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Overview 

• Provenance tests 
– Importance in understanding tree responses to 

climate change 

• Full life-cycle of a provenance test 
– Establishment of a new test 
– Measurement and analysis of PSW-IFG Heritage 

tests 
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Provenance tests 

• Long-term common garden study in forest 
trees 

• Sampling a number of different 
provenances (or sources) of trees 

• Can be range-wide, or a more restricted 
study area 

• Examine tree performance in a common 
garden setting 
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Provenance tests 
• Data is collected on growth and survival on 

regular intervals 
• Can determine which sources of trees 

perform best in a given environment (or 
environments) 
– Information that is needed to determine seed 

zones and seed transfer rules 
– Can explore tree responses to climate change 

• All the trees were grown in a new climate- so, can 
look at how a change in climate impacts tree growth 

• Are a long-term resource for a species 
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Collaborators- 
Victoria Sork (UCLA) 
Paul Gugger (UCLA) 
Christina Liang (PSW) 
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Valley Oak Provenance test 

• Valley oaks are already highly impacted by 
human activity 
– Housing and agriculture 

• Anticipated to be highly impacted by 
climate change 

• No provenance test resources are available 
for any California Oak species 
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Questions 
• How do different sources of trees respond to 

novel climates? 
– Is there genetic variation for survival and growth? 
– Is there genetic variation for traits associated with 

fitness 
• Drought tolerance 
• Phenology 
• GXE 

• Can we identify candidate genes associated 
with these traits? 
– Association genetics approaches 
 









Preliminary analyses of pilot data show timing of germination is 
associated with acorn weight, climate and geographic variables. 
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Preliminary analyses of pilot data show timing of germination is 
associated with acorn weight, climate and geographic variables. 

Smaller 
acorns 
germinated 
later 
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Preliminary analyses of pilot data show timing of germination is 
associated with acorn weight, climate and geographic variables. 

Smaller 
acorns 
germinated 
later 

Acorns from higher 
elevations 
germinated later 
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Preliminary analyses of pilot data show timing of germination is 
associated with acorn weight, climate and geographic variables. 

Smaller 
acorns 
germinated 
later 

Acorns from higher 
elevations 
germinated later 

Acorns from 
northern sites 
germinated later 
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Preliminary analyses of pilot data show timing of germination is 
associated with acorn weight, climate and geographic variables. 

Smaller 
acorns 
germinated 
later 

Acorns from higher 
elevations 
germinated later 

Acorns from wetter 
sites germinated 
later 

Acorns from 
northern sites 
germinated later 
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Future planting site at the USDA-FS PSW Institute of Forest Genetics, Placerville 
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Future planting site at the USDA-FS Genetic Resource and Conservation Center, 
Chico 
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The two planting sites represent two different valley oak climate 
environments.  
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Landscape Genomics 

• Associate genotype (at a large number of 
loci) with climate 

• Using Genotyping-by-Sequencing 
• Current project in 2 species- 

– Valley Oaks in California 
• 12,000 SNPs 

– Koa in Hawaii 
• 7500 SNPs 
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    MAP MAT 
Western OR Cascade Range 1374 8.7 WOC 
Southern OR Coast Range  1823 10.8 SOC 
Klamath Mtns   1030 9.5 KM 
East Cascade Ranges  570 5.3 EC 
North Coast Range  1125 12.6 NC 
Northern Sierra Nevada  1198 19.7 NSN 
Southern Sierra Nevada  869 8.8 SSN 
South Coast Range  877 11.6 SC 
Transverse-Peninsular Ranges 715 10.5 T-P 
Sa. San Pedro Martir  548 13 SSPM 
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Traditional approach... 

Num Den
Effect DF DF F Value Pr > F

Region 8 668 41.02 <.0001
Source(Region) 55 529 4.35 <.0001

Random effects- Family(Source(Region)), Block 
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Preliminary analysis: Regions had different growth at 
the Fitch Rantz test site. 
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Pacific Southwest Research Station 
 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5 10 15 20 25

Pr
op

or
tio

n 
su

rv
iv

in
g

Years from planting

Down more than 2000 ft Down 1000-1500 ft
Down 500-1000 ft Down 0-500 ft
up 0-500 ft Up 500-1000 ft
Up 1000-1500 ft Up 1500-2000 ft
Up more than 2000 ft

Preliminary analysis: Changes in elevation were 
not associated with the proportion surviving. 
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    MAP MAT 
Western OR Cascade Range 1374 8.7 WOC 
Southern OR Coast Range  1823 10.8 SOC 
Klamath Mtns   1030 9.5 KM 
East Cascade Ranges  570 5.3 EC 
North Coast Range  1125 12.6 NC 
Northern Sierra Nevada  1198 19.7 NSN 
Southern Sierra Nevada  869 8.8 SSN 
South Coast Range  877 11.6 SC 
Transverse-Peninsular Ranges 715 10.5 T-P 
Sa. San Pedro Martir  548 13 SSPM 

Focal region 



Pacific Southwest Research Station 
 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5 10 15 20 25

Pr
op

or
tio

n 
su

rv
iv

in
g

Years from planting

down 500-1000 ft down 0-500 ft
up 0-500 ft up 500-1000 ft
up 1000-1500 ft up 1500-2000 ft
up more than 2000 ft

Preliminary analysis: in the Northern Sierra Nevada, trees 
that came from higher elevations had higher survival. 
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site was wetter that the tree’s home site within the Northern Sierra 
Nevada. 



Pacific Southwest Research Station 
 

-3

-2

-1

0

1

2

3

-7 -5 -3 -1 1 3 5 7

PC
 2

 e
xp

la
in

s 2
0%

 o
f v

ar
ia

tio
n 

PC 1 explains 75% of variation

WOC
KM
EC
NC
NSN
SSN
SC
T-P
SSPM

Preliminary analysis: differences between the regions 
are illustrated in a Principal Components Analysis. 
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Change in…
Mean Annual Mean Annual

Elevation Precipitation Temperature Latitude Longitude
Height in-Linear Quad. Linear Quad. Linear Quad. Linear Quad. Linear Quad. R2

1984 ****+ **− − 0.3673

1985 ****+ − − *− 0.4244

1986 ***+ *− *− ****− 0.5214

1987 *− ****− 0.4336

1989 **− − ****− 0.4886

1991 **− *− ****− 0.5399

1992 **− **− + ****− 0.6023

1993 **− **− ****− 0.5912

2000 **− **− + ****− 0.6295

PCA **− ****− 0.4761
<.0001 **** .0001-.001*** .001-.01** .01-.05* ns +,-

Preliminary analysis: stepwise multiple regression shows a negative linear effect of 
changes in MAP and a negative quadratic effect of changes in  longitude on tree height. 
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Height 

Preliminary analysis: a graph illustrating the negative linear 
effects of a change in MAP, and the negative quadratic effect of a 
change in longitude. 

Mean Annual 
Precipitation 

Longitude  



Four 
planting 
sites 
total 
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Cannon 



Pacific Southwest Research Station 
 

Future planting site at the USDA-FS PSW Institute of Forest Genetics, Placerville 
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Harrel- 16,000 trees planted in 1992 



ECR (732, 741-42 
771-72) 

NCR (91, 301-
303, 311, 
312, 322, 
332, 340, 
371-372, 390)  

OCR (80, 511) 

SCR (120) 

TPR (992, 993,  
994, 997) 

MEX- Sierra 
San Pedro 
Martir 

WCR (516, 521, 523-526, 
531-534, 540, 550) 

Harrel source 
locations (124 
total) 
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Next steps… 

• Provenance tests can provide the necessary 
information for determining seed transfer 
guidelines 
• Measure tree performance in novel climates 
• Could provide relevant information for understanding 

tree responses to climate change! 
 

If necessary input Secondary Office here 
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Thanks to- 
Annie Mix 
Robyn Scibilio 
Thomas Blush 
Courtney Canning 
Shani Sarena Collaborators- 

Victoria Sork (UCLA) 
Paul Gugger (UCLA) 
Christina Liang (PSW) 
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Thanks to... 
•  Jim Jenkinson 
• Richard Sniezko 
• Jim Baldwin 
• Tom Ledig 
• Michael Landram 
• Matthew Bokach 
• Phil Cannon 
• Institute of Forest Genetics 

– Paul Hodgskiss 
– Roger Stutts 
– Dave Johnson 

 

USFS-WO Climate 
Change Program 
Forest Service Forest 
Inventory and 
Monitoring Program 
FS Region 5 Genetics 
Program 
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USDA Forest Service, Research & Development 
Pacific Southwest Research Station 

Recent & Ongoing Fire/Climate 
Research at PSW Redding 

Carl N. Skinner 
Research Geographer 
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Scales of Inquiry 

• Sediment Cores – 1000s yrs 
    Long-term climate/veg/fire variation 
 

• Tree-rings – 100s yrs 
    Climate/fire/forest variation 
 

• Fire & Climate Records – 10s yrs 
        Historical climate/fire/vegetation 

Fire & Fuels Program, Redding Laboratory 



Pacific Southwest Research Station 
 

Collaborators 
• Sediment Cores 

    Cathy Whitlock – Montana St. Univ. 
    Christy Briles – Univ. Colorado, Denver 

• Tree-rings 
    Alan Taylor – Penn. St. Univ. 
    Valerie Trouet – Univ. Arizona, LTRR 
    Scott Stephens – U.C. Berkeley 
    Kerry Metlen – The Nature Conservancy 

• Contemporary Records 
    Louise Loudermilk – Southern Res. St, Athens, GA 
    Rob Scheller – Portland St. Univ. 
    Peter Weisberg, Univ. Nevada, Reno 
    Jian Yang, Univ. Nevada, Reno 
    Andrew Carleton, Penn. St. Univ. 
    Jay Miller, USFS-R5, F&A, McClellan 
    Hugh Safford, USFS-R5, Ecology Prgm, Davis 

Fire & Fuels Program, Redding Laboratory 
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Sediment Cores – 1,000s of Years 

Northern Calif. & SW Oregon 
Extract charcoal, pollen, and macro fossils from sediment 
cores taken from montane lakes to study the long-term 
variation of vegetation and fire over the Holocene. 

Fire & Fuels Program, Redding Laboratory 

Charcoal 

Pollen 
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Study Sites 

Fire & Fuels Program, Redding Laboratory 



Pacific Southwest Research Station 
 

 
FINDINGS 

• Climate is always changing – sometimes faster than 
others. 

• Until 20th Century, charcoal always entering lakes. 
• Charcoal is entering lakes at post-glacial rates in late 

20th Century. 
• Fire can be catalyst for major vegetation change during 

rapidly changing climate. 
• Sites of high productivity are relatively unstable (low 

resilience) to climatic change compared to sites of low 
productivity. 

Fire & Fuels Program, Redding Laboratory 
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Tree Rings – 100s of Years 

Fire and Forest Dynamics 
We have collected  and dated 1000s of samples from 
dozens of sites from SW Oregon through California into 
northern Baja California (West Coast Mediterranean Climate 
area). 

Fire & Fuels Program, Redding Laboratory 
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Study Sites 

Fire & Fuels Program, Redding Laboratory 
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FINDINGS 

• Below subalpine environments, fires were generally 
frequent unless fuels were not continuous regardless of 
climatic conditions. 

• Fire severity patterns varied more than fire frequency. 
• Topography was important driver of fire size. 
• Topography was an important driver of severity 

patterns and subsequent habitat patterns. 
• Montane shrub fields burn less frequently, but more 

severely than adjacent conifer areas. 
• Shrubs tend to occupy areas of landscapes that burn 

more severely. 

Fire & Fuels Program, Redding Laboratory 
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Historical & Contemporary Records – 
 10s of Years 

Fire & Climate 
Studying trends in fire size, severity, and cause over the 20th 
Century.  Testing ecological effects of fuel treatments and 
their ability to reduce fire hazard. Modeling potential 
influence of climatic change on ignition patterns and 
potential for carbon storage. 

Fire & Fuels Program, Redding Laboratory 
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FINDINGS 

 
 
 

• Fuel treatments reduce fire hazard if they follow the 
basic principles. 

• As climate warms, fuels treatments become more 
important in forest resilience and carbon storage in 
trees. 

• Lightning caused fires are accounting for a greater 
proportion of area burned in recent decades. 

• Summer precipitation is becoming more important in 
determining large fire years. 

• Montane areas occupied by shrubs in early 20th C, 
appear to burn more severely today. 

• Climatic drivers of fire activity vary with latitude. 

Fire & Fuels Program, Redding Laboratory 
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Fuel Treatments Work 

Fire & Fuels Program, Redding Laboratory 

• Basic Principles 
     Surface Fuels 
     Ladder Fuels 
     Crown Fuels 
     Keep Large, Resistant Trees 
     Treatments Strategically Distributed 
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Fuel Treatments More 
Important As Climate Warms 

Fire & Fuels Program, Redding Laboratory 

Scheller et al. SNPLMA Final Report 2012  
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Fuel Treatments More 
Important As Climate Warms 

Fire & Fuels Program, Redding Laboratory 

Scheller et al. SNPLMA Final Report 2012  
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Shrubfields and Fire Severity 

Fire & Fuels Program, Redding Laboratory 
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Shrubfields and Fire Severity 

Fire & Fuels Program, Redding Laboratory 
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Shrubfields and Fire Severity 

Fire & Fuels Program, Redding Laboratory 

• Topography Important for Fire Severity 
 

• Shrubfields Generally Occupy Areas that 
Burn Severely 
 

• Shrubfields in Early Photography Can 
Indicate Areas Likely to Burn Severely 
 

• Shrubfields & Climate Change 
Taylor et al. - In Preparation 
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Pacific Southw
est R

esearch Station 
 For More Information 

• PSW Publications 
http://www.fs.fed.us/psw/publications/ 
 

• Sierra Nevada / Cascade Range Science Synthesis 
http://www.fs.fed.us/psw/publications/reports/psw_sciencesynthesis2013/ 
 

• Tree Search – Publications with USFS Scientist Authors 
http://www.treesearch.fs.fed.us/ 

 

Fire &
 Fuels Program

, R
edding Laboratory 

http://www.fs.fed.us/psw/publications/reports/psw_sciencesynthesis2013/
http://www.fs.fed.us/psw/publications/reports/psw_sciencesynthesis2013/
http://www.fs.fed.us/psw/publications/reports/psw_sciencesynthesis2013/
http://www.fs.fed.us/psw/publications/reports/psw_sciencesynthesis2013/
http://www.fs.fed.us/psw/publications/reports/psw_sciencesynthesis2013/
http://www.treesearch.fs.fed.us/


THANK YOU! 

Jessica Wright, USFS Pacific Southwest Research Station 
Conservation Geneticist 
jessicawwright@fs.fed.us   
 

Carl Skinner, USFS Pacific Southwest Research Station 
Research Geographer 
cskinner@fs.fed.us  

 

Webinar Feedback: 
Denise Adamic, R5 Public Affairs deniseadamic@fs.fed.us  

 

Presenter
Presentation Notes
That concludes our presentation. Thanks to Jessica and Carl for their time. This concludes our CCIT webinars for the year. We will be sending out information as the next round of webinars are planned.If you’d like to provide feedback on this presentation feel free to send me an e-mail at the address above.Have a great day.

mailto:jessicawwright@fs.fed.us
mailto:cskinner@fs.fed.us
mailto:deniseadamic@fs.fed.us
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