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Recommendation 37
We recommend ..an objective of completing 
networks of well-connected protected areas and 
OECMs that contain climate change refugia.
Recommendation 14
We recommend that the federal government 
lead the development, by 2020, of a nationwide 
ecological connectivity strategy [that will] 
…reflect climate change considerations.
Recommendation 10
We recommend…a gap analysis..to inform the 
identification of future protected areas and 
OECMs needed to fulfill the representation, 
connectivity, and key areas for biodiversity 
elements of Aichi Target 11-Canada Target 1…

Pathway to Target 1: NAP 



Recommendation 25
Federal, provincial, territorial and Indigenous governments collaborate with educational 
institutions to support and encourage further research and capacity-building in Indigenous 
Protected and Conserved Areas, such as with respect to the impacts and mitigation of climate 
change.

     



5

Key principles of biodiversity conservation
1. Protect species at risk

2. Represent ecosystem diversity

3. Conserve remaining wilderness

4. Ensure connectivity and resilience

5. Preserve climate refugia

Coristine et al. 2018 Facets Journal

    



Climate refugia = areas of species 
persistence during climate change
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NCCARF 2012
Hannah et al. 2014

Macro

Micro



Micro-scale climate refugia 
driven by terrain-related factors
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Morelli et al. 2016 (PLoS ONE)

Beier and Brost 2010 (Cons Biol)
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Climate velocity 
is the speed 

an organism needs 
to travel to keep pace 
with climate change

Carroll et al. 2015 
(PLoS ONE)



Macro-scale refugia driven by climate:
Areas of lowest climate velocity
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Macrorefugia can also be 
identified with climatic niche 
models for individual species

adaptwest.databasin.org 10
Stralberg et al. 2018 (GEB)



Mountains and coastal areas important, but 
varies by species and habitat
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99 forest 
species

49 shrub
species

64 woodland
species

29 grassland
species

Stralberg et al. 2018 (GEB)



Why use coarse-filter targets?
Lack of information 
about most species
Why use fine-filter targets?
Coarse-filter surrogates 
imperfectly protect 
individual species

Multi-track approach: 
coarse-filter + fine-filter + connectivity



Climate connectivity areas –
protecting areas needed for movement

in response to climate change

Carroll et al. 2018 (GCB)
Dobrowski & Parks 2016



Several methods for 
identifying 

climate corridors
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Carroll et al. 2018 (GCB)



Bringing it all together –
Zonation analysis
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Identify areas that hold 
• Potential microrefugia (as measured by 

landscape diversity index)
• Songbird + tree macrorefugia
• Climate connectivity areas



Systematic conservation planning

https://github.com/cbig/zonation-core

Complementarity –
A measure of the extent to 
which an area contributes 
unrepresented features to an 
existing area or set of areas. 

ZONATION



Fine-filter (species-based) 
climate refugia
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Songbirds Trees
Birds + 
Trees

Zonation results based on complementarity 
between refugia for >600 species

(Stralberg et al. in prep.)
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Fine-filter + coarse-filter + connectivity



Planning for an uncertain future:
Climate model projections

vary between models 
and emissions scenarios

www.climate-lab-book.ac.uk



Applying different management 
strategies under uncertainty

Low value High value
Low uncertainty High uncertainty Low uncertainty High uncertainty

High vulnerability Emphasize innovation
Emphasize innovation 
and prepare for 
surprises 

Emphasize reserves and 
provide for management 
flexibility

Emphasize reserves and 
plan for experimental 
approach

Low vulnerability Emphasize 
restoration

Emphasize 
restoration and 
prepare for surprises 

Emphasize traditional 
reserves

Emphasize reserves and 
provide for management 
flexibility

Belote et al. 2017

     



Incorporating information on refugia 
value into the planning process

Morelli et al. 2017 PLOS ONE
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• How can we integrate these type of data with 
other sources of information to create robust 
and resilient conservation strategies?

• How can this data inform efforts in both public 
and private lands dominated landscapes?

• Given limited conservation resources, how 
should we prioritize actions?

Key questions
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