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Abstract
High uncertainty in the future of regional climates and ecosystems presents a challenge to the conservation of 
biodiversity and landscapes. We present a framework to handle uncertainty in the incorporation of climate change 
in regional conservation planning. The framework uses expert opinion to: (1) formulate qualitative scenarios of 
climatic and ecological change based on expected as well as less probable but plausible futures not tied to specific 
model projections; (2) synthesize established knowledge of the climate vulnerability of species and ecosystems of 
concern; and (3) specify no-regrets climate adaptation strategies to reduce these vulnerabilities in conservation 
site selection. This framework was implemented in an ecoregional assessment of the British Columbia Central 
Interior selecting terrestrial and freshwater high-priority conservation sites. Including climate vulnerability-
based adaptation strategies in the regional site-selection process had a substantial effect on both freshwater and 
terrestrial assessments. Selection of high-priority sites based on these strategies generally increased the number, 
size, buffering, and connectivity of selected sites; included and expanded on sites selected based on standard 
(non-climate change specified) criteria alone; and drew more from moderately favourable sites. Although 
limited by our understanding of species and ecosystem vulnerability, the integration of vulnerability assessment, 
moderate to severe change scenarios, and a no-regrets approach generated regional conservation strategies 
for climate change adaptation in the face of uncertainty in the future of climates, landscapes, and species. 
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Introduction

The Nature Conservancy of Canada undertook 
an ecoregional conservation assessment for 
the Central Interior of British Columbia that 

incorporated climate change as a threat (Iachetti and 
Howard  2011; Loos 2011). In this article, we present the 
framework implemented to develop climate adaptation 
strategies for selection of priority conservation sites 
in the context of high climatic uncertainty. Elsewhere 
in this special issue, Howard and Carver (2011), Horn 
(2011), and Kittel et al. (2011) lay out the details of how 
this was put into practice for different components 
of the regional assessment. We provide an overview 
of implemented climate adaptation strategies and 
analyze the effect they had on site selection for the 
ecoregion. This is followed by additional strategies for 
handling climatic uncertainty in regional planning 
and local conservation site design. We conclude with 
a synopsis of the framework and its implementation.

The climate change threat

Long-term, on-going anthropogenic changes 
to the Earth system are multifaceted, involving 
altered atmospheric composition, disrupted global 
biogeochemical cycles, converted landscapes, and 
overused natural resources (Millennium Ecosystem 
Assessment 2005; Parry et al. [editors] 2007; Solomon et 
al. [editors] 2007). The physical consequences of these 
system changes include complex alterations to climate 
across a range of variables and spatial and temporal 
scales. For continental lands and waters, observed and 
anticipated changes entail altered averages, extremes, 
seasonality, and interannual variability of surface 
climate and hydrology (Meehl et al. 2007; Allison et 
al. 2009; Serreze 2010; Fung et al. 2011). Sustained 
altered forcing may, with time, additionally result in 
regional climates crossing critical thresholds, producing 
abrupt climate shifts, or lead to the development of 
“novel” climates characterized by combinations of 
conditions with no current analogue (Williams et 
al. 2007; Lenton et al. 2008; Schellnhuber 2009). 

These changes jeopardize the persistence of 
species, structure of biological communities and food 
webs, and ecosystem function (Fischlin et al. 2007; 
Kundzewicz et al. 2007). Ecological transitions may 
also be non-monotonic, abrupt, and give rise to novel 
ecosystems (Williams and Jackson 2007; Scheffer et 
al. 2009). Such environmental changes additionally 
pose a threat to provisioning of ecosystem services 

and hence to our socio-economic stability (Fischlin 
et al. 2007; Rounsevell et al. 2010). The challenge for 
land management as a whole, and in particular for 
biological conservation practice, is how to anticipate 
and plan for such system-altering impacts, including 
how to develop ecoregional plans that account for 
climate change in the selection of conservation sites 
(Hannah et al. 2002b; Mawdsley et al. 2009). 

Conservation planning and  
climate uncertainty

Climate model experiments convey a vital lesson—
climate system sensitivity to anthropogenic forcing 
is of a magnitude and rate to cause substantial 
ecological impacts that will have consequences for the 
conservation of biodiversity and ecosystems (Lovejoy 
and Hannah 2005). The cascade of environmental 
impacts is often explored through ecological model 
projections of species, community, and ecosystem 
dynamics driven by climate model projections (e.g., 
Kittel et al. 2000; Hannah et al. 2002a). Such climatic 
and ecological projections are naturally of interest to 
land management planners, who wish to know with 
some confidence the rate and direction of climate 
change for an ecoregion or protected area and the nature 
of future climates at different planning horizons. 

However, a problem in incorporating climate 
change in conservation planning is the high 
magnitude of uncertainty in model-generated future 
climate and ecological projections (Botkin et al. 
2007; Conroy et al. 2011). By “high,” we mean that 
uncertainty is as large or larger than system sensitivity 
(e.g., Tebaldi et al. 2004). Uncertainty in climate 
projections arises from multiple sources including 

•	 underlying	complexity	of	the	climate	system	and	
other practical constraints limiting our ability to 
model climates (Rial et al. 2004; Randall et al. 2007; 
Knutti 2008; Schellnhuber 2009);

In this article, we present the framework 
implemented to develop climate 

adaptation strategies for selection of 
priority conservation sites in the context 

of high climatic uncertainty.
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•	 uncertainty	in	forthcoming	human	forcing	(e.g.,	
emissions and land use change) determined by 
future socio-economic policy and global economic 
growth (reflected in part by the breadth of emission 
scenarios in, for example, Forster et al. 2007 and 
Anderson and Bows 2011); and 

•	 insufficient	consideration	of	the	spectrum	of	
important human forcings in most climate model 
experiments (Pielke et al. 2009). 
High levels of uncertainty also apply to ecological 

projections because of inherent ecosystem complexity 
and because key biotic processes are often poorly 
considered in ecological model experiments (Botkin et 
al. 2007; Purves and Pacala 2008; Wiens et al. 2009).

Studies quantifying sources of climate projection 
uncertainties show them to be high, especially at the 
regional level (e.g., Tebaldi et al. 2004; Christensen 
et al. 2007). Progress in both climate and ecological 
modelling addressing uncertainty issues will advance 
our understanding of system behaviour. However, 
many uncertainties are inherently hard to constrain 
(e.g., stemming from socio-economic, climate, and 
ecological system complexity), while significant 
reduction in others is likely to be long in coming 
(e.g., model representation of system dynamics) 
(Knutti 2008; Watson 2008; Conroy et al. 2011). 

The multiple sources and magnitude of uncertainty 
mean we do not, and likely will not, have climate and 
ecological projections that are definitive enough in 
their geography and temporal progression to rely on 
for planning. This is not to say that such projections 
be disregarded altogether; this is for two reasons. First, 
as noted earlier, model projections tell us that climatic 
and ecological dynamics are substantially sensitive 
to ongoing human forcing. Second, the dispersion of 
projections (e.g., for a range of emission scenarios and 
models) tells us that we should place wide confidence 
intervals on projection-based outlooks on the future. 
In addition, the multiple sources and magnitude of 
uncertainty mean that while any suite of projections 
occupies an extensive portion of future environmental 
space,	these	projections	may	not	sufficiently	capture	a	
broader domain of outcomes arising from unknown, 
or known but poorly represented, system dynamics. 

Limitations in applying projections

Conservation plans have increasingly acknowledged 
climate change as a threat, but in many cases the 
strategy has been (1) to decide that the uncertainty 

is so large there is no reasonable way to handle it in 
a conservation plan or (2) to focus the effort on an 
ensemble of climate projections selected to capture 
responses of different models to a range of emission 
scenarios as a way of accounting for uncertainty 
(e.g., Hamann and Wang 2006). Neither approach 
is satisfactory. The first leads to plan failure by not 
providing for a critical threat to biodiversity and 
ecosystem integrity over coming decades. The second 
is attractive because it gives us maps and numbers to 
work with, but it is risky because projection-driven 
planning often proceeds as if working with real 
possible outcomes, giving a false sense of certainty 
(regardless of upfront caveats saying otherwise). 
This approach, even in the case of using ensembles, 
overlooks or underrepresents sources of uncertainty. 
In this way, a focus on projections constrains our 
outlook on possible futures because they do not 
represent the full domain of possible future climates.

Projections also constrain our thinking because 
they do not tell us enough (or are used in ways that 
do not tell us enough) about how future climates will 
be manifested relevant to the ecology of species and 
landscapes. Projections are often used in a simple 
manner relative to climatic controls over processes 
of interest, only evaluating change in a few variables 
(commonly temperature and precipitation, whereas 
wind and solar radiation regimes may be critical to 
survivorship, for example) and also at limited time scales 
(such as monthly, rather than additionally considering 
submonthly events and interannual variability). Such 
application of projections ignores the complexity with 
which climate directly and indirectly affects species 
and landscape processes (Hallet et al. 2004; Kittel et al. 
2010). This is partly related to problems of spatial and 
temporal scale in climate model outputs. Some climate 
dynamics that drive ecological dynamics and surface 
hydrology are not adequately portrayed by climate 
models, such as daily precipitation event structure 
in global climate models (Randall et al. 2007; Ashfaq 
et al. 2010). The coarse spatial resolution of global 
climate model outputs (e.g., 1–4° latitude/longitude 
grid intervals) further limits the utility of models at 
ecoregional and landscape levels where these outputs 
would be most valuable for conservation planning. 
Downscaling techniques can map projections locally 
and give additional insights to planners, but these 
techniques are still subject to underlying global model 
limitations and come with their own drawbacks 
(Fowler et al. 2007; Wiens and Bachelet 2010).
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Vulnerability approach

An alternative approach to projection-driven 
assessments is more “bottom up,” looking at how 
vulnerable species or ecosystems are to climate change 
(Turner et al. 2003; Pielke and Guenni 2004; Young 
et al. 2010; Dawson et al. 2011; Glick et al. [editors] 
2011). Objectives of such a vulnerability approach 
are to gain insights into resistance (to changing state) 
and resilience (ability to recover) of conservation 
elements to a changing climate and, based on this, 
to devise strategies to reduce or cope with this risk 
(Hansen et al. 2003, 2010; Game et al. 2010). 

Species or ecosystem resistance and resilience are 
relative to the magnitude of the threat. One technique 
is to assess vulnerability under a set of “change 
scenarios” that reflects a breadth of probable as well 
as less probable but still possible futures (Peterson et 
al. 2003). The objective, however, is not to evaluate 
vulnerability across a large, extensive set of scenarios 
but to limit ourselves to a well-selected, manageable 
set specifically including scenarios that challenge our 
thinking about dynamics under future states beyond 
those experienced or expected (Peterson et al. 2003; 
Turner et al. 2003). Change scenarios can be general 
(qualitative) or specific (quantitative) statements of 
contrasting future states and can be developed from 
established knowledge of system behaviour, observed 
trends, system sensitivity from model projections, 
and “imaginative speculation” (Peterson et al. 2003). 
These form alternative reference frames for discussing 
species and ecosystem vulnerabilities. For scenarios 
developed from projections, it is natural to select a 
consensus or average of projections as seeming most 
probable, but exploring outliers can be more in keeping 
with challenging our expectations of the future. 

An important element of the vulnerability 
approach is that climate risk can be considered in 
a comprehensive context of other threats, with the 
goal of devising strategies that enhance the adaptive 
capacity of a conservation element across the suite 
of threats. Ideally, these strategies are “no regrets” 
actions having benefits related to other threats, 
regardless of what climate future is realized (e.g., 
Howard et al. 2010; Wilby and Vaughan 2010). 
(Although commonly referred to as “no regrets,” these 
strategies may more likely be “low” or “least regrets,” 
because increases or some shifting in conservation 
priorities in consideration of climate change, while 
having broad benefits, may incur implementation 
or opportunity costs [Wilby and Vaughan 2010].)

So, in contrast to projection-based approaches, 
the vulnerability approach helps us deal with climatic 
uncertainty by focussing on what we know about 
organisms and ecosystems, on what is expected and 
unexpected but plausible climate and ecological 
change, and on no-regrets action. Vulnerability 
analysis brings with it its own uncertainties, not 
least of which are gaps in understanding direct 
and indirect climatic controls over population, 
community, and ecosystem dynamics as well as in 
understanding interactions with other stressors—
limitations shared with projection-based approaches. 

In the next section, we lay out a vulnerability-
based framework for considering climate change 
as a threat in regional conservation planning. In 
a case study, we then present an implementation 
of this framework in an ecoregional assessment 
for the British Columbia Central Interior.

Climate vulnerability framework  
for regional conservation planning 

Treating climate change as a threat

If we consider climate change to be a threat and 
approach it as other threats, we can devise an integrated 
strategy (framework) that allows us to plan in face of its 
uncertainty. With threats such as human-driven habitat 
fragmentation, flow regime alteration, invasive species, 
or disturbance regime change (e.g., fire, infestation, 
sediment loading), certain elements of these threats are 
unpredictable and have consequences both foreseen 
and unforeseen. We may not know, for example, 
the timing, duration, intensity, location, or other 
biologically critical impacts of a threat, yet we face these 
uncertainties and devise plans that incorporate these 
threats. With such threats, we use expert knowledge to 
assess the vulnerabilities of species and ecosystems to 
these threats and to recommend strategies to enhance 
their resistance and resilience (Groves 2003:268ff). We 
can follow the same approach for climate change.

Framework

Our goal was to create a climatic vulnerability frame-
work for ecoregional assessments that:

•	 is	rapid	and	easily	implemented;	
•	 is	based	on	best	understanding;	and
•	 produces	straightforward,	no-regrets	strategies	for	

climate adaptation. 
The framework has three stages. First, build qualitative 
change scenarios of alternative future conditions. 
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Second, assess in what way and to what degree species 
and ecosystems of concern are vulnerable under these 
change scenarios. Third, devise climate adaptation 
strategies to reduce such vulnerabilities. These are 
strategies to modify conservation targets (species 
and ecosystems) and corresponding goals (quantity 
and quality of sites for conservation of these targets), 
which together make up ecoregional assessment site- 
selection criteria (Loos 2011). In implementation, 
the three stages may be woven together and proceed 
iteratively until well-defined strategies emerge.

Expert team synthesis
The climate vulnerability assessment can be 
accomplished by multidisciplinary expert teams as 
are routinely assembled for ecoregional assessments, 
drawn from non-governmental organizations, agencies, 
consultants, and academia (Groves 2003:43ff)—but 
with expertise expanded to explore climate sensitivities. 
The expert teams are charged with synthesizing 
established knowledge of climate vulnerabilities and 
potential remedies (adaptive measures) for target 
organisms and ecosystems, while recognizing the 
limitations of this task (gaps in data and conceptual 
understanding). Such synthesis draws climatological, 
hydrological, and ecological lessons from the field, 
historical analyses, and model experiments. Model 
experiments include (but are not limited to) projections 
under different forcings and are undertaken, in part, 
to guide change scenarios and gauge climatic and 
ecological sensitivity. Rigour in team syntheses can be 
enhanced as time and resources permit through external 
review or formalized “expert elicitation” protocols 
(MacMillan and Marshall 2006; Runge et al. 2011).

Because population and ecosystem dynamics 
depend on biotic and abiotic factors in addition to 
climatic controls, climate vulnerability also needs to 
be evaluated in terms of linkages among ecosystem 
elements. Such functional links contribute to indirect 
and nonlinear effects of climate and include landscape 
(e.g., linking terrestrial and freshwater habitats) and 
trophic connections (e.g., predator–prey dynamics). 

In addition, climate change needs to be examined 
in the context of other threats. Inclusion of these 
threats in team deliberations is important because 
of strong synergisms between climate change and 
other threats, as well as cumulative effects (Sala et 
al. 2000; Carroll et al. 2006; Brook et al. 2008), and 
because one way for climate adaptation strategies 
to meet the no-regrets goal is if these strategies also 
reduce vulnerabilities to other threats. By bringing 

a broader threat context into a climate vulnerability 
analysis, we should also recognize that projecting 
the future state of other threats comes with its own 
uncertainties (Sala et al. 2000; Lee and Jetz 2008). 

Change scenarios and planning horizons 

Teams can evaluate climate vulnerability for different 
time horizons with corresponding change scenarios. 
Under the expectation that the climate change threat 
will increase over the coming decades, vulnerability 
analyses can be considered for short- and long-term 
planning horizons. The nearer-term horizon can 
be considered in terms of climate change scenarios 
sufficient	to	alter	survivorship	and	other	ecological	
processes but under which species and ecosystems 
are still capable of local adaptation, such as over the 
next 20 years (this represents a “moderate disruption” 
change scenario). For species, this might be through 
phenotypic or genotypic adjustment or redistribution 
within local landscape units. Over the longer term 
(i.e., towards the end of the 21st century), we can 
consider the possibility that climatic conditions will 
have changed so much we have little expectation 
ecosystems will be the same or any species of concern 
will be retained on the local landscape (Bachelet et 
al. 2001; Araújo et al. 2004). Under such a “severe 
disruption” change scenario, we must consider 
substantially different adaptation strategies and 
conservation goals. These two planning horizons 
have parallels elsewhere in conservation assessment, 
such as 10- and 100-year time frames applied in 
evaluating population reduction and extinction risk 
for species of concern for the International Union 
for Conservation of Nature’s Red List (International 
Union for Conservation of Nature 2010).

Each team’s goal is a manageable number of 
qualitative change scenarios considered relevant to 
species and ecosystems of concern at time frames 
important to planning. Through the process of laying 
out these scenarios, ecologists and conservation 
practitioners are able to: 

•	 understand	the	uncertainties	in	climate	change	and	
limitations underlying climate projections; 

•	 train	themselves	to	use	projections	to	visualize	
alternative futures and species responses, rather than 
to tie their thinking closely to details of projections; 
and

•	 think	beyond	projections	to	develop	less	expected,	
more imaginative yet plausible scenarios of climatic 
and ecological change. 
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Case study 

Ecoregional assessment for the  
British Columbia Central Interior 

The Nature Conservancy of Canada explicitly considered 
climate as a threat in an ecoregional assessment for 
the Central Interior of British Columbia (Iachetti 
and Howard 2011). We give some background on the 
assessment process in this section; in the following 
section, we describe how the climate vulnerability 
approach was implemented for this domain.

The goal of an ecoregional assessment is to select 
a portfolio of high-priority conservation sites across a 
region (Groves et al. 2000, 2002). This regional portfolio 
then guides and provides broad context to finer-scale 
conservation site design and management plans. Sites 
are selected to best capture occurrences of conservation 
targets (species, communities, and ecosystems of high 
conservation value) (Groves 2003:81ff). Initially, selection 
is based on expert teams identifying these targets and 
setting corresponding conservation goals (e.g., as a 
percent of a species’s occurrences or of an ecosystem’s 
distribution). These goals are then optimized against 
site suitability based on current integrity (e.g., protected 
status, unimpounded watershed) and level of threat 
from human activities (e.g., distance from roads, road/
stream crossings) (see Maps 13 and 14 from Nature 
Conservancy of Canada, 2010b). The process also favours 
lowering the total area covered by sites in the portfolio 
(to minimize area-related conservation costs). This 
optimization is iteratively accomplished using Marxan 
site-selection software (Ball et al. 2009; University of 
Queensland 2011); Marxan implementation for this 
ecoregional assessment is described by Loos in this 
issue (2011:88–97), with mapped results presented 
online (see Nature Conservancy of Canada 2010b). 
Marxan runs are readily modified to reflect different 
conservation strategies by altering species and ecosystem 
targets and corresponding goals (Loos 2011).

For the Central Interior, ecoregional assessments 
were undertaken for freshwater (Howard and Carver 
2011) and terrestrial (Horn 2011; Kittel et al. 2011) 
realms. These two assessments were separately generated 
but were co-ordinated to link goals where, for example, 
species rely on both environments. Expert team 
members and supporting advisors were selected from 
scientists and conservation practitioners knowledgeable 
on the ecology and protection management of species 
and ecosystems of the region. One expert team evaluated 
the region’s freshwater ecological systems and species, 

and three teams evaluated terrestrial ecological systems, 
plant species, and vertebrate animal species, respectively; 
these evaluations were integrated through discussions 
among teams and in the Marxan site-selection process. 
To give an idea of team sizes, the freshwater team had 
4 members and 11 advisors, whereas the terrestrial 
animal species team had 11 members and 29 advisors. 

The terrestrial assessment domain encompassed the 
Central Interior and Sub-Boreal Interior ecoprovinces 
(see Map 1 from Nature Conservancy of Canada, 
2010b). The freshwater domain consisted of the nine 
major drainages (ecological drainage units) that have a 
majority of their area within the terrestrial domain (see 
Map 2 from Nature Conservancy of Canada, 2010b). 
Conservation planning units evaluated by Marxan were 
500-ha hexagons for terrestrial runs and watersheds for 
freshwater runs (Loos 2011). Because watersheds vary 
in area, our analysis of freshwater results considered 
both number of watersheds and total area; terrestrial 
analyses evaluated number of planning units (hexagons). 

Implementation of the climate  
vulnerability framework

Overview

The ecoregional assessment applied the climate 
vulnerability framework for both freshwater and 
terrestrial realms. The teams readily accomplished the 
development of change scenarios, target vulnerabilities, 
and adaptation strategies during two workshops 
over a 3-month period. For each realm, the expert 
teams prepared two sets of conservation targets and 
corresponding goals for Marxan runs:

1. a set without climate issues in mind (“standard 
runs”), and 

2. an additional set that incorporated their climate 
adaptation strategies (“climate runs”). 

By comparing the results from the two Marxan runs, 
we evaluated the effect of climate adaptation strategies 
on site selection in the ecoregional assessment. 

Teams applied neither a fixed approach nor 
predetermined strategies. Each team decided on 
the most appropriate approach for devising climate 
adaptation strategies depending on the depth and 
breadth of their expertise, an exploration of the nature 
of plausible climate change threats (change scenarios) 
to organisms and ecosystems in their realm, and an 
assessment of corresponding climate vulnerabilities. 
Teams identified areas of overlap (e.g., between 
freshwater and terrestrial realms, between terrestrial 
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ecosystems and species targets), worked together 
to integrate their climate adaptation strategies (e.g., 
freshwater strategies for waterfowl were matched to 
those devised by the terrestrial animal team), and 
examined functional interactions among their targets. 

In the next sections, we summarize the 
strategies identified by the teams and subsequently 
incorporated into Marxan climate runs. Teams 
also recommended climate adaptation strategies to 
further modify site selection through regional site-
selection criteria that cannot be accommodated in 
Marxan algorithms and through local conservation 
site design (see the “Next Steps” section).

Freshwater climate adaptation strategies: Species
In light of a climate change threat, the freshwater 
team re-evaluated freshwater species targets already 
identified for the standard assessment (Howard 
and Carver 2011). Taxonomic groups covered were 
herptiles, fish, waterfowl, aquatic insects, and mollusks. 
Species evaluated were species of concern whose life 
histories in some way depend on continental waters 
and	for	which	sufficient	geographic	data	existed.	

Hydrologic and thermal regime change scenarios by 
riverine, lacustrine, and wetland ecosystem type were 
drawn from the literature (Schindler 2001; Tyedmers 
and Ward 2001; Chu et al. 2003, 2005; Carver and 
Kangasniemi 2006; Peart et al. 2007; Rodenhuis et al. 
2007; Pike et al. 2008a, 2008b). Thermal changes were 
considered generally; that is, usually not in terms of 
an explicit range of temperature change. Hydrologic 
scenarios encompassed either an increase or decrease 
in precipitation, earlier snowmelt, and the possibility 
of an increase in storm events. For river environments, 
scenarios included increased water temperatures, altered 
seasonal hydrograph (e.g., higher peak flows and longer 
periods with low summer flow), increased flooding 
damage, shorter river-ice period, changes in channel 
structure, and increased sedimentation (Table 1). For 
lake habitats, change scenarios considered included 
warmer water temperatures, shorter ice-covered period, 
altered vertical thermal structure (e.g., thermocline 
depth and gradient), and shifted shoreline environments. 
For wetlands, scenarios included reduced wetland 
size and depth and loss of seasonal wetland habitat.

The freshwater team assessed the vulnerability of 
species relative to these moderate-disruption scenarios 
based on knowledge of species life histories (Table 
1; Howard and Carver 2011). Where vulnerability 
was judged to be greatest, species goals were elevated 
(e.g., for 5 out of 27 vertebrate species), unless the 

standard-run goal was already set high (Table 1). 
The evaluation process also allowed for a species to 
be considered as potentially benefiting from climate 
change, with the option of lowering conservation 
goals (one case: Chiselmouth; see Table 1). 

Freshwater climate adaptation strategies:  
Ecological systems 
The freshwater team also evaluated ecological system 
conservation targets; however, for programmatic 
reasons the goals for these systems were not changed 
as part of the ecoregional assessment’s climate 
adaptation strategy. In future assessments, goals 
could incorporate climate adaptation strategies based 
on hydrologic and thermal regimes (Howard and 
Carver 2011). Freshwater system types identified 
by the team as particularly vulnerable were:

•	 rivers	with	snowpack-dominated	hydrographs;	
•	 small-volume	lakes	and	wetlands	(more	subject	to	

warming and evaporation);
•	 hydrologically	isolated	lakes	and	wetlands	(more	

subject to local changes vs. those with large 
watersheds and high-mountain source regions); and

•	 cold-water	regime	aquatic	environments	(such	as	
glacial-melt lakes and streams, and tundra wetlands). 

These ecosystems would warrant the assignment of 
greater conservation goals. 

Terrestrial climate adaptation strategies:  
Ecological systems
In the terrestrial systems assessment, conservation 
targets corresponded to the “ecological system” in the 
International Vegetation Classification (NatureServe 
2009). An ecological system, as used here and defined 
by NatureServe (Comer et al. 2003; Kittel et al. 2011), 
is a dynamic assemblage of plant communities that 
occurs together on the landscape, is tied together by 
similar ecological processes (such as underlying abiotic 
environmental factors or gradients), forms a readily 
identifiable unit at intermediate geographic scales (tens 
to thousands of hectares), and generally persists for 
50 or more years (and so includes seral stages). The 
dynamic nature and defined spatial and temporal scales 
are important attributes of ecological systems relevant 
to the evaluation of climate change vulnerabilities and 
development of adaptive strategies.

For assessments of ecological systems, a standard 
strategy is to set conservation target goals to select a 
substantial portion (e.g., 30%) of each system where it is 
found in good condition (e.g., lack of and distance from 
roads and other human impacts) (Kittel et al. 2011).  
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table 1. Climate vulnerability rating, habitat, vulnerability under change scenarios, and conservation goals for 
selected freshwater species of concern (adapted from Freshwater Analysis Appendix, Table 7, Nature Conservancy 
of Canada, 2010a, and Howard and Carver 2011). Species are selected from most, moderately, and least vulnerable 
species. For some species, specific populations are indicated (in parentheses). Climate vulnerability rating ranged 
from 0 to 5, with 5 being most vulnerable (“–2” indicates a species that may benefit from climate change). Impacts 
for selected change scenarios are given in italics. Goals for standard and climate runs are represented as a percent of 
species occurrences. A standard or climate goal is bolded if greater than the other goal. For species with the highest 
vulnerability ratings (4 or 5), the climate adaptation strategy was to increase the goal from 30% to 50% unless 
already high (50% or 100%). 

Conservation goal 
(% occurrences)

Taxonomic 
group

Species 
(population)

Climate 
vulnerability 

(5 = high)
Habitat Change scenario and impacts Standard Climate

most vulnerable
Amphibian Coastal  

tailed frog  
Ascaphus truei

5 Highly specialized habitat 
requirements: cool, swift, 
permanently flowing streams 
with cobble and anchored 
boulders

Loss of water and higher 
water temperatures; small 
permanent streams may 
become ephemeral:  
Habitat reduction

30 50

Amphibian Western toad 
Bufo boreas

5 Breed in shallow, littoral 
zones of lakes, temporary 
and permanent pools and 
wetlands, bogs and fens; 
tadpoles associated with 
benthic habitats; populations 
in northern British 
Columbia depend on areas 
of high snow accumulation 
lacking permafrost to 
survive through winter

Loss of water with reduced 
precipitation and increased 
temperatures: Habitat 
reduction 
Northern British Columbia 
– reduced winter snowpack: 
Reduced winter survival

30 50

Fish Bull trout 
Salvelinus 
confluentus

5 Depend on cold clear water  
(< 17°C); spawning and 
rearing in small streams

Increased stream temperatures 
(> 17°C): Favouring 
replacement by rainbow trout 

50 50

Fish Arctic grayling 
Thymallus 
arcticus 
(Williston 
Watershed)

4 Spawn in spring in smaller 
tributaries shortly after ice-out

Earlier ice-out: Potential 
emergence before prey 
available; also affected by 
increased temperatures in 
tributaries

30 50

Fish Lake trout 
Salvelinus 
namaycush 

4 Lakes Hypolimnetic volumes in 
small lakes are expected to 
warm and shrink with climate 
change: Habitat reduction; 
warmer water temperatures: 
Delayed spawning

30 50

moderately vulnerable
Fish Sockeye 

salmon 
Oncorhynchus 
nerka 
(x-Fraser)

3 Typically use thermocline in 
lakes as a cold water refuge

Key temperature issue is 
warming in streams: Mostly 
affecting migration routes

50 50

Dragonfly Olive clubtail 
Stylurus 
olivaceus

3 Ponds and marshes rich in 
aquatic vegetation

Sedimentation, prolonged 
low flows, and altered stream 
structure: Populations 
sensitive to alteration of 
habitats

30 30
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An additional criterion in target site selection is to 
represent the variety of the target’s physiographic 
environments. This is accomplished by setting goals 
for topographically designated “ecological land units” 
(based on discrete elevation ranges, slopes, and 
aspects) (Kittel et al. 2011). Together, these criteria 
select target sites across the horizontal breadth of an 
ecological system’s distribution and by the variety of its 
topographic settings—a strategy that aims to capture 
the target’s ecological and genetic variability over major 
environmental gradients (Kittel et al. 2011). 

The terrestrial team re-evaluated this approach in 
light of climate change concerns. Their strategy was 
to set conservation goals for the near-term scenario 
to preserve currently intact ecosystems by their 
ecological land units (the standard approach) and 
to use the same criteria for the long-term scenario 
(70–100 years on), when the magnitude of climate 
changes could severely disrupt these ecosystems 
(Kittel et al. 2011). The basis for this strategy is that 
landscapes selected for current physical integrity 
and to capture the domain’s physiographic diversity 
(i.e., ecological land unit diversity) may offer the 
best prospect for intact ecological and evolutionary 

processes and for future development of new, 
functioning ecosystems (Cowling et al. 1999; Beier and 
Brost 2010). As “enduring landscapes,” these physical 
landscapes are largely defined by their topographic 
character and so are not sensitive to climate change 
(unless significant changes in their geomorphology 
result from changes in climate). Capturing the 
variety of ecological land units present as a way of 
providing opportunities for future habitats under a 
changing climate was also employed in an ecoregional 
assessment conducted by Neely et al. (2001).

Under this strategy, standard goals to capture 
physiographic diversity were maintained when 
considering climate change but their relevance 
rephrased. Goals were set to select both areas with high 
heterogeneity and those with low heterogeneity. As a 
climate adaptation strategy, selecting heterogeneous 
terrain offers the opportunity for local species 
movement within drainages and with elevation as 
microclimates change, whereas more homogeneous 
areas may ease lateral movement following regional 
shifts in climate (e.g., flat terrain of the Fraser Plateau 
may facilitate native grassland colonization from the 
south under a warming scenario) (Kittel et al. 2011). 

Conservation goal 
(% occurrences)

Taxonomic 
group

Species 
(population)

Climate 
vulnerability 

(5 = high)
Habitat Change scenario and impacts Standard Climate

least vulnerable

Bird Canvasback 
Aythya 
valisineria

2 Depend on deep lakes Deep lakes more stable 
through changing climate; 
though for increasing 
temperatures: Could affect 
food sources

30 30

Fish White 
sturgeon 
Acipenser 
transmontanus 
(Middle and 
Upper Fraser 
River)

1 Large rivers; usually begin 
spawning after peak spring 
discharge; eggs and larvae 
mostly in side channels

Large rivers relatively 
insensitive; peak flows: Might 
help spawning; though for 
lower low flows in summer: 
Could affect habitat in side 
channels

100 100

Fish Chiselmouth 
Acrocheilus 
alutaceus

–2 Spawn early summer, egg 
development temperature-
sensitive; adults prefer deeper, 
higher velocity runs and 
glides; juveniles prefer side 
channels with low velocities 
and dense vegetation 

For warmer temperatures: 
Potential for increased habitat 
(currently limited by lack of 
warm water habitats)

50 30

table 1. (Continued)
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For future assessments, the terrestrial systems team 
proposed the following:

•	 to	increase	target	goals	above	those	of	the	standard	
approach (30% of mapped area) as a stronger strategy 
under the severe-disruption change scenario;

•	 to	include	a	minimum	size	criterion	in	target	
site selection to allow for spatial processes such 
as disturbance (i.e., the “minimum dynamic 
area,” Pryce et al. 2006; Leroux et al. 2007) and 
to increase these size criteria in Marxan climate 
runs (e.g., because of the likelihood of increased 
fire frequency under a warming, drying scenario; 
Johnson and Larsen 1991) (Kittel et al. 2011); and

•	 to	favour	selection	of	populations	at	the	northern	
limits of key species where these limits are well 
within the ecoregional assessment domain 
(e.g., for ponderosa pine and Douglas-fir) in 
consideration of ecological change scenarios 
with poleward shifts of, for example, forest 
tree species under a warming scenario (e.g., 
Hamann and Wang 2006) (Kittel et al. 2011). 

Terrestrial climate adaptation strategies:  
Vertebrate species 
The terrestrial animal species team re-evaluated target 
vertebrate species (herptiles, birds, and mammals of 
concern) and goals with respect to a climate change 
threat. Climatological, hydrological, and ecological 
change scenarios (Table 2) were guided by observational 
and modelling studies (Koteen 2002; Chan-McLeod 
and Bunnell 2003; Root et al. 2003; Bunnell et al. 2004; 
Bunnell and Squires 2005; Hamann and Wang 2006; 
Murdock et al. 2007; Moritz et al. 2008; Pike et al. 
2008a, 2008b; Seip 2008; Spittlehouse 2008).1 The team 
developed climate adaptation strategies for moderate-
disruption change scenarios for both target species and 
habitats (“focal ecosystems”) (Horn 2011). Implemented 
strategies include

•	 adding	climate	vulnerability	of	species	or	habitats	as	
a rationale for including a species as a conservation 
target (e.g., Great Basin spadefoot, American pika) 
or, in a few cases, eliminating from consideration 
species evaluated as likely to benefit from climate 
change (e.g., Lazuli Bunting); 

•	 for	species	considered	vulnerable	to	climate,	
increasing their goals or goals of their corresponding 
focal ecosystems (decreasing goals if less vulnerable, 

provided the species is not of concern due to other 
causes); and

•	 placing	an	emphasis	on	higher	elevation	and	more	
northern target goals (under a generalized change 
scenario of rising temperatures) (Horn 2011). 

Table 2 presents vertebrate species climate vulnerabilities 
and corresponding adaptation strategies for selected 
change scenarios. 

Terrestrial climate adaptation strategies:  
Plant species 
The plant species team considered many species of 
concern to be highly vulnerable to climate change 
because of current restricted ranges and potentially 
limited dispersal capabilities. However, because so little 
is known about physiological and habitat requirements 
of rare species and because of climatic uncertainties 
(especially with respect to precipitation), the team 
concluded	it	would	be	difficult	to	devise	species-specific	
strategies to reduce their vulnerability. Instead, the team 
implemented more generic strategies to reduce rare plant 
vulnerability to climate change. These strategies were 
to conserve populations in situ to the extent underlying 
habitat conditions will allow and to maintain a diversity 
of sites (e.g., ecological land units) within each ecosystem 
to provide as broad a mix of future potential habitat 
conditions as possible. The first was accomplished by 
selecting all current element occurrences (sites with 
documented populations), the same as their standard 
goal. The second strategy relied on the breadth of sites 
selected by terrestrial ecological system and vertebrate 
habitat goals as the best opportunity for plant species 
populations to persist in situ for some duration or to 
disperse to new environments over the longer term 
(under a scenario of major geographic shifts in habitats). 

Effect of climate adaptation strategies:  
Comparison of Marxan outputs
To evaluate the effect that considering climate change 
as a threat had on site selection, we compared Marxan 
output statistics from multiple standard and climate 
runs. A single Marxan run iteratively produces an 
optimal set of sites, or a “solution,” to meet target 
goals. However, because a random component to the 
selection of planning units exists in any one solution, 
single solutions for different sets of targets and goals 
are not necessarily comparable. Instead, we tracked 
how often a planning unit was selected in 500 runs. 

1 Additional source: Morgan, D.G., R. Walton, and D. Fraser. 2009. Assessment of the impact of climate change on terrestrial wildlife in British 
Columbia. Future Forest Ecosystem Initiative, B.C. Ministry of Forest and Range, and B.C. Ministry of Environment, Victoria, B.C. Unpublished draft.
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table 2. Climate vulnerabilities and corresponding strategies for terrestrial vertebrates (adapted from Horn 2011, 
Table 5). Change scenarios include direct and indirect climatic impacts on species (see text and Horn 2011 for 
supporting references). Climate adaptation strategies included increasing Marxan site-selection goals for species 
and associated habitats (“focal ecosystems”) and providing for corridors and buffers in conservation site design (see 
sections on “Terrestrial climate adaptation strategies: Vertebrate species” and, on p. 27, “Landscape- and site-level 
climate adaptation strategies”; Horn 2011).

Change scenarios Example impact Vulnerable species Climate adaptation 
strategies

Loss of habitat structure at 
stand and landscape scales 

Old forest structure 
altered by beetle kill and 
associated salvage logging

Species dependent on old/
mature forests (e.g., mule 
deer, pine marten, fisher, bats)

Target goals increased 
for vulnerable species 
and focal ecosystems

Change in composition of 
ecological communities

Reduced forage, particularly 
for specialist species

Clark’s Nutcrackers and 
grizzly bears vulnerable to 
loss of whitebark pine

Target goals increased for 
vulnerable focal ecosystems 
to buffer against change

Red squirrels and Red 
Crossbills vulnerable to 
reduced cone supply due to 
loss of mature/old pine forests

Target goals increased for 
focal ecosystems that provide 
alternative food sources

Increases in species that thrive 
under climate change may be 
detrimental to other species

Caribou vulnerable to 
increased number and 
proximity of deer and 
moose and associated 
increases in wolves

Target goals decreased 
for species likely to be 
“winners” under climate 
change, or these species 
not included as targets

Change in hydrology due 
to change in precipitation, 
evapotranspiration, and snow 
accumulation and melt times 

Variability in peak and low 
flows; impacts on water levels 
of wetlands, lakes, streams

Wetland-dependent species 
such as amphibians, Eared 
Grebe, Sandhill Crane, Black 
Tern, and Long-billed Curlew 

Target goals increased 
for species strongly 
associated with wetlands 
and riparian areas and for 
focal ecosystems such as 
small forested wetlands

Change in timing of life stage 
events and habitat use 

Early emergence from 
winter habitats; change in 
timing of winter range use

Sandhill Cranes and 
Common Loons arriving 
earlier and departing later 
from summer nesting areas

Target goals increased 
for vulnerable species

Shifts in climatic envelopes 
of habitats (altitudinal and 
latitudinal) 

Ecosystem latitudinal shifts 
in response to warming 
temperatures; warming of 
high-elevation habitats

Alpine species (hoary 
marmot, American pika, 
White-tailed Ptarmigan)

Ensure connectivity at 
different spatial scales during 
conservation site design

Loss of important 
habitat “hotspots”

Species aggregations (e.g., 
“Important Bird Areas”)

Buffer biodiversity hotspots 
through increased target goals 
and conservation site design

This metric, reported as the percentage of runs, is 
referred to as the “summed solution” (Loos 2011) 
(Figures 1a–1d; see Maps 18, 21, 27, and 29 from Nature 
Conservancy of Canada 2010b). 

To evaluate the response of sites with greatest 
conservation value and suitability, we focussed on 
planning units selected at least 60% of the time— 
we refer to these as “most frequently selected” sites. 

In addition, currently protected areas were set to 
always be selected in Marxan runs because such 
areas would be included as a matter of course in 
an ecoregional conservation plan (Loos 2011). 
Consequently, our analysis further focusses on non-
protected, frequently selected sites where changes in 
targets and goals can have an impact. Given their value 
and unprotected status, these sites are conservation 
priorities—we refer to these as “high-priority” sites.
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figure 1. Summed solutions for: freshwater (a) standard and (b) climate runs; and terrestrial (c) standard and 
(d) climate runs. Legend is by deciles of percent selection frequency, with darker shading indicating greater selection 
frequency. Inset maps show the location of the British Columbia Central Interior Ecoregional Assessment’s freshwater 
(in a, b) and terrestrial domains (in c, d) relative to the rest of Canada. For full-resolution versions of these maps,  
see Maps 21 (a), 29 (b), 18 (c), and 27 (d) from Nature Conservancy of Canada, 2010b.

a) b)

c) d)
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Results

Impact of considering climate on the number  
of selected planning units

In both standard and climate summed solutions, a large 
portion of freshwater and terrestrial planning units was 
selected either most of the time (> 90% frequency) or 
rarely (≤ 20% of the time) (Figures 2a, 2b). Freshwater 
and terrestrial summed solutions had similar responses to 
the inclusion of climate adaptation strategies. Compared 
to standard runs, climate-adaptation criteria shifted these 
distributions to the higher end—with more sites being 
selected more frequently. Strong increases were evident 
in the number of most frequently selected freshwater and 
terrestrial planning units (selected ≥ 60% of the time) 
(Figure 3), dominated by increases in sites selected 91–
100% of the time (Figures 2a, 2b). For both freshwater and 
terrestrial solutions, the result was that roughly one-third 
of all planning units were selected 91–100% of the time in 
the climate run, up from one-fifth in the standard run.

Character of priority sites

These shifts occurred primarily through an expansion 
of the standard solution’s most frequently selected 
sites (Figure 1a vs. 1b, 1c vs. 1d, Figures 4a, 4b)—often 
enlarging areas around species element occurrences 
and currently protected areas (e.g., Figures 4c, 4d). This 
expansion drew from sites that were less favoured in the 
standard solution, shown by decreases in the number of 
units in 11–40% selection frequencies (Figures 2a, 2b). In 
contrast, little change occurred in the number of planning 
units in the lowest selection frequencies (0–10%) for both 
freshwater and terrestrial climate runs (Figures 2a, 2b) 
as these were areas with the lowest suitability (see Maps 
13 and 14 from Nature Conservancy of Canada, 2010b). 
In general, then, the climate runs picked less favoured 
sites to meet higher target goals but continued to avoid 
the least desirable (most impacted) locations. For both 
freshwater and terrestrial solutions, implementation of 
climate adaptation strategies also increased the size and 
connectivity and reduced the fragmentation of high-
priority sites across the domains (Figure 1, Figure 4a, 4b). 

Overlap of solutions

The climate solution’s solid footing in, and expansion of, 
standard-solution priority sites was most prominent in 
the terrestrial domain—nearly all high-priority planning 
units (selected ≥ 60% of the time and not in currently 
protected areas) in the standard solution were included 
in those for the climate solution (Figure 5). This was also 
illustrated in the mapped differences between terrestrial 
standard and climate solutions (see Map 28 from Nature 

Conservancy of Canada, 2010b; also in Horn 2011). The 
domain was dominated by areas more often selected in 
the climate solution than the standard solution (orange 
and dark red areas in Map 28). Only a few of the standard 
solution’s priorities were given up in the climate solution 
(blue areas; e.g., in Fraser Valley the vicinity of Quesnel). 

By comparison, in the freshwater domain, roughly 
one-third of the standard solution’s high-priority 
watersheds (both by number and area) were not included 
in climate solution priorities (Figure 5). The difference 
map between freshwater standard and climate runs (see 
Map 30 from Nature Conservancy of Canada, 2010b) 
also reflected this pattern, with a number of watersheds 
favoured in one run and not the other (e.g., in the Upper 
Peace River ecological drainage unit). Still, a fair portion 
(one-third by number, half by area) of the climate 
solution’s high-priority watersheds was carried along from 
the standard solution.

Geographic dependence
The domain-wide pattern of more high-priority planning 
units selected in climate solutions than in standard 
solutions also held for all ecoprovince subunits in the 
terrestrial assessment (Figure 6b) and all ecological 
drainage units in the freshwater assessment (not shown). 
The pattern was nearly universal for drainage units in terms 
of the total area of high-priority watersheds (Figure 6a). 

The response to climate-adaptation criteria tended 
to be stronger in northern drainage units (Figure 6a) 
and ecoprovince subunits (Figure 6b) than for their 
more southerly counterparts. This was more evident 
in a zonal aggregation of drainage units (Figure 7) 
and at the ecoprovince level, with a greater response 
in the Sub-Boreal versus Central Interior (Figure 
8a). In addition, a south-to-north shift was evident 
in the terrestrial assessment with Central Interior 
planning units preferentially selected over Sub-Boreal 
ones in the standard solution and the reverse in the 
climate solution, with Sub-Boreal sites preferred 
over those in the Central Interior (Figure 8b).

A north–south selection bias was also apparent 
in the difference map between freshwater standard 
and climate solutions (see Map 30 from Nature 
Conservancy of Canada, 2010b). Watersheds strongly 
favoured in the standard solution but not the 
climate solution tended to be in southerly ecological 
drainage units (e.g., Middle Fraser, Thompson) 
and those favoured in the climate solution over the 
standard solution tended to be in northerly drainage 
units (e.g., Upper Peace, Upper Skeena), though 
with a fair bit of variability within these units.
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figure 2. Number of (a) freshwater and (b) terrestrial planning units versus percent frequency selected in standard 
and climate summed solutions for the British Columbia Central Interior. Bars are labelled with percent of freshwater 
or terrestrial planning units. Planning units include those in currently protected areas.
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figure 4. Detail of terrestrial summed solutions for the northwest corner of the ecoregional assessment area for 
(a) standard and (b) climate solutions, compared to (c) plant element occurrences and (d) currently protected areas. 
Maps (a) and (b) are details of Figures 1c and 1d, respectively, and use the same colour scale. Map (c) is from Map 6 in 
Nature Conservancy of Canada, 2010b. Map (d) is from Map 3 in Nature Conservancy of Canada, 2010b.

figure 3. Percent of freshwater and terrestrial planning units selected at least 60% of the time in standard and 
climate summed solutions. Labels on climate bars give the percent change from standard to climate summed 
solutions. Planning units include those in currently protected areas.

Freshwater

61
86

Domain
TerrestrialPl

an
n

in
g

 u
n

it
s 

se
le

ct
ed

 ≥
 6

0%
 (

%
) 

0

10

20

30

40

50
% Change: standard
to climate solutions

Standard

Climate

c) Plant element occurrences d) Protected areas

a) Standard summed solution b) Climate summed solution



22 JEM — VoluME 12, NuMbEr 1

kittel, howard, horn, kittel, fairbarns, and iachetti

figure 5. The degree of overlap between standard and climate high-priority planning units (selected ≥ 60% 
of the time and not in currently protected areas) for freshwater and terrestrial summed solutions (as percent of 
corresponding domain).
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A shift was also evident in drainage basin position 
in the selection of high-priority watersheds in standard 
versus climate solutions. The number and area of 
high-priority watersheds substantially increased in 
headwaters and tributaries in the climate solution over 
the standard solution, whereas a decrease or little change 
was evident in mainstem and coastal watershed types 
(as defined by Howard and Carver 2011) (Figure 9). 
This retreat upstream was coupled with the northward 
tendency in this assessment.

Summary and discussion

Results overview

In summary, the consideration of climate change in 
determining site-selection goals had a broad impact 
on the ecoregional assessment. Specific consequences 
for the assessment included the following.

•	 Implementation	of	climate	adaptation	strategies	
affected both terrestrial and freshwater assessments, 
influencing them in similar ways.

•	 A	greater	number	of	high-priority	planning	units	
was selected in climate solutions versus standard 
solutions. Likewise, a greater total area of watersheds 
was selected by the climate solution in the freshwater 
assessment.

•	 Climate	solutions	generally	built	on	units	selected	in	
the standard solutions, resulting in a large overlap, 
as opposed to developing an essentially different 
solution. Nearly all standard solution units were in 
the climate solution for the terrestrial assessment, 
whereas in the freshwater assessment a substantial 
amount (one-third) was not carried forward. 

•	 To	build	on	the	standard	solution,	climate	solutions	
selected less favoured sites to meet higher target 
goals but, as with the standard solutions, also 
avoided least desirable locations.

•	 Climate	solutions	increased	the	size	and	
connectivity of high-priority areas, reducing 
fragmentation. This was often accomplished by 
expanding standard-run selected sites to include 
those adjacent to conservation element occurrences 
and currently protected areas, increasing site 
buffering.

•	 The	domain-wide	increase	in	number	and	total	
area of high-priority planning units was reflected 
at the level of ecoprovinces and their subunits and 
at the level of freshwater ecological drainage units, 
as opposed to seeing increases in some regions and 
decreases in others. Nonetheless, the increase in 
number and total area of high-priority planning 
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figure 6. The distribution of (a) the area of high-priority watersheds by ecological drainage unit and (b) the number 
of terrestrial planning units by ecoprovince subunits. Plots compare distributions in standard versus climate summed 
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northerly Sub-Boreal Interior.

a)

b)
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figure 8. The geographic distribution of high-priority terrestrial planning units between Central Interior and Sub-
Boreal ecoprovinces for standard and climate summed solutions. Graphs (a) and (b) have the same information: 
arranged in (a) to show the change within an ecoprovince due to the consideration of climate and in (b) to show 
differences between ecoprovinces for standard and then climate solutions. Labels on bars in (a) give percent change 
from standard to climate solutions and in (b) give percent difference from Central to Sub-Boreal Interior. 

figure 7. The area of high-priority watersheds by ecological drainage unit latitudinal zone for standard and climate 
summed solutions. Ecological drainage unit latitudinal zones are as indicated in Figure 6a, with the Middle Fraser 
making up the central zone. Labels on climate bars give the percent change from standard to climate solutions. 
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units tended to be stronger in the northern 
portions of both terrestrial and freshwater domains. 

•	 The	freshwater	climate	solution	also	favoured	
watersheds in headwaters and tributaries over 
mainstem and coastal watersheds.

Discussion: No-regrets outcomes for  
climate adaptation

Inclusion of climate adaptation strategies in the British 
Columbia Central Interior Ecoregional Assessment 
substantially modified the regional conservation plan 

a) b)
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over one derived using the standard approach. This was 
in response to conservative changes in site-selection 
criteria, mostly through moderate increases in goals for 
the most climate-vulnerable species while not altering 
ecological system goals.

Terrestrial and freshwater planning outcomes were 
no-regrets solutions; they increased the number, size, 
and connectivity of high-priority sites and largely 
included and built upon sites that would have been 
selected without criteria based on climate change (i.e., 
in standard solutions). In addition to selecting highest-
quality sites, climate solutions drew more on moderately 
favourable sites, often buffering critical species 
occurrences and existing protected areas. To the extent 
that not all high-priority sites in standard solutions 
were selected in climate solutions, merging both sets 
of sites would further support a no-regrets strategy. 

An alternative no-regrets strategy could be to 
simply increase goals across all conservation targets. 
Climate adaptation site selection based on the climate 
vulnerability of conservation targets differs from 
such an across-the-board approach in two ways. 

1. Vulnerability-based site selection gives more weight 
to site requirements of species and ecosystems 
considered most vulnerable to climate change.

2. With climate vulnerability as an added rationale for 
selecting conservation targets, site-selection criteria 
are expanded to incorporate the conservation goals 
of these additional targets.
In addition, vulnerability-based strategies are 

guided by generalized change scenarios. Latitudinal 
and elevational environmental shifts in these scenarios 
will be reflected in site-selection biases, as seen here 
in the modest bias toward more northern areas and to 
higher reaches of drainages under a warming scenario. 
In contrast, we expect site selection based on across-
the-board increases to be geographically neutral or 
to reflect biases in the distribution of available sites 
(e.g., expansion into less-favourable areas might give 
a low-elevation bias as selection moves from remote, 
intact areas to more human-influenced zones). 

By incorporating climate adaptation strategies, 
the ecoregional assessment provided for larger, less 
fragmented, more buffered, and more connected 
conservation sites in a manner that addresses what 
is known of the climate vulnerability of conservation 
targets. This climate adaptation, no-regrets 
regional plan sets the stage for local conservation 

site design and management plans whose goals 
are to reduce species and ecosystem vulnerability 
to multiple threats including climate change. 

Improving the process

Implementation of the framework can be improved  
in regard to: 

•	 the	breadth	and	nature	of	scenarios	we	generated	
and applied,

•	 gaps	in	our	understanding	of	climate	sensitivities	
and adaptive capacities of target organisms and 
ecosystems, and

•	 the	degree	to	which	we	considered	interactions	
with other stressors. 

Improvements can be instituted in the near term by 
expanding each team’s knowledge base of existing 
information on vulnerabilities, threat synergisms, 
and alternative strategies through external review and 
expert elicitation protocols. Second, in the longer term, 
we can introduce improvements through adaptive 
planning: revisiting change scenarios, conservation 
target vulnerabilities, and climate adaptation 
strategies as our understanding of species and 
ecosystems improves through monitoring, research, 
and experience in implementing strategies in local 
conservation site design.

Next steps

We developed additional climate adaptation assessment 
procedures and strategies for implementation in 
regional and local conservation plans. Although not 
applied here, we recommend their consideration 
in other ecoregional assessments. These cover 
additional strategies for inclusion in Marxan site-
selection criteria, regional portfolio review, and local 
conservation site design. 

Additional Marxan site-selection strategies 

Although inclusion of the climate adaptation strategies 
in the ecoregional assessment led to substantial 
changes in freshwater and terrestrial assessments, 
not all strategies developed by the expert teams were 
implemented in Marxan runs for programmatic 
reasons (Howard and Carver 2011; Kittel et al. 2011). 
We recommend that these strategies be considered 
in other regional assessments. Summarized, 
these recommendations are to incorporate:
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figure 9. (a) The number and (b) area of high-priority watershed distribution by river ecosystem type (based on 
drainage basin position; Howard and Carver 2011) for standard and climate summed solutions. Labels on climate 
bars give the percent change from standard to climate solutions. 
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•	 Freshwater	ecosystem	climate	adaptation	strategies	
based on hydrologic and thermal regimes. For the 
British Columbia Central Interior, river ecosystem 
types identified as particularly vulnerable were those 
with snowmelt-dominated flow regimes or cold-
water regimes. Particularly vulnerable lakes and 
wetlands were those hydrologically isolated, with 
small volumes, or in cold-water regimes.

•	 Terrestrial	ecosystem	climate	adaptation	 
strategies that:
– Increase ecosystem and physical landscape target 

goals as a stronger response (than originally 
implemented) to severe change scenarios. 

– Consider climate-related disturbance regime 
change scenarios (e.g., increased fire frequency) 
through implementation of a minimum dynamic 
area size criterion in Marxan runs and increasing 
this minimum size as a climate adaptation strategy.

– Favour selection of sites at the northern limits of 
specific species as a strategy considering ecological 
change scenarios of poleward vegetation shifts with 
warming.

We also recommend that ecoregional assessments 
include climate adaptation strategies for terrestrial 
invertebrate species of concern (Horn 2011) and 
ecosystem services. Regarding the latter, site selection 
for the conservation of regional ecosystem services was 
also a core component of the standard runs (Chan et al. 
2011). An ecosystem-services expert team developed 
climate adaptation strategies, although these were also 
not incorporated for programmatic reasons.2 These 
strategies were for carbon storage, timber production, 
freshwater provisioning, flood mitigation, and recreation. 
The team considered climate change interactions with 
other threats such as mountain pine beetle infestation, 
forest fire risk, and land use change.

Regional site selection review

After an optimal set of sites was generated for the 
ecoregional assessment from standard Marxan runs, 
expert teams reviewed the selection and manually 
added critical features and complementary criteria 
(e.g., connecting isolated sites) not included in 
the Marxan analysis (Loos 2011; see Maps 17 and 
20 from Nature Conservancy of Canada, 2010b). 
Although not undertaken here, a similar review 

of climate runs could incorporate additional, or 
augment existing (Marxan-implemented), climate 
adaptation strategies. These could be, for example, 
to further enhance buffers and connectivity at the 
ecoregional level (e.g., Rose and Burton 2011; see Map 
31 from Nature Conservancy of Canada, 2010b). 

Landscape- and site-level climate 
adaptation strategies

The ecoregional assessment is intended to be 
a decision-support tool for local conservation 
site design and management plans (Iachetti and 
Howard 2011). To this end, we made climate 
adaptation recommendations for implementing the 
regional plan at finer scales (Horn 2011; Howard 
and Carver 2011; Kittel et al. 2011). These are:

•	 For	freshwater	species	and	ecosystems	–
– Enhance landscape connectivity between breeding 

and feeding sites (e.g., for amphibians and 
migratory fish).

– Restore degraded wetlands, rivers, lake shores, 
and other aquatic habitats (to enhance ecological 
integrity and site suitability as a climate adaptation 
strategy).

– Restore flow, water level, and temperature 
regimes in managed rivers and lakes (e.g., for 
salmon: Nelitz et al. 2007).

•	 For	terrestrial	ecosystems	–
– In local conservation site design, consider 

minimum dynamic area in establishing the size 
of sites and increase this minimum size as a 
climate adaptation strategy relevant to scenarios of 
increasing climate-related disturbance (e.g., fires, 
wind-throw, flooding).

•	 For	terrestrial	vertebrate	species	–
– Increase buffers and connectivity in conservation 

site design—with these considered at different 
spatial scales (to allow for within-drainage, 
elevational, and regional movement) and time 
frames (e.g., to connect seasonal habitats across 
landscapes) (Table 2).

– Duplicate features within sites to provide 
redundancy against a loss of habitat types under 
climate change (including losses from climate-
related changes in disturbance regimes). 

2 Hoshizaki, L. and K. Chan. 2009. Climate change in the Central Interior of British Columbia: Impacts on ecosystem services and adaptation 
strategies. Nature Conservancy of Canada, Victoria, B.C. Unpublished Climate Assessment Report. 
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– Prioritize conservation sites that have intact 
ecological processes and that are structurally and 
compositionally diverse—with the objective of 
supporting ecosystem resistance.

•	 In	addition,	for	plant	and	animal	species	restricted	in	
range and capable of only short-distance dispersal –
– Give higher site-selection priority to landscapes 

with greater microhabitat diversity to increase the 
chance that poor dispersers can re-establish under 
shifting microsite conditions within the same 
location (e.g., Pyke 2005).

– Anticipate the need to assist species at greatest 
risk of extirpation or extinction to colonize new 
locations as current sites lose their ability to 
support these species (McLachlan et al. 2007; 
Hoegh-Guldberg et al. 2008).

•	 And	overall,	in	local	conservation	site	design	and	
management plans –
– Implement monitoring and research programs 

to observe and understand how species and 
ecosystems change. Initiate this task from the onset 
to maximize the length of record.

– Incorporate adaptive management protocols to 
update conservation plans in light of observed 
change and new insights for climate adaptation 
(Williams et al. 2007; Keith et al. 2011).

Conclusion 

Modification of the ecoregional assessment process 
to incorporate climate adaptation strategies was 
straightforward (applying standard conservation 
concepts) and readily accomplished (through expert 
teams). Implemented for the British Columbia Central 
Interior Ecoregion, the result was a set of site-selection 
solutions that were easily interpretable (increasing site 
number, size, and connectivity) and that met goals to 
devise regional strategies to cope with climate change 
uncertainty. Climate adaptation strategies were based 
on established knowledge of the climate vulnerability of 
conservation targets and were independent of specific 
regional climate and ecological projections. Inclusion 
of these strategies substantially modified the regional 
conservation plan in ways that complemented rather than 
replaced one using the standard approach. 

To develop these climate adaptation strategies for 
the regional conservation assessment, we integrated 
scenario generation, vulnerability assessment, and 
no-regrets approaches. Faced with climatic and 
ecological uncertainty, these approaches gave us the 

framework to understand these uncertainties, to allow 
for uncertainty in designing conservation strategies, and 
to reduce the effects of uncertainty in these strategies. 
We implemented this framework with expert teams 
composed of conservation practitioners and scientists. 
Vulnerability of conservation target species and 
ecosystems was assessed relative to qualitative change 
scenarios that spanned moderate near-term to severe 
long-term climate-driven environmental disruption. 
These were derived by visualizing expected as well as 
less probable but plausible futures. We synthesized 
knowledge of target vulnerabilities to generate a range 
of possible outcomes for species and ecosystems that the 
regional conservation plan had to address. To reduce 
these vulnerabilities, we constructed climate adaptation 
strategies for the selection of conservation sites. These 
strategies were guided by a no-regrets objective—such 
strategies lower uncertainty in conservation action as they 
benefit conservation targets regardless of how climate 
change occurs. Strategies that focussed on near-term 
planning horizons included adding climate vulnerability 
as a rationale for listing a species as a conservation target, 
increasing site-selection goals for vulnerable species 
and habitats, and favouring higher-elevation and more 
northern target goals. Long-term strategies emphasized 
the conservation of physical landscapes. Although limited 
by our understanding of the vulnerability and adaptive 
capacity of species and ecosystems, the vulnerability-
based framework generated climate adaptation 
strategies that make sense in the face of climatological 
and ecological uncertainty, are easy to implement, and 
are consistent with current conservation practice. 

Although limited by our understanding 
of the vulnerability and adaptive 

capacity of species and ecosystems, the 
vulnerability-based framework generated 

climate adaptation strategies that 
make sense in the face of climatological 

and ecological uncertainty, are easy 
to implement, and are consistent with 

current conservation practice. 



29JEM — VoluME 12, NuMbEr 1

vulnerability-based strategy to incorporate climate change in conservation planning

Acknowledgements
Many thanks to Sarah Loos and Dušan Markovic who 
managed Marxan runs, data analysis, and mapping. We 
are also grateful to Carmen Cadrin, Jennifer Burleigh, 
Andrew Harcombe, Nancy-Ann Rose, Trevor Murdock, 
Lara Hoshizaki, and other members of the British 
Columbia Central Interior Ecoregional Assessment 
Freshwater Team, Terrestrial Animal, Plant, and Systems 
teams, Ecosystem Services Team, and Climate Change 
Working Group for their key contributions to this 
work. Thanks to anonymous reviewers whose valuable 
comments improved this article. Lastly, we would like 
to thank the British Columbia Ministry of Forests, 
Lands and Natural Resource Operations, B.C. Ministry 
of Environment, the Fraser Salmon and Watersheds 
Program, GeoConnections, and the McGeachy 
Foundation for their support of the British Columbia 
Central Interior Ecoregional Assessment.

References

Allison, I., N.L. Bindoff, R.A. Bindschadler, P.M. Cox, 
N. de Noblet, M.H. England, J.E. Francis, N. Gruber, 
A.M. Haywood, D.J. Karoly, G. Kaser, C. Le Quéré, 
T.M. Lenton, M.E. Mann, B.I. McNeil, A.J. Pitman, S. 
Rahmstorf, E. Rignot, H.J. Schellnhuber, S.H. Schneider, 
S.C. Sherwood, R.C.J. Somerville, K. Steffen, E.J. Steig, 
M. Visbeck, and A.J. Weaver. 2009. The Copenhagen 
diagnosis: Updating the world on the latest climate 
science. The University of New South Wales Climate 
Change Research Centre, Sydney, Australia. 

Anderson, K. and A. Bows. 2011. Beyond “dangerous” 
climate change: Emission scenarios for a new world. 
Philosophical Transactions of the Royal Society A 
369:20–44. DOI:10.1098/rsta.2010.0290.

Araújo, M.B., M. Cabeza, W. Thuiller, L. Hannah, and 
P.H. Williams. 2004. Would climate change drive species 
out of reserves? An assessment of existing reserve-
selection methods. Global Change Biology 10:1618–1626. 
DOI:10.1111/j.1365-2486.2004.00828.x.

Ashfaq, M., L.C. Bowling, K. Cherkauer, J.S. Pal, and N.S. 
Diffenbaugh. 2010. Influence of climate model biases 
and daily-scale temperature and precipitation events 
on hydrological impacts assessment: A case study of 
the United States. Journal of Geophysical Research 115, 
D14116. DOI:10.1029/2009JD012965.

Bachelet, D., R.P. Neilson, J.M. Lenihan, and R.J. Drapek. 
2001. Climate change effects on vegetation distribution 
and carbon budget in the United States. Ecosystems 
4:164–185. DOI:10.1007/s10021–001–0002-7.

Ball, I.R., H.P. Possingham, and M. Watts. 2009. 
Marxan and relatives: Software for spatial conservation 
prioritisation. In: Spatial conservation prioritisation: 
Quantitative methods and computational tools. A. 
Moilanen, K.A. Wilson, and H.P. Possingham (editors). 
Oxford University Press, Oxford, U.K. pp. 185–195.

Beier, P. and B. Brost. 2010. Use of land facets to plan for 
climate change: Conserving the arenas, not the actors. 
Conservation Biology 24:701–710. DOI:10.1111/j.1523-
1739.2009.01422.x.

Botkin, D.B., H. Saxe, M.B. Araújo, R. Betts, R. Bradshaw, 
T. Cedhagen, P. Chesson, M.B. Davis, T.P. Dawson, J. 
Etterson, D.P. Faith, S. Ferrier, A. Guisan, A. Skjoldborg, 
D.H. Hansen, P. Kareiva, M.C. Loehle, M. New, F. Skov, 
M.J. Sobel, D. Stockwell, and J-C. Svenning. 2007. 
Forecasting effects of global warming on biodiversity. 
BioScience 57(3):227–236. DOI:10.1641/B570306.

Brook, B.W., N.S. Sodhi, and C.J.A. Bradshaw. 2008. 
Synergies among extinction drivers under global 
change. Trends in Ecology and Evolution 23:453–460. 
DOI:10.1016/j.tree.2008.03.011.

Bunnell, F.L. and K.A. Squires. 2005. Evaluating potential 
influences of climate change on historical trends in bird 
species. B.C. Ministry of Environment, Victoria, B.C. 
http://www.wildlifebc.org/UserFiles/File/Climate&Birds 
.pdf (Accessed April 2011).

Bunnell, F.L., K.A. Squires, and I. Houde. 2004. 
Evaluating effects of large-scale salvage logging for 
mountain pine beetle on terrestrial and aquatic 
vertebrates. Natural Resources Canada. Canadian 
Forest Service, Victoria, B.C. Mountain Pine Beetle 
Initiative Working Paper 2004-2.

Carroll, A.L., J. Régnière, J.A. Logan, S.W. Taylor, B. Bentz, 
and J.A. Powell. 2006. Impacts of climate change on range 
expansion by the mountain pine beetle. Natural Resources 
Canada, Canadian Forest Service, Pacific Forestry 
Centre, Victoria, B.C. Mountain Pine Beetle Initiative 
Working Paper 2006-14. http://warehouse.pfc.forestry.ca/
pfc/26601.pdf (Accessed April 2011).

Carver, M. and B. Kangasniemi. 2006. How will BC’s 
aquatic environments change under IPCC climate 
change projections? B.C. Ministry of Environment, Water 
Stewardship Division, Victoria, B.C. Presentation.

Chan, K., L. Hoshizaki, and B. Klinkenberg. 2011. 
Featuring ecosystem services in conservation 
planning: Less costly as costs. BC Journal of Ecosystems 
and Management 12(1):98–100. http://jem.forrex.org/
index.php/jem/article/view/80/69

http://www.wildlifebc.org/UserFiles/File/Climate&Birds.pdf
http://www.wildlifebc.org/UserFiles/File/Climate&Birds.pdf
http://warehouse.pfc.forestry.ca/pfc/26601.pdf
http://warehouse.pfc.forestry.ca/pfc/26601.pdf
http://jem.forrex.org/index.php/jem/article/view/80/69
http://jem.forrex.org/index.php/jem/article/view/80/69


30 JEM — VoluME 12, NuMbEr 1

kittel, howard, horn, kittel, fairbarns, and iachetti

Chan-McLeod, A.A. and F.L. Bunnell. 2003. Potential 
approaches to integrating silvicultural control of 
mountain pine beetle with wildlife and sustainable 
management objectives. In: Mountain pine beetle 
symposium: Challenges and solutions. October 30–31, 
2003, Kelowna B.C. T.L. Shore, J.E. Brooks, and J.E. 
Stone (editors). Natural Resources Canada, Pacific 
Forestry Centre, Victoria, B.C. Information Report 
BC-X-399. http://www.for.gov.bc.ca/hfd/library/MPB/
chanmc_2004_potential.pdf (Accessed April 2011).

Christensen, J.H., B. Hewitson, A. Busuioc, A. Chen, 
X. Gao, I. Held, R. Jones, R.K. Kolli, W.-T. Kwon, R. 
Laprise, V. Magaña Rueda, L. Mearns, C.G. Menéndez, 
J. Räisänen, A. Rinke, A. Sarr, and P. Whetton. 2007. 
Regional climate projections. In: Climate change 
2007: The physical science basis. Contribution of 
Working Group I to the Fourth Assessment Report of 
the Intergovernmental Panel on Climate Change. S. 
Solomon, D. Qin, M. Manning, Z. Chen, M. Marquis, 
K.B. Averyt, M. Tignor and H.L. Miller (editors). 
Cambridge University Press, Cambridge, U.K. and  
New York, N.Y.

Chu, C., N.E. Mandrak, and C.K. Minns. 2005. Potential 
impacts of climate change on the distributions of several 
common and rare freshwater fishes in Canada. Diversity 
and Distributions 11:299–310.

Chu, C., C.K. Minns, and N.E. Mandrak. 2003. 
Comparative regional assessment of factors impacting 
freshwater fish biodiversity in Canada. Canadian Journal 
of Fisheries and Aquatic Sciences 60:624–634.

Comer, P., D. Faber-Langendoen, R. Evans, S. Gawler, C. 
Josse, G. Kittel, S. Menard, M. Pyne, M. Reid, K. Schulz, 
K. Snow, and J. Teague. 2003. Ecological systems of the 
United States: A working classification of U.S. terrestrial 
Systems. NatureServe, Arlington, Va.

Conroy, M.J., M.C. Runge, J.D. Nichols, K.W. Stodola, 
and R.J. Cooper. 2011. Conservation in the face of 
climate change: The roles of alternative models, 
monitoring, and adaptation in confronting and reducing 
uncertainty. Biological Conservation 144:1204–1213.

Cowling, R.M., R.L. Pressey, A.T. Lombard, P.G. 
Desmet, and A.G. Ellis. 1999. From representation to 
persistence: Requirements for a sustainable system of 
conservation areas in the species-rich mediterranean-
climate desert of southern Africa. Diversity and 
Distributions 5:51–71. DOI:10.1046/j.1472-
4642.1999.00038.x.

Dawson, T.P., S.T. Jackson, J.I. House, I.C. Prentice, and 
G.M. Mace. 2011. Beyond predictions: Biodiversity 
conservation in a changing climate. Science 332:53–58. 
DOI:10.1126/science.1200303.

Fischlin, A., G.F. Midgley, J.T. Price, R. Leemans, B. 
Gopal, C. Turley, M.D.A. Rounsevell, O.P. Dube, J. 
Tarazona, and A.A. Velichko. 2007. Ecosystems, their 
properties, goods, and services. In: Climate change 
2007: Impacts, adaptation and vulnerability. Contribution 
of Working Group II to the Fourth Assessment Report 
of the Intergovernmental Panel on Climate Change. M.L. 
Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden 
and C.E. Hanson (editors). Cambridge University Press, 
Cambridge, U.K, pp. 211–272.

Forster, P., V. Ramaswamy, P. Artaxo, T. Berntsen,  
R. Betts, D.W. Fahey, J. Haywood, J. Lean, D.C. Lowe, 
G. Myhre, J. Nganga, R. Prinn, G. Raga, M. Schulz, 
and R. Van Dorland. 2007. Changes in atmospheric 
constituents and in radiative forcing. In: Climate change 
2007: The physical science basis. Contribution of 
Working Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change.  
S. Solomon, D. Qin, M. Manning, Z. Chen, M. Marquis, 
K.B. Averyt, M. Tignor and H.L. Miller (editors). 
Cambridge University Press, Cambridge, U.K. and  
New York, N.Y.

Fowler, H.J., S. Blenkinsopa, and C. Tebaldi. 2007. 
Linking climate change modelling to impacts 
studies: Recent advances in downscaling techniques 
for hydrological modelling. International Journal of 
Climatology 27:1547–1578.

Fung, F., A. Lopez, and M. New. 2011. Water availability 
in +2°C and +4°C worlds. Philosophical Transactions 
of the Royal Society A 369:99–116. DOI:10.1098/
rsta.2010.0293.

Game, E.T., C. Groves, M. Andersen, M. Cross, C. 
Enquist, Z. Ferdaña, E. Girvetz, A. Gondor, K. Hall, 
J. Higgins, R. Marshall, K. Popper, S. Schill, and S.L. 
Shafer. 2010. Incorporating climate change adaptation 
into regional conservation assessments. The Nature 
Conservancy, Arlington, Va. 

Glick, P., B.A. Stein, and N.A. Edelson (editors). 2011. 
Scanning the conservation horizon: A guide to climate 
change vulnerability assessment. Draft. National Wildlife 
Federation, Washington, D.C. http://www.nwf.org/
Global-Warming/Climate-Smart-Conservation/
Safeguarding-Wildlife/Assessing-Vulnerability.aspx 
(Accessed April 2011).

http://www.for.gov.bc.ca/hfd/library/MPB/chanmc_2004_potential.pdf
http://www.for.gov.bc.ca/hfd/library/MPB/chanmc_2004_potential.pdf
http://www.nwf.org/Global-Warming/Climate-Smart-Conservation/Safeguarding-Wildlife/Assessing-Vulnerability.aspx
http://www.nwf.org/Global-Warming/Climate-Smart-Conservation/Safeguarding-Wildlife/Assessing-Vulnerability.aspx
http://www.nwf.org/Global-Warming/Climate-Smart-Conservation/Safeguarding-Wildlife/Assessing-Vulnerability.aspx


31JEM — VoluME 12, NuMbEr 1

vulnerability-based strategy to incorporate climate change in conservation planning

Groves, C.R. 2003. Drafting a conservation blueprint:  
A practitioner’s guide to planning for biodiversity.  
Island Press, Washington, D.C. 

Groves, C., L. Valutis, D. Vosick, B. Neely, K. Wheaton, 
J. Touval, and B. Runnels. 2000. Designing a geography 
of hope: A practitioner’s handbook for ecoregional 
conservation planning. The Nature Conservancy, 
Arlington, Va. http://conserveonline.org/workspaces/
cbdgateway/era/standards/intro (Accessed April 2011).

Groves, C.R., D.B. Jensen, L.L. Valutis, K.H. Redford, M.L. 
Shaffer, J.M. Scott, J.V. Baumgartner, J.V. Higgins, M.W. 
Beck, and M.G. Anderson. 2002. Planning for biodiversity 
conservation: Putting conservation science into practice. 
BioScience 52:499–512.

Hallett T., T. Coulson, J. Pilkington, T. Clutton-Brock, J. 
Pemberton, and B. Grenfell. 2004. Why large-scale climate 
indices seem to predict ecological processes better than 
local weather. Nature 430:71–75.

Hamann, A. and T. Wang. 2006. Potential effects of 
climate change on ecosystem and tree species distribution 
in British Columbia. Ecology 87:2773–2786.

Hannah, L., G.F. Midgley, and D. Millar. 2002a. Climate 
change-integrated conservation strategies. Global Ecology 
and Biogeography 11:485–495.

Hannah, L., G.F. Midgley, T. Lovejoy, W.J. Bond, M.L. 
Bush, D. Scott, and F.I. Woodward. 2002b. Conservation 
of biodiversity in a changing climate. Conservation 
Biology 16:11–15.

Hansen, L.J., J.L. Biringer, and J.R. Hoffmann (editors). 
2003. Buying time: A user’s manual for building 
resistance and resilience to climate change in natural 
systems. World Wildlife Fund, Berlin, Germany. http://
assets.panda.org/downloads/buyingtime_unfe.pdf 
(Accessed April 2011).

Hansen, L., J. Hoffman, C. Drews, and E. Mielbrecht. 
2010. Designing climate-smart conservation: Guidance 
and case studies. Conservation Biology 24:63–69. 
DOI:10.1111/j.1523-1739.2009.01404.x.

Hoegh-Guldberg, O., L. Hughes, S. McIntyre, D.B. 
Lindenmayer, C. Parmesan, H.P. Possingham, and 
C.D. Thomas. 2008. Assisted colonization and rapid 
climate change. Science 321:345–346. DOI:10.1126/
science.1157897.

Horn, H. 2011. Strategic conservation planning for 
terrestrial animal species in the Central Interior of British 
Columbia. BC Journal of Environment and Management 

12(1):36–53. http://jem.forrex.org/index.php/jem/article/
view/70/65

Howard, G., K. Charles, K. Pond, A. Brookshaw, R. 
Hossain, and J. Bartram. 2010. Securing 2020 vision for 
2030: Climate change and ensuring resilience in water 
and sanitation services. Journal of Water and Climate 
Change 1:2–16.

Howard, S.G. and M. Carver. 2011. Central Interior 
Ecoregional Assessment: Freshwater analysis. BC Journal 
of Environment and Management 12(1):72–87. http://
jem.forrex.org/index.php/jem/article/view/30/61

Iachetti, P. and S.G. Howard. 2011. A conservation 
ecoregional assessment for the British Columbia Central 
Interior. BC Journal of Environment and Management 
12(1):1–6. http://jem.forrex.org/index.php/jem/article/
view/69/64

International Union for Conservation of Nature. 2010. 
Guidelines for using the IUCN red list categories and 
criteria. Version 8.1. IUCN Standards and Petitions 
Subcommittee, Gland, Switzerland and Cambridge, 
U.K. http://intranet.iucn.org/webfiles/doc/SSC/RedList/
RedListGuidelines.pdf (Accessed April 2011).

Johnson, E.A. and C.P. Larsen. 1991. Climatically induced 
change in fire frequency in the Southern Canadian 
Rockies. Ecology 72:194–201.

Keith, D.A., T.G. Martin, E. McDonald-Madden, and C. 
Walters. 2011. Uncertainty and adaptive management 
for biodiversity conservation. Biological Conservation 
144:1175–1178. DOI:10.1016/j.biocon.2010.11.022.

Kittel, G.M., C. Cadrin, D. Markovic, and T. Stevens. 2011. 
B.C. Central Interior ecoregional assessment: Terrestrial 
ecological system representation in regional conservation 
planning. BC Journal of Environment and Management 
12(1):54–71. http://jem.forrex.org/index.php/jem/article/
view/103/58

Kittel, T.G.F., W.L. Steffen, and F.S. Chapin, III. 2000. 
Global and regional modeling of arctic-boreal vegetation 
distribution and its sensitivity to altered forcing. Global 
Change Biology 6 (Suppl. 1):1–18.

Kittel, T.G.F., B.B. Baker, J.V. Higgins, and J.C. Haney. 
2010. Climate vulnerability of ecosystems and landscapes 
on Alaska’s North Slope. Regional Environmental Change. 
DOI:10.1007/s10113-010-0180-y.

Knutti, R. 2008. Should we believe model predictions 
of future climate change? Philosophical Transactions 

http://conserveonline.org/workspaces/cbdgateway/era/standards/intro
http://conserveonline.org/workspaces/cbdgateway/era/standards/intro
http://assets.panda.org/downloads/buyingtime_unfe.pdf
http://assets.panda.org/downloads/buyingtime_unfe.pdf
http://jem.forrex.org/index.php/jem/article/view/70/65
http://jem.forrex.org/index.php/jem/article/view/70/65
http://jem.forrex.org/index.php/jem/article/view/30/61
http://jem.forrex.org/index.php/jem/article/view/30/61
http://jem.forrex.org/index.php/jem/article/view/69/64
http://jem.forrex.org/index.php/jem/article/view/69/64
http://intranet.iucn.org/webfiles/doc/SSC/RedList/RedListGuidelines.pdf
http://intranet.iucn.org/webfiles/doc/SSC/RedList/RedListGuidelines.pdf
http://jem.forrex.org/index.php/jem/article/view/103/58
http://jem.forrex.org/index.php/jem/article/view/103/58


32 JEM — VoluME 12, NuMbEr 1

kittel, howard, horn, kittel, fairbarns, and iachetti

of the Royal Society A 366:4647–4664. DOI:10.1098/
rsta.2008.0169

Koteen, L. 2002. Climate change, whitebark pine and 
grizzly bears in the Greater Yellowstone Ecosystem. 
In: Wildlife responses to climate change: North 
American case studies. S.H. Schneider and T.L. Root 
(editors). Island Press, Washington, D.C.

Kundzewicz, Z.W., L.J. Mata, N.W. Arnell, P. Döll, P. 
Kabat, B. Jiménez, K.A. Miller, T. Oki, Z. Sen, and I.A. 
Shiklomanov. 2007. Freshwater resources and their 
management. In: Climate change 2007: Impacts, 
adaptation and vulnerability. Contribution of Working 
Group II to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change, M.L. 
Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden 
and C.E. Hanson (editors). Cambridge University Press, 
Cambridge, U.K. pp. 173–210.

Lee, T.M., and W. Jetz. 2008. Future battlegrounds 
for conservation under global change. Proceedings 
of the Royal Society B 275:1261–1270. DOI:10.1098/
rspb.2007.1732

Lenton, T.M, H. Held, E. Kriegler, J.W. Hall, W. Lucht, 
S. Rahmstorf, and H.J. Schnellnhuber. 2008. Tipping 
elements in the Earth’s climate system. Proceedings of the 
National Academy of Sciences 105:1786–1793.

Leroux, S., F. Schmiegelow, R. Lessard, and S. Cumming. 
2007. Minimum dynamic reserves: A framework for 
determining reserve size in ecosystem structured by large 
disturbances. Biological Conservation 138:464–473.

Loos, S. 2011. Marxan analyses and prioritization of 
conservation areas for the Central Interior Ecoregional 
Assessment. BC Journal of Environment and 
Management 12(1):88–97. http://jem.forrex.org/index 
.php/jem/article/view/62/63

Lovejoy, T.E. and L. Hannah. 2005. Climate change and 
biodiversity. Yale University Press, New Haven, Conn.

MacCracken, M. 2001. Prediction versus projection: 
Forecast versus possibility. WeatherZine 26 (February 
2001). http://sciencepolicy.colorado.edu/zine/archives/ 
1-29/26/index.html (Accessed March 2011).

MacMillan, D.C. and K. Marshall. 2006. The Delphi 
process: An expert-based approach to ecological 
modelling in data-poor environments. Animal 
Conservation 9:11–19. DOI:10.1111/j.1469-
1795.2005.00001.x.

Mawdsley, J. R., R. O’Malley, and D.S. Ojima. 2009. 
A review of climate-change adaptation strategies for 

wildlife management and biodiversity conservation. 
Conservation Biology 23:1080–1089. DOI:10.1111/j.1523-
1739.2009.01264.x.

McLachlan J.S., J.J. Hellmann, and M.W. Schwartz. 2007. 
A framework for debate of assisted migration in an era 
of climate change. Conservation Biology 21:297–302. 
DOI:10.1111/j.1523-1739.2007.00676.x.

Meehl, G.A., T.F. Stocker, W.D. Collins, P. Friedlingstein, 
A.T. Gaye, J.M. Gregory, A. Kitoh, R. Knutti, J.M. Murphy, 
A. Noda, S.C.B. Raper, I.G. Watterson, A.J. Weaver, and 
Z.-C. Zhao. 2007. Global climate projections. In: Climate 
change 2007: The physical science basis. Contribution of 
Working Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. S. Solomon, 
D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. 
Averyt, M. Tignor and H.L. Miller (editors). Cambridge 
University Press, Cambridge, U.K. and New York, N.Y.

Millennium Ecosystem Assessment. 2005. Ecosystems 
and human well-being: Synthesis. Island Press, 
Washington, D.C. 

Moritz, C., J.L. Patton, C.J. Conroy, J.L. Parra, G.C. White, 
and S.R. Beissenger. 2008. Impact of a century of climatic 
change on small-mammal communities in Yosemite 
National Park USA. Science 322: 261–264.

Murdock, T.Q., A.T. Werner, and D. Bronaugh. 2007. 
Preliminary analysis of BC climate trends for biodiversity. 
Biodiversity BC, Victoria, B.C. http://biodiversitybc.org/ 
assets/Default/BBC PCIC Preliminary Analysis of 
Climate Trends.pdf (Accessed April 2011).

NatureServe. 2009. International ecological classification 
standard: Terrestrial ecological classifications. 
NatureServe Central Databases, Arlington, Va.  
http://www.natureserve.org/getData/USecologyData.jsp 
(Accessed April 2011).

Nature Conservancy of Canada. 2010a. Central Interior 
Ecoregional Assessment. Appendices. http://science 
.natureconservancy.ca/resources/docs/CI_ERA 
_Appendix.pdf (Accessed April 2011).

Nature Conservancy of Canada. 2010b. Central Interior 
Ecoregional Assessment. Map volume. http://science 
.natureconservancy.ca/resources/docs/CI_ERA_Maps 
_sm.pdf (Accessed April 2011).

Neely, B., P. Comer, C. Moritz, M. Lammert, R. Rondeau, 
C. Pague, G. Bell, H. Copeland, J. Humke, S. Spackman, 
T. Schulz, D. Theobald, and L. Valutis. 2001. Southern 
Rocky Mountains Ecoregion: An ecoregional assessment 

http://jem.forrex.org/index.php/jem/article/view/62/63
http://jem.forrex.org/index.php/jem/article/view/62/63
http://sciencepolicy.colorado.edu/zine/archives/1-29/26/index.html
http://sciencepolicy.colorado.edu/zine/archives/1-29/26/index.html
http://biodiversitybc.org/assets/Default/BBC PCIC Preliminary Analysis of Climate Trends.pdf
http://biodiversitybc.org/assets/Default/BBC PCIC Preliminary Analysis of Climate Trends.pdf
http://biodiversitybc.org/assets/Default/BBC PCIC Preliminary Analysis of Climate Trends.pdf
http://www.natureserve.org/getData/USecologyData.jsp
http://science.natureconservancy.ca/resources/docs/CI_ERA_Appendix.pdf
http://science.natureconservancy.ca/resources/docs/CI_ERA_Appendix.pdf
http://science.natureconservancy.ca/resources/docs/CI_ERA_Appendix.pdf
http://science.natureconservancy.ca/resources/docs/CI_ERA_Maps_sm.pdf
http://science.natureconservancy.ca/resources/docs/CI_ERA_Maps_sm.pdf
http://science.natureconservancy.ca/resources/docs/CI_ERA_Maps_sm.pdf


33JEM — VoluME 12, NuMbEr 1

vulnerability-based strategy to incorporate climate change in conservation planning

and conservation blueprint. The Nature Conservancy, 
U.S. Department of Agriculture Forest Service, Rocky 
Mountain Region, Colorado Division of Wildlife, and 
Bureau of Land Management, Boulder, Colo. http://
conserveonline.org/docs/2002/02/SRMreport.pdf 
(Accessed July 2010).

Nelitz, M., K. Wieckowski, D. Pickard, K. Pawley, and 
D.R. Marmorek. 2007. Helping Pacific salmon survive 
the impact of climate change on freshwater habitats. 
Pacific Fisheries Resource Conservation Council, ESSA 
Technologies Ltd. Vancouver, B.C.

Parry, M.L., O.F. Canziani, J.P. Palutikof, P.J. van der 
Linden, and C.E. Hanson (editors). 2007. Climate 
change 2007: Impacts, adaptation and vulnerability. 
Contribution of Working Group II to the Fourth 
Assessment Report of the Intergovernmental Panel 
on Climate Change. Cambridge University Press, 
Cambridge, U.K.

Peart, B., S. Patton, and E. Riccius. 2007. Climate change, 
biodiversity and the benefit of healthy ecosystems. 
Canadian Parks and Wilderness Society, British 
Columbia Chapter. Vancouver, B.C.

Peterson, G.D., G.S. Cumming, and S.R. Carpenter. 
2003. Scenario planning: A tool for conservation in an 
uncertain world. Conservation Biology 17:358–366.

Pielke, R.A., Sr. and L. Guenni. 2004. How to evaluate 
vulnerability in changing environmental conditions? 
Part E. In: Vegetation, water, humans and the 
climate: A new perspective on an interactive system. 
P. Kabat, M. Claussen, P.A. Dirmeyer, J.H.C. Gash, L. 
Bravo de Guenni, M. Meybeck, R.A. Pielke, Sr., C.J. 
Vörösmarty, R.W.A. Hutjes, S. Lutkemeier (editors). 
Springer, Berlin. Global Change: The IGBP Series.

Pielke Sr., R., K. Beven, G. Brasseur, J. Calvert, 
M. Chahine, R. Dickerson, D. Entekhabi, E. Foufoula-
Georgiou, H. Gupta, V. Gupta, W. Krajewski, E. Philip 
Krider, W. K.M. Lau, J. McDonnell, W. Rossow, J. 
Schaake, J. Smith, S. Sorooshian, and E. Wood. 2009. 
Climate change: The need to consider human forcings 
besides greenhouse gases. Eos 90:413.

Pike, R.G., D.L. Spittlehouse, K.E. Bennet, V.N. 
Egginton, P.J. Tschaplinski, T.Q. Murdock, and 
A.T. Werner. 2008a. Climate change and watershed 
hydrology: Part I – Recent changes and projected 
changes in British Columbia. Streamline Watershed 
Management Bulletin 11(2):1–8. http://www.forrex.org/
publications/streamline/ISS37/streamline_vol11_no2 
_art1.pdf (Accessed April 2011).

_______. 2008b. Climate change and watershed 
hydrology: Part II – Hydrologic implications for 
British Columbia. Streamline Watershed Management 
Bulletin 11(2):8–13. http://www.forrex.org/publications/
streamline/ISS37/streamline_vol11_no2_art2.pdf 
(Accessed April 2011).

Pryce, B., P. Iachetti, G. Wilhere, K. Ciruna, J..Floberg, R. 
Crawford, R. Dye, M. Fairbarns, S. Farone, S. Ford, M. 
Goering, M. Heiner, G. Kittel, J. Lewis, D. Nicolson, and 
N. Warner. 2006. Okanagan Ecoregional Assessment, 
Volume 1 – Report. Nature Conservancy of Canada, 
Victoria, B.C. http://science.natureconservancy.ca/
resources/resources_w.php?Type=all&Region=all&Key 
=okanagan+ecoregion (Accessed April 2011).

Purves, D. and S. Pacala. 2008. Predictive models of 
forest dynamics. Science 320:1452–1453. DOI:10.1126/
science.1155359.

Pyke, C.R. 2005. Assessing climate change impacts on 
vernal pool ecosystems and endemic branchiopods. 
Ecosystems 8:95–105. 

Randall, D.A., R.A. Wood, S. Bony, R. Colman, T. 
Fichefet, J. Fyfe, V. Kattsov, A. Pitman, J. Shukla, J. 
Srinivasan, R.J. Stouffer, A. Sumi, and K.E. Taylor. 
2007. Climate models and their evaluation. In: Climate 
change 2007: The physical science basis. Contribution 
of Working Group I to the Fourth Assessment Report  
of the Intergovernmental Panel on Climate Change.  
S. Solomon, D. Qin, M. Manning, Z. Chen, M. Marquis, 
K.B. Averyt, M. Tignor and H.L. Miller (editors). 
Cambridge University Press, Cambridge, U.K. and  
New York, N.Y.

Rial, J., R.A. Pielke Sr., M. Beniston, M. Claussen, J. 
Canadell, P. Cox, H. Held, N. de Noblet-Ducoudre, R. 
Prinn, J. Reynolds, and J.D. Salas. 2004. Nonlinearities, 
feedbacks and critical thresholds within the Earth’s 
climate system. Climatic Change 65:11–38 

Rodenhuis, D., K.E. Bennett, A. Werner, T.Q. Murdock, 
and D. Bronaugh. 2007. Climate overview 2007: Hydro-
climatology and future climate impacts in British 
Columbia. Pacific Climate Impacts Consortium, 
Victoria, B.C. http://pacificclimate.org/sites/default/files/
publications/Rodenhuis.ClimateOverview.Mar2009.pdf 
(Accessed April 2011).

Root, T.L., J.T. Price, K.R. Hall, S.H. Schneider, C. 
Rosenzweig, and J.A. Pounds. 2003. Fingerprints of 
global warming on wild animals and plants. Nature 
421:57–60.

http://conserveonline.org/docs/2002/02/SRMreport.pdf
http://conserveonline.org/docs/2002/02/SRMreport.pdf
http://www.forrex.org/publications/streamline/ISS37/streamline_vol11_no2_art1.pdf
http://www.forrex.org/publications/streamline/ISS37/streamline_vol11_no2_art1.pdf
http://www.forrex.org/publications/streamline/ISS37/streamline_vol11_no2_art1.pdf
http://www.forrex.org/publications/streamline/ISS37/streamline_vol11_no2_art2.pdf
http://www.forrex.org/publications/streamline/ISS37/streamline_vol11_no2_art2.pdf
http://science.natureconservancy.ca/resources/resources_w.php?Type=all&Region=all&Key=okanagan+ecoregion
http://science.natureconservancy.ca/resources/resources_w.php?Type=all&Region=all&Key=okanagan+ecoregion
http://science.natureconservancy.ca/resources/resources_w.php?Type=all&Region=all&Key=okanagan+ecoregion
http://pacificclimate.org/sites/default/files/publications/Rodenhuis.ClimateOverview.Mar2009.pdf
http://pacificclimate.org/sites/default/files/publications/Rodenhuis.ClimateOverview.Mar2009.pdf


34 JEM — VoluME 12, NuMbEr 1

kittel, howard, horn, kittel, fairbarns, and iachetti

Rose, N.-A. and P.J. Burton. 2011. Persistent climate 
corridors: The identification of climate refugia for the 
selection of candidate areas for conservation. BC Journal 
of Environment and Management 12(1):101–117. http://
jem.forrex.org/index.php/jem/article/view/42/62

Rounsevell, M.D.A., T.P. Dawson, and P.A. Harrison. 
2010. A conceptual framework to assess the effects 
of environmental change on ecosystem services. 
Biodiversity and Conservation 19:2823–2842. 
DOI:10.1007/s10531-010-9838-5.

Runge, M.C, S.J. Converse, and J.E. Lyons. 2011. Which 
uncertainty? Using expert elicitation and expected 
value of information to design an adaptive program. 
Biological Conservation 144:1214–1223. DOI:10.1016/j.
biocon.2010.12.020.

Sala, O.E., F.S. Chapin III, J.J. Armesto, E. Berlow, J. 
Bloomfield, R. Dirzo, E. Huber-Sanwald, L.F. Huenneke, 
R.B. Jackson, A. Kinzig, R. Leemans, D.M. Lodge, 
H.A. Mooney, M. Oesterheld, N.L. Poff, M.T. Sykes, 
B.H. Walker, M. Walker, and D.H. Wall. 2000. Global 
biodiversity scenarios for the year 2100. Science 
287:1770–1774.

Scheffer, M., J. Bascompte, W.A. Brock, V. Brovkin, 
S.R. Carpenter, V. Dakos, H. Held, E.H. van Nes, M. 
Rietkerk, and G. Sugihara. 2009. Early-warning signals 
for critical transitions. Nature 461:53–59. DOI:10.1038/
nature08227.

Schellnhuber, H.J. 2009. Tipping elements in the 
Earth System. Proceedings of the National Academy 
of Sciences 106:20561–20563. DOI:10.1073/
pnas.0911106106.

Schindler, D.W. 2001. The cumulative effects of climate 
warming and other human stresses on Canadian 
freshwaters in the new millennium. Canadian Journal of 
Fisheries and Aquatic Sciences 58:18–29.

Seip, D. 2008. Mountain caribou interactions with 
wolves and moose in Central British Columbia.  
Alces 44:1–5.

Serreze, M.C. 2010. Understanding recent climate 
change. Conservation Biology 24:10–17. DOI:10.1111/
j.1523-1739.2009.01408.x.

Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, 
K.B. Averyt, M. Tignor, and H.L. Miller (editors). 
2007. Climate change 2007: The physical science 
basis. Contribution of Working Group I to the Fourth 
Assessment Report of the Intergovernmental Panel 

on Climate Change. Cambridge University Press, 
Cambridge, U.K., and New York, N.Y.

Spittlehouse, D. 2008. Climate change, impacts and 
adaptation scenarios: Climate change and forest and 
range management in British Columbia. B.C. Ministry 
of Forests and Range, Victoria, B.C. Technical Report 
No. 045. http://www.for.gov.bc.ca/hfd/pubs/Docs/Tr/
Tr045.pdf (Accessed April 2011). 

Tebaldi, C., L.O. Mearns, D. Nychka, and R. Smith. 
2004. Regional probabilities of precipitation change: 
A Bayesian analysis of multimodel simulations. 
Geophysical Research Letters 31, L24213, 
DOI:10.1029/2004GL021276.

Turner, B.L., R.E. Kasperson, P.A. Matson, J.J. McCarthy, 
R.W. Corell, L. Christensen, N. Eckley, J.X. Kasperson, 
A. Luers, M.L. Martello, C. Polsky, A. Pulsipher, and A. 
Schiller. 2003. A framework for vulnerability analysis 
in sustainability science. Proceedings of the National 
Academy of Sciences 100:8074–8079.

Tyedmers, P. and B. Ward. 2001. A review of the impacts 
of climate change on BC’s freshwater fish resources 
and possible management responses. Fisheries Centre 
Research Reports 9(7). http://www.fisheries.ubc.ca/
publications/reports/9-7.pdf (Accessed April 2011).

University of Queensland. 2011. Marxan documen-
tation. Brisbane, Australia. http://www.uq.edu.au/
marxan/index.html?page=77823 (Accessed April 2011).

Varrin, R., J. Bowman, and P.A.Gray. 2007. The known 
and potential effects of climate change on biodiversity 
in Ontario’s terrestrial ecosystems: Case studies and 
recommendations for adaptation. Ontario Ministry of 
Natural Resources, Applied Research and Development 
Branch, Peterborough, Ont. 

Watson, A.J. 2008. Certainty and uncertainty in climate 
change predictions: What use are climate models? 
Environmental and Resource Economics 39:37–44.

Wiens, J.A. and D. Bachelet. 2010. Matching the multiple 
scales of conservation with the multiple scales of climate 
change. Conservation Biology 24:51–62. DOI:10.1111/
j.1523-1739.2009.01409.x.

Wiens, J.A., D. Stralberg, D. Jongsomjit, C.A. Howell, 
and M.A. Snyder. 2009. Niches, models, and climate 
change: Assessing the assumptions and uncertainties. 
Proceedings of the National Academy of Sciences 
106:19729–19736.

http://jem.forrex.org/index.php/jem/article/view/42/62
http://jem.forrex.org/index.php/jem/article/view/42/62
http://www.for.gov.bc.ca/hfd/pubs/Docs/Tr/Tr045.pdf
http://www.for.gov.bc.ca/hfd/pubs/Docs/Tr/Tr045.pdf
http://www.fisheries.ubc.ca/publications/reports/9-7.pdf
http://www.fisheries.ubc.ca/publications/reports/9-7.pdf
http://www.uq.edu.au/marxan/index.html?page=77823
http://www.uq.edu.au/marxan/index.html?page=77823


35JEM — VoluME 12, NuMbEr 1

vulnerability-based strategy to incorporate climate change in conservation planning

Wilby, R. and K. Vaughan. 2010. Hallmarks of 
organisations that are adapting to climate change. 
Water and Environment Journal DOI:10.1111/j.1747-
6593.2010.00220.x.

Williams, B.K., R.C., Szaro, and C.D. Shapiro. 2007. 
Adaptive management: The U.S. Department of the 
Interior technical guide. U.S. Department of the Interior, 
Adaptive Management Working Group, Washington, D.C.

Williams, J.W. and S.T. Jackson. 2007. Novel climates, 
no-analog communities, and ecological surprises. 
Frontiers in Ecology and the Environment 5:475–482.

Williams, J.W., S.T. Jackson, and J.E. Kutzbach. 2007. 
Projected distributions of novel and disappearing 
climates by 2100 AD. Proceedings of the National 
Academy of Sciences 104:5738–5742.

Young, B., E. Byers, K. Gravuer, K. Hall, G. Hammerson, 
and A. Redder. 2010. Guidelines for using the 
NatureServe climate change vulnerability index v2.0. 
NatureServe, Arlington, Va.

article received: December 26, 2010

article accepted: April 13, 2011

© 2011, Copyright in this article is the property of FORREX Forum for Research and Extension in Natural Resources Society.
ISSN 1488-4674. Articles or contributions in this publication may be reproduced in electronic or print form for use free of charge to the 
recipient in educational, training, and not-for-profit activities provided that their source and authorship are fully acknowledged. However, 
reproduction, adaptation, translation, application to other forms or media, or any other use of these works, in whole or in part, for 
commercial use, resale, or redistribution, requires the written consent of FORREX Forum for Research and Extension in Natural Resources 
Society and of all contributing copyright owners. This publication and the articles and contributions herein may not be made accessible to 
the public over the Internet without the written consent of FORREX. For consents, contact: Managing Editor, FORREX, Suite 400,  
235 1st Avenue, Kamloops, BC V2C 3J4, or email jem@forrex.org

 The information and opinions expressed in this publication are those of the respective authors and FORREX does not warrant their accuracy 
or reliability, and expressly disclaims any liability in relation thereto.

Production of this article was funded by Nature Conservancy of Canada and, in part,  
by the British Columbia Ministry of Forests, Lands and Natural Resource Operations.



36 JEM — VoluME 12, NuMbEr 1

kittel, howard, horn, kittel, fairbarns, and iachetti

A vulnerability-based strategy to incorporate climate change in regional conservation 
planning: Framework and case study for the British Columbia Central Interior

How well can you recall some of the main messages in the preceding Research Report?  
Test your knowledge by answering the following questions. Answers are at the bottom of the page.

1. For conservation planning and land management, what features of climate model projections for 
future climate change are important to understand?
a) Model projections tell us that climate is sensitive to anthropogenic forcing in ways that have 

substantial ecological impacts
b) High uncertainty surrounding model projections means we cannot rely on their geography and 

timelines for planning
c) Both

2. In implementing the climate vulnerability framework for a British Columbia ecoregional assessment, 
what tasks were expert teams charged with?
a) Develop qualitative scenarios of expected and less expected but plausible climate and ecological 

change
b) Synthesize established knowledge of the vulnerability of species and ecosystems to climate change
c) Both, plus specify corresponding no-regrets climate adaptation strategies for site selection

3. For the Central Interior Ecoregional Assessment, what was accomplished by incorporating climate 
adaptation strategies into the site-selection process?
a) Climate adaptation strategies provided for larger, more buffered, and more connected 

conservation sites
b) Selection of conservation sites using climate adaptation strategies was consistent with a no-

regrets goal—climate adaptation-based outcomes that serve other conservation objectives, such as 
reducing vulnerabilities to other threats

c) Both, plus climate-adaptation site selection gave more weight to sites with the most vulnerable 
species and ecosystems and incorporated sites for species not previously considered of concern

Test Your Knowledge . . .

1. c  2. c  3. c
ANSWERS


