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Assisted migration 
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 Transferring populations beyond current species’ range limits 
 Often used for threated species 

 

 Transferring individuals among populations within the 
species’ range limit 
 Can increase the adaptive capacity of a species 
 Less controversial 



Local adaptation 
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 Within a single species, adaptive capacity can vary due to: 
 Evolutionary history 
 Different selection pressures in different parts of species’ range 

 
 Local adaptation – populations are locally adapted when 

populations have the highest relative fitness at their home 
sites, and lower fitness in other parts of their range 
(Savolainen et al 2007) 
 

 Local adaptation can result from: 
 Gradients in environment and selection 
 Limited geneflow  
 

Presenter
Presentation Notes
Anecdote about federal/state relations across the country



Local adaptation in boreal forest trees 
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 Well-known adaptive cline with latitude 
 Result of local adaptation to climate and photoperiod 

gradients 
 Photoperiod cues inform the trees when to start growing, when 

to set bud, flower, etc. 

 
 

Presenter
Presentation Notes
This tradeoff between maximizing growth during the summer but minimizing risk of cold injury, has resulted in intense selection pressure for trees to use photoperiod (or daylength) cues to time seasonal growth, or in other words, trees are locally adapted to the photoperiodic regime under which they growThe photoperiod cues are genetically controlled, and result in a cline of decreasing growing season lengths with increasing latitude.



Impacts of local adaptation on 
adaptive capacity 
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 Assuming environment is relatively constant, local adaptation 
is beneficial  
 

 In a changing climate, some populations of a locally-adapted 
species may react differently than others 
 

 Population-level differences in adaptive capacity 
 Differences in:  
 Genetic diversity 
 Phenotypic plasticity 
 Physiological tolerances 

 
 

Presenter
Presentation Notes
1.2.3. Some of the population-level differences in adaptive capacity that can be a result of adaptive capacity could be: 



Boreal forest – impacts of climate change 
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 Northward expansion of species range limits 
 Treeline advance 
 Distribution shifts 

 

(McKenney et al. 2011) 

Presenter
Presentation Notes
In response to increasing temperatures and GSL, species ranges are expected to migrate northward as lower temperature limitations are removed, resulting in a wholesale northward shifts in species distributions. 



Local adaptation, plasticity, and migration 
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 Short growing 
season/investment in cold 
tolerance traits 

1. Genotypic 
variation across a 
species’ range 
(local adaptation) 

Presenter
Presentation Notes
To illustrate the importance of local adaptation in species responses to climate change, I will show a simplified example of local adaptation to photoperiod in balsam poplar-click-Populations in the north are characterized by … This growth pattern is called a conservative growth strategy because it results in lower growth in a single season, but much lower chances of cold injury-click-Conversely, populations in the southern portion of the species’ range are adapted to long, warm summers-click-There is genotypic variation a species range as a result of local adaptation
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Genetics, plasticity, and migration 

1. Genotypic 
variation across a 
species’ range 
(local adaptation) 

Presenter
Presentation Notes
As early as July and August, trees from the north of the species range will begin growth cessation and dormancy, whereas trees in the south are still actively growing – there are still a few months left of growing at these latitudes.



Genetics, plasticity, and migration 
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Presenter
Presentation Notes
In order to show that the phenological trend with latitude is genetically controlled (and not a plastic response), researchers have used transplant and common garden experiments in this genus for nearly 70 yearsIf a tree from a northern population is transplanted in the south, - click- -click-
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Genetics, plasticity, and migration 

Presenter
Presentation Notes
It still sets bud and ceases growth at the same time as trees in the north, even though it actually has several months of possible growthSo this is proof that the use of photoperiod cues is genetic, not plastic 



Genetics, plasticity, and migration 
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1. Genotypic 
variation across a 
species’ range 
(local adaptation) 

May be limited in 
response to increased 
temperatures 
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Southern genotypes 
may migrate northward 

2.Genotype can 
determine 
amplitude of 
plasticity  

3. Local 
adaptation can 
determine 
responses to 
climate change 

Presenter
Presentation Notes
Local adaptation also has implications for migration potentialIn a future, warmer environment, northern populations –click- (read) due to their conservative growth strategies -click- Thus the genotype can determine the …Southern genotypes, that are pre-adapted to warmer temperatures and longer growing-season lengths may migrate northward, outcompeting conservative northern genotypes – click- But if southern trees don’t have correct seasonal timing and grow too long in the fall, they can be severely damaged or killed – click-So northward migration in a locally-adapted species isn’t as straight forward as modeling the movement of the climate niche3. At the population level – this has implications for adaptive capacity



Research question 
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 Does adaptation to local environments affect species’ 
intrinsic adaptive capacity to respond to climate 
change (temperature and growing season length 
increase? 

 
 Genetic differences: 
 Do populations from the north and south differ in their potential 

growth in a northern environment?  
 

 Plastic responses:  
 Is there a phenotypic response to warming (acclimation)? 

 
 Genotype x plasticity:  
 Do genotypes from the north and south of a species’ range 

respond differently to increased temperatures? 
 

Presenter
Presentation Notes
For my research, I asked, 



Research approach 
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 To test for affects of local adaptation on the 
acclimation and migration potential of boreal forest 
tree species 
 Compare growth and plasticity of different genotypes 

growing in the same environment (genetic differences) 
 Grow same genotypes in two environments (plasticity) 
 Compare genetic diversity across latitude 

 
 Important to have samples from large gradients in 

species range to capture the majority of genetic and 
plastic variation 

Presenter
Presentation Notes
Nature versus nuture



Artificial warming experiments 
Experiment 1  

Common garden 
Experiment 2 

Growth chambers 
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Presenter
Presentation Notes
Natural field settingGrowth chamber environment



Artificial warming experiments 
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 Common garden 
 ‘Natural setting’ 

 

 Test effects of warming 
throughout growing 
season 
 Photoperiod 

 

 Passive warming 
 Variable 

magnitude/consistency 
of warming treatment 
 

 Cannot control all 
environmental 
variation 
 

Presenter
Presentation Notes
Natural setting subject to natural climatic variation 



Artificial warming experiments 
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 Growth chambers 
 Focuses only on 

temperature differences 
 

 Can control for: 
 Soil characteristics 
 Nutrients 
 Water 
 Light 
 Humidity 

 
 Unnatural environment 

 

 



Warming effect 
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Average warming  = 3 °C 
 
Diurnal warming = 3.42 °C 
 
Nocturnal warming = 2.51°C 

Presenter
Presentation Notes
Chambers were made from 0.7 mm clear plasticDesigned to reduce evaporative heat loss by reducing air movement around seedlingTo increase the magnitude of warming, 1 gallon jugs of water were spray painted black – solar showerRelative humidity, soil temperature, soil moisture



Populus balsamifera L. (balsam poplar) 
Latitudinal sampling  50-70 °N 
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Warming 
treatments test 
for plasticity 
 
Latitudinal 
sampling tests 
for genetic 
differences 

Presenter
Presentation Notes
Warming treatments test for plasticity



Effects of warming and source latitude 
on:  
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 Growth 
 Height  
 Diameter 
 Leaves 
 Lateral buds 

 

 Phenology 
 Bud flush 
 Bud set 

 

 Cold injury & cold tolerance 
 

 

 Leaf 
physiology/morphology 
 Photosynthesis 
 Foliar Nitrogen 
 Stomatal Density 

 
 
 

 



Adaptive capacity is higher than 
expected in northern populations 
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 Northern populations have 
higher plasticity than predicted 
 

 Phenological traits (e.g., bud 
set) is influenced by 
temperature 
 Contrasts widely-held view 

that bud set is determined by 
genetics only in poplar 

 Northern genotypes have 
lower genetic diversity (Olson et 
al 2013) 
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Southern populations have highest 
growth rates in northern environment 
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 Genotypes from southern populations grew consistently 
larger than northern genotypes 

 But southern genotypes also had highest incidence of cold 
injury 

2010 

50 55 60 65 70

10
20

30
40

50
60

Latitude

H

2011 

50 55 60 65 70

0
10

20
30

40
50

60

Latitude

H
R

el
at

iv
e 

he
ig

ht
 g

ro
w

th
 (c

m
) 

Latitude (°N) Latitude (°N) 



8:43 AM 24 

 

Fairbanks control (open triangle) 

Fairbanks warmed (closed triangle) 
Fairbanks 



Southern populations have highest 
growth rates in northern environment 
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 In growth chamber (absence of seasons), southern genotypes 
had competitive advantage in both control and warmed 
conditions 



Adaptational Lag 
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 Local genotypes of balsam poplar (trees originally 
collected from Fairbanks source populations) were 
not the best performers at either ambient or 
warmed conditions, when planted in Fairbanks, 
Alaska.  

 This may be evidence of an adaptational lag in 
response to the recent 1.4 °C warming nearly 50 % 
increase in the growing season length (Wendler and 
Shulski 2009) documented for the region.  

 This adaptation lag was increased when the cuttings 
were experimentally warmed, suggesting that local 
trees may continue to decline with future warming.  



Adaptational Lag 
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 Overall, the best-performing genotypes were those 
collected from 5-10 ° south of Fairbanks (Robertson 
2012, Robertson et al., in review).  
 



Choosing best genotypes for Region III 

• Genetic clines (e.g., bud set and height 
growth) are plotted against mean annual 
temperature of source environments.  

• Can model the severity of the expected 
adaptational lag given that degree of 
warming.  
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Figure 5.1 Genetic clines along gradients in mean annual temperature for 
mean calendar date of bud set (a), and for total height growth (b). The 
horizontal arrow illustrates the degree of experimental warming (3 °C/5.4 °F) 
and the vertical arrow represents the predicted adaptational lag for that 
amount of warming. Data are from Chapter 4; figure is adapted from Aitken 
et al. (2008).  



Questions? 
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Quantifying intrinsic adaptive capacity of 
balsam poplar: 
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 Genetic diversity & geneflow 
 Genome-level nucleotide diversity and linkage disequilibrium to 

estimate effective population size 
 

 Degree of local adaptation 
 Compare differences among populations to within populations 
 Phenotypic, physiological, epigenetic, functional genes 

 

 Acclimation potential 
 Plasticity in a warmed environment 
 Phenotypic, physiological, epigenetic, gene expression* 

 

 Migration capacity  
 Colonization success in a northern environment 
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