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Geographic range shifts have been vital to species’ persis- 
  tence during past periods of global climate change 

(Davis and Shaw 2001). In response to current global warm-
ing, many species have already shifted range boundaries to 
track suitable climatic conditions (Parmesan and Yohe 2003). 
However, the rapid pace of modern climatic changes, cou-
pled with habitat loss and fragmentation, are making it diffi-
cult for species to follow preferred climatic conditions and 
call into question the effectiveness of this adaptive response 
(McGuire et al. 2016).

For this reason, enhancing landscape connectivity – the 
degree to which the structure of the landscape facilitates species’ 
movement – is the most frequently cited climate adaptation 
strategy for biodiversity conservation (Heller and Zavaleta 
2009). Landscape connectivity has already been incorporated 
into many climate adaptation planning efforts at regional, 
national, and international scales (eg WGA 2008; NPS 2010; 
Natura 2000 Network, https://bit.ly/1i2vgXI), but most connec-
tivity planning does not directly take climate change into 
account (Mazaris et al. 2013). That is, the bulk of studies and 
planning efforts that claim to use connectivity to address climate 
change are focused on enhancing connectivity among existing 
habitat patches rather than explicitly addressing the unique 
needs presented by climate- induced range shifts (Table 1).

To some extent, enhancing connectivity based on current 
habitat location and quality will increase the capacity of species 
to move in response to climate change simply because such 
efforts should increase the permeability of the landscape in 
general. However, preliminary comparisons suggest that this 
will not always be the case (Littlefield et al. 2017). Changes in 
climatic conditions will, in many cases, shift the location and 
availability of suitable habitat, necessitating directional move-
ments from current to future areas of climatic and habitat suit-
ability (Krosby et al. 2010). Accounting for these shifts requires 
that models identify not only where high- quality habitat is 
currently located but also where it will be in the future. In addi-
tion to modifying the distribution of core habitat, climate 
change may constrain or alter the viability of movement routes 
needed to make newly suitable habitat accessible. Finally, 
climate- driven range shifts may lead species into habitat “cul- 
de- sacs”, such as the tops of mountains (Carroll et al. 2015).

A wide range of approaches for explicitly addressing these 
unique challenges posed by climate change has emerged in 
recent years. These approaches vary in their complexity and 
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In a nutshell:
• Increasing landscape connectivity is one of the most fre-

quently recommended adaptations for conserving biodi-
versity as the global climate changes

• However, few existing connectivity modeling approaches 
directly account for climate change

• Emerging methods to directly address climate-driven move-
ments generally rely on projected range shifts, climate 
trajectories and analogs (ie historical and future conditions 
that match), existing climatic gradients, and geophysical 
settings

• Despite advances in this modeling realm, hurdles still re-
main – for example, addressing the spatial and temporal 
dynamism of climatic changes, capturing elusive climatic 
refugia, and managing uncertainties in species’ responses

• In addition to addressing these challenges, connectivity 
models and plans will need to be tested

https://bit.ly/1i2vgXI
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reflect a diversity of analytical methods and assumptions, but 
they all attempt to address the obstacles and uncertainties 
unique to facilitating climate- driven shifts in species’ distribu-
tions. In this review, we examine the rapidly growing array of 
connectivity modeling approaches that identify areas most 
likely to be important routes for species responding to climate 
change. We then discuss the conceptual and analytical hurdles 
that remain in this arena. Our review does not summarize dis-
cussions on the importance of connectivity for addressing cli-
mate change, nor the underlying algorithms and metrics used 
to model connectivity in general, because both of these topics 
have been covered elsewhere (eg Gillson et al. [2013] and 
Robillard et al. [2015] for the  former, and Calabrese and Fagan 
[2004] and Rayfield et al. [2011] for the latter).

Approaches for mapping connectivity under climate 
change

Research on connectivity to address climate change can be 
classified into approaches that make use of (1) the projected 
future ranges of species, (2) climate trajectories and analogs 
(ie locations that, in the future, will match the climatic 
conditions of today), (3) existing environmental and climatic 
gradients, and (4) enduring geophysical features (eg geo-
logical formations, mountain ranges, and other landforms; 
Figure 1; WebTable 1). In examining each of these approaches, 
we asked: where and how are important areas for biodi-
versity in the future defined, how are important routes 
identified, and how are uncertainties associated with model 
inputs and climate- driven range shifts addressed?

Projected future ranges

One of the most common strategies for modeling connec-
tivity to address climate change is to explicitly model areas 
of future climatic or habitat suitability for species and then 
identify potential routes between those areas and currently 
suitable locations. This approach typically relies on species 
distribution models (SDMs) that map species’ future ranges 
by identifying where, in the future, currently occupied cli-
matic conditions will be (although mechanistic models could 
be used as well). The simplest way to link current and 
potential future ranges is to identify areas of overlap across 
successive time- steps, thereby maintaining climatic conti-
nuity for the focal species over time (eg Vos et al. 2008; 
Rose and Burton 2009). More complex methods have incor-
porated dispersal dynamics into SDM- based connectivity 
via “dispersal chains” that link successively suitable areas 
within a prescribed dispersal distance (Williams et al. 2005). 
Others have optimized (eg with network flow) the number 
of corridors identified by overlapping SDM projections 
while  at the same time minimizing required land area or 
ensuring species’ persistence (Phillips et al. 2008; Alagador 
et al. 2016). Incorporating SDMs for numerous species can 
show which areas are important for connectivity across a 
range of taxa at a continental scale (Lawler et al. 2013).

A major strength of using SDMs for modeling connectivity 
for climate change is that they explicitly distinguish areas of 
potential climate suitability based on empirical evidence of 
where species are now or have been in the past. SDM- based 
models therefore include explicit destinations, are species- 
specific, and, as such, address the fact that different species are 
likely to respond uniquely to climate change (Davis and Shaw 
2001). Of course, unless many species are modeled, this 
approach is less suitable for addressing the movement needs of 
a broad range of species. In addition, SDMs assume that spe-
cies are well adapted only to the  climatic conditions they cur-
rently occupy – that is, their realized niches – whereas, in 
reality, species may have broader climate tolerances, which 
allow them to adjust as conditions change. The correlations 
between climate and species’ presence that underpin SDMs 

Table 1. A comparison of objectives, targets, inputs, and potential 
sources of uncertainty in models and plans for traditional connec-
tivity and those for connectivity specifically designed to address 
species’ responses to climate change

Category Feature

Modeling approach

Traditional Climate-driven

Primary 
conservation 
objective

Maintain or restore movement 
among fragmented habitats

✔

Promote climate- driven shifts 
in species’ ranges

✔

Potential model 
focus or what is 
being connected

Protected areas ✔

Natural landscapes ✔

Geophysically diverse areas ✔ ✔

Current ranges or habitat ✔ ✔

Future ranges ✔

Current and future climate 
conditions

✔

Climate gradients (eg warm to 
cool)

✔

Potential model 
inputs

Land cover or landscape 
resistance

✔ ✔

Geophysical features ✔ ✔

Habitat suitability models ✔ ✔

Current climate ✔ ✔

Future climate ✔

Species distribution models ✔

Sources of 
uncertainty

Landscape resistance ✔ ✔

Geophysical datasets ✔ ✔

Habitat suitability models ✔ ✔

Current land cover ✔ ✔

Future land cover ✔

Climate projections ✔

Species/system response to 
climate change

✔

Novel biotic interactions ✔
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therefore may not persist in the future, nor 
may these relationships be adequate for repre-
senting range- shift dynamics as they unfold 
(Pearson and Dawson 2003). SDMs also fail to 
account for important habitat requirements, 
including localized suitability for supporting 
population and metapopulation dynamics 
(Araújo and Peterson 2012), although mixed 
SDM–metapopulation models have been pro-
posed (eg Aiello- Lammens et al. 2011; Conlisk 
et al. 2012). In addition, SDMs do not directly 
model key mechanisms that can determine 
species’ distributions, such as species’ interac-
tions (Araújo and Luoto 2007), although 
researchers are increasingly coupling SDMs 
with mechanistic models to address this (eg 
Fordham et al. 2013; Urban et al. 2016). Finally, 
projections of future climatic conditions are 
inherently uncertain (Kujala et al. 2013), and 
these uncertainties and any errors may be 
amplified when the projections are incorpo-
rated into SDMs that also include uncertainties 
and inherent assumptions (Fordham et al. 
2016).

Climate trajectories and climate analogs

In response to the limitations and uncertainties 
associated with SDM- based approaches, alter-
native climate–connectivity modeling strate-
gies – strategies that do not rely explicitly 
on predicted range shifts – have been devel-
oped. Some alternatives instead rely on climate 
trajectories and climate analogs to produce 
connectivity maps that identify where and 
how climatic conditions are expected to shift 
across the landscape. As with most SDM- based approaches, 
those based on climate analogs may explicitly define start-  
and endpoints. For example, Littlefield et al. (2017) connected 
historical climate conditions with analogous future conditions 
across a human- modified landscape. Alternatively, analogs 
can be used to map the trajectories of climatic conditions, 
thereby identifying the pathway a species’ range would need 
to follow to remain within its current temperature conditions 
over time (Burrows et al. 2014).

These coarse- filter models tend not to identify routes for 
specific species but instead assume that species will most likely 
follow the same paths as shifting climate conditions. These 
models are therefore generalizable to a range of species, and 
allow for community and regional climate reshuffling 
(Ordonez and Williams 2013). Nonetheless, species will move 
at different rates and with varying success, depending on a 
species’ dispersal ability, habitat needs, and tolerance of (or 
ability to adapt to) climate change. As such, climate  trajectory-  
and analog- based connectivity maps may identify potential 

linkages that require unrealistic rates of movement or are not 
spatially aligned with species’ niche requirements (Alagador 
et al. 2012; Carroll et al. 2015).

Although these approaches do not use SDMs, they are still 
subject to the uncertainties inherent in climate projections. 
These uncertainties, though substantial, have been thoroughly 
explored and are well documented (Kujala et al. 2013). Their 
influence can be minimized by comparing results across multi-
ple climate scenarios, by nesting coarse-  and fine- filter models, 
and by using a suite of climatic metrics for identifying climate 
analogs (Tingley et al. 2014; Carroll et al. 2015).

Existing environmental and climatic gradients

Some researchers have sought to bypass the uncertainties 
associated with using climate projections by instead using 
existing environmental and climatic gradients to model cli-
mate corridors. Such models rely on the “rule of thumb” 
that species will shift unidirectionally along environmental 

Figure 1. Schematics of four types of approaches to model connectivity for climate change. 
When using projected future ranges, some researchers explicitly identify where species are 
expected to be in the future and identify routes that link current species’ distributions to these 
locations, whereas others use climate trajectories and analogs to identify where and how cli-
matic conditions will move across the landscape; still others leverage environmental gradients 
to map routes along which species are expected to move. These may include connections 
between (a) lower elevations and relatively cooler, higher elevations; (b) downstream areas and 
headwaters of riparian networks; and/or (c) lower latitudes and higher latitudes. Finally, some 
researchers identify linkages between similar geophysical features or linkages that connect a 
high diversity of interspersed land facets, such as: (d) high plateaus, (e) cliffs and steep slopes, 
(f) north- facing upper slopes, and/or (g) valleys and coves.
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and climatic gradients as temperatures increase; that is, 
species are expected to shift from areas that are relatively 
warmer now to areas that are currently relatively cooler. 
These connectivity maps span temperature gradients either 
directly or via close proxies such as elevation, latitude, or 
physiographic features (eg river networks).

Some climate corridors modeled to capture temperature 
gradients may explicitly incorporate current climate data, 
including climate- gradient corridors (Nuñez et al. 2013) that 
follow unidirectional changes in temperature and riparian cli-
mate corridors (Krosby et al. 2014) that prioritize stream net-
works in which headwaters are cooler than outlets. Other 
gradient- based approaches do not explicitly incorporate cli-
mate data but rely on the fundamental principle that tempera-
tures are generally cooler at higher elevations and latitudes, 
and that species will shift uphill and toward the poles accord-
ingly. Townsend and Masters (2015), for instance, proposed a 
latticework corridor system that follows riparian networks 
both across elevational bands (to facilitate movement) and 
within elevational bands (to promote population persistence), 
whereas Anderson et al. (2016) modeled connectivity in the 
eastern US to prioritize conduits for northward and upward 
shifts. Most examples of these gradient- based corridors also 
tend to connect existing habitat patches, such as protected 
areas or areas in good natural condition. Some of these models 
explicitly connect habitat patches that differ incrementally in 
temperature (eg Nuñez et al. 2013; McGuire et al. 2016) so as 
to provide a network of climatic stepping- stones that would 
allow species to track shifting climates over time.

In relying only on current climatic conditions to map con-
nectivity, these projection- free approaches seemingly avoid 
uncertainties of climate projections. Furthermore, there is a 
conceptual simplicity associated with relying on current cli-
mate patterns or easily identified gradients (eg elevation, lati-
tude). The coarse- filter nature of such approaches may also 
better accommodate the movement needs of a wide range of 
species and communities, and therefore be more analytically 
efficient than methods that focus on specific species. Many 
observed movements under contemporary climate change 
have indeed followed these “rules of thumb” along coarse- 
grained climatic gradients toward higher elevations and higher 
latitudes (Parmesan and Yohe 2003). However, the finer- scaled 
climatic factors to which species respond (eg water balance) 
may result in localized shifts that are opposite to these prevail-
ing, broad- scale patterns (Lenoir et al. 2010; Crimmins et al. 
2011). Therefore, although models based on existing environ-
mental and climatic gradients circumvent uncertainties in 
climate- change projections, they do not typically capture finer- 
scaled mechanisms operating on species’ persistence, nor can 
they incorporate rates of climatic changes.

Enduring geophysical features

One final approach to modeling connectivity for climate 
change relies on mapping and connecting regions with a 

diversity of enduring geophysical features, sometimes 
referred to as “land facets”. Underpinning this technique 
is the theory that various landscape features support unique 
ecological and evolutionary patterns and processes critical 
to the maintenance of biodiversity (Anderson and Ferree 
2010; Brost and Beier 2012). Moreover, these enduring 
geophysical features experience change at rates that are 
orders of magnitude slower than contemporary climate 
change. Therefore, capturing a diversity of abiotic condi-
tions will likely provide a variety of environments needed 
to support biodiversity in the future, even as climatic 
conditions and ecological communities change (Lawler 
et al. 2015).

Brost and Beier (2012) proposed two distinct methods for 
using land facets to identify range- shift corridors. The first 
identifies movement corridors with minimal differences in 
topographic, soil, and geologic conditions along the full 
length of each corridor, and assumes that some species are 
particularly well adapted to specific geophysical conditions 
and therefore their movements will be restricted to these con-
ditions. The second method identifies movement corridors 
composed of a wide variety of highly interspersed land- facet 
types, and is based on the theory that many different types of 
species will be able to disperse through such a corridor 
because the preferred land facets are in close proximity. Both 
of these methods are “species- agnostic”, in that they do not 
use information specific to any species. As such, they may 
identify important linkages for species in general, but they do 
not expressly distinguish destinations or incorporate the spa-
tiotemporal directionality of range shifts. The reason for this 
omission is that projected changes in both the direction and 
location of species’ range boundaries are too uncertain to be 
of use (Brost and Beier 2012).

These projection- free methods seek to bypass the limita-
tions and uncertainties inherent in climate projections and 
SDMs, but there may be considerable uncertainties associated 
with the data layers and processes used to define land facets 
(Lawler and Michalak 2017). Furthermore, although the the-
ory linking biodiversity and land- facet diversity is strong, there 
is little empirical evidence supporting the assertion that con-
nectivity between and among land facets will facilitate species’ 
movements and other adaptive responses.

The path ahead: conceptual and analytical challenges

Addressing the dynamic nature of climate change over time

Climate change is a dynamic process that progresses con-
tinuously, yet the connectivity models meant to address 
species’ responses to this process are rarely, if ever, dynamic. 
Capturing the variations inherent in climate change remains 
a major challenge for connectivity modeling and for eco-
logical response modeling in general (Garcia et al. 2014; 
van de Pol et al. 2017). Most studies that address species’ 
movements or future ranges either model climate change 
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as a single event at some point in the future or average 
projected changes over the intervening years, whereas in 
reality climate change will proceed idiosyncratically, and will 
be accompanied by extreme events and fluctuations (Garcia 
et al. 2014). These dynamics may compromise the ability 
of species to successfully track suitable conditions; for exam-
ple, population persistence during unfavorable climate con-
ditions will be critical for successful range shifts, yet spatial 
and temporal discontinuities of suitable conditions may be 
masked when projected changes are averaged over multiple 
years (Figure  2; Early and Sax 2011).

In response to these challenges, some researchers have 
modeled climatic conditions with multiple time- steps to 
approximate the continuous unfolding of changes; these 
studies have revealed that the relative importance of move-
ment pathways can diminish or expand over time (Littlefield 
et al. 2017). Other researchers have modeled movement 
pathways sequentially, by identifying the spatial overlap in 
projected ranges in sequential slices of time to maintain 
temporal and spatial continuity of suitable conditions (Rose 
and Burton 2009; Alagador et al. 2016). From a planning 
perspective, results from models that include multiple time- 
steps suggest a role for flexible preserves that can shift across 
landscapes over time. Nevertheless, these approaches do not 
truly model climate change as a continuous, dynamic pro-
cess, nor do they capture other continuous processes such as 
land- use change and population dynamics, both of which 
are hurdles for connectivity modeling in general. Ecologists 
have a long history of focusing on equilibria and ignoring 
dynamism, but doing so when addressing climate change is 
particularly problematic.

Identifying future climatic refugia

Locating refugia – the places in current landscapes where 
species will be able to persist as climate changes – is 
considered by many to be the “Holy Grail” of modeling 
connectivity for climate change. Originally a paleoecology 
concept, the term refugia has traditionally described places 
where species persisted during past periods of glaciation, 
as confirmed by the fossil record, genetic analyses, and 
SDMs (Gavin et al. 2014). That definition has expanded 
to include areas to which species may retreat and within 
which they may persist even while the suitability of pre-
vailing climatic conditions declines (Keppel et al. 2012). 
Refugia operate at multiple spatial and temporal scales: 
localized, fine- scaled microrefugia are buffered from 
broader climatic changes and so may remain cooler or 
wetter than the surrounding areas, whereas macrorefugia 
describe larger regions that retain increasingly rare climatic 
conditions (Ashcroft 2010).

Modeling climatic refugia is a rapidly emerging field of 
research in and of itself. Many methods used to identify refugia 
are closely related to those used to identify connectivity for 
climate- driven movement. For example, SDMs, climate ana-

logs, and land- facet diversity have all been used to identify 
potential refugia and networks of refugia (Figure 3; Vos et al. 
2008; Maher et al. 2017). Furthermore, connectivity models 
that connect warm patches to cool ones or are based on cli-
matic gradients are likely to capture movement routes to high- 
elevation refugia. To date, however, little work has sought to 
expressly map future refugia and important movement routes 
in tandem (but see Vos et al. 2008). Leveraging refugia as con-
servation targets themselves and for their potential role in 
facilitating movement (eg as stepping- stones) will be impor-
tant for identifying robust connectivity networks (Morelli et al. 
2016).

Addressing biological realism

Modeling connectivity in general – even without addressing 
climate- driven shifts in species’ distributions – is an uncer-
tain process (Lawler and Michalak 2017). The uncertainty 
arises from errors in land- cover data and a lack of knowl-
edge about species’ habitats, movements, and tolerance of 
human activities. Although some types of uncertainty may 
be quantified and accounted for in analyses and subsequent 
decision making, other sources of uncertainty are simply 
inherent limitations in predictive modeling (Urban et al. 
2016). When attempting to connect landscapes to facilitate 
climate- driven range shifts, modelers generally lack detailed 
information about the specific climatic factors that limit 
species’ distributions. Most models rely on annual averages 

Figure 2. Early and Sax (2011) mapped potential pathways for multiple 
amphibians, including the California newt (Taricha torosa), over four dec-
ades of change. Paths were allowed to unfold over adjacent grid cells if 
climatic suitability in those cells did not drop below species- specific 
thresholds. In some cases, even transient fluctuations beyond these 
thresholds caused insufficient time for species to persist while traversing 
a series of cells, making clear that interdecadal climatic variability may 
compromise a species’ ability to reach projected suitable areas. This sug-
gests that modeling climate- induced movement with greater rather than 
fewer numbers of time- steps may both minimize the likelihood of overes-
timating successful movements and more realistically capture population 
persistence as climate change progresses.
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and other simple aggregate measures of temperature and 
precipitation; few capture the extreme events that may facil-
itate expansions and drive local extinctions. It is these extreme 
events, as well as changes in moisture, snowpack, and sea-
sonality, that will likely drive range expansions and con-
tractions (Garcia et al. 2014).

Moreover, how population dynamics play out at range 
boundaries – for instance, localized extinctions or the estab-
lishment of new populations – may require different approaches 
to connectivity conservation (Hampe and Petit 2005; Valladares 
et al. 2014). However, our detection of these events may be 
biased toward range expansions because contractions are 
sometimes masked by lingering, localized populations that are 
destined for extirpation (Dullinger et al. 2012) or simply 
because there is a greater research effort on leading- edge pop-
ulations (ie populations along the range edge that is expand-
ing; Hampe and Petit 2005). Improving our understanding of 
highly variable range boundary dynamics and patterns of both 
phenotypic plasticity and adaptive capacity across species’ 
ranges (Valladares et al. 2014) may lead to the development of 
additional connectivity strategies. For example, leading- edge 
populations that are poised to expand may require linkages to 
new areas of suitable habitat, whereas improving connectivity 
between localized populations at the trailing edge may effec-
tively “buy more time” for a species experiencing range con-
traction.

The distribution of predators, prey, competitors, and facil-
itators will also affect the timing, direction, and success of 
species’ range shifts, as well as the effectiveness of 
connectivity- enhancing strategies (Hille Ris Lambers et al. 

2013). Lags in the shift of biotic habitat ele-
ments (eg vegetation communities) may com-
promise successful range changes. On the 
other hand, disturbances may reset systems 
and generate newly available habitat that 
facilitates successful shifts for some species 
while simultaneously compromising the per-
sistence of others (Landhäusser et al. 2010). 
Although large vertebrate species may be 
capable of moving long distances and travers-
ing landscapes despite unsuitable climatic 
conditions, plants and smaller animals 
(including invertebrates) may be considerably 
more constrained in terms of both how far 
they can disperse and what terrains they can 
traverse (Urban et al. 2016).

Although the amount of biological realism 
in connectivity models could clearly be 
increased to account for these species- specific 
and interspecific complexities, a model argua-
bly needs only enough realism to adequately 
resolve the question being asked of it. 
Therefore, an additional goal in modeling 
connectivity to address climate change is 
determining how much more biological real-

ism is truly needed and where such realism would be most 
effective in identifying important movement routes for 
climate- driven range shifts.

Conclusions

Planning for connectivity to facilitate climate- driven range 
shifts is a relatively new and rapidly evolving area of research. 
Although a handful of promising approaches have been 
developed, researchers and planners still face numerous 
challenges. Even if these challenges are met, however, there 
is one step in the modeling and planning process that 
remains largely incomplete. At present, few large- scale con-
nectivity models – and to our knowledge, no connectivity 
models explicitly designed to account for climate change 
– have been directly evaluated for long- term effectiveness 
(Gilbert- Norton et al. 2010; Gregory and Beier 2014).

Empirical tests of connectivity plans designed to support 
climate- driven movements are difficult, if not impossible, to 
conduct on a relevant timescale. However, spatially explicit 
population and dispersal simulations are powerful tools for 
comparing the potential of different landscape configurations 
and connectivity schemes to support range shifts. For example, 
Hodgson et al. (2012) tested the relative effectiveness of various 
spatial arrangements of habitat in promoting rapid range shifts 
across a simulated landscape, and found that landscape  patterns 
resembling corridors or chains of stepping- stones promoted 
both swift advances and relatively high patch occupancy, more 
so than increasing habitat patch aggregation alone (ie increas-
ing the proximity of habitat patches within a given area). 

Figure 3. Maher et al. (2017) identified potential refugia in Sierra Nevada montane meadows 
based on departures from historical climatic conditions, and demonstrated that persistent refu-
gial meadows tended to be higher in elevation and featured more connections to other mead-
ows. Explicitly locating and characterizing the persistence of refugia may therefore highlight 
important areas of connectivity or, alternatively, may indicate where networks may be tenuous 
when putative refugia disappear.
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Importantly, these simulations and other empirical evidence 
(eg Thomas et al. 2012; Bennie et al. 2013) serve as reminders 
that habitat enhancement strategies (eg increasing quality, 
quantity, or microhabitat representation) that do not expressly 
add landscape linkages will complement connectivity efforts by 
reducing extinction risk and supporting metapopulation 
dynamics and colonization events. Others have  simulated 
land- use change and compared multiple energy-development 
scenarios to evaluate the robustness of species’ habitat net-
works under a range of climate- change scenarios (eg Dilts et al. 
2016; Albert et al. 2017). Even without simulations, overlaying 
connectivity maps from multiple models and scenarios to iden-
tify commonalities could suggest locations where one may be 
reasonably confident in the relative importance of such loca-
tions for climate-driven movements.

Several researchers have used population genetics to infer 
landscape permeability and the efficacy of specific corridors 
for focal species (Marrotte et al. 2017), whereas others 
have  directly tracked individuals to validate distribution 
models, follow movement patterns, and confirm (or refute) 
corridor use (Gregory and Beier 2014). These techniques 
hold promise for evaluating connectivity plans designed to 
promote range shifts but only after, not prior to, on- the- 
ground  implementation.

Testing connectivity models and strategies is a crucial 
step toward achieving effective connectivity for species as 
the globe warms. Nevertheless, as with most conservation 
problems, researchers and practitioners do not have the lux-
ury of unlimited time to devise the “perfect” approach. 
Species are already on the move, and some will likely be una-
ble to move far enough or fast enough to track suitable con-
ditions, especially across increasingly fragmented landscapes 
(Schloss et al. 2012; McGuire et al. 2016). In the absence of 
immediate reductions in global atmospheric carbon emis-
sions, facilitating species’ movements through applications 
of the best connectivity tools currently available represents 
one of the most effective means of preventing climate- driven 
extinctions.
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Highwayman fly hijacks fierce trap- jaw ants

The genus of blow flies Bengalia includes more than 70 species, 
which are found in the world’s African and Asian tropics. Bengalia 

flies are best known for their remarkable highwayman- like habit of 
stealing ant eggs, larvae, and pupae, as well as various prey being 
transported by the ant workers. The flies also attack termite workers 
emerging from damaged nests.

Another group of combative insects, the trap- jaw ants (genus 
Odontomachus), have specialized spring- loaded mandibles that snap 
shut at some of the fastest speeds in the animal kingdom (64 m s−1) 
and generate forces over 300 times their body weight. More than 70 
Odontomachus species, found in the Asian and American tropics, are 
known for their powerful mandibles, used for predation and defense.

What happens when two such fierce insects (whose geographic 
ranges show considerable overlap) encounter each other? We 
observed foraging B varicolor flies pouncing on disturbed O monticola 
colonies to steal and consume ant pupae. The predatory fly can easily 
subdue the ant, which is occupied with carrying its offspring in its 
power- amplified mouthparts; what’s more, the ant’s poisonous sting is 
unable to reach the fly.

Yet the causes and consequences of this fly–ant interaction remain 
unclear. Can the flies detect alarm and/or trail pheromones from the 
ants? What are the fitness costs to the ants of being hijacked? The 
answers likely depend on local abundances of both insects.
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