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SUMMARY

Maintaining or restoring connectivity among wildlife populations is a primary strategy to overcome the negative impacts of habitat fragmentation. Yet, current connectivity planning efforts typically assess landscape
resistance, the ability of organisms to cross various biophysical elements in a landscape, while overlooking
the various ways in which human behaviors influence connectivity. Here, we introduce the concept of
‘‘anthropogenic resistance’’ to capture the impacts of human behaviors on species’ movement through a
landscape. We discuss psychological and socioeconomic factors that influence the degree of anthropogenic
resistance, such as the economic value or the risks posed by a species, and suggest methods to estimate and
include anthropogenic resistance in connectivity analyses. Finally, we highlight how addressing anthropogenic resistance through a social-ecological perspective can lead to better outcomes for both humans
and wildlife. We call for multidisciplinary approaches in connectivity planning to ensure the functionality of
landscapes and sustainability of populations in the long term.
INTRODUCTION
Human land use and infrastructure have transformed most landscapes across the globe, diminishing and fragmenting wildlife
habitats.1 Habitat fragmentation can threaten wildlife via
decreasing genetic diversity and fitness within wildlife populations2 or via increasing wildlife mortality (e.g., vehicle collision,
higher predation, or retaliatory killing due to human-wildlife conflict) during movement among habitat patches.3,4 Anthropogenic
modification of landscapes is particularly concerning for wildlife
species that require large, connected habitats to persist in the
landscape.5 Yet, the detrimental impacts of anthropogenic fragmentation on wildlife can be observed across a wide range of
taxa in both natural and anthropogenically transformed landscapes.6–9 Insufficient connectivity has been shown to reduce
individual wildlife survival, population viability, and ultimately
species persistence.10 Hence, a widely recommended conservation measure to overcome the negative impacts of habitat
fragmentation on wildlife is improving functional connectivity
(i.e., the relative ease of species movement or degree of exchange between habitat patches),11 typically through the establishment and maintenance of wildlife corridors.12,13
Connectivity assessments to identify potential corridors often
rely on geospatial models that approximate species’ movement

through a landscape using ‘‘resistance surfaces.’’ These resistance surfaces are defined as the ability of a species to move,
the physiological cost associated with movement, or reduced
survival from moving through the different components of a landscape.14,15 This concept of resistance (which we hereafter refer
to as ‘‘landscape resistance’’) is commonly operationalized by
synthesizing physical variables (e.g., land cover, topography,
or highways) into a composite estimate of costs based either
on expert opinion or empirical data on resource selection, movement, or gene flow of the target species16 (Figure 1). Recent
approaches for assessing connectivity have introduced more
complex ecological factors since wildlife movement is not driven
by landscape features alone, and ecological processes, such as
intra- and interspecific competition or predation, can also
strongly affect the degree to which individuals can move through
a landscape.10,17 For example, for some species, dispersing individuals may face social resistance from their conspecifics
when attempting to join an existing group or establishing a
new group.17,18
Contemporary efforts to incorporate anthropogenic factors in
connectivity analyses typically incorporate spatial proxies of human ‘‘pressures’’ to estimate landscape resistance, such as human population density or distance to roads and settlements.14
However, the direct effects of human behaviors on species’
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Figure 1. Pathways to incorporate anthropogenic resistance in landscape models
Researchers can gather data and generate spatial proxies of both landscape and anthropogenic layers to develop (A) a composite resistance surface and then (B)
a novel, combined connectivity surface. Alternatively, researchers can (C) combine the anthropogenic resistance surface with the landscape connectivity surface
post-process.

movement have been largely overlooked in connectivity assessments and corridor planning.19 Wildlife may avoid or seek certain
areas irrespectively of human population density16,20,21 as a
result of human behaviors such as hunting, trapping, or supplementary feeding. For instance, roe deer Capreolus capreolus use
croplands for both shelter and food but reduce their presence in
these areas during the hunting season.22 Roe deer also seasonally move from protected areas to private hunting grounds where
winter feeding takes place.23
The frequency and severity of human actions often vary across
a landscape due to various psychological and socioeconomic
factors, including how one thinks he or she should respond, as
well as livelihood and socioeconomic activities, such as agriculture or livestock rearing.24 As illustrations, values and attitudes
are psychological factors that shape behaviors in the context
of wildlife (e.g., Carter et al.25 and Dietsch et al.26). Attitudes
(i.e., positive or negative evaluations of other people, things,
and ideas)27 are influenced by values or core beliefs derived
from culture, such as individualism, egalitarianism, and mutualism.28 The US, since European colonization, has been defined
by values of mastery (i.e., controlling the social and natural environment through self-assertion values),28 which have been entwined over time with livestock-rearing livelihoods and support
for gun rights across significant portions of the western half of
the country. The combination of mastery and domination values
on the one hand, and economic dependence on livestock on the
other, leads people in many parts of the US to use guns and other
lethal control mechanisms to address large carnivores (e.g.,
wolves Canis lupus; see ‘‘case study 1: wolves in Washington
State, US’’) that depredate livestock. Therefore, individual livestock owners who persecute carnivores on their land reduce
the connectivity of that landscape. However, depredation of livestock can be controlled through various non-lethal means,29–31
and not all actors who rear livestock kill carnivores.32 As a result,
not all livestock ranches reduce connectivity for large carnivores
40 One Earth 4, January 22, 2021

in that landscape. Because of these substantial variations, there
is a need to incorporate anthropogenic factors, such as values
and attitudes, that better capture human behaviors and their impacts on wildlife into connectivity planning.25 Yet, we currently
lack concepts and tools to do so.
To address this gap in understanding, we first introduce the
concept of ‘‘anthropogenic resistance’’ based on and expanding
on the landscape resistance concept14,33 and then discuss
drivers of anthropogenic resistance. We also highlight the effects
of anthropogenic resistance by focusing on two key aspects (i.e.,
‘‘ecological traps’’ and ‘‘landscapes of fear’’) that are particularly
pertinent to affect species’ movement through a landscape. We
provide three case studies from different parts of the world that
illustrate how the concept of anthropogenic resistance can be
incorporated into connectivity approaches and applied corridor
planning efforts. Finally, we highlight how addressing anthropogenic resistance through a social-ecological perspective can
improve connectivity efforts in ways that are more sustainable
for humans and wildlife.
DEFINITION AND DRIVERS OF ANTHROPOGENIC
RESISTANCE
We define anthropogenic resistance as the impacts of human behaviors on species’ movement (i.e., an organism’s ability to move
through an area, the change in survival and/or the physiological
cost of moving through it). Human behaviors are driven by a
wide range of psychological (individual) and social (group) factors,34–36 as well as policy decisions (e.g., what is legal or
not)37—all of which can affect wildlife movement in various
ways. For example, attitudes (positive or negative evaluations),
social identity (the group or groups to which a person belongs
to), norms (what is socially desirable or not by others), and values
(core beliefs about the world that are rooted in culture) can drive
human behaviors in ways that affect anthropogenic resistance
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Figure 2. Conceptual representation of
potential impacts of incorporating
anthropogenic resistance into connectivity
modeling
Expected functionality (represented by the thickness and direction of arrows) across a hypothetical
landscape with habitat patches (represented in
brown) connected with corridors (cells outlined in
black).
(A) Corridors delineated with landscape factors
only.
(B) Dispersing animals may be able to access
moderately resistant landscape characteristics as a
result of low anthropogenic resistance.
(C) Connectivity across one corridor may be
completely severed as a result of high anthropogenic resistance but compensated by low resistance in the other corridor.
(D) Overall functionality may be reduced as a result
of high anthropogenic resistance.

to wildlife movement. In addition, factors such as the risk
(perceived or real) that a species poses to humans (e.g., due to
agricultural losses or safety concerns) or the probability of
consumptive or economic gain from the species (e.g., due to legal
or illegal harvest)38 may evoke human responses (e.g., lethal control or a ban on hunting in certain areas or seasons) that affect
overall landscape connectivity.
Previously, we acknowledged that livestock owners can negatively affect connectivity for carnivores through persecution.
However, livelihood alone does not cause anthropogenic resistance. As a counter illustration, Nepalese communities in the
Khata wildlife corridor generally have positive attitudes toward tigers Panthera tigris and the corridor despite known livestock losses and human injuries and fatalities.39 Such attitudes, possibly
attributable to economic incentives such as compensation and
community development efforts,39 can facilitate corridor use
by tigers, thereby improving its overall functional connectivity.
Similarly, Masai pastoralists in the Amboseli region bordering
Tanzania and Kenya, supported by interventions such as
compensation and participatory conflict mitigation schemes,40
have also facilitated connectivity between source populations
of lions (P. leo) despite substantial livestock depredation
events.41 In addition to economic incentives and awareness, factors such as the cultural or religious beliefs could result in reverence for wildlife.42 Thus, understanding drivers of human
behavior beyond what is detectable or quantifiable through the
biophysical indicators commonly used for deriving landscape
resistance surfaces in connectivity analyses (e.g., land cover
maps derived through remote sensing)12 can improve understanding of true connectivity.

EFFECTS OF ANTHROPOGENIC RESISTANCE
The effects of anthropogenic resistance may be direct (e.g., animals move less across areas with high anthropogenic impact) or
indirect (e.g., human disturbances alter intra- or interspecific interactions).10 Disregarding direct or indirect effects of anthropogenic
resistance may lead to over- or underestimation of landscape
connectivity and, in the case of wildlife corridors, undermine their

functionality in two key ways. First, high human-caused mortality
rates within corridors could result in ecological traps where wildlife
that is inadvertently funneled to unsafe areas is unsuccessful in
dispersal.43–45 For example, despite landscape connectivity for
wildlife in western Europe, people continue to persecute species—such as the brown bear Ursus arctos, gray wolves, or the
Eurasian lynx Lynx lynx—that are returning to their historical
ranges.46,47 Second, high levels of anthropogenic pressure,
such as through hunting, may result in landscapes of fear,48–50
reducing the permeability of corridors for target species.10,51,52
Therefore, corridors determined on the basis of landscape features alone (Figure 2A) might overestimate the potential connectivity between habitat patches and different populations53 (Figures
2C and 2D). Conversely, wildlife may preferentially move through
areas with high landscape but low anthropogenic resistance (e.g.,
because wildlife is attracted by supplementary feeding or because
policies ban hunting in localized areas). In such cases, the connectivity between populations may be higher than predicted by
landscape features alone (Figure 2B), underscoring the need to
understand the levels of anthropogenic resistance in wildlife connectivity planning.

ESTIMATION OF ANTHROPOGENIC RESISTANCE
Operationalization of anthropogenic resistance would be similar
to approaches used for landscape resistance by parameterizing
and mapping the potential ‘‘cost’’ of different anthropogenic factors contributing to human behavior on a species movement
through the landscape. Factors such as attitudes, values, historical experience with wildlife, land-use practices, and local traditions (e.g., hunting) contribute to the likelihood that particular
behaviors will occur; thus, spatial associations of anthropogenic
factors are critical for predicting the connectivity of a landscape.34,54,55 While land cover reflects landscape resistance
(e.g., forest versus cropland), the specific land use within these
land-cover classes often determines human actors’ behaviors
that may affect wildlife (e.g., forest with high versus low poaching
pressure) or policy decisions (e.g., allowing hunting or not). Both
human behaviors and policies contribute to shaping
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anthropogenic resistance. Combining the concepts of landscape and anthropogenic resistance thus allows for a more
comprehensive approach to assessing how wildlife might
move through the landscape, going beyond considering human
presence only to include the diversity of human actions. For
example, previous studies show that the perceptions and attitudes toward wildlife are spatially clustered and could be estimated by spatially explicit models to inform wildlife restoration
initiatives, such as through corridor planning.56–58
Factors contributing to anthropogenic resistance can be
mapped at various levels (e.g., individual, community, or institutional) relevant to the needs and characteristics of the species.59 At the individual level, data collected from people living
within households on any number of measures (e.g., past
participation in hunting, attitudes toward lethal control, or
core beliefs about human-wildlife relationships) could be represented as heatmaps34 or hotspot analyses connecting different
measures of interest (e.g., attitudes and density). Spatial aspects of anthropogenic resistance could be aggregated from
individual-level data to represent geopolitical (e.g., tribal territories, municipalities, or districts)26 or biophysical areas (e.g.,
watersheds) or could be directly measured as attributes at
those community levels. At the institutional level, data could
include the number of harvest permits issued to different locations by a managing authority; the degree to which certain
behaviors are codified and/or enforced as laws, policies, or
rules or regulations; and the designation of protected-area
boundaries.37
Parameterization of anthropogenic resistance faces two main
challenges: conceptualizing and measuring the anthropogenic
factors appropriately and translating these data into useful spatial
proxies for connectivity planning. Thus, an understanding of the
range of direct and indirect social science methods that apply in
this context is required. Direct methods (e.g., surveys, interviews,
or focus groups) aim to measure specific psycho-social characteristics of humans that lead to key behaviors that may affect wildlife. For example, the Wildlife Tolerance Model60 or the Theory of
Planned Behavior61 has been applied for understanding how attitudes shape wildlife-killing behavior.35 Moreover, indirect
methods such as the randomized response technique,62 agentbased models,63 or machine-learning tools64 can make use of
empirical data to identify areas with a higher prevalence of certain
behaviors (e.g., poaching) that affect wildlife movement but are
typically unreported through other measures, such as self-administered surveys. At scales where primary data collection is not
feasible, available data (e.g., agricultural or livelihood censuses)
can be leveraged for assessing the degree of social cohesion
among similar group characteristics. Methods used must account
for the relevant biases associated with the types and scales of
data collected in order to achieve realistic quantification of anthropogenic resistance. As illustrations, conflict-related losses may be
under- or over-reported as a result of a variety of detecting and reporting factors,65 and attitudes can be misreported because of
false-positive or false-negative errors.66 A lack of consistent,
fine-scale, and longitudinal data on anthropogenic factors can
hamper approaches, highlighting the need for ongoing rigorous
work in this regard.25
Where sufficient data exist, new approaches for translating
data about human behavior into spatial proxies useful for con42 One Earth 4, January 22, 2021

nectivity planning are becoming available. For example, spatial
models can predict human behaviors, such as conflict risk
modeling that maps the likelihood of crop damages or wildliferelated attacks on humans or livestock and—as an extension—the potential for retaliatory killing of wildlife in the absence
of compensatory measures.53,67 Multi-level26 or agent-based
models68 can integrate data gathered at the pixel level and
coarser administrative levels (e.g., community or institutional)
to predict proxies of human behavior.
There is a growing recognition of the importance of the human
dimension in conservation planning.59–70 Social science theories
can inform how to structure the complexity of actors, their behaviors, and the drivers affecting those behaviors, yet effective
spatial modeling of these dynamics remains novel. New approaches in sustainability science to generalize across diverse
bodies of knowledge and to identify archetypical human-nature
interactions provide a way forward.71–73 A particularly promising
avenue is to identify key actor groups (e.g., different types of land
users, such as farmers) that vary in attitudes or behaviors toward
wildlife (e.g., tolerate or persecute large carnivores). Mapping
those actor types with different decision-making attitudes using
spatial proxies (e.g., farm types or field size) can capture variation in potential for human behaviors across the landscape.74
As an example, recent advances to map social-ecological systems, such as land systems characterized by typical land-use
actors, practices, and configurations,75 help to visualize how
diverse data (e.g., farm types) across levels can provide spatial
proxies of anthropogenic resistance. Relevant social science
theories and approaches should then be used to recognize,
contextualize, and interpret the complexity of spatial proxies to
ensure effective conservation actions.

PATHWAYS TO INCORPORATE ANTHROPOGENIC
RESISTANCE
Despite a plethora of studies on connectivity,12 social tolerance
toward wildlife,76 and human-wildlife conflict,77 these dimensions have rarely been assessed simultaneously and in an integrated way to improve connectivity assessments.3,25 To do so,
composite resistance maps can be derived from combining an
anthropogenic resistance layer with one derived from landscape
data layers (Figure 1). Anthropogenic resistance could be
considered a priori, meaning the layer is treated as another resistance layer and incorporated during the connectivity modeling
phase53 (see ‘‘case study 2: leopards in Golestan Province,
Iran’’; Figure 1A). Alternatively, anthropogenic resistance could
be considered post hoc and overlaid with existing landscape
corridors to identify areas of potential conflict or reduced
corridor functionality where appropriate conservation measures,
such as conflict mitigation measures or habitat restoration, could
be implemented25 (see ‘‘case study 3: large carnivores in central
India’’; Figure 1B). Case studies from other modeling practices
may also help develop approaches to incorporate anthropogenic
resistance in connectivity assessment. For example, social
factors and habitat suitability were used to assess the socioecological suitability of areas in Switzerland for wolves,78 human
tolerance and encounter risk were used to assess human-tiger
conflict in Indonesia,79 and bidimensional models of resource
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Figure 3. The recovery of wolves Canis lupus in Washington State, US, in the face of anthropogenic resistance
Visual representation of the potential for anthropogenic resistance based on high proportions of domination wildlife value orientations (WVO) and individual-level
acceptance of lethal control of wolves across three distinct scenarios (i.e., when livestock have been killed, prey populations decline, or wildlife populations have
recovered).26 Anthropogenic resistance appears to be highest in the northeast and southeast portions of the state, where corridors could connect large tracts of
federal public lands that provide ideal habitat for wolves and their prey. Sources: Dietsch et al.26,84

availability and threats were used to classify wildlife habitat characteristics.80–82
CASE STUDIES OF CONSIDERING ANTHROPOGENIC
RESISTANCE
To demonstrate our ideas, we present three case studies on how
different datasets and methodologies could be used in estimating and incorporating anthropogenic resistance in wildlife
connectivity planning.
Case study 1: wolves in Washington State, US
In the last couple of decades, gray wolves have recovered in
areas from which they were previously extirpated in the state
of Washington, US. Some residents and conservation organizations support the return of what is perceived as an iconic species, whereas other groups remain concerned about threats
that wolves pose to livestock and prized prey species that are
hunted (e.g., deer species). During the initial recovery phase,
ecological research primarily modeled connectivity and potential
occupancy of the landscape by wolves based on landscape
proxies (e.g., transportation infrastructure and population density).83 Here, we demonstrate the potential for anthropogenic
resistance, at the county level, on the basis of a combination of
two primary social factors: domination values (i.e., beliefs that
human needs take precedence over the perceived needs of
others, such as wildlife)26 and tolerance of wolves, as measured
by the acceptability of lethal control of wolves across three scenarios (i.e., after livestock depredation, when prey species

decline, or once wolf populations have rebounded) (Figure 3).84
Additional county-level analyses showed domination values to
be strongly and positively correlated with past participation in
hunting (Pearson’s r = 0.89). These community-level indicators
of resistance, coupled with the presence of individuals who
approve lethal control of wolves for different reasons, suggest
a high degree of anthropogenic resistance in the northeast and
southeast part of the state (Figure 3), areas in which prime wolf
habitat exists.
Case study 2: leopards in Golestan Province, Iran
The eastern Alborz Mountains in Iran connect Golestan National
Park and Jahan Nama Protected Area, both of which are important strongholds of the endangered Persian leopard (P. pardus
saxicolor). The leopard corridor in this increasingly human-dominated landscape was identified with the use of three components (see Ghoddousi et al.53 for more detail): (1) landscape
resistance by mapping land cover and major roads, estimating
least-cost pathways, and identifying movement bottlenecks by
using circuit theory modeling; (2) leopard and prey habitat use
by occupancy modeling using questionnaire data; and (3) probability of livestock depredation by leopards with the use of questionnaire data and spatial risk modeling. The depredation risk
probability was used as a proxy for anthropogenic resistance
to create a composite resistance layer. On the basis of this, a
‘‘safe corridor’’ was then identified as areas with low landscape
and anthropogenic resistances outside leopard habitat patches
(i.e., areas with high leopard habitat use) (Figure 4). Ignoring
anthropogenic resistance by using only the landscape
One Earth 4, January 22, 2021 43
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Figure 4. An example of opportunities in a priori incorporation of anthropogenic resistance in connectivity planning
The probability of livestock depredation by Persian leopard Panthera pardus saxicolor as a surrogate for anthropogenic resistance was mapped by Ghoddousi
et al.53 between Golestan National Park (GNP) and Jahan Nama Protected Area (JNPA) in northeastern Iran (inset map). The ‘‘habitat patches’’ are areas with high
probability of leopard habitat use. Sampling units identified as ’’safe corridors‘‘ have low landscape and anthropogenic resistances in comparison to ‘‘landscape
corridors’’ as estimated by contemporary landscape resistance only. Sampling units identified as ‘‘matrix’’ have high landscape and anthropogenic resistances.
Source: Ghoddousi et al.53

resistance features, the extent of the corridor would have been
overestimated by around 37% (Figure 4).
Case study 3: large carnivores in central India
Existing connectivity research can be combined with anthropogenic resistance via a post hoc approach. The Kanha-Pench
corridor is one of the most well-studied wildlife corridors and
provides habitat connectivity for large carnivores in central India.
Dutta et al.85,86 mapped the landscape connectivity of the Kanha-Pench corridor for tigers with a circuit-theoretic approach87
using data on land use and land cover, human population density, and transportation infrastructure. The identified connectivity
pattern is also applicable to other forest-dependent large carnivores, such as leopards (Figure 5A). Subsequently, Puri et al.88
used carnivore sign surveys and interviews with the local communities in a multi-state occupancy modeling framework to
identify spatial determinants of leopard attacks on livestock
and humans, and mapped the site-specific human-leopard conflict probabilities (Figure 5B). The result of this combined
approach considering anthropogenic resistance is a more realistic representation of functional connectivity for carnivores in
the Kanha-Pench corridor.
FUTURE RESEARCH OPPORTUNITIES
Enhancing our understanding of the anthropogenic resistance of
landscapes has the potential to improve connectivity planning
and ultimately the sustainability of conservation efforts. We
44 One Earth 4, January 22, 2021

acknowledge three main opportunities and needs for future
research. First, researchers and practitioners may be hesitant
to ‘‘complicate’’ their connectivity models, particularly when
past efforts using human proxies, such as population density,
were deemed successful at enhancing wildlife movement. However, these past examples may equate to ‘‘false positives’’ (i.e.,
successes in some scenarios that do not transfer elsewhere) or
be overly conservative (i.e., underestimate a suitable corridor
due to unrelated factors). Thus, we recommend embracing the
idea of socio-ecological complexity in resistance models in order
to better capture the diversity of actors and their behaviors (in
addition to what drives those behaviors) and how these anthropogenic factors affect species’ movement. This more nuanced
approach will open new possibilities to spatially target conservation interventions that ensure the sustainability of connectivity
among populations of species of conservation concern and for
biodiversity more generally.
Second, researchers and practitioners may want to embrace
complexity in human behaviors but lack sufficient data and/or
the social science capacity and know-how to collect and incorporate such data in meaningful ways. In particular, the approaches we have outlined here critically require data on social
actors, where they are, and what they do—and those data
need to be collected more systematically and over time and
made readily accessible for use in spatial modeling where applicable. Working in interdisciplinary collaborative teams is increasingly required for that purpose.70 It is also important to note that
although our focus here is on connectivity modeling, addressing
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Figure 5. An example of opportunities in post hoc incorporation of anthropogenic resistance in connectivity planning

Corridors for large carnivores (tigers Panthera tigris) in the Kanha-Pench landscape in central India were mapped by Dutta et al.85,86 Subsequently, the probability
of leopard Panthera pardus attacks on livestock and humans in the same landscape was mapped by Puri et al.88 Incorporating human-livestock conflict
probabilities within corridors will be a more realistic representation of functional connectivity for large carnivores in this landscape. Sources: Dutta et al.85 and Puri
et al.88

the complex social issues and drivers behind anthropogenic
resistance is an important part of conservation and management
efforts at large. Researchers should be aware that, by representing social science data as mapped values, some of the underlying complexity may be depoliticized or obscured; this highlights
yet another aspect by which collaboration between natural and
social scientists is necessary to improve and implement effective
conservation objectives.89
Finally, because human behaviors and wildlife movement
(and ultimately connectivity) are the results of dynamic decision
making, there is a need to develop analytical approaches and
data sources capable of reflecting such dynamics. Interactions
between humans and wildlife are structured and varied in time
as well as space. While values will remain stable at coarse
scales, as may certain types of attitudes (e.g., tolerance), human behaviors are expected to be highly variable at fine spatiotemporal scales. For example, people may tolerate wildlife61

but indulge in actions, such as fencing or night guarding of their
crops close to harvest time (i.e., a finer scale).90 Developing
tools that can address and account for the asynchrony of human attitudes and behaviors across multiple scales is therefore
an important next step.66 Technological and analytical approaches to mapping anthropogenic factors exist (e.g., Carter
et al.34 and Dietsch et al.26), yet there remains a need to
combine landscape resistance and anthropogenic resistance
to ensure that outcomes for wildlife and people are improved
and sustained. For example, such considerations can help
guide what kind of interventions to implement (e.g., habitat
improvement versus conflict mitigation measures), where to
prioritize such interventions in ways that provide a higher return
on investment for planning agencies, and what degree of support for conservation action may or may not exist.91,92 Methods
will only improve through trial and error arising from their use
(not avoidance).
One Earth 4, January 22, 2021 45
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CONCLUSION
Contemporary approaches estimating connectivity have
focused primarily on the impact of biophysical features on wildlife movement, an approach we here call landscape resistance.
Scientific advancement has been geared toward developing
new technologies for testing hypotheses and improving predictions based on such factors. Incorporating the behaviors of people that affect the movement of wildlife, and thus anthropogenic
resistance, adds another level of realism and complexity to these
hypotheses. Characterization of the drivers of anthropogenic
resistance and their role in shaping wildlife movement and subsequent human response provides an exciting opportunity for
social scientists and natural scientists to work together to
develop frameworks for understanding (1) why anthropogenic
resistance occurs; (2) how it affects our capacity to maintain a
species’ ability to move across the landscape to access resources, find mates, or respond to climatic change; and (3)
what interventions may be necessary to conserve and sustain
the pathways most important for those movements. Integrating
landscape and anthropogenic resistance surfaces permit testing
of hypotheses that more realistically capture how an animal perceives the landscape and makes decisions while navigating it.
Incorporating anthropogenic resistance into connectivity
mapping and analyses will therefore provide a benefit to conservation and management efforts. In addition to ecological benefits
by increasing wildlife population viability and facilitating wildlife
movement and range shifts, there are broad opportunities to
contribute to informing environmental regulations, regional planning, land-use policy, and transportation and infrastructure mitigation.93 Through understanding generated from the collection
of social science data on relevant actors, wildlife and conservation managers and practitioners may be able to better communicate and clarify a ‘‘common vision’’ that various stakeholders
can support, a key attribute for conservation corridor success.93
In addition, through data collection and mapping, land managers
will gain a more comprehensive understanding of the occurrence
and relative patterns of landscape and anthropogenic variables
across their area of interest. Classical connectivity planning
based on landscape resistance only can help in identifying sites
for physical mitigation measures, such as wildlife underpasses,
whereas anthropogenic resistance as described in this paper
will help in identifying where compensation, predator proofing,
extra patrolling, environmental education, or behavior modification programs may be necessary (depending on inputs). This
information is crucial to improving the success of animal movements and functional connectivity. In addition, designing and implementing the most effective connectivity actions possible will
make the best use of funding, a key concern of conservation organizations and donors. Thus, by accounting for both landscape
and anthropogenic resistance with better data and methods,
land managers and conservation organizations will have the information to better prioritize their efforts and efficiently achieve
their goals.
We contend that incorporation of anthropogenic resistance is
necessary in addition to approximations of biophysical landscape resistance to predict the functionality of corridors and
ensure the coexistence of wildlife and people. This is especially
true in increasingly human-modified landscapes. Connectivity
46 One Earth 4, January 22, 2021

planning must move beyond identifying and mapping corridors
only based on biophysical features to a multidisciplinary social-ecological approach that accounts for both landscape and
anthropogenic resistances. We call for a more comprehensive
assessment of human behavior in wildlife connectivity planning
to ensure functional and sustainable paths forward over the
long term.
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motorway wildlife passages worth building? Vertebrate use of roadcrossing structures on a Spanish motorway. J. Environ. Manage. 88,
407–415.
93. Keeley, A.T.H., Beier, P., and Gagnon, J.W. (2016). Estimating landscape
resistance from habitat suitability: effects of data source and nonlinearities. Landscape Ecol. 31, 2151–2162.

