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other resources such as fish, wildlife, recreation, aesthetics (Schoen et al 1981, Schoen
and Kirchoff 1988), and biodiversity (Samson et al. 1989), however, has refocused
attention on the old-growth and for the need to find new ways to protect these resources

(U.S. Forest Service 1991).

Forest inventories, conducted in coastal Alaska since the 1950’s, have grouped all older
productive stands into the single classification "old-growth”. There are no classifications
based on stand structure, age, or origin. Only volume classes and forest types have been
classified (Van Hees and Labau, 1983 1_984; Hutchison and LaBau 1975). In the study
reported on ﬁere} sample plots in M?éghy_e stands of old-growth were analyzed to
determine spedies composition, tree size, and tree age to gain a better understanding of
stan;iﬁsjrucfufe_. |

Methods

2
Study area

The prindpal forest type of southeast Alaska is collectively ca]led western hemlock’

(Tsuga heterophylla (Raf ) Sarg)—Sxtka spruce (Picea sitchensis ('Bong) Carr) (Ruth and
Harris 1979 Harris and Farr 1974), a type found along the north Paaﬁc coast from
“southern Oregon north and westward to southcentral Alaska. In recent yea_zrs ten old-
growth forest types comprised of groupings of particular plant associations hav‘e been
defined in southeast Alaska (DeM;eo 1989; Martin 1989; Pawuk and Kissinger 1989). An
old-growth definition task group has also developed, from data analysis and professional

judgement, minimun stand level attributes for old-growth that include estimates of
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numbers of large and decadent trees, canopy layers, standing snags, down material, and
canopy cover (U.S. Forest Service 19923 ind 1992b). These new definitions will be used

in future resource inventories to characterize the old-growth.

The geography, geology, vegetation, and management of the forests of southeast Alaska

are described in Harris et. al. (1974) , Harris and Farr (1974), and U.S. Forest Service

(1991). There is a rugged mainland coastal strip with deep fiords bordering British

Columbia to the east, and hundreds of small to large offshore islands totaling 9.5 million
hectares of land. The area has a relatively mild and wet maritime climate with abundant
moisture throughout. the year and frequent periods with strong winds (Searby 1969).
Summer droughts are rare (Farr and Harris 1979). (Ther relatively few weather
statidris ,,i;castﬁtheast Alaska and all are located near sealevel. They average 1400 to 2700

degree days per year above 5°C. (Farr and Hard 1987).

Federal lands account for 95% of the land area, 80% of which is in the Tongass ’

National Forest. The remainder is State, Native, and private ownerships (U.S. Forest

‘Service 1991). Fifty-nine percent of the land area in the Tongass National Forest s’

forested, and about 58% of the forested area (2.35 million ha) is classified as prbdu&ive
forest land; i.e. it has the biological capacity and ability to produce usable industrial

wood products.

ot

=3

o
l,_&.
Mx
<
it
bl

603_0305
Page 3 of 25



10
11
12
13
14
15
16
17
18
19

20

Farr--6
Field Methods
Data on stand structure were available from 67 locations in productive forests—17 on
the Yakutat forelands and 50 on islands and mainland south of 59° Nortit Latitude (Fig
1). All sites were chosen at random from 680 forest inventory lmaﬁons established in
the mid- to late-1950's. At each location there were three 0.08 ha rectangular plots. One
of the three plots. at each location was chosen at random for destructive sampling.
Except for 5 few dangerous culls, all trees >12.7 eam (5 in.; 1 m = 2.54 an) in diameter
at breast height were felled and sectioned. A total of 1660 trees werggigffhf\ <
Species, diameter and age at breast height, and total height were recorded for all felled
trees. Detailed information was also collected on type and quantity of interﬁal decay for

an old-growth decay study (Farr and others 1976).

Statistical Analysis

Tables, hist_ograms, and analysis of variance were used to charact;erize species
coinPosition, diameter, height and age by spedies a.nd caown Posiﬁon for .all trees aﬂd
fqr plots. Regression a.na,]ys%s and anal}"sis of covariance were used to de-velo;;i"‘t:ﬁe";
relationéhip bétween total height and diameter and between tree age and diameter;at.‘

breast height for the major tree épedes and test the hypothesis that common regression

‘models could be used to predict total height and tree age for all spedies.
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Results
General 7
Sample plots on the Yakutat forelands (Fig. .1) were all located at elevations within 60

m of sealevel (mean = 28.3 m; n = 17; SE = 5.1 m). Plots elsewhere in southeast Alaska

~ (south of Yakutat) ranged in elevation from just above sea level to 518 m (mean = 80.7

m; n = 50; SE = 2.4 m).

Stand characteristics were different at Yakutat then elsewhere in southeast Alaska -

(Table 1). The Yakutat plots had a much higher average percentage of spruce (72 vs. 10);
fewer trees per ha (237 and 330), and a younger mean tree age (171 vs 216). The Yakutat

forelands were covered by a glacier 600-700 years ago (Billings 1970, Yehle 1975).

Following glacier retreat the exposed forelands became forested with Sitka spruce and '

black cottonwood (Populus trichocarpa Torr. & Gray) that, over time, gave way to mixed

stands of spruce and hemlock. Glaciers retreated from most other areas of spxithéeist

Alaska much earlier—6,000 to 7,000 years ago when the mean annual teinperature was

‘warmer than today and precxpxtat!on considerably less (GoldthwaJt 1966) Because o
stands at Yakutat are of more recent origin and thexr structure generally chfferent they

were excluded from much of the ana.lysxs. Numbers, sizes, and ages of trees at Ya.kutat

and the rest of southeast Alaska are summarized in Tables 1 and 2.
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Farr--8
Species Composition and Tree Size
Eighty-three percent of trees sampled in southeast Alaska were western hemlock (Table

1). There were relatively few Sitka spruce (10%), western redcedar (Thuja plicata Donn,

4%), or Alaska cedar (Chamaecyparis nootkatensis (D. Don) Spach, 3%). Spruce were

better represented in the overstories of stands (15%) than in understories (8%).

Dominant and codominant trees (including Yakutat) were 68% hemlock, 27% spruce, 3% .

redcedar, and 2% Alaska cedar. These percentages agree closely with the growing stock

values reported by Hutchison and LaBau (1974).

fr t ! TStOry and understor Y Mean diam ry hemlo
enrice redeedar and Alaska cedar were 532 em. 744 em. 771 emm and 604 om
SPLuls, iTULTUAl, @il fuaasia LoRdl WRaT Jo.a Wy, /203 LAy A4 Ay, Al UVl Sl
‘M“Aﬁ:‘,n“’ \T;“ﬂh, “a'(‘nﬂ+ n‘ m,b“*nnf nm‘f\f‘!’ SCYTVII1/°D mf".ﬂA,' ﬁ“A A aﬂ‘/, ﬁﬂlqﬂ' ] —
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The largest diameter trees of each species sampled were hemlock—-115 am, spruce—-154

cm, redcedar—-147 cm, and Alaska cedar--119 cm. Larger trees of each' speci_e.:s éo océur

in southeast Alaska, but they are not common. Record trees for the region are: hemlock-

-188 cm; spruce--290 cm; redcedar--290 cm; and Alaska cedar--105 an'. Ninety percent
o)

!Information on file at the Forestry Sciences Laboratory, 2770
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of all hemlock, spruce, redcedar, and Alaska cedar trees were less than 64 cm, 104 am,

94 cm, and 69 an in diameter, respectively.

The tallest trees were also spruce. Spruce up to 60 m tall and hemlock up to 52 m tall
were measured. The tallest western redcedar were 40 m tall, and Alaska cedar, 30 m.

Mean heights for each species were about half the maximum heights.

Overstory characteristics of ald—growth.stands

Mean diameter, total height, and age for the 100 largest diametér trees per ha were
summarized (Table 1). Meag diameter of the largest trees was 64.0 an (SE = 1.06 cm),
mean height 34.7 m (SE = 1.20 m), and mean age at breast heigﬂt 308 years (SE = 5.8).
Plot mean diameters ranged from 36 to 69 cm, mean heights from 19 to 39 m, and mean

ages from 88 to 359 years).

Height:Diameter Relations

Western redcedar and Alaska cedar were significantly (p<0.0001) shorter in total 'héight -

than western hémlock or Sitka spruce for trees _of thesame diathéter (Fig. 2) There were

no significant differences in relaﬁonships between the cedars nor between hemlock and'

spruce.
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Tree ages
How old are the old-growth trees in southeast Alaska? The oldest trees sampled by
species were: Sitka spmce«785 years; Alaska cedax;-715 years; western hemlock—659
years; and western redcedar—650 years. Older cull trees that could not be aged because
of advanced internal decay may have been present on the plots. Ninety percent of all
overstory trees /iere >180 years old; 84% were >200 years; 47% were >300 years old;

15% were > 400 years; and 5% were > 500 years old at breast height.

- Distribution of trees by 50-year age class differed by species (Fig. 3). The least tolerant

and fastest growing species (spruce) had an inverse J-shaped histogram of ages common
to all-age stands (Leak 1975). Slower growing, more tolerant, hemlock and cedar did not
exhibit an inverse J-shaped histogram of ages as there were relatively few trees of those
species in the youngest age classes. Lack of individuals, eépedally in the first age class

(26-75 years), was probably due to sampling as small diameter trees (<12.7 dn) were not

. included in the study. Most 12.7 cm hemlock and cedar were more than 75 years old.

On average, Alaska cedar and western redcedar were about 30-40 years; older than
western hemlock or Sitka spruce (Table 1). Overstory spruce and hemlock averaged

about 300 years old; redcedar 337. For overstory trees, 96% of hemlock, 85% of spruce,

 100% of Alaska cedar, and 96% of redcedar were > 150 years old.
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Age-diameter relations
The relation between tree age and diameter at breast height was linear for all spedies

(Fig. 4). Sitka spruce and western redcedar are largest in diameter for their age (no

icant difference in slope or intercept, p <0.001),. followed by western hemlock, and

\ Jask ar. Regression slopes for
significantly different (p <0.001). Western hemlock and western redcedar also differed
sienificantlv in slone (p <0.001)

gnificantly in slope (p <0.001).

Most Alaska cedar and western hemlock were relatively old, even for small diameter

60 years old.

Structure of individual plots

Tree ages w1ﬂun and between plots were tughly vanable. One sa.mple plot was even-

aged young—growth (<150 years old), with a mean age of 104.6 years (n 7 SE—ZO 72) N

.-.‘* .

This was possible becausem the minimum mventory dassxﬁcahon area was 4.05 ha (10\

acres). With 0.08 ha sam le lots it was ossible to have small areas of oung- wth :
pie p P Y E 81'0

mixed in with the old-growth. Other sample plots ranged from being multi-aged
There were also plois that had an
even-aged or all-aged residual overstory from a former stand with a much younger

all-aged understory. A surprising 36% of plots had 2.or 3 distinct age classes of trees

~ e
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>12.7 cm in diameter at breast height. Thirty-five percent of plots at Yakutat had 2 or
3 distinct age classes (Table 2). Examples of different age structures are shown in Fig

5.

Discussion
The productive hemlock-spruce forests of southeast Alaska are mostly. (89%)
old-growth and there is a wide range of stand conditions. Thirty-six percent of .Plots in
this study contained one to threg distinct age classes (at bfeast height) in trees 12.7 cm
and larger with a 100 to 350 year age difference between classes. Growing conditions
within the old-growth stands in southeast Alaska apparently change gradually and
understory conifers germinate and develop over long periods of time. Rates of growth

of understory trees tend to be highly variable.

. The most cﬂmmon old-growth tree is shade tolerant western hemlock. Spruce, and cedar
within its range, regenerate in the understory, but in far fewer numbers than hem]ock. .

Spruce requn'es a more open sethng and a rmxed soil or mineral soil seed bed for

genmnatxon and estabhshment (Hams and Farr 1974, Deal etal 1991) thtle is known.- L

about the regenerahon requn:ements of Alaska cedar and western redcedar in Alaska.

The old-growth productive forests of southeast Alaska have devel ped over hundreds

or, perhaps thousands of years. It takes hundred of years for a stand to develo

JLM512 0301

603_0305
Page 10 of 25



10

11

12

13
14
15
16
Y
18
19
20

21

Farr--13

naturally from bare ground into old-gréwth. Regeneration of conifers is rarely a
problem following the removal or destruction of a former stand and, on most productive

forest sites, crown closure takes place within the first 30 years (Harris and Farr 1974).

~ The stem exclusion phase that follows crown closure (Oliver and Larson 1990) may last

one hundred or more years in these forest type and last until overstory stocking is
sufﬁ‘éiently reduced from successional changes that adequate light reaches the forest
floor to allow for the establishmenf_: of new regeneration. Although the new regeneration
will develop very slowly in the shade of the overstory, it will over time develop into a
sétond distinct canopy.' Several decades later addiﬁonal regeneratidn will become
established beneath the two-storied stand, and the process continues. Eventually, the
canopy layers meld into an all-age stand. The death of individual trees and periodic
windthrow of individual 01; small groups of trees also prn;vides suitable environments
for new regeneration, thus copﬁﬁ'buﬁng to an even wider range of growing conditions.

Some examples of different age structures found on plots in this study are shown in

Figure 5.

Forests of southeast Alaska have been little impacted by fire or Mdespf;;;d insect

attacks common to other foreste.d' regions of the United States so there ar'e'far fewer
examples of even-aged stands, excep't for areas previously logged or windthrown. -
Yearly gales cause uprooting and breaking of individuals and groups of trees (Harris
1989). Even-aged sfands of wind origin dot the landscape though most are but a few

hectares in size. In a study of the Thanksgiving Day storm in 1968 on Prince of Wales

JLME512 0302
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and adjacent Islands, Harris (1989) found windthrow patches up to 71 ha bin size.
Average patch size of complete blowdown was only eight ha. Disturbances to
individual stands range from minor to major depending on amount and frequency of
wind damage and makedp of the overstory and understory. Much of the damage from
wind storms occurs to individual trees or small groups of trees. Within a few years of
a windthrow event a new age class may appear in the understory or the growing space
created by windthrow will be filled by the growing crowns of surroundmg trees (Oliver
and Stephens 1977). Ifa @'f large patch of trees is destroyed, a new stand will quickly
take its place. Composition of the new stand will depend upon amount and wgor of‘
regeneration already present in the understory, availability of seed from surrbunding

stands, amount of distur'banee to the canopy and for.edt floor, .and other yet poorly

understood factors.

Most trees in the old-growth forests of southeast Alaska, espedially the hemlodc and
Alaska cedar, are relahvely old. Mimmum dxameter r (12.7 cm) hemlock and Alaska cedar

average about 130 years old at breast hexght and small overstory hemlock average about

170 years °]d Spruce are much )’°“n89f-74 and 110 years, respectively at breast hexght. o

Eighty-six percent of overstory trees in this study were >150 years old and ﬁve percent. v
were >500 years old. Trees in these stands are much older than trees will be under most
forms of even-aged management. Rotation lengths for even-aged stands in southeaet
Alaska are projected to be 100 to 150 years (U.S. Forest Service 1991). The natural mean

turnover rate of mature trees in the old-growth is probably in excess of 500 years.
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Table 1. Statistics for trees in old-growth stands in southeast Alaska and Yakutat

(A) Individual sample trees

Scuthsast Yakutat
Species All trses _Overstory Understory All trees Overstory Understory
(Number) (%) (Number) (V) (umber) (%) (Number) (%) (Number) (%) (Number) (V)
Western hemlock 1107 3 416 718 691 86 2 28 27 18 6 37
sitka spruce 138 10 18 1S 60 ] 24 72 122 82 12 6
Western redcedar 53 4 28 s 28 3 0 [ 0 ° o o
Alaska cedar 36 3 1 2 28 3 [ ° 36 o o o
Totals 1334 100 533 100 801 100 254 100 143 100 177 100
(B) Means
" Variable Southeast Yalkueae
Wostern  Sitka Westsrn  Alaska ALl Weaterm Sitka
hemlock spruce redcedar eadar trees’ healock  spruce tress’
DBH{cm)--all trees 342 52.6 s2.9  3s5.1 36.9a 37.7 4.9 45.7b
Understory 22.8 24.1 25.8  24.0 23.0a 29.1 30.4 29.9b
Overstory $3.2 74.4 77.1  60.4 57.7a s8.4 65.8 64.5b
Top 100/ha 5.2 75.7 $1.1 4.0 64.0a €0.2 74.7 7.8
Height(m)——all trees - 21.5 28.6 21,2 17.1 - 22.1a 20.€ 26.5 24.8b
Understory 15.8 “17.3 3.3 13.5 15.8a 16.4 19.8 18.6b
Overstory  31.1 37.3 28.3  25.1 31.7a 30.5 32.6 32.2a
. Top 100/ba  34.8, 37.4 28.5  26.4 3.7 30.6 34.3 33.6a
BE age—all trees 214 218 20 253 216a " 170 m 17 -
Understory 165 9 135 187 160a 139 117 125
Overstory 295 303 337 v 300a 246 221 225b
Top 100/ha 302 298 3s3 . 3c8a - 252 240 243b
ZTrees/ha--all trees 273.5 3.1 13.1 2.9 329.82 €s.9 170.0 23¢6.9b
Understery 170.7 148 §.2 6.2  197.%a 472 e1.4 128,58
° Overstory  102.8 15.3 6.9 2.7 131.7a 18.¢ 8.7 108,35
Top 100/ha  72.8 19.0 €.s 1.7 100 20.2 73.¢ 108

)
(o]
<l
<&

Yakutat that are followed by a different
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Table 2. Number of sample plots by location and structure, socutheast Alaska
and Yakutat.

Structure

Overstory
residuals and

’ Pven-aged? Two- Three- all- all-aged
Location Young )] aged aged aged understory

Southeast Alaska

Ketchikan 0 0 2 3 5 2

Petersburg 0 0 2 4 7 1

Sitka 1 0 (] 1 8 1

Juneau 0 [] 4 2 7 0
Yakutat 1 1 s 1 € 2
Southeast

Total plots 1 0 8 10 27 4

Percent of plots 2.0 0 16.0 20.0 54.0 8.0
Yakutat )

Percent of plots 5.9 5.9 29.4 ) 5.9 35.3 17.6

1 Stands vhare the sadarstary and overstery trees &re

the same sge. Toung stande
are < 158 years old. Oldar stands are >= 158 years old.
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Location of 67 old-growth study plots in southeast Alaska.
Relation between tree height and diameter at breast height

by species for old-growth in southeast Alaska.

Spruce Ht = 1.3 + 51.71(1-exp(-0.011454*D*-%*));
n = 138; R = 0.882; SE = 4.16

Hemlock Ht = 1.3 1.41(1-exp((=-0.012375*D!-?7%%))
n =1107; R? = 0.843; SE = 3.76

Redcedar Ht = 1.3 + 32.11(1-exp(-0.011326*D****")); and
n=253; R = 0.857; SE = 2.78

Percent of trees by species and 50-year age class in
southeast Alaska.
Relation between age and diameter at breast height by

species for southeast Alaska.

H
[o]
f—
1&
tQ
H
3
&
-

Alaska cedar age = 74,
5;

Hemlock age = 85.1 + 3.7590+*D; .
. n = 1107; R* = 0.495; SE = 73.02
Redcedar age = 35.8 + 3.8911*D; and
n =53; RR=0.786; SE = 70.48
Spruce age = 28.7 + 3.5376*D.
n = 138; R* = 0.555; SE = 105.72 }
Relations between age and diameter at breast height s

for trees on even-aged, multi-aged, and all-aged sample ..
plots in southeast Alaska. (A) An even-aged stand.
(B) A two—aged stand. (C) A three-aged stand. (D) An

. R
ith an even-aged resid

western hemlock; filled circle, Sitka spruce; Open

triangle, western redcedar.
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