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Introduction 

Climate warming has increased global mean temperatures by as much as 0.6oC, 
over the past century with the largest temperature increases occurring at high 
latitudes [1,2]. Mean minimum temperatures are increasing at a rate that is twice 
as fast as maximum temperatures, leading to shorter freezing periods and longer 
growing seasons [1]. In addition, warmer temperatures are expected to amplify 
rates of permafrost thaw and increase soil temperatures, which can elevate 
microbial activity and nutrient mineralization in the soil[3]. 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Since the industrial revolution CO2 concentrations have increased by ~40% and 
are driving this warming[4] with implications for plant function. Elevated [CO2] is 
expected to increase water use efficiency (WUE) in plants [5, 6], which impacts 
growth positively. Models predict increased growth rates in boreal species in 
response to warming and elevated CO2; however many boreal species are not 
showing anticipated responses. I hypothesize that this may be due to the 
conservative life history of many evergreen boreal conifers and predict that the 
deciduous life history of Larix may promote positive growth responses.	  
	  
Objective:	  To characterize climate-growth relationships in Larix laricina, 
a deciduous conifer species in Canada’s subarctic.  
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	   	  Six stands dominated by tamarack 
  were chosen for sampling. Twelve 
  tree cores were taken from each of 
  these stands for a total of 72 
  samples for Scotty Creek. Annual radial 
  growth and age were determined for all 
  trees. The cores were cross-dated using 
  skeleton plotting and a master 
  chronology was produced. Annual 
  ring-widths were converted into 
  basal area increments (BAI) to 
  remove trends of decreasing 
  width of annual rings with  
  increasing age, height, and 
  decreasing apical  
  growth[7]. Climate data from Fort 

Simpson, NWT was used to develop growth-climate relationships.	  	  

Methods Results 

•  That data from the master chronology suggests that Larix has not responded to recent 
climate warming despite increasing temperatures and precipitation. 

•  Further assessment of responder chronologies showed that there was no response in 
growth from the majority (70%) of individual tamaracks sampled to the various climate 
variables. 

Pearson’s product moment correlation tests (p < 0.05) were used to determine the 
relationship between the climate variables, listed in Table 1, and the growth of the 
sampled tamarack. From this, ‘responder’ chronologies were developed according to 
Wilmking et al. 2005 [8]. Samples that were significantly positively and negatively 
correlated to the climate variables were organized into positive and negative 
responder chronologies, respectively. 

Figure 1 – Ecosystem 
changes expected to 
influence the growth of 
tamarack under recent 
climate warming.    

Figure 2 – Map of the sampled locations at the Scotty Creek, NWT (61o	  18’N;	  121o	  
18’). Six stands were sampled labeled A-F. 

Figure 3 – The method of sampling at each tree using an increment bore. 
Entire tree cores were taken from all 72 tree sampled.  

Figure 4 – An image of half a processed tree core sample showing the annual growth rings and the age of the tree. 
Measurements and age were determined using CooRecorder (V.7.6) and verified manually for precision.     

Figure 5a - The growth of 72 sampled tamarack trees growing at Scotty 
Creek, NWT. This chronology spans from 1871 to 2013. Growth was 
plotted as average BAI per year. These data suggested there was no 
response in the growth of tamarack despite increasing temperatures 
and precipitation at the study site. 

Table 1 – Analysis of responder chronologies using average annual BAI and Fort Simpson climate 
data 

Climate Variables Positive Responders Negative Responders Non-responders 

Mean spring temperature 12 15 45 

Mean summer temperature 12 16 44 

Mean fall temperature 2 3 67 

Mean winter temperature 11 11 50 

Mean annual temperature 13 14 45 

Total annual rain 12 3 57 

Total annual snow 20 4 48 

Total annual precipitation 19 3 48 

Growing season length 10 11 51 

Conclusions and Future Research 
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•  The lack of relationships between Larix growth and climate variables suggests additional 
factors are impacting growth patterns 

•  Previous studies have shown similar trends attributable to larch sawfly outbreaks[9]  
•  Future steps are to identify the occurrence of pest outbreaks using visual identification of: 

•  pale late wood in the annual ring of infestation 
•  subsequent decrease in radial growth 
•  increased frequency of missing or incomplete rings  

•  And host-nonhost analysis with black spruce (Picea mariana)[9]. 
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Figure 7 – Host-nonhost analysis using a black 
spruce master chronology (Sniderhan 
unpublished) from the Scotty Creek field site. Figure 6 – Average annual temperature and total annual precipitation for Fort Simpson, NWT from 1940 – 2013.   

Figure 5b – Histogram showing the sample depth 
of the master chronology (n = 72). The large 
increase in BAI starting at 1940 (Fig. 6a) was due 
to the uneven distribution within the sample depth. 
Most trees were between the ages of 60 and 70 
years old.    


