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Abstract: Climate changes impose requirements for many species to shift their ranges to remain within
environmentally tolerable areas, but near-continuous regions of intense human land use stretching across
continental extents diminish dispersal prospects for many species. We reviewed the impact of habitat loss
and fragmentation on species’ abilities to track changing climates and existing plans to facilitate species
dispersal in response to climate change through regions of intensive land uses, drawing on examples from
North America and elsewhere. We identified an emerging analytical framework that accounts for variation in
species’ dispersal capacities relative to both the pace of climate change and habitat availability. Habitat loss
and fragmentation hinder climate change tracking, particularly for specialists, by impeding both propagule
dispersal and population growth. This framework can be used to identify prospective modern-era climatic
refugia, where the pace of climate change has been slower than surrounding areas, that are defined relative
to individual species’ needs. The framework also underscores the importance of identifying and managing
dispersal pathways or corridors through semi-continental land use barriers that can benefit many species
simultaneously. These emerging strategies to facilitate range shifts must account for uncertainties around
population adaptation to local environmental conditions. Accounting for uncertainties in climate change
and dispersal capabilities among species and expanding biological monitoring programs within an adaptive
management paradigm are vital strategies that will improve species’ capacities to track rapidly shifting
climatic conditions across landscapes dominated by intensive human land use.
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Facilitar los Cambios en las Extensiones Inducidos por el Cambio Climático a lo Largo de Barreras Continentales
de Uso de Suelo

Resumen: Los cambios climáticos imponen requerimientos a muchas especies para que cambien sus extensiones con tal de permanecer dentro de las áreas tolerables ambientalmente, pero las regiones casi continuas
de uso de suelo intenso por humanos, que se extienden a lo largo de extensiones continentales, disminuyen
los prospectos de dispersión para muchas especies. Revisamos el impacto de la pérdida de hábitat y la fragmentación sobre la habilidad de las especies para rastrear climas cambiantes y también los planes existentes
para facilitar la dispersión de especies en respuesta al cambio climático en regiones de uso intensivo de suelo,
partiendo de ejemplos de América del Norte y otros lugares. Identificamos una marco analı́tica emergente que
toma en cuenta la variación en las capacidades de dispersión de las especies con relación al ritmo del cambio
climático y la disponibilidad de hábitat. La pérdida de hábitat y la fragmentación dificultan el rastreo del
cambio climático, particularmente para las especies especialistas, al impedir la dispersión de propágulos y el
crecimiento poblacional. Nuestra marco analı́tica identifica refugios climáticos posibles en la era moderna,
en los cuales el ritmo del cambio climático ha sido más lento que en las áreas circundantes y los cuales
están definidos en relación con las necesidades individuales de las especies. La marco enfatiza la importancia
de identificar y manejar las vı́as de dispersión o corredores que atraviesan barreras semi-continentales de
uso de suelo y que pueden beneficiar a muchas especies simultáneamente. Estas marcos emergentes para
facilitar los cambios en la extensión deben tomar en cuenta las incertidumbres que rodean la adaptación
poblacional a las condiciones ambientales locales. Tomar en cuenta las incertidumbres en el cambio climático
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y las capacidades de dispersión entre las especies y expandir los programas de monitoreo biológico dentro
del paradigma de trabajo de manejo adaptativo son estrategias vitales que mejorarán las capacidades de las
especies para rastrear rápidamente las condiciones climáticas cambiantes a lo largo de paisajes dominados
por el uso de suelo antropogénico intensivo.

Palabras Clave: cambio climático, corredores biológicos, fragmentación, manejo adaptativo, monitoreo, pérdida
de hábitat, refugios biológicos

Introduction
While rapidly changing climates elevate extinction risk
(Maclean & Wilson 2011), habitat loss and degradation
continue to pose severe threats to many species (Vié
et al. 2009; Collen et al. 2012). Across North America,
intensive and extensive land uses have eliminated or degraded critical habitats in many of the most biologically
diverse areas. The result is that rates of species endangerment in such areas are high (Brown & Laband 2006).
Anthropogenic climate change poses an independent array of risks that may interact with habitat loss impacts to
accelerate extinction rates still further. Although mechanisms governing how, why, and when species respond to
changing climatic conditions continue to be discovered
(Araujo et al. 2013), strategies to reduce population and
species extinctions arising from habitat losses or degradation must clearly account for directional shifts in the
underlying environmental factors that often determine
the limits of species distributions.
Climate change imposes requirements for geographical
range shifts for many species, but land use conversions
across broad regions in North America impose a potential
dispersal barrier spanning much of the continent (Fig. 1).
Anticipated warming of 2–5 °C in the next century over
this region (IPCC 2013) adds to the complexity of conservation planning, the effectiveness of which will depend
in part on the extent to which the impacts of habitat
loss and climate change, respectively, and interactively,
can be mitigated. We reviewed the impact of habitat loss
and fragmentation on species’ abilities to track changing climates. The review focused on the highly developed regions of eastern and central North America as a
hotspot for these interactions, and human footprint, a
metric of human influence (Sanderson et al. 2002), was
assessed within latitudinal bands across North America
to illustrate this variation in human-imposed barriers to
dispersal. We then reviewed the systematic conservation
planning, ecology, and evolution literature for existing
conservation planning and management approaches that
facilitate species dispersal in response to climate change
through regions of intensive land uses, as exemplified
by cases in North America and elsewhere. Strategies to
manage for changing land use intensities and climate
change have evolved rapidly (e.g., Faleiro et al. 2013;
Alagador et al. 2014) and have begun to account for
an increasingly mechanistic understanding of the factors
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that govern species’ ecoevolutionary and phenotypic responses to complex global change threats (Hoffmann &
Sgro 2011).

Climate Change, Range Shifts, and Habitat
The successful expansion of a species’ range at the cold
range margin depends on the presence of habitat that may
be colonized by individual dispersal. Shifts in species’ distributions can be modeled as propagule diffusion within a
window of suitable climate that moves across a landscape
as climates change (Travis 2003; Leroux et al. 2013).
Species’ distributions must keep pace with this moving
climate window to avoid accumulation of climate debts
and potentially extinction (Devictor et al. 2012) by colonizing new areas at expanding range margins even as
individuals of populations are lost from retracting warm
margins. A species’ ability to keep pace depends on its
rate of spatial spread, itself a function of individual movement rates and the population growth rate. In mathematical terms, this rate of spread can be modeled by
√
(1)
c∗ = 2 Dr,
where c∗ is the critical rate of spread for tracking the suitable climate, D is the diffusion rate of individuals or rate of
individual movement, and r is the population growth rate
(Leroux et al. 2013). As part of this emerging reactiondiffusion framework for modeling species movement, it
is possible to generate predictions for the minimum critical size of a patch of habitat that will permit species
persistence, given that both the patch and the species
must shift with respect to changing climatic conditions:

 
L C q = π D/r


−1
q
1− √
,
2 Dr

(2)

where LC is the minimum critical size of the species’
climatic envelope (or area that is climatically tolerable),
which moves at pace q. It is then straightforward to show
that species persistence depends on whether its rate of
movement, c∗ , is at least equal to the rate of movement of
its tolerable climate, q. This framework predicts which
species will be at risk from climate change, given knowledge of their dispersal rates and observations of shifts
in their areas of climatically tolerable habitat, providing a means to include more mechanistic insights into
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Figure 1. Human footprint in North America, expressed as a percentage of the human influence present in each
terrestrial biome, measured with a combination of data on population density, human land use and
infrastructure, and human access via waterways, rail, and roads (derived from Sanderson et al. [2002]). Graph
shows median footprint (vertical lines) and interquartile range of footprint values (boxes) relative to latitude
(dashed lines, most extreme data point within 1.5 times the interquartile range; circles, outliers). Although
footprint appears to be concentrated on the eastern half of the continent, there is a clear peak through the middle
of the continent, stretching through central Canada to the Rocky Mountains in the west.
how dispersal affects range shifts due to climate change
(developed in Leroux et al. [2013]).
Species’ range responses to changing climatic conditions depend on their capacity to disperse (Boulangeat
et al. 2012), which relates to habitat availability and
connectivity (Leroux et al. 2013). Range expansion predictions for the speckled wood butterfly Pararge aegeria that included growth rates and a dispersal function
accurately predicted the observed difference in range
expansion rate between a habitat-rich landscape and a
fragmented, habitat-poor landscape (Hill et al. 2001).
Cropland (Janin et al. 2009; Ockinger et al. 2012),
clearcuts in forested landscapes (Popescu et al. 2012),
and urban or built areas (Tremblay & St Clair 2011;
Sackett et al. 2012) are pervasive in much of North
America (Fig. 1) and inhibit the movement of individuals or reduce colonization success in remaining habitat
patches for butterflies, toads, songbirds, and prairie dogs.
Even for species requiring structurally similar habitats to
those that agricultural land uses replaced, such as for
grassland species remaining in areas of high-productivity
cropland, fragmentation from various land uses isolates
populations (Soons & Heil 2002; Torok et al. 2011) and is
linked to persistent bird population declines (Sauer et al.
2003). Habitat loss is particularly likely to diminish dispersal capacities of habitat specialists, making it less likely
that such species will track shifting climatic conditions

successfully (Warren et al. 2001; Travis 2003; Stefanescu
et al. 2011). Because intensive land uses effectively filter
these species out of changing biological communities and
generalists persist more readily or expand their distributions, this land use and climate change interaction accelerates biotic homogenization over broad regions (White
& Kerr 2007).

Designing Reserve Networks for Range Shifts
Alleviating habitat loss will both reduce its biotic impacts
directly and improve prospects that species dispersal
rates will suffice to track shifting climatic conditions
(Heller & Zavaleta 2009; Lemieux et al. 2011). Although
the continued efficacy of formal protected areas in the
face of changing climates and shifting ranges is uncertain (Kharouba & Kerr 2010; D’Amen et al. 2011; Kujala
et al. 2011; Johnston et al. 2013), creating and maintaining protected areas continues to be essential for conservation strategies that address climate change because
they mitigate other human impacts (Hannah et al. 2007;
Lemieux et al. 2011). However, the strategy of prioritizing potential reserves based on species’ current distributions is clearly limited by increasingly dynamic species
distributions (Williams & Jackson 2007; Hobday 2011);
additional, innovative strategies are urgently needed.
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Figure 2. A conventionally clustered reserve network
(left) and a reserve network stretched along the axis
of climatic niche movement (gray, climate windows
at 3 periods intended to exemplify significant climate
change; arrows, direction of climate window
movement).

Protection along Climate Change Trajectories
Species’ capacities to track shifting climates depend
strongly on availability of sufficient habitat where species
can establish populations beyond their historical range
limits and subsequently disperse (Hiley et al. 2013). Protecting or restoring habitat that strategically facilitates
range shifts (effectively increasing the c∗ term and diminishing the risk of q > c∗ in Eq. (2)), such as in areas that
are poleward or upslope of existing range boundaries or
biodiversity hotspots, will reduce extinction risks related
to climate change. This creates a unique challenge for
conservation planners because a reserve may be only transiently tolerable for constituent species. Although many
climatic generalist species will continue to benefit from
existing reserve networks, other species may need to use
those reserves to shift through landscapes where habitat
losses might otherwise hinder or prevent dispersal. If
so, arranging individual reserves or managed lands along
the expected trajectories of shifting species’ niches will
improve their likelihood of colonizing new areas (Fig. 2)
(Lawler 2009; Alagador et al. 2014).
Managing habitats along the trajectory of distribution
changes requires prediction of this trajectory in a landscape. For North America east of the Rockies, the trajectories of climate change are largely northward; some converge toward higher elevations such as the Appalachian
ranges and along northern coastlines (Burrows et al.
2014). However, observations of how climatic niches
have shifted across landscapes can provide greater insight than direction and pace; multiple trajectories can
be mapped to identify the timing and extent to which
these trajectories converge, remain overlapping, and diverge. For example, the pace of climate change has
been calculated (Loarie et al. 2009). From these calculations, 50-year trajectories (1960–2009) of climatic niches
have been mapped across North America that identify
climate “corridors,” where many of these trajectories
pass through a single common region (Burrows et al.
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2014). If species are expected to track individual climatic
niches in a shared direction (if not pace), these common
routes of migration imposed by climate change need
identification and management. Although geographical
range shifts observed to date have not yet been strongly
limited by hard geographical boundaries, such as coastlines, region-specific management will be necessary to
account for such responses in some areas (e.g., California
[Ackerly et al. 2010]).
Predicting species distributions based on models of
future climate (Pyke et al. 2005; Rose & Burton 2009;
Kujala et al. 2013b; Loyola et al. 2013) relies on many assumptions (e.g., that the current distributions of species
are in equilibrium with climate) or on underlying models with their own assumptions and uncertainties (e.g.,
about future CO2 emissions [Buisson et al. 2010]). The
accuracy of these predictions is infrequently tested
(Crimmins et al. 2013). It is important to validate such
models by testing their ability to predict changes over periods of observed climate change (Kharouba et al. 2009;
Kerr & Dobrowski 2013; Williams et al. 2013). Finally,
shifting climatic niches are not necessarily geographically
continuous (Early & Sax 2011), which creates gaps along
dispersal pathways that may lead to more complex management requirements.

Connectivity through Corridors, Stepping-Stones,
and Translocation
The distribution of dispersal characteristics among
species assemblages can inform the nature of potential
management interventions. Range shifts in response to
climate change are contingent on successful individual
dispersal among habitat patches, the probability of which
can vary regardless of landscape permeability. Strategies to connect conservation areas must account for
potentially enormous variation in target species’ intrinsic dispersal abilities (Burke et al. 2011). Some species
will successfully disperse through even extremely fragmented landscapes, whereas other species will not disperse rapidly enough to track shifting climatic conditions
even if habitats are nearly continuous and subject only
to natural disturbances. Among species for which long
distance dispersal is unlikely, for example, corridors may
be needed (Beier et al. 2008), whereas habitats arrayed
as stepping-stones may suffice for species that disperse
over moderate distances relative to existing geographical barriers (e.g., wind- or bird-dispersed seeds) (Fig. 3)
(Pearson & Dawson 2005). As a result, strategies to improve connectivity in human-dominated landscapes may
range from no intervention at all to managed relocation
(Pearson & Dawson 2005; Shoo et al. 2013).
New techniques are required to assemble and evaluate
dispersal capacities within large species assemblages and
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Figure 3. Two ways to connect habitat patches (black)
for species tracking climate niches moving from
bottom to top of the figure: continuous corridors (light
grey) and stepping-stones (dark grey).
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vary relative to species intrinsic dispersal capacities, ranging from no intervention to managed relocation, as well
as local land uses and costs. Corridor or stepping-stone
establishment, through formal protection measures or informal land use management, will often be less intrusive
and potentially less costly than managed relocation, depending particularly on whether these landscape features
are being retained or must be restored (Hoegh-Guldberg
et al. 2008; Shoo et al. 2013). The costs and logistical difficulty of managed relocation increase rapidly as numbers
of species requiring relocation increase (Loss et al. 2011),
although prohibitively high land costs or inflexible land
uses may sometimes make managed relocation relatively
economical.
Connectivity is particularly relevant to trans-national
conservation issues. In North America, for instance,
human-dominated regions of eastern and central North
America extend across the border between Canada and
the United States and maintenance of landscape connectivity in trans-boundary areas requires international
cooperation. There is some precedent for international
cooperation in the Great Lakes watershed, through longstanding activities of the International Joint Commission
(Hall 2008). Broad-scale initiatives of this kind are similarly exemplified by the Yellowstone to Yukon (Raimer &
Ford 2005) and Algonquin to Adirondacks (Stephenson
2001) corridors, but they remain uncommon. Such efforts may need to be expanded particularly in central
North America, where the pace of climate change is
higher (Loarie et al. 2009) and species consequently experience greater challenges in tracking shifting climatic
conditions. Building cooperative management structures
between agencies and governments with limited histories
of trans-boundary co-operation may be challenging but
will likely be indispensable.

Climatic Refugia

Figure 4. Butterfly mobility scores (derived from
Burke et al. [2011]) and best approaches for habitat
connectivity based on dispersal ability.

to evaluate methods to facilitate their dispersal across
human-impacted landscapes. Burke et al. (2011) assembled consensuses of expert views on species’ mobility
for 297 butterfly species in United States and Canada,
which showed that dispersal capacities varied enormously among species. Some of these species are unlikely, without some form of management intervention
(Fig. 4), to keep pace with shifting climatic conditions.
Interventions to facilitate such geographical range shifts

Strategies to reduce the geographical displacement rates
of species’ climatic niches provide potentially vital benefits that complement widely recognized approaches
of facilitating dispersal through human-dominated landscapes. During past climate changes, paleoecological and
phylogeographic data indicate that small populations of
many species sheltered successfully in climatic refugia
and subsequently expanded as climatic conditions allowed (Svenning et al. 2008; Hampe et al. 2013). Identifying similar areas that could buffer impacts of current
anthropogenic climate change is an urgent requirement
(Ashcroft 2010; Dobrowski 2011; Keppel et al. 2012;
Reside et al. 2013). The capacity of a site to act as a
refugium depends on the rate of warming within it relative to surrounding areas, the duration and magnitude of
climate change, and climatic tolerances of resident biota
(Moritz & Agudo 2013).
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Biological mechanisms governing species’ responses
to climate change can inform efforts to identify modern
climatic refugia. If these areas are defined as having lower
rates of climate change, refugia effectively reduce the
rates at which species’ climatic envelopes (q, or tolerance niches sensu Sax et al. [2013]) move relative to
species’ dispersal rates (c∗ ). Refugia complement strategies intended to increase species dispersal rates because
those rates are measured relative to how quickly areas
with suitable climates shift. All other things being equal,
the most effective refugia will be relatively large so as to
reduce risks of localized, stochastic extinctions and mitigate climate impacts sufficiently well that q < c∗ for the
duration of the climate change period. In principle, this
means refugia can satisfy their technical definition while
being spatially dynamic; that is, they act like a habitat
corridor that is buffered against climate change impacts.
This issue has been little explored (Graham et al. 2010;
Rose & Burton 2011). Although the roles of refugia in preserving relictual populations during periods of sustained
cooling is well known (Hampe et al. 2013; Jurickova et al.
2014), their durability during periods of rapid warming
is considerably less certain. Expanded understanding of
the distribution and dynamics of refugia relative to recent
climate changes and potentially constituent species is
urgently needed.

Local Adaptation and Dispersal
A population is more likely to survive the effects of climate change if it retains sufficient standing variation to
enable adaptive shifts in tolerance of changing environmental conditions. These effects are ubiquitous, given
that even very long-lived species, such as trees, show
widespread evidence of local adaptation to climatic conditions (Davis et al. 2005; Franks et al. 2014). Furthermore, local adaptation to climatic conditions depends on
the balance between local selective responses and gene
flow (Lenormand 2002), which may shift rapidly in areas
where human land uses impose dispersal barriers but
climate-change-related selective pressures vary spatially
and temporally. Selection can nevertheless shift species’
critical thermal limits to the extent that local genetic
variation exists. Drosophila populations rapidly evolve
increased tolerance to stressful abiotic conditions in experimental microcosms (Reusch & Wood 2007). Species’
seasonal timing (phenologies) have shifted rapidly over
recent decades (Kharouba et al. 2014), responses that
reflect phenotypic plasticity and the presence of sufficient genetic variation to permit selection (Berteaux
et al. 2004; Bradshaw & Holzapfel 2008; Skelly &
Freidenburg 2010). Similarly, variability in heat shock
protein expression can be high, suggesting potential responses to strong selection for increasing upper critical
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temperature (Reusch & Wood 2007). Conversely, recent reviews of thermal thresholds globally suggest there
is strong conservatism across taxa in upper thermal
limits (Araujo et al. 2013), and shifts in tolerance at
species upper thermal limits occur much slower than
at their lower thermal limits (Munoz et al. 2014). Maintenance of genetic diversity in support of traits that
are critical for adaptive responses to warming (e.g.,
thermal tolerance), as well as identifying populations
with limited adaptive potential (Hoffmann & Sgro 2011),
would improve the prospects of successful conservation
outcomes.
Yet, climate change may select for differences in dispersal ability, not just thermal tolerances. Warming along
species’ geographical range limits in fragmented landscapes selected for increased dispersal capacity among insect populations (Hill et al. 2011). In those areas, individuals with greater dispersal capacity would be the first to
colonize areas that have newly become climatically suitable, allowing them to escape intraspecific competition
(Hargreaves & Eckert 2014). In contrast, model-based expectations suggest that dispersal can reduce probability
of successful adaptation to climate change by exposing
species to novel competitors (Norberg et al. 2012). Apparent mismatches between model-based and field ecological observations can be substantial. However, there
is emerging consensus that assisted gene flow or management activities that increase dispersal rates are likely
to accelerate adaptation to changing climatic conditions,
but negative impacts, such as outbreeding depression,
also present risks that must be recognized and addressed
(Sgro et al. 2011; Weeks et al. 2011).
While models that assume strong potential impacts
of competition can predict negative impacts of dispersal on population survival, alternative theoretical frameworks have been described (e.g., Leroux et al. 2013)
in which dispersal is critical to improve prospects for
species survival. This framework was linked to field-based
observations to generate predictions of risks related to
climate change relative to species’ dispersal capacities
and climatic tolerances across large areas of North America. Risks associated with outbreeding depression, for instance, may prove larger in populations that are naturally
highly fragmented, such as those inhabiting mountainous areas (Hamann & Aitken 2013). Across enormous
areas of central North America, however, human land
uses have subdivided formerly continuous landscapes
that have very little topographical relief (see Fig. 1). Increasing dispersal rates among population isolates in such
areas would restore gene flow to levels that could have
been historically observed, which seems unlikely to yield
perverse conservation outcomes in terms of adaptation,
especially given the benefits of outcrossing for genetic
rescue in isolated and inbred populations of naturally
outbreeding species (Frankham 2015).
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Planning for Uncertainty
Anthropogenic climate change will impose non-analog
conditions in some areas (Williams et al. 2007). These
conditions will necessitate management of the effects
of extreme events and species responses to previously
unobserved environmental conditions (Lemieux et al.
2011). Large areas that include potential climatic refugia are more likely to provide both the shelter and
resources species require under such circumstances.
Agri-environmental programs used in Europe and the
United States (Baylis et al. 2008) can maintain or improve
habitat quality for target species within core protected areas and facilitate their dispersal through managed mixed
use areas surrounding them (Donald & Evans 2006;
Lawson et al. 2012). Accepted systematic conservation
planning principles, such as redundant species representation within networks of protected or managed areas,
will reduce the likelihood that climate changes will eliminate species from the system (Lemieux et al. 2011; Gillson
et al. 2013). Smaller areas can help integrate networks
that include widely dispersed large protected areas in
regions adjacent to landscapes under highly intensive human use (Hannah 2011), such as across broad expanses
of central North America.
To predict species responses to climate change in a
way that allows effective targeted approaches (Heller &
Zavaleta 2009; Dunlop et al. 2012), observations and
mechanisms determining species’ responses to recent
changes are vital (Kujala et al. 2013a). Long-term monitoring programs (McMahon et al. 2011), such as the
Breeding Bird Survey (Newman 2011; Sauer et al. 2013),
provide measurements of species’ responses against historical values. This temporal component provides context and considerably greater biological insight than
purely spatial measurements (e.g., Kerr et al. 2007) and is
critical if adaptive management (where best practices are
determined “through sequential reassessment of system
states and dynamic relationships” either actively through
experimentation or passively through monitoring and experience [Rist et al. 2013]) is to employ the strongest
evidence (Mawdsley 2011). Such management programs
should also continue to monitor and manage populations
of invasive species while recognizing the increasing difficulty of defining alien and native species in a changing
world (Webber & Scott 2012).
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provides the basis to identify modern climatic refugia,
which can be viewed as areas with low rates of environmental change (or climate velocities) relative to species’
dispersal abilities, a dynamic definition of refugia relative to anthropogenic climate changes. Although management strategies that account for biological variation in
dispersal capacities that vary across species assemblages,
such as assisted migration for species with the least dispersal capacity or where land costs prohibit use of other
approaches, are likely to improve most species’ conservation prospects, the same strategies also pose risks to
populations that are locally adapted to environmental
conditions. Uncertainties around impacts of extreme
events and the advent of non-analog conditions, along
with the need to account for and retain adaptive potential
among target populations and species, represent important areas where research would yield practical benefits.
Some regions with large areas of intact wilderness remain, and strategies discussed here are intended to enable species to reach those areas successfully despite the
presence of semi-continental dispersal barriers of intense
human land use. Efforts to improve habitat for species
in degraded areas are unlikely to yield perverse conservation outcomes, but wilderness areas outside these are
also at risk. Extensive and rapid growth of industrial land
uses, such as for bitumen oil extraction in the boreal
landscapes just beyond North America’s central plains,
creates potentially impenetrable obstacles to geographical range expansion for some species as well as a growing footprint of comprehensive habitat destruction. This
growth over the past decade is a reminder that the existence of expansive wilderness areas is no guarantee
of their persistence. Such areas are also experiencing
large climate change impacts and these generally grow
larger toward the Arctic (IPCC 2013). Thus, species must
become progressively better dispersers the further north
their ranges extend, leading also to increasing relative
impacts of land use changes on species capacities to
track shifting climatic conditions in those areas. Wilderness conservation in these few frontier regions that remain must be a high priority. At the least, strategies
that facilitate species movement beyond existing humanimposed dispersal barriers are likely to improve species’
conservation chances during this epoch of accelerating
climate change.
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