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Risks to our conservation strategies in Canada 
from climate change 

• Existing approaches become tenuous if climate-related changes make 
conservation areas (e.g. Protected Areas) and conservation planning units 
uninhabitable to the species they are designed to protect.

• Impact of other stressors (e.g. invasive species) is exacerbated by climate 
change.

• Current system of PAs consists of a collection of sites rather than as 
components of a network designed for resilience and adaptation to climate 
change

• Some agencies responsible for conserving wildlife are already active
– screening of National Parks for their vulnerability to climate change by Parks Canada in 

2000; BC climate change adaptation manifesto 2009
– U.S. Geological Survey creates National Climate Change and Wildlife Science Centers in 

2009; 
– USFWS releases climate change adaptation strategy and action plan Nov 2009; network 

of landscape conservation cooperatives launched 2010
– Mexico releases PAs and climate change adaptation strategy March 2010



IPCC 2007: Impacts, Adaptation and Vulnerability
Projected changes in terrestrial ecosystems by 2100 relative to 2000 for two 
climate change scenarios

(Fischlin et al. Chapter 4 p. 238)



Predicted Biome Shifts

PA Type # % of PAs with 
biome change

• EC NWA 40 15-45%
• EC MBS 65 17-50% 
• Ecological Reserves 464 34-55%
• Wilderness Areas 234 38-56%
• National Park 38 39-61%
• Prov. Park 946 31-71%

From: Lemieux and Scott. Canadian Geographer 2005, 49(4): 384-399.
MAPSS GVM with 4 GCMs; BIOME3 GVM with 2 GCMs (Nielsen 1998 IPCC WG 2)
PAs from CCAD 2002
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Analysis Methods for Canada

• 10 GCMs downscaled to 50 km x 50 km grid 
• A2  C02 emissions scenario
• Current vertebrate species ranges (breeding range for the 382 bird 

species) and Protected Area networks mapped to 50 km x 50 km grid  
• Current range regressed against 37 bioclimatic variables derived from 

mean monthly temp and % sunshine, total monthly precipitation and 
soil texture data

• Future presence = projected occurrence in a grid cell in 5 or more 
GCMs

• Time series compared to present: 
2011-2040,  2041-2070,  2071-2100

• Loss assumes no dispersal (i.e. range contraction only)
• Gain assumes full dispersal (i.e. range expansion) 
• Turnover = 100 (# spp. lost + # gained)/current # spp.



Dealing with uncertainty

• Bioclimatic modelling 
– Subsetted current range to assess model fit
– Culled species models with poor fit

• Spatial uncertainty
– Partitioned analyses by different spatial extents

• Temporal uncertainty
– Partitioned analyses by 30-year time steps
– Use of backcasting

• Plan now and prepare to adapt in response to change 
research and monitoring



All bird species 
% turnover time series

(%)

2011-2040

current = 351 species
2100 future = 382  species

(8.8% increase over current)

2041-2070

2071-2100



current = 881 species 

2041-2070

2011-2040

2071-2100

(%)

All taxa
% turnover time series





Networks of protected areas on Lawler et al. grid

All PAS

EC PAS

Federal PAS

Non-Federal PAS

PCA PAS



National Parks  (n = 337 spp.)

Projected bird species change over time (relative to current) in
different Protected Areas networks in Canada

(n = current no. spp. )
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2C1F
Regions of interest: Bird Conservation Regions; 
Northern Appalachian/Acadian Ecoregion 
(2Countries1Forest); Nunavut Settlement Area; 
NABCI Eastern Habitat Joint Venture.

Nunavut 
Settlement 

Area 

Great Basin BCR
Prairie Pothole BCR

N.Appalachian-Acadian 
Ecoregion

EHJV



Projected bird species losses over time (relative to current) in
different conservation planning units in Canada
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Projected bird species change over time (relative to current) in
different conservation planning units in Canada
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Total turnover in all birds by 2100

ON BCR 13
Current = 195 species

18% lost
5% gained

23% turnover

QC BCR 7
Current = 147 species

8% species lost
49% species gained

57% turnover

7QC

13ON

NT/NU BCR 3
Current = 135 species

7% species lost
24% species gained

32% turnover

3 PNR

BC BCR 10
Current = 229 species

10% lost
22% gained

32% turnover

10BC



Implications

• Given the results by BCR planning units, it would appear 
that basing conservation plans on the current composition 
of bird species could be problematic, particularly for the half 
of BCRs with 10% or more species loss 

• Perhaps more worrisome is the conservation challenge that 
appears to be emerging for current species from new 
species expanding their range into BCRs, even now in 
response to a changing climate 



Conservation Planning In the Face of 
Climate Change

Method:  

150 bird species from BBS by county

 Current distribution modeled with tree        
species and climate variables

 Model used to map distribution in CC futures

L. Olson & K. Lindsay. 2009. 

J. Geography & Regional Planning



Reserve networks designed using current bird distributions 
lose 21-32% of species in CC futures

Present

Hadley

CCC

Future conservation gap 



Conclusions continued …

• Spatial mismatch of 
greatest change and 
current PA network



Opportunities: 

• Share information and expertise among 
jurisdictions/agencies e.g.

– Climate Adaptation Knowledge Exchange (CAKE) website
– Develop a web-based information sharing tool for Lawler 

species shift projections

• Extend analyses 
– To extent of occurrence for individual species across grid within 

BCRs and other conservation planning units 
– Subset species to focus on SAR and other priority species
– To tri-national, continental, hemispheric scales for species of 

common conservation interest
– To other taxa (e.g. trees) and the marine (next slides)



Tree Species
(McKenney et al., 2007)



Recent species shift dataset for marine fish and invertebrates

Invasion Intensity

Local Extinction Intensity

Species turnover

•1066 spp. in 2050 relative to 2001-2005 mean

• High-range cc scenario

• Intensity wrt initial no. of spp per grid cell

(Cheung et al. 2009. Fish and Fisheries 10: 235-251) 



L. Olson & K. Lindsay. 2009. J. Geography & 
Regional Planning

Method:  

150 bird species from BBS by county

 Current distribution modeled with tree        
species and climate variables

 Model used to map distribution in CC futures

Opportunities continued …

• Complementarity analysis for Canada 
using Marxan-type software to 
prioritize options for conservation 
planning to accommodate species 
shifts in response to climate change 





Opportunities continued …
• Engagement in strategic initiatives 

– CCEA focus on climate change including AGM plenary day
– USFWS Landscape Conservation Cooperatives and USGS Climate 

Change Science Centers 
– CPC discussions on a climate change strategy and how to ensure 

complementary protection of transboundary or ecologically linked 
protected areas and identification of network gaps of multi-jurisdictional 
interest

– NAFTA/CEC discussion on development of the NAMPAN A2C (Atlantic 
to the Caribbean) to incorporate climate change considerations in the 
design of MPA networks

– Canada-USA-Mexico Trilateral Committee on Wildlife and Ecosystem 
Conservation and Management priority action to develop a “Strategy 
on Climate Change and Protected Areas for North America”

– PACC forum?
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