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Project Purpose and Management Implications 

 
Tree improvement programs in British Columbia have resulted in significant gains in the 
productive potential of key commercial species used in current stand reforestation.  However, there 
remains considerable uncertainty about how stand reforestation and productivity from both 
improved and wild seedlots may respond to future climate change in B.C.  While tree migration 
may occur in response to climate change, the primary forest responses to climate change in coming 
decades will likely be seen in the capacity of trees to adapt in situ to fluctuating climates (e.g, 
phenotypic plasticity, genetic variation of local populations).  The sensitivity to climate variation 
among tree species will not be uniform.  Some species will likely be favored under different 
warming (or cooling) scenarios, which will result in shifts in abundance, dominance, productivity 
and vigor among co-occurring tree species.  Such differences may have significant implications for 
management decisions about preferable/acceptable species for reforestation, seedlot transfer, tree 
breeding zones and harvesting quotas.  This study addressed this critical knowledge gap by 
comparing annual tree growth responses to historic climate variation among mature populations of 
major co-occurring, ecologically distinct species across a range of environmental conditions the 
central interior of B.C.   

 
This project supported several forest management and sustainability priorities identified: 

 
1) Information from this project should enhance current capacity to predict changes in forest 
productivity in response to future climate fluctuations, which is vital in establishing annual 
harvesting quotas.  The responses of ecologically distinct tree species (e.g., early vs. late 
succession, deciduous vs. evergreen) to climate change will likely vary across ecological 
subzones due to different prevailing limitations (Green CJFR In Press).  This project directly 
addresses this species-environment interaction, and it should provide a baseline of 
information that can improve the location sensitivity of future productivity models.  For 
instance, data from a pilot study in central B.C. using the methods outlined in this proposal 
suggest that mid- to high-elevation forests may see shifts in species dominance and 
productivity under warming conditions.  Early successional species (i.e., lodgepole pine) 
showed a strong growth response to warming, while later successional species (i.e., subalpine 
fir) showed a muted growth response at this welt-belt site.  However, the responses among 
species may differ in a drier subzone where warming may be associated with greater moisture 
limitations, which is a question that this project seeks to address. 
 
2) This project should provide critical information about modifying reforestation practices in 
response to future climate changes.  Some researchers have suggested that forest management 
strategies should include “facilitated migration”, which entails moving seedlots of commercial 
species to target areas based upon predictions of future climate change.  While this suggestion 
remains controversial, there will likely be a need to reassess current seed-transfer zones and 
tree-breeding zones based upon species-specific sensitivities to changing conditions.  
Genecology studies have provided “transfer curves” for some species to predict appropriate 
climate ranges and potential future shifts.  While this is a helpful tool, these studies lack the 
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mechanistic basis needed to examine species responses to different climate-change scenarios.   
The study proposed here would begin to provide such information by comparing growth 
responses to interannual variation of key climate variables among a range of species and 
environments (see Methods for elaboration).  
 
3)  This project should provide critical information for identifying management “hot zones”, 
where species-environment interactions create particular management uncertainty.  For 
instance, some areas may be exceptionally dynamic due to strong selection of low abundance 
species in a changing climate.  In such a case (which is what our pilot study suggests for the 
moist ESSF) species dominance and productivity may change quite dramatically in coming 
decades.  Conversely, other areas may be much more resilient and stable in a changing 
climate.  Such “hot zones” should be identified for special management consideration, and 
clarifying species-specific sensitivities will be vital. 

 
 
Project Start Date and Length of Project 

Start Date:  1 April 2005 
Length of Project:  2 years 

 
 
Methodology Overview 
 
In temperate and cold-limited regions, numerous scientists (4, 10, 13, 18, 21, 22) have observed 
that the adaptation of trees to their local environments entails a tradeoff between competitive 
ability (often characterized as height growth) and cold tolerance.  In the adaptive process, links 
between the environment and plant response traits that favor one strategy (i.e., competitive 
ability or cold tolerance) generally entail a cost to the other strategy (1, 10, 13, 20).  For instance, 
variation in the timing of growth initiation/cessation mediates a tradeoff between a prolonged 
growing period (competitive capacity) and protection from early or late frosts (cold tolerance).  
Ecologically distinct species (e.g., early vs. late succession, deciduous vs. evergreen habit) may 
express different tradeoffs in such adaptive traits that will result in unique responses to future 
climate change among co-occurring species (2, 15, 16, 19, 14, 10).  These hypothesized 
differences in ecological tradeoffs have been quantified in seedlings of three major ecologically 
distinct, co-occurring B.C. conifers in a controlled study conducted by Dr. Green (10).  In this 
study, different tradeoffs observed in key adaptive traits (e.g., growth rate, phenology, biomass 
partitioning) in seedlings of ecologically distinct tree species would likely result in unique 
regeneration and growth responses to future climate change.   

Further, unique adaptive strategies in ecologically distinct and co-occurring species may 
be mediated by different environmental cues (2, 14, 15, 16, 19, 20), some of which will vary 
with climate change in a given location (e.g., air/soil temperature, soil moisture, duration of 
snowcover) and some of which will not (e.g., daylength).  Consequently, the responses of 
distinct species to climate change may vary among ecological zones characterized by different 
conditions.  Such interactions between species-specific differences in adaptive tradeoffs and 
environmental conditions among ecological zones (genotype x environment interaction) may 
result in distinct regeneration, abundance and productivity responses to climate change in 
managed and unmanaged forests in B.C. 

While genecology studies have helped to describe climate “adaptive” ranges for some 
tree species (particularly early successional species) (10, 18), there remains considerable 
uncertainty about the specific determinants of climate responses among ecological zones (e.g., 
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temperature vs. precipitation).  Further, not much data exist to support the prediction of species 
interactions in managed and unmanaged forests (particularly where later successional species are 
present).   

Future research must characterize adaptive responses of ecologically distinct tree species 
across a wide range of climatic conditions.  One approach is to use dendrochronology (i.e., 
growth ring analysis), which provides a versatile research tool to examine the responses of 
mature, well-adapted tree populations to interannual climate variation across a range of 
environmental conditions.  Dendrochronology has been successfully employed to examine a 
range of ecological patterns and processes related to climate (3, 5, 8).  By comparing within and 
between species growth responses to climate variation across a range of climatic conditions, we 
may begin to infer what climate variables are most influential in tree growth among ecologically 
distinct species.  Further, growth responses to climatic variation should be good indicators of 
climatic sensitivity and shifts in competitive capacities among species under different 
environmental conditions. 

To examine climate sensitivity under different environmental conditions among 
ecologically distinct tree species, growth-ring analyses were conducted in mature populations of 
four major co-occurring tree species (Pinus contorta Dougl. ex. Loud. var. latifolia [lodgepole 
pine], Picea glauca (Moench) Voss x Picea engelmannii Parry ex Engelm. [interior spruce], Abies 
lasiocarpa (Hook.) Nutt. [subalpine fir] and Populus tremuloides Michx. [trembling aspen]) at four 
ecologically different sites in central B.C.  Sites were located in representative biogeoclimatic 
subzones where we could attain good access across a range of elevations approaching the treeline 
and where all four tree species co-occured.  The methods described below were replicated at sites 
in four distinct ecological subzones (warm/moist, warm/dry, cool/moist, cool/dry).  

Annual growth (based on tree-ring analyses) in each species and population will be 
compared to historical variation in key climate variables (calculated from local climate data and 
climate model described below) to describe the sensitivity to climate fluctuations within and 
between tree species (see Statistical Analysis for expansion).   

For each site, species, and population, we will develop a tree-ring chronology based on at 
least 20 crossdated cores from healthy, unsupressed trees (to minimize non-climatic variation).  
Core samples will be prepared and analyzed using standard dendrochronological techniques (5, 
9, 19).  Annual rings will be measured using either Velmex or WinDENDRO systems, 
depending upon ring widths and patterns.  All cores will be visually crossdated by matching the 
pattern of narrow and wide rings between all samples in each elevational population (7, 19).  
Crossdating will be statistically verified using the program COFECHA (12).  Cores that correlate 
poorly in COFECHA will be removed from the population prior to development of the final tree-
ring chronology.  Raw ring-width measurements will be processed into tree-ring chronology 
form using the ARSTAN method (5).  This standardization seeks to remove geometric and 
ecological growth trends while preserving variations that are presumed to be related to climate.  

Site-specific climate descriptions for this project will be estimated through a model 
produced under FSP #Y051149 (supervised by team member Spittlehouse).  This model permits 
the estimate of site-specific climate variables derived from PRISM (Parameter-elevation 
Regressions on Independent Slopes Model) based on spatially distributed monthly temperature 
and precipitation normals for B.C. and the adjacent provinces (6).  The model uses the lapse rates 
within PRISM to adjust monthly reference weather station data to produce estimates of monthly 
mean temperature and precipitation for each study site and elevation (11).   
 
 
Analysis 
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All analyses were conducted using the SAS statistical package, version 9.1 (SAS Institute, Inc., 
2003).  The dependent variable in this study was the annual radial growth indices for each site, 
species and population produced from the standardization of each tree-ring master chronology.  
Independent variables included monthly mean temperatures and precipitations (as well as 
numerous derived variables, such as heat-moisture index) for each site for at least the last 50 
years.  Correlation analysis was used to identify which season and climate variables were most 
influential in the growth responses of species and populations at each site.  Regression analysis 
was used to describe specific trends in the interannual variation between radial growth indices 
and relevant climate variables for each site, species and population.  Regression relationships 
within species were compared (e.g., slopes analysis) among sites and populations to quantify 
differences in climate sensitivity across a range of conditions.  Regression relationships between 
species at each site and elevation were compared (e.g., slopes analysis) to quantify relative 
differences in climate sensitivity under similar conditions (i.e., same site).  Mutiple-regression 
analysis were used to explore complex interactions between radial growth and climate variables 
among species, sites, and populations. 
 
 
Project Scope and Regional Applicability 
 
While the objective of this project was not to generate a formal model, the findings should help 
to clarify the underlying biology in climate responses among three major co-occurring tree 
species in B.C.  One of the strengths of this research is that it examined a wide range of climates 
for the target species, allowing us to suggest changes in responses related to different source 
conditions.  We hope to use this foundation to undertake further research with the specific 
objective of generating a formal model that can be used to describe tree responses to climate 
change across the ranges of these species in B.C. 
 
 
Interim Conclusions 
 
The major conclusions of this study (which will be detailed in two peer-reviewed publications 
manuscripts to be submitted soon) include: 
 
1) We found clear species differences in climate-growth relationships among common co-
occurring tree species.  Co-occurring tree species appear to attain ecological “equivalence” under 
particular conditions through unique growth strategies, which will likely result in different 
responses to future climate change among these species.  These findings support our contention 
that predicting forest responses to future climate change should be species specific and must 
incorporate changes in species interactions related to species-specific responses. 
 
2) In this study, spruce demonstrated relatively straightforward growth responses to climate 
variation across the entire sampling range, suggesting the possibility of rapid development of 
prediction models for responses to future climate change.  The other study species (i.e., 
lodgepole pine and subalpine fir) demonstrated much more complex growth responses to climate 
factors and their interactions, indicating a greater difficulty in predicting responses to future 
climate change.  For the latter two species, more mechanistically based models will likely be 
required, which suggests a need for further research to clarify the underlying biology in species 
climate adaptation. 
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3) The methods generated in this study appear to be useful in examining species-specific 
adaptive strategies in northern conifers.  We are extending these research tools to examine other 
species (e.g., Douglas-fir) in an attempt to generate preliminary predictive model regarding 
future responses to climate change. 
 
 
Contact Information 
 

Dr. Scott Green 
University of Northern British Columbia 
3333 University Way 
Prince George, B.C.  V2N 4Z9 
Phone:  250-960-5817 
FAX:  250-960-5539 
Email:  greens@unbc.ca 
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