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IntroductIon
Global changes, such as climate change or land use conversion, 
threaten elements of the world’s biodiversity. While habitat loss 
impacts on species have long been at least qualitatively obvious, 
it is only relatively recently that strong evidence emerged 
outlining that anthropogenic climate changes are now affecting 
species (reviewed in Kerr and Kharouba 2007). In the past 
century, for instance, species’ phenological timing for critical 
biological processes, like flowering period, have begun to occur 
earlier in the year (Walther et al. 2002; Root et al. 2003; Root and 
Hughes 2005), and many species appear to be tracking toward 
the poles (Parmesan et al. 1999; Hill et al. 2002; Parmesan 
and Yohe 2003; Hickling et al. 2006; Hitch and Leberg 2007) 
and to higher elevations (Konvicka et al. 2003; Wilson et al. 
2005; Hickling et al. 2006). Habitat losses to agriculture and 
urbanization, the primary causes of species endangerment in the 
U.S. and Canada (Dobson et al. 1997; Kerr and Cihlar 2003; Kerr 
and Cihlar 2004; Kerr and Deguise 2004), have during the same 
period, generated potentially insurmountable barriers to species 
migration (Dennis and Shreeve 1991; Collingham and Huntley 
2000; Hill et al. 2001). The expansion of many butterfly species’ 
ranges already appears to be lagging behind current climates due 
to lack of habitat availability (Hill et al. 1999; Parmesan et al. 
1999; Warren et al. 2001). The interaction of climate and land 
use change alone is expected to commit 15-37% of the world’s 
species to extinction by 2050 (Thomas et al. 2004). Canada’s 
biodiversity is similarly threatened (Kerr and Deguise 2004): 
the latest research suggests that global changes have caused 
widespread shifts in the distribution of Canadian butterfly species 
(White and Kerr 2006). 

With significant climate changes predicted for the future 
(IPCC 2007), successful conservation strategies and reasoned 
policy directives that incorporate a range of possible species 
responses are critical. Global changes are likely to force many 
species to shift beyond the boundaries of existing protected 
areas, threatening the effectiveness of traditional conservation 
strategies. Accurate predictions of climate and land use impacts 
on species distributions are a prerequisite for any successful 

conservation plan. In this article, we review the impacts of 
recent global changes on species’ distributions in Canada, and 
the role of protected areas and species distribution modeling 
in the context of a rapidly changing environment. We 
highlight the imperative to focus conservation efforts beyond 
the boundaries of static reserves and suggest implications for 
policy and conservation management in Canada.

the context: Global chanGe 
across canada In the 20th century 
Recent global changes have created a unique pattern in Canada: 
land use changes have been focused in southern Canada, 
whereas climate changes have been in mountainous areas 
and northern latitudes (Kerr and Cihlar 2003; White and Kerr 
2006). Agriculture is heavily concentrated in the prairie region, 
southern British Columbia, and southern Ontario and Québec 
(Kerr and Cihlar 2003). Land use intensity has increased 
dramatically since World War II through the introduction and 
widespread application of pesticides (Freemark and Boutin 
1995; Benton et al. 2002). Similarly, human population density 
is also highest in these areas (Figure 1) and has increased 
substantially over the last century (White and Kerr 2006), 
leading to increased habitat loss to agriculture.

In addition to extensive and intensive land use changes, 
temperature and precipitation have also changed across Canada 
over the last century. Most areas have experienced warmer 
temperatures, although temperatures have actually decreased 
in some regions, such as Northern Ontario and in some parts of 
Northern Quebec (Lemmen et al. 2008). Changes in Canada have 
been more substantial than in other countries, given its northern 
location. Moreover, temperatures are expected to continue to rise 
over the next century, especially in the north (IPCC 2007). Future 
climate change scenarios also predict increased glacial melt 
and flooding in the west, melting of the ice caps in the Arctic, 
increased drought episodes in central Canada and a rise in sea 
levels in the Atlantic (Lemmen et al. 2008).Canada also holds a 
significant portion of the world’s boreal forest, which is expected 
to be more affected by climate change than either temperate or 
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tropical forests (IPCC 2007). The risks associated with future 
climate changes underscore the importance of exploring how 
global changes will influence traditional conservation strategies.
Unfortunately, overall species richness, as well as endangered 
species density, are concentrated in southern Canada where land 
use also happens to be the most intense and therefore leading to 
further species endangerment (Figure 1). This pattern of species 
richness reflects the importance of climate in determining 
regional differences in species diversity (Currie 1991; Kerr and 
Packer 1997).  However, people also tend to live in warmer 
climates, resulting in an increase in human population densities 
towards southern Canada, where species diversity also peaks. 
Positive spatial relationships between human population 
density and species richness have also been observed in Africa 
(Balmford et al. 2001) and Europe (Araujo 2003) for vertebrates 
and plants. As a result of this spatial overlap, patterns of habitat 
loss are positively related to patterns of overall species richness 
(Kerr and Cihlar 2003) and endangered species richness across 
Canada (Kerr and Deguise 2004). Based on rates of species 
endangerment (number of IUCN-listed species/total species 
richness per country), extinction risk in Canada now rivals 
those observed in poverty-stricken tropical countries (Kerr and 
Deguise 2004; Kerr and Cihlar 2004). Since agricultural and 
urban lands are rarely permitted to revert back to more natural 
conditions, the likelihood of recovery for threatened species is 
limited (Kerr and Deguise 2004). Therefore, even without the 
additional risk from climate change, species in Canada already 
face significant threats.

Canadian butterflies have already begun responding to recent 
climate changes. Butterflies have many characteristics (e.g. short 
generation times, high vagility, and physiological limitations 
imposed by climate) that make them especially likely to reflect 
the impacts of global change (Hughes 2000; Hill et al. 2001; 
Peterson et al. 2004). In Canada, it appears that most butterfly 
distributions have been tracking changing climatic conditions 
and that overall butterfly species richness has increased over 
the past century (White and Kerr 2006). Moreover, predictions 
for the future suggest that most Canadian butterflies will 
continue to respond relatively quickly (Peterson et al. 2004). 
However, widespread agricultural land use in the south has 
reduced their potential to respond to climate change (White and 
Kerr 2006). In general, rare species (geographically-speaking) 
are responding more negatively to land use and climate changes 
than widespread generalist species which are expanding their 
ranges (White and Kerr 2007). Butterfly species responses in 
Canada are similar to those observed in the UK where specialists 
are lagging behind changing climates (Menendez et al. 2006). 

Responses of other Canadian taxa to global changes have been 
less favourable and predictions for many are not optimistic. Some 
Caribou and Muskox populations have already experienced 
declines in recent years as a result of climate changes (Lemmen 
et al. 2007). Likewise, in British Columbia, certain fish, the 
Mountain Pine Beetle and Western Red Cedar have shown 
abrupt changes in abundance and/or distribution in response to 
past, relatively minor changes in climate (Lemmen et al. 2007).  
Climate projections suggest that warm-water freshwater fish 

Figure 1.
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species may expand their ranges northwards while cold-water 
species may be extirpated from much of their present range due 
to physical and ecological barriers (Chu et al. 2005; Sharma et 
al. 2007). Similarly, carnivore species, such as the American 
Marten and Lynx are also projected to experience population 
declines in their northern Appalachian parts of their range in 
response to anticipated climate and land use changes (Carroll 
2008), which could affect the Canadian populations. Many 
Arctic species have narrow habitat and niche requirements, 
which will make them particularly sensitive to climate changes 
(Conservation of Arctic Flora and Fauna 2001). Increasing 
aridity in the prairie grasslands is likely to negatively impact 
migratory waterfowl populations given their sensitivity to 
drought conditions (Poiani and Johnson 1993). Given the 
high sensitivity of mammals to disturbance and the significant 
climate changes predicted for Northern Canada, this region 
is considered to be a global hotspot of latent extinction risk 
(Cardillo et al. 2006), meaning that significant biodiversity loss 
is likely. As average temperatures continue to rise over the next 
century, we can expect much more drastic species responses 
and much higher rates of extinctions (Thomas et al. 2004).  

conservatIon In a rapIdly 
chanGInG envIronment
The addition of climate change to the other stressors already 
affecting habitats and their constituent species presents a major 
challenge for the conservation of biodiversity (Parmesan & 
Galbraith 2004).  In Canada, land use constraints have limited 
both the size and placement of protected areas, and thus the 
benefits of these areas. For example, few Canadian species 
at risk of extinction can actually maintain viable populations 
within the small reserves where fragments of their habitat 
remain (Kerr & Deguise 2004). The reason for this dilemma is 
twofold: first, Canada’s species at risk are heavily concentrated 
in the agricultural southern region of the country (Figure 1) 
and, second, protected areas in that region are scattered and 
very small (Figure 2). The Mixed Wood Plains is one such 
agricultural region that has a particularly small proportion of its 
area protected but is home to the greatest number of species at 
risk of extinction in Canada (Deguise and Kerr 2006). Canadian 
protected areas rarely include more species at risk than 
randomly chosen areas and sometimes include fewer (Deguise 
and Kerr 2006). Moreover, protection afforded by reserves 
increasingly ends at their borders as surrounding lands are lost to 
development and agriculture. Recent remote sensing data shows 
intensive habitat losses (e.g. deforestation) literally up to parks’ 
statutory boundaries (Figure 3). Increasingly, human activities 
surrounding reserves impact the management of populations 
inside park boundaries (Wiersma and Nudds 2001; Sinclair and 
Byrom 2006). Given the already limited potential of reserves to 
effectively conserve biodiversity without the additional threats 
from climate change, conservation outside traditional reserve 
networks is essential (Ricketts 2001; Ricketts et al. 2001). 

As an alternative to systematic reserve selection, rights 
on private lands of high ecological significance (e.g. areas 
important for endangered species conservation) can be 

purchased by local land trusts and preserved indefinitely in 
the form of conservation easements. These areas could then be 
available for habitat restoration and could play a valuable role 
in the recovery of species at risk.  Private lands with easements 
remain the property of the landowner, but restrictions are put 
on the property with respect to subdivision, building, timber 
extraction, etc. to protect biodiversity. Just recently, a vast tract 
of wilderness in British Columbia that was privately owned 
was purchased by the Nature Conservancy of Canada for 
conservation purposes (24 July 2008, Globe and Mail).  For 
easements to be effective and to prevent further division and 
degradation of the land, rules for ongoing land use must be clear 
(Rissman et al. 2008). Most easements owned by the Nature 
Conservancy in the U.S. are protected with specific biological 
targets in mind. More research must be done to evaluate the 
conservation success of these properties (Kiesecker et al. 2007).  
A comprehensive discussion outlining all the limitations and 
complexity of easements is beyond the scope of this review.

Climate change has the potential to substantially diminish 
the effectiveness of protected areas. The main drawback of 
even well-designed, optimally-situated reserves is that they 

Figure 2. 
All protected areas 
(black areas; IUCN 
categories I-IV) found in 
Southern Ontario with 
respect to part of the 
Canadian distribution of 
the threatened Hooded 
Warbler (Wilsonia 
citrine). The total area of 
all these reserves make 
up only a tiny fraction of 
this part of the warbler's 
range (dark grey area) 
limiting the protection 
afforded by these 
reserves.
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are fixed in place in an era of rapidly changing environments. 
Most reserves are managed to conserve “representative” 
ecosystems that may no longer exist under future climatic 
conditions (Hannah et al. 2002a). Currently, conservation-
planning frameworks at many levels of government in Canada 
are based on assumptions of climatic and landscape stability, 
making Canada’s protected areas vulnerable to anticipated 
global changes (Lemieux and Scott 2005). Model predictions 
based on a variety of climate scenarios suggest major biome 
shifts within Canada’s National Park boundaries that could 
significantly affect the ability of park managers to meet their 
current conservation goals (Scott et al. 2002).  

A key dilemma affecting many species conservation prospects 
is that their ranges will be changing quickly, reflecting the 
common dependence of range margins on climates (reviewed 
in Kerr and Kharouba 2007). The potential for reserves to 
maintain and protect their original complement of species may 
be affected by the arrival of new species and the loss of species 
currently receiving protection that must track shifting suitable 
habitat beyond park boundaries (Hannah et al. 2002b; Scott et 
al. 2002). New research suggests that protected areas in Canada 
have provided little buffer against the effects of global change, 
possibly because climate change operates over vast areas that 
dwarf even the massive reserves in Canada’s north. Reserves 
are also small relative to species ranges (Figure 2). In Canada, 
for example, the average butterfly species’ range size is 1.2 
X 106 km2 but mean reserve size is only ~5.9 X 103 km2. 
Because species respond individually to changing climates, 
the probability that shifts in their range will intersect reserve 

boundaries is small. This research provides an early warning that 
protected area networks, as they currently exist, may not provide 
strong enough shelter from global change impacts on species 
within their boundaries. As these reserves become more isolated 
in the future with increasing land use change, it is reasonable to 
expect their conservation importance will increase.

Conserving biodiversity in a dynamic world requires using 
strategies that go beyond static reserve selection methods 
(Pyke et al. 2005). Although the respective effects of climate 
and land use change differ, the best conservation strategies 
to address these aspects of global change converge. Dynamic 
protected areas, or reserves that are re-located at specified 
intervals to track shifting habitat, are one potential solution. 
When modeled through time, dynamic reserves supported 
more high quality home ranges for the American marten 
(Martes americana) than static protected areas (Rayfield 
et al. 2008). However, given that vast new reserve systems 
will rarely be possible in the future due to increases in land-
use pressures (Da Fonseca et al. 2005), and because of the 
severe legislative challenges of implementing a formal, 
dynamic reserve system, management and protection of 
existing natural and semi-natural areas in human-dominated 
landscapes should become a priority. Increasing emphasis on 
the matrix (non-habitat), not just the habitat “islands” within 
it, will also improve landscape connectivity with obvious 
benefits for species shifting in response to climate change. 
Conservation strategies that incorporate corridors, restoration 
of human-dominated landscapes, and buffer zones will likely 
be especially valuable (Lovejoy 2006; Damschen et al. 

Figure 3. 
Land cover maps around 

the boundary of Pacific 
Rim National Park, 

British Columbia for the 
years A) 1990 and B) 
2005. Lighter patches 

are fresh cuts. There 
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increase in deforestation 
in this area over this 
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period and now habitat 
is lost right up to the 

park boundaries. Data 
put together by R. 
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2006). Relatively low-intensity (see Kerr & Cihlar 2004) or 
mixed use agricultural landscapes (e.g. agroforestry; Hannah 
et al. 2002b) can maintain increased habitat and resource 
availability (Benton et al. 2002) that make dispersal through 
such landscapes more likely (see Parmesan & Galbraith 2004; 
Hannah & Hansen 2005). Finally, much more work is needed 
at the interface between science and policy so that biodiversity 
can be conserved effectively (Hannah et al. 2002b). 

specIes dIstrIbutIon 
modelInG and Global chanGe
However landscapes are to be managed in an era of rapidly 
shifting climates, it will be necessary to identify areas where 
conservation needs are likely to change. Designing and 
implementing effective conservation strategies in the context of 
future global changes necessitates accurate predictions about how 
species are responding to these changes. Accurately predicting 
where species will shift outside reserves is especially critical 
given serious land use changes expected in the future (IPCC 
2007) and because of limited knowledge of species’ populations 
outside relatively intensively monitored park populations. 
Species distribution modeling offers an efficient way to study 
the geographical responses of species to global changes. 
Species distribution models attempt to estimate a species’ 
niche across geographical space by relating presence records 
of the species to environmental predictors. They estimate the 
probability that species occur in areas where it has not directly 
been observed given an array of measured niche parameters 
(Segurado and Araujo 2004). These niche parameters can 
include any sort of environmental or biotic characteristic that 
may limit the distribution of the species being modeled (e.g. 
minimum winter temperatures) and that can be measured 
spatially. These models have wide management applications 
in the context of conservation biology, biogeography and 
climate change studies (Meynard and Quinn 2007).  
A common application of these models (which predicts where 
a species is found across geographical space, derived from its 
occurrence records relative to environmental predictors) is to 
project species’ potential future distribution under different 
climate scenarios based on models built using data from the 
present-day (e.g. Thomas et al. 2004; Peterson et al. 2004; 
Pearson et al. 2006). Although these models may provide 
the best estimates of how species will respond to impending 
environmental changes, they have several limitations. For 
instance, different modeling techniques can produce highly 
divergent predictions (Pearson et al. 2006), even for the 
same species and geographical region (Lawler et al. 2006). 
These predictions can be so different as to compromise even 
the simplest assessment of whether species distributions are 
expected to contract or expand for any given climate scenario 
(Pearson et al. 2006). Therefore, it is difficult to incorporate these 
results into strategic conservation planning given their lack of 
reliability (Araujo et al. 2006; Willis et al. 2007). Since no single 
modeling technique is consistently superior to other techniques 
(Segurado and Araujo 2004; Elith et al. 2006), averaging the 
spatial predictions from several modeling techniques may 

help minimize errors (Araujo and New 2007). Secondly, when 
predicting into the future, virtually all these models rely solely 
on present-day spatial data (White and Kerr 2006; Kerr et al. 
2007). This means that to build the predictions, these models 
must be run through time, requiring the key assumption that 
the spatial patterns identified in the initial species distribution 
model will remain consistent through time. This “space-for-
time” assumption is known to be risky (White and Kerr 2006). 
Predicting the future is clearly a challenging business and it 
is essential to view all models purporting to accomplish this 
goal with caution and in light of known limitations on model 
accuracy. Despite their shortcomings, species distribution 
models remain an essential tool for this purpose.

ImprovInG predIctIons for the future
Incorporating unreliable predictions into conservation strategies 
can have serious implications. Overestimating species’ ranges 
(i.e. predicting presence where the species is actually absent) or 
population sizes can cause management efforts to fall short of 
conservation needs. Extinction is the most severe consequence 
of poorly conceived (or absent) management efforts, so the 
stakes for failure are very high. Likewise, underestimating 
species’ ranges (predicting absence where species will actually 
be present) or population sizes can lead to wasted effort and 
misdirection of resources to areas where they are not essential. 
Both problems point to the need for models of species’ 
responses to global change to be validated. 

Model validation will be particularly informative if it includes 
the temporal dimension that is intrinsic to forecasts of future 
responses. This past century, which includes a period of rapid, 
anthropogenic climate change as well as land use change, is the 
best guide to the near future (Kerr et al. 2007). In many cases, 
however, data for recent time periods may be unavailable, so 
calibration of global change models using paleoecological 
(e.g. pollen records from sediment cores) data sources may 
also be helpful (Willis et al. 2007). Directly observing how 
quickly species have actually responded to changes of known 
magnitude, whether these changes have occurred over decades 
within the 20th century or over centuries in the case of 
paleoecological data, can be used to guide models forecasting 
species’ future responses. As a first step, accurately predicting 
species’ current niches using species responses in the recent 
past would considerably improve confidence in the reliability of 
models predicting responses into the future.  For many Canadian 
butterfly species at least, species distribution models derived 
from purely spatial data are able to predict how those species’ 
distributions have changed over the 20th century (Kharouba 
et al. 2008). For some species, however, the space-for-time 
substitution fails badly: although the species’ niche models are 
highly accurate spatially, they do not accurately predict shifts in 
species’ ranges through time. Unfortunately, for these butterflies 
at least, it is difficult a priori to determine which species we 
will be able to make accurate predictions for, without any data 
about the historical distribution of the species. It appears that 
calibrating species distribution models with past observations is 
necessary before projecting species ranges into the future.
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Empirical validation of species distribution models across spatial 
gradients is another way to improve future predictions. Here, 
species’ observations made at given locations can be used to 
determine whether model predictions are accurate. Corroborating 
model predictions with on-the-ground observations also 
allows for tests of macroecological hypotheses about how 
species populations and niches are structured (e.g. are species 
populations greater toward the centers of their ranges?). Models 
can be validated with data that already exists (e.g. records from 
herbariums, natural collections, ecological surveys, etc. The 
largest distribution network of species observations is the Global 
Biodiversity Information Facility (http://www.gbif.org/), which 
(by June 30, 2008) made more than 160,000,000 georeferenced 
records for thousands of species available without charge) or with 
a posteriori measurements from field surveys designed explicitly 
to test the models (Greaves et al. 2006;  Boitani et al. 2008). For 
rare species or for those difficult to observe in the wild, accurately 
measuring the quality of habitat, rather than incorporating direct 
species observations, can be used as an indirect test of the model.

Lastly, temporal model predictions should also be empirically 
validated. If accurate, species distribution models should 
predict shifts in species’ ranges at specific sites. This test is the 
most data-intensive as it requires model predictions, as well as 
species’ observations, at a given location in two different time 
periods to be robust. Field surveys should be conducted at sites 
where the species is predicted to have recently shifted into the 
area (i.e. where the model currently predicts presence but 
historically predicts absence), and where the species is predicted 
to have persisted through time (i.e. where the model predicts 
presence both currently and historically).  Regardless of the 
method, validating species distribution models will improve 
our ability to predict future responses of species distributions 
to global changes and will help to focus conservation strategies 
so that they are as effective as possible in the future.

 
manaGement ImplIcatIons
There are several important implications for conservation 
management in Canada and hopefully at a broader scale. More 
specifically, we make recommendations about the application of 
species distribution models to protected areas conservation, and 
endangered species conservation. Predictions of future ranges 
from species distribution models can be used to identify areas 
that will be of most conservation need. Once these models are 
calibrated with recent past observations, the ranges of species 
with high predictive abilities (i.e. for whom projected models 
closely matched current models) can be projected into the future 
(Kharouba et al. 2008). For these species, such projections are 
likely to paint a realistic picture of where species will be likely to 
shift with changing environmental conditions. Such predictions 
can form the basis for policy-relevant recommendations, such 
as where to place migration corridors or protected areas that will 
improve the likelihood that these species will shift successfully 
into new areas. Species distribution models can also be useful 
from the perspective of park managers, who could model 
potential threats from invasive species, which are known to 
threaten biodiversity (Mack et al. 2000). There is also potential 

for these models to be used in an operational manner through 
time to assess any changes in species distributions as a response 
to climate and land use changes. 

To meet the need for field-tests of models, standard monitoring 
methods and systematic surveys carried out at regular intervals 
(e.g. NABA survey for butterflies, Breeding Bird Survey) will 
improve future predictions about species distributions (Pollard 
and Yates 1993). Consistently monitoring species in large 
areas at regular time intervals can help build databases that 
could be used to test models. Systematically sampling areas 
would provide records of species absence, as well as species 
presence, which would provide stronger tests of species 
distribution models. Predictions of absence are difficult to test 
as failure to observe a species in a particular field site does 
not prove the species is absent from that area (Anderson et 
al. 2003). For example, to provide support that the Edith’s 
Checkerspot Butterfly had shifted northwards over the past 
century, Parmesan (1996) surveyed the entire distribution of the 
species. She classified localities as ‘extinction’ or ‘persistence’ 
based on whether the site was classified as present or absent 
in the historical records and whether they currently found 
the species when sampling. Therefore, the conclusion that 
the species shifted northwards but retracted from its southern 
boundary (Parmesan 1996) was better supported. 

Shifting species ranges presents a formidable challenge to 
management as key pieces of legislation, such as Canada’s 
Species at Risk Act (SARA, which came into force in 2003), have 
no formal provision to adapt to climate change-induced shifts 
in species’ geographical ranges. SARA identifies the critical 
habit of species but does not emphasize strict habitat protection 
except at species’ “residences” (areas currently occupied) and 
on federally-managed lands, which are uncommon in areas 
where most species at risk are found. However, SARA does 
mandate the development of recovery plans for all species listed 
as threatened, endangered, or extirpated. These recovery plans 
must recognize that climate changes are ongoing and will lead 
to long term shifts in habitats and recovery needs of species at 
risk. Although the setting aside of new areas for more intensive 
conservation and recovery efforts will be valuable, climate 
change-induced shifts in species ranges and populations make it 
necessary to manage for biodiversity conservation and recovery 
beyond these geographically static areas. SARA makes some 
effort to protect species’ habitats by designating their “critical 
habitat” but if climate change renders that habitat a moving 
target, it could prove even more difficult to protect it. The 
complexities of federal-provincial relations and constitutional 
law make this a difficult challenge but one that must be addressed 
in a practical way. Whatever the legal difficulties of identifying 
particular areas essential for species at risk, conservation and the 
recovery of species in human-dominated lands may require a 
new land ethic (sensu Aldo Leopold, 1949) that does not view 
natural features as separate from human land uses. Biodiversity, 
for example, is not something to be exclusively visited in distant 
protected areas like a museum exhibit but should be included in 
working landscapes to the greatest extent possible. 
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Acknowledging and accounting for uncertainty in park design 
planning and management should be encouraged. Strategies 
to maintain the habitat for a particular species within the 
boundaries of a protected area, however well managed, may 
become irrelevant if climate, operating over vastly greater spatial 
extents, renders that area unsuitable. Adaptive management will 
be essential to allow strategies to evolve flexibly in response to 
new data that become available (Pearson et al. 2006; Lawler 
et al. 2006). Hannah et al. (2007) have recently demonstrated 
that addressing the potential effects of future climate change in 
current reserve network planning leads to better protection of 
species through time and lower long-term costs than if climate 
change impacts are considered later. 

Furthermore, establishing conservation easements near 
protected areas will contribute to the development of buffer 
zones, where land uses are relatively light. This approach will 
improve the ecological integrity of ecosystems within parks 
by reducing the magnitude of environmental gradients across 
park boundaries and will also make landscapes surrounding 
protected areas more hospitable to species that may need to 
shift to remain within climatically suitable areas. 

General conclusIons
Species have already begun responding to global changes, 
and predictions for the future suggest widespread extinctions. 
Even without the additional threats from climate and land use 
changes, static protected areas are not effectively conserving 
biodiversity. Shifting species’ ranges with changing climates 
makes focusing conservation efforts beyond the boundaries 
of static reserves imperative. With additional improvements 
through temporal and empirical validation, species distribution 
models offer accurate predictions of where species are likely 
to shift in the future allowing the identification of areas that 
will be most important for conservation. Current conservation 
strategies at all levels, from federal legislation (e.g. SARA) 
to individual park planning, should focus on improving 
landscape connectivity to facilitate species’ geographical 
responses to future global changes and should account for a 
degree of uncertainty in predictions of those responses.
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