposed Action
	5.0 Opportunities for comment and Participation
	5.1  Five-year review
	5.2 Scoping Process
	5.3 Public Meetings
	5.4 Consultation with Federally Recognized Tribal Governments and Tribal Corporations
	5.5 Consultation with Other Agencies
	5.6 TOngass Advisory Committee
	5.7 Youth Advisory ComitTee

	6.0 Issue Development
	6.1 Significant Issues
	6.2 Other Environmental and Social Considerations
	6.3 Five-Year Review comment Summary
	6.4 Scoping Comment Summary
	6.4.1 Climate Change
	6.4.2 Economics
	6.4.2.1 Transition Economics
	6.4.2.2 Economics of Current Timber Program
	6.4.2.3 Non-timber Economics and Competition with Timber Program

	6.4.3 Fish
	6.4.4 Karst
	6.4.5 Lands
	6.4.6 Land Use Designations
	6.4.6.1 Transportation and Utility LUD
	6.4.6.2 Renewable Energy LUD
	6.4.6.3 Tongass Community Economic Development Zone LUD
	6.4.6.4 Minerals and Strategic Minerals LUD

	6.4.7 Minerals
	6.4.8 Old-Growth Reserves
	6.4.9 Planning/Alaska National Interest Lands Conservation Act (ANILCA)
	6.4.10 Purpose and Need
	6.4.11 Plants
	6.4.12 Recreation and Tourism
	6.4.13 Renewable Energy
	6.4.13.1 Hydropower
	6.4.13.2 Biomass

	6.4.14 Restoration
	6.4.15 Roadless Areas
	6.4.15.1 Preserve Roadless Areas
	6.4.15.2 Favors Exemption to the Roadless Rule

	6.4.16 Special Uses
	6.4.17 Subsistence
	6.4.18 Timber
	6.4.18.1 Reduce Old-growth Harvest and Clearcutting
	6.4.18.2 Increase Harvest Levels

	6.4.19 Transportation
	6.4.20 Tribal Consultation
	6.4.21 Water
	6.4.22 Wildlife
	6.4.23 Young-Growth Transition
	6.4.23.1 Need More Rapid Transition to Young Growth
	6.4.23.2 Culmination of Mean Annual Increment (CMAI)
	6.4.23.3 Effects on Local Industry and Communities
	6.4.23.4 Location of Young Growth Harvests
	6.4.23.5 Harvest Volume
	6.4.23.6 Other Young Growth Transition Comments



	7.0 References

	Appendix B Modeling
	CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	Planning Situation
	Forest Management Modeling
	Analysis-related Changes between the 2008 and 2016 EISs
	The Forest Planning Model Woodstock
	The Tongass Woodstock Models
	Woodstock Model Components
	Vegetation Inventory
	Land Base Analysis Areas
	Table B-1 Woodstock Themes

	Management Prescriptions
	Minimum Rotation Age
	Figure B-1 Frequency Distribution for Age at 95 Percent CMAI for Young-growth Stands
	Figure B-2 Frequency Distribution for Age when 50% of Volume Comes from Trees with at least Two 36-ft. Logs
	Figure B-3 Average Age of Young-growth Clearcuts in the Preferred Alternative 5 by 5-year Planning Period

	Activities and Outputs
	Woodstock Constraints
	Table B-2.0 Key for Codes Found in Tables B-2.1-7
	Table B-2.1 Compatibility Matrix Alternative 1
	Table B-2.2 Compatibility Matrix Alternative 2
	Table B-2.3 Compatibility Matrix Alternative 3
	Table B-2.4 Compatibility Matrix Alternative 4
	Table B-2.5 Compatibility Matrix Alternative 5
	Table B-2.6 Compatibility Matrix Alternative 6  (State of Alaska alternative – modeled, but not analyzed in detail)
	Table B-2.7 Compatibility Matrix Alternative 7 (Conservation group alternative – two options modeled, but not analyzed in detail)



	Woodstock Solution Process
	Objective Functions
	Iterative Process
	Present Net Value

	Supplemental Information on Other Model Assumptions
	Stage II Suitability Analysis
	The Regulation Class Process
	Table B-3 SIO for Distance Zone/LUD from Scenery Standards and Guidelines for Development LUDs
	Table B-4 Maximum Unit Size based on Visual Absorption Capability
	Table B-5 Percent Allowable Visual Disturbance
	Table B-6 Regulation Class Allocation
	Table B-7 Generalized Visual ConstraintsRegulation Class Visual Disturbance Adjacency

	Model Implementation Reduction Factors (MIRF)

	Estimation of Past and Future Harvest and Road Construction for Effects Analysis
	Estimation of Past and Future Harvest
	Vegetation Inventory
	Original POG by Category
	Future Harvest

	Estimation of Past and Future Road Construction
	Road Inventory
	Future Road Construction and Reconstruction


	Deer Model Assumptions and Application
	Interagency Deer Model
	FRESH Deer Model



	Appendix C Cumulative Effects
	Introduction
	Assumptions
	Timeframe for Analysis
	Analysis Area
	Relevant Past, Present, and Reasonably Foreseeable Actions
	Table C-1Past Actions and Projects Considered in Cumulative Effects Analyses
	Table C-2Present and Reasonably Foreseeable Actions and Projects Considered in Cumulative Effects Analyses
	Table C-3Interactions Between Resources and Actions or Projects 

	Attachment 1 Catalog of Past Harvest
	Introduction
	Part I – Acreage of Past Harvest by Ownership Category, by Landowner, by Biogeographic Province, by Approximate Decade
	Table I-1 Acreage of Past Harvest by Landowner

	Part II – Statistics on the Alaska Forest Resources and Practices Act Implementation and State Timber Sales in Southeast Alaska
	Table II-1 Forest Practices Act – Summary Statistics for Southeast Alaska, 1991–1998
	Table II-2 Forest Practices Act – Summary Statistics for Southeast Alaska, 1999–2006
	Table II-3 Forest Practices Act – Summary Statistics for Southeast Alaska, 2007–2014
	Table II-4 Forest Practices Act – Road Miles Summary for State of Alaska, 1997–2006
	Table II-5 Forest Practices Act – Road Miles Summary for State of Alaska, 2007-2014
	Table II-6 State Timber Sales Sold
	Table II-7 FY 97 State Timber Sales Sold – Southeast
	Table II-8 State Timber Sales Sold – FY 98 – Southeast
	Table II-9 State Timber Sales Sold – FY 99 Coastal Region
	Table II-10 State Timber Sales Sold – FY 00 – Southeast
	Table II-11 State Timber Sales Sold – FY 01 – Southeast
	Table II-12 State Timber Sales – FY 02 – Southeast
	Table II-13 State Timber Sales Sold – FY 03 – Southeast
	Table II-14 State Timber Sales Sold – FY 04 – Southeast
	Table II-15 State Timber Sales Sold – FY 05 – Southeast
	Table II-16 State Timber Sales Sold – FY 06 – Southeast
	Table II-17 State Timber Sales Sold – FY 07 – Southeast
	Table II-18 State Timber Sales Sold – FY 08 through 14 – Southeast
	Table II-18 State Timber Sales Sold – FY 08 through 14 – Southeast
	Table II-18 State Timber Sales Sold – FY 08 through 14 – Southeast



	Appendix D Evaluation and Integrity of the Tongass National Forest Old-Growth Habitat Conservation Strategy
	Introduction
	Old-growth Habitat Conservation Strategy
	Scope of the Analysis and Acknowledgement of New Science
	Current Status of Land Management on the Tongass
	Projected Versus Actual Timber Harvest Levels
	Ongoing GIS Mapping Updates 
	Modifications to the Conservation Strategy Since 2008
	External Factors that Have Affected the Conservation Strategy Since 2008

	Proposed Modifications to Contributing Elements of the Conservation Strategy 
	Overall Approach to Young-growth Management
	Old-growth Habitat LUD and Other Non-Development LUDs
	Table 1 Proposed Young-growth Harvest after 100 Years in the Old-growth Habitat LUD and Other Non-Development LUDs by Alternative
	Table 2 Proposed Young-growth Harvest by Treatment by Alternative
	Table 3 Distribution of Young-growth Harvest Acres (over 100 years) within the Old-growth Habitat LUD by Biogeographic Province and Alternative
	Table 4 Distribution of Young-growth Harvest Acres (over 100 years) within Other Non-Development LUDs Allowing Harvest1 by Biogeographic Province and Alternative

	Proposed Modifications to Forest Plan Standards and Guidelines
	Table 5 Proposed Young-growth Harvest after 100 Years in the Beach and Estuary Fringe by Alternative
	Table 6 Distribution of Young-growth Harvest Acres (over 100 years) within the Beach and Estuary Fringe by Biogeographic Province and Alternative
	Table 7 Proposed Young-growth Harvest after 100 Years in Riparian Management Areas (Outside of TTRA buffers) by Alternative
	Table 8 Distribution of Young-growth Harvest Acres (over 100 years) in Riparian Management Areas by Biogeographic Province and Alternative
	Distribution of Young-growth Harvest Acres (over 100 years) in Riparian Management Areas by Biogeographic Province and Alternative.


	Integrity of the Conservation Strategy
	Table 9 Summary of Effects by Alternative and Comparison with 1997 Forest Plan

	References

	Appendix E Interagency Old-Growth Reserve Review
	HISTORY OF THE OGRS
	ANALYSIS OF THE OGRS
	ANALYSIS OF OGRS by VCU
	Kosciusko Island
	Tuxekan Island



	Appendix F Comparison of Direction by Alternative
	CONTENTS
	TABLES
	Introduction
	Young-Growth Direction
	Management Approaches for Young Growth
	Alternative 5:
	Alternative 2-4:

	Management Approaches for Beach and Estuary Fringe
	Alternative 5:
	Alternative 2:
	Alternative 3:
	Alternative 4:

	Management Approach for Karst and Cave Resources
	Alternatives 2-4:

	Management Approaches for Recreation and Tourism
	Alternatives 2-4:

	Management Approaches for Riparian
	Alternative 2:
	Alternative 3:
	Alternative 4:

	Management Approaches for Scenery
	Alternatives 2-4:

	Management Approaches for Soil and Water
	Alternatives 2-4:

	Management Approaches for Timber
	Alternatives 2-4:

	Management Approaches for Wildlife
	Alternative 2:
	Alternative 3:
	When implementing young-growth timber harvest projects larger than 20 acres in VCUs that have had concentrated past timber harvest, it is intended that 30 percent of the young growth stand acres should be left. The purpose is to retain sufficient resi...
	Alternative 4:


	Renewable Energy Direction
	Management Approach for Renewable Energy

	Transportation System Corridors Direction
	Management Approach for Transportation System Corridors

	Forest-Wide Direction
	Table F-1. Comparison of Young-Growth Direction by Alternative

	Appendix G Timber Demand and Supply
	CONTENTS
	LIST OF TABLES
	Summary
	Introduction
	Demand Estimation
	Using Derived Demand Estimates to Estimate Supply
	Table G-1  Tongass National Forest Timber Sale Volume to Meet Derived Demand as Reported in Daniels et al. (in press)

	Development of Timber Sale Requirements to Meet Market Demand
	Conclusion
	Acknowledgements
	Citations

	Appendix H Limited Export Policy
	Background
	Alaska Region Limited Export Policy
	Effects Analysis
	Looking Forward
	Conclusion

	Appendix I DEIS Comments and Responses
	A.  Introduction
	B.  Comments and Responses
	General Comments (GEN)
	Purpose and Need (P&N)
	Range of Alternatives (ALT)
	Planning Rule (PLR)
	Timber (TIM)
	Conservation Strategy (CONS)
	Young Growth in Audubon/TNC and T77 Watersheds (YGAT)
	Best Available or Relevant Science (BAS)
	Air Quality (AIR)
	Geology/Soils and Physical Setting (SOIL)
	Streams and Watersheds (S&W)
	Fish (FISH)
	Riparian (RIP)
	Botanical Resources (BOT)
	Wildlife (WILD)
	Deer (DEER)
	Wolves (WOLF)
	Goshawk (GOSH)
	Prince of Wales Spruce Grouse (PGR)
	Crossbills (CROSS)
	Northern Flying Squirrel (NFSQ)
	Kittlitz’s Murrelet (KMUR)
	Marten (MART)
	Black Bear (BLABE)
	Brown Bear (BROBE)
	Bats (BAT)
	Amphibians (AMPH)
	Subsistence (SUB)
	Karst (KARS)
	Road Density (RD)
	Transportation and Utility System LUD Overlay (TUS)
	Renewable Energy (REN)
	Minerals and Mining (MIN)
	Carbon Storage and Global Warming (CARB)
	Ecosystem Services (ECOS)
	Economics of the Timber Industry (ECON)
	Public Costs (PUBC)
	Socioeconomics (SOC)
	Market Demand (MKD)
	Timber Export Policy (TEXP)
	Recreation and Tourism (R&T)
	Wild and Scenic Rivers (WSR)
	Scenery (SCEN)
	Roadless Areas (RDLS)
	Specific Comments on the Forest Plan and DEIS (SPEC)

	Attachment A Letters from Agencies, Elected Officials, andTribal Governments



