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Objectives and Implications 
 
Understanding species-specific tree 

responses to climate change has broad 
implications in terms of adjusting forest 
policies and practices under changing 
environments. This study examined the 
responses of three northern conifer tree 
species, lodgepole pine, subalpine fir and 
interior spruce, which commonly co-occur 
in western Canada. The study aims to 
characterize the climate sensitivities of 
each species growing under a variety of 
environmental conditions, represented by 
mean annual temperatures (MAT) and 
mean annual precipitations (MAP). 
Species- and site-specific tree responses to 
changing climates will help to understand 
alteration in competitive relationships and 
dominance among co-occurring species, 
changes in forest compositions, and 
eventually shifts in species distribution at a 
particular site. This information may help 
to frame future management strategies, 
such as species selection, seed transfer, 
productivity, and shift in biogeoclimatic 
zones.       
 
 
Background 
 

Climate is a fundamental factor 
affecting tree growth. Trees constantly 
adapt to changing environmental 
conditions. However, changing climates 
may favor one species more than another 
at the same site [1] or such changes may 
produce unique responses at different sites 
within a species [2,3,4]. Species- and site-
specific responses of trees to climate have 
been widely recognized, It is thought that 
high genetic diversity within tree 
populations results in strong adaptation to 
local conditions [5, 6]. Our understanding 
of tree adaptation to climate remains 
fragmented. It is critical to characterize 
species-specific climate response trends 
across a wide range of conditions, in order 
to predict the effect of future climate 
change on Northern forests.  

We examined the climate responses 
in three ecologically distinct and co-
occurring Northern conifer tree species. 
Subalpine fir (Abies lasiocarpa (Hook.) 
Nutt.) is a late-successional, shade tolerant 
species, interior spruce (Picea glauca 
(Moench) Voss x Picea Engelmannii Parry 
ex Engelm.) is a mid-successional, 
intermediate shade tolerant species and 
lodgepole pine (Pinus contorta Dougl. var. 
latifolia Engelm.), an early-successional, 
shade-intolerant species. Niche theory 
suggests that co-occurring species should 
display slightly different optima for 
growth in order to co-exist in a community 
[7]. Different responses to future climate 
variations among the three species will 
likely alter species competitive ability and 
hence, alter species dominance and 
composition of a forest.       

Particular interest was given to 
marginal tree-species populations, such as 
latitudinal and elevational treelines. Trees 
at marginal habitats are thought to have 
particularly strong climate sensitivities 
because of the severe limitations on 
survival, growth and migration is such 
climates [8,9]. Cold-adapted trees often 
show unique adaptive strategies to survive 
under extreme cold conditions, such as 
highly developed cold-resistant tissues, the 
accumulation of substances to minimize 
freezing and the expression of 
conservative growth [10]. Such survival 
strategies require an investment of energy 
and thus, growth is often compromised. 
Cold adaptation may be characterized as a 
tradeoff between growth and survival, and 
changing climates will likely alter this 
balance. Thus, populations at marginal 
sites are expected to show unique climate 
responses that are different from the 
populations at the climatic center of a 
species range. 

Tree diameter increments were used 
as an indicator of growth responses to 
climatic fluctuations within each species 
and climatic population. Historical weather 
data for each site was used to identify the 
monthly climate variables that most 
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strongly affected radial growth of each 
population. Differences in climate 
sensitivities were compared among species 
and sites. Species-specific growth 
sensitivity to the climate variables was 
then determined across the sampling sites 
that cover a range of climate conditions.    
 
 
Methods 

Variations in radial stem growth over the 
past 50 years were examined using tree-ring 
analysis. Increment core samplings were conducted 
across a range of climatic conditions in central 
British Columbia (B.C.) and Yukon in the summer 
of 2005. Sampling stands were selected to cover a 
wide rage in climate conditions, represented by 
MAT and MAP (Figure 1 and 2). The site were 
selected based on the following criteria: 1) 
minimum stand age of 60 years, 2) pine, spruce and 
fir co-occurring (where possible), 3) stands 
occuring on zonal sites, 4) minimal visible 
evidence or health or disturbance impacts, and 5) 
close proximity to a local weather station (ideally 
within about 10 km). Stands were characterized as 
mid- to late-successional stages that were naturally 
regenerated. The sampling sites in B.C. were 
located within Sub-Boreal-Spruce, Interior Cedar-
Hemlock and Engelmann Spruce-Subalpine Fir 
biogeoclimatic zones, which span a range of 
temperature and precipitation conditions. Climatic 
conditions in Yukon are continental and 

characterized by very cold and long winters and 
warm, short summers. Climate in southern central 
Yukon (Wolf Creek and Grey Mountain in 
Whitehorse) is slightly warmer than central Yukon 
(Mayo and Keno City). Elevational transects with 
intervals of every 200-m were established at 
McBride Peak and Bell Mountain in McBride, and 
Grey Mountain in Whitehorse, to provide climate 
gradients within a narrow geographical location. At 
each stand, two increment cores were extracted 
from twenty healthy, canopy-dominant trees with 
no or little observable damage in order to minimize 
non-climatic variations.  

Standard dendrochronology techniques 
were applied during chronology constructions for 
each climatic population [11]. Cross-dating was 
conducted to identify the exact year of ring 
formation in each core using COFFECHA [12]. 
Raw-ring width was then standardized using cubic-
smoothing splines generated by ARSTAN [13]. 
Standardization removes non-climate factors such 
as age-dependent growth trend and low-frequency 
variations resulting from disturbance, competition 
and changes in soil conditions.  

Site-specific monthly weather data were 
estimated using ClimateBC version 3 [14,15] (Beta 
version). Mean monthly temperature and total 
monthly precipitation from May of the previous 
growth year to September of the current growth 
year were used to identify the strongest monthly 
climate variables affecting tree growth. Response 
function analyses were conducted to correlate the 
climate records and tree growth over a 50-year 
period from 1953 to 2002.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Geographical map showing 
the eight sampling sites in central 
British Columbia and Yukon, Canada. 
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Figure 2. Climate variability 
showing the range of 
climate conditions across the 
sampling sites. Each point 
represents the MAT and 
MAP of each sampling site.  

 
 
Preliminary Results 

 
Although data analyses are 

preliminary, some of the early results are 
presented here.  
lodgepole pine showed the highest mean 
sensitivities (which indicates year-to-year 
growth variations) among the three species 
at all sites, except for the two driest sites in 
Yukon where spruce had higher mean 
sensitivities than pines. In BC, mean 
sensitivities were higher for subalpine fir 
than for spruce at warmer sites, while 
spruce had a higher mean sensitivities than 
subalpine fir at colder sites.      

The monthly climatic variables the 
best explained tree radial growth were 
identified using response function analysis. 
Most lodgepole pine populations appeared 
to respond to temperatures of the previous 
growth year. For example, the pine 
populations in B.C. were positively related 
to previous fall temperatures (October to 
December) while pine populations in 
Yukon were negatively related to previous 
summer temperatures (August and 
September). The pine population at Mayo 
in central Yukon was positively related to 
the previous August precipitation, rather 
than temperature. Mayo is the driest site in 
this study and it is believed that the pine 
population at this site is located on the 
most northern boundary of continuous 
lodgepole pine distribution.  

Contrary to pine, interior spruce 
growth was more affected by temperatures 
of the current growth year than of the 
previous year. Interior spruce, in general, 
responded to June temperature of current 
growth year. It was also noted that 
previous July precipitation positively 
affected populations at low elevations at 
McBride Peak (1200, 1400 m), but current 
April precipitation negatively affected 
populations at high elevations (1600, 1800 
m). As in pine, the spruce population at 
Mayo was more strongly related to 
precipitation and showed a positive 
response to the previous December 
precipitation.   

Subalpine fir seemed more strongly 
affected by current summer temperatures 
(May to July) in B.C. In Yukon, growth of 
all populations appeared to be most 
strongly affected by prior growth.  

The response function analyses 
indicated that there were variations in 
climatic variables to which each 
population most strongly responded. 
Interior spruce was used for preliminary 
analyses because June temperatures during 
the growing season appeared to be 
significant for most of the populations. 
The sensitivity of spruce growth to June 
temperature of current growth year was 
compared among the 15 populations using 
simple linear regression analysis. The 
regressions indicated significant negative 
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relationships between June temperatures 
and spruce growth at lower elevation sites 
in B.C., while spruce growth was 
positively correlated at higher-elevation 
sites in B.C. A strong negative relationship 
was observed between growth and June 
temperatures at Mayo. Regression 
relationships within populations were 
compared using separate slope analysis. 
Along the elevational transect at McBride 
Peak and Bell Mountain, the reverse 
relationships to current June temperatures 
were found between the lowest and highest 
elevation sites (Figure 3). The regression 
coefficients for slopes were used as 
indicators of climate sensitivity, and the 

overall pattern of spruce sensitivity to June 
temperatures was demonstrated across the 
sampling sites represented by MAT and 
MAP (Figure 4). Increased June 
temperature appeared to increase radial 
growth of spruce at wetter sites, while it 
reduced radial growth at drier sites.  

Further analyses will be conducted 
for cross-species comparisons among the 
three species and to characterize growth 
trends of subalpine fir and lodgepole pine 
associated with monthly or seasonal 
climate variables. We also plan to extend a 
range of climates across the sampling sites 
by additional population samplings in the 
summer of 2006.     
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Figure 3. Linear regression comparing the sensitivity of 
spruce to current June temperature between populations 
at 1000 m (solid line, filled circles, p=0.06) and 1900 m 
(dotted line, open circles, p=0.002) at Bell Mountain, 
McBride.     

Figure 4. Overall trend of spruce sensitivity to June 
temperatures during the growing season across the 
range of conditions.  

 
 
Conclusion 

 
The preliminary results suggest that 

impacts of changing seasonal climates on 
tree growth will be species-, and site-
specific. However, the magnitudes of these 
differences are not fully analyzed so that 
the impacts may be similar or significantly 
different among species or sites.  

Some considerations in terms of 

application need to be noted here. First, 
this study examines relative year-to-year 
growth variations, but not actual volume 
increments. Although the results indicated 
that increased June temperature enhances 
spruce growth at wetter sites (i.e., high 
elevation) and reduces growth at drier sites 
(i.e., low elevation), the actual tree volume 
is likely larger for trees at low elevation 
sites even under changing conditions. 
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Second, the study focuses on short-term 
climatic responses while long-term tree 
responses are not fully analyzed. In order 
to assess the direct associations of climates 
with the annual tree growth, high-
frequency variations are maximized while 
low-frequency trends are minimized 
during the development of the ring 
chronologies. However, because trees are 
long-lived and also affected by low-
frequent, decadal-scale climate 
fluctuations, long-term responses must be 
considered. This research may contribute 
to the understanding of climate-radial 
growth relationships over the 50 years and 
ecology of three co-occurring species that 
may alter forest composition and dynamics 
under changing climates.     
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