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Forest Regeneration in the 21st Century 

 Climate change has forced a rethink 
of many forest management 
paradigms 

 
 Climate has already changed and we 

are locked into more change 
 
 Are local seed sources the best 

option for forest regeneration? ….Or 
do we do some form of Assisted 
Migration? 
 

“The future ain’t what it used to be” 
- Yogi Berra - 
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Local Populations Adapt 

 Tree species often exhibit adaptive genetic variation 
along climatic gradients.  

 higher cold tolerance in white pine from northern ON 
as compared to those from southern ON.  

 
 Allows populations to survive and grow well under 

local climate conditions;  
 But in some cases, optimal growth from regenerative 

materials differ from their site of origin 
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But…  What is Speed of Adaptation 

 Climate change will have impacts on forest growth 
and survival.  
 

 In the long term, species can adapt and migrate in 
response to climate change,  
 

 But in the short term, locally adapted populations 
may experience climates to which they are not well 
matched. 
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2011-2040 2041-2070 2071-2100 

Climate habitat models for Sugar Maple (Acer saccharum) 
 

 Over the past 50 years tree climate habitat has shifted ~60km 
 By 2071-2100 average shift for 130 NA tree species >700km 
   2014 
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Research Question 

  A sustainable, reforestation plan requires 
forest stands to be matched to future 
climates. 
 
 Involves deciding upon where should tree 

seeds be:  
 (a) deployed and/or  
 (b) procured. 

 



The Cons 

“Assisted colonization is 
tantamount to ecological roulette” 

- Ricciardi and Simberloff, 2009 - 

“Assisted colonization is a ‘techno-fix’ to treat 
the symptom of biodiversity loss” 

- Fazey and Fischer, 2009 - 

“Well-conceived, conservation-minded 
introductions often have unintended negative 

ecological consequences” 
- Mark Schwarz, 2005 - 

“There are legitimate concerns 
about collecting large amounts of 
seed from natural populations” 

- Vitt et al. 2010 - 

“Biological invasions can profoundly 
affect the composition, development 

and functioning of ecosystems” 
- Ricciardi and Simberloff, 2009 - 

Assisted Migration 
- The debate -  

“…it’s very dangerous tinkering” 
- Printiss, 2008 - 

 



The Pros 

“Move it or lose it” 
- Minteer and Collins, 2010 - 

 

“Increased understanding of species’ ecology 
will allow us to identify… where the benefits 

of assisted colonization can be realized” 
- Donlan et al., 2005 - 

“Climate change changes 
everything” 
- Seddon, 2010 - 

 

“With climate change… you can't keep 
things the way they are and also leave 

them alone” 
- Camacho, 2010 - 

 

“Risks to native species in destination areas are 
small, provided that translocations take place 

within 
the same broad geographic region” 

- Thomas, 2011 - 
 

“I don’t have a sense of what’s normal. 
I do have a sense of species moving a 

lot through time.” 
- Barlow, 2008 - 

 

Assisted Migration 
- The debate -  
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Ontario has “Local is Best” Policy 

 Provincial seedzones based 
on climate 
 

 Exceptions are possible with 
“Seedwhere” analyses 
 

 But is this really “best”? 
 

 

SeedWhere 
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Seedwhere  
– a climate matching approach –  

 produces maps 
showing climate 
similarity ranging from 
0 – 1 
 

 can incorporate 
climate change 
 

 http://gmaps.nrcan.gc.ca/climw
here/ 
 

 
 

http://gmaps.nrcan.gc.ca/climwhere/
http://gmaps.nrcan.gc.ca/climwhere/
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Data 
Provenance Data 
• 192 provenances at 18 test sites 

for black spruce 
• 195 provenances at 26 test sites 

white pine 
Climate Data 
• Precip and temp at seed 

(provenance) source and test site 

Black Spruce 

White Pine 

test site 
provenance  
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Universal Response Functions (URF) 
 URF models tree growth as a 

function of: 
 Planting site climate 

(environmental effects) 
 Seed source climate  
 (genetic effects) 

 
 combines traditional response 

functions and transfer functions 
into a single equation 
 

 can predict the growth of any 
provenance based on the climate 
at both the test site and the 
provenance site 
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URF Study Results 

 Mean annual temperature (MAT) at site was the 
most important growth determinant 

 
 Regardless of provenance origin, max height at 

MAT of ~4.5˚C for black spruce and ~11˚C for 
white pine (= strong ‘environmental effect’) 
 

 Weak response across provenances at a given 
test site (=weak ‘genetic effect’) 
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URF Study Results- Black Spruce 
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URF Study Results- White Pine 

White pine 
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URF Study Results 

 Optimal provenance (seed source) for most locations was 
not local.   
 From areas 1.5ºC warmer than the planting site on average 

 
 Both species are adapted to a central climatic optimum 
 4.5ºC for black spruce and 11ºC for white pine 

 
 Northern populations appear well adapted to warming 

conditions 
 

 Southern populations appear poorly adapted to warming 
conditions 
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Black Spruce Growth- Local Seed 

      Current Climate   2050 Climate 
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Black Spruce Growth- 2050 climate 

      Local Seed    Optimal Seed 
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Scenario 1: Black Spruce Seed PROCUREMENT for 
Hearst 

 

Notes: The price in this simulation model is assumed to set at $20/m3, cost is set at $300/ha and discount rate 
is 4%;  Each NPV is maximized at site through Faustman formula; IPCC RCP8.5 climate path 
 

NPV ($/ha) 
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Scenario 2: Black Spruce Seed DEPLOYMENT for 
Hearst 

 

Notes: The price in this simulation model is assumed to set at $20/m3, cost is set at $300/ha and discount rate is 
4%; Each NPV is maximized at site through Faustman formula; IPCC RCP8.5 climate path 
 
 

NPV ($/ha) 
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Scenario 3: White Pine Seed PROCUREMENT for 
North Bay 

 

Notes: The price in this simulation model is assumed to set at $20/m3, cost is set at $300/ha and 
discount rate is 4%; Each NPV is maximized at site through Faustman formula 
 

NPV ($/ha) 
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Scenario 4: White Pine Seed DEPLOYMENT for 
North Bay 

 

Notes: The price in this simulation model is assumed to set at $20/m3, cost is set at $300/ha and 
discount rate is 4%; Each NPV is maximized at site through Faustman formula 
 

NPV ($/ha) 
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Conclusions 

 There are growth and value differences between 
seed source choices and planting sites 
 seed deployment vs procurement 

 
 

 See forthcoming Forestry Chronicle article – 
“Should climate change make us think more about 
the economics of forest management?” 
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Conclusions 

 Local seeds are not necessarily optimal for forest 
regeneration 
 

 Differences will be enhanced with climate change 
 
 Climate-smart seed movements can help maintain 

productivity and genetic diversity 
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