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Fencing is a nearly ubiquitous infrastructure that inﬂuences landscapes across space and time, and the impact of
fences on wildlife and ecosystems is of global concern. Yet the prevalence and commonness of fences has
contributed to their “invisibility” and a lack of attention in research and conservation, resulting in a scarcity of
empirical data regarding their eﬀects. Stakeholders, including scientists, conservationists, resource managers,
and private landholders, have limited understanding of how fences aﬀect individual animals, populations, or
ecosystem processes. Because fences are largely unmapped and undocumented, we do not know their full spatial
extent, nor do we fully comprehend the interactions of fences with wild species, whether positive or negative. To
better understand and manage fence eﬀects on wildlife and ecosystems, we advocate for an expanded eﬀort to
examine all aspects of fence ecology: the empirical investigation of the interactions between fences, wildlife,
ecosystems, and societal needs. We ﬁrst illustrate the global prevalence of fencing, and outline fence function
and common designs. Second, we review the pros and cons of fencing relative to wildlife conservation. Lastly, we
identify knowledge gaps and suggest research needs in fence ecology. We hope to inspire fellow scientists and
conservationists to “see” and study fences as a broad-scale infrastructure that has widespread inﬂuence. Once we
better understand the inﬂuences and cumulative eﬀects of fences, we can develop and implement practical
solutions for sustaining wildlife and ecosystems in balance with social needs.

1. Introduction

research and mitigation.
Fencing is nearly ubiquitous yet has received far less research attention than roads, powerlines, and other types of linear infrastructure.
Worldwide, lands are laced with countless kilometers of fences erected
by diverse stakeholders at diﬀerent scales for widely varying purposes.
Collectively, fences form extensive and irregular networks stretching
across landscapes, and their inﬂuence on wildlife and ecosystems is
likely far-reaching. Yet fencing is largely overlooked and is essentially
“invisible” in terms of systematic research and evaluation.
We see parallels with road ecology in the widespread inﬂuence of
fences. In recent decades, substantial investment into the study of road
ecology has driven its advancement as a science, leading to improved
public safety and wildlife conservation. Yet in many landscapes fences
are more prevalent than roadways. Unlike roads, fences have vertical

Globally, wildlife contend with shrinking natural habitats in landscapes dominated by an expanding human footprint and the accumulating inﬂuence of infrastructure (Sanderson et al., 2002; Johnson et al.,
2005; Leu et al., 2008). Linear transport and energy infrastructures
(e.g., roads, pipelines, power lines, canals) often have negative impacts
on native wildlife and ecological processes through direct mortality,
creating barriers and hazards, or altering behavior (Bevanger, 1998;
Lemly et al., 2000; Trombulak and Frissell, 2000; Taylor and Knight,
2003; Benítez-López et al., 2010). The resulting habitat fragmentation,
population declines, and disrupted ecosystem processes (e.g., seasonal
migrations (Berger, 2004)), have broad-scale eﬀects on wildlife and
natural ecosystems and have prompted substantial investment in
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Fig. 1. Fence densities vary widely in diﬀerence landscapes. (a) Roadside boundary/livestock fence in rural landscape; (b) pasture fence in exurban landscape; (c)
yard fence in suburban landscape.

2015), now advocated by many conservation groups and government
agencies. Yet most of the practical experience with fences—their design, utility, installation, and modiﬁcations—resides among private
landholders and government resource managers, whose knowledge is
built on ﬁeld trials and circulated via peers. Private landholders, including livestock growers, construct and maintain most fences, are familiar with their location and structure, and need them to be functional.
Working with these stakeholders represents an excellent opportunity to
develop eﬀective fence solutions that maintain local economies, reduce
impacts to wildlife, and sustain dynamic ecosystems. Without a systematic understanding of fences—their purpose, design, extent, and
ecological eﬀects—we cannot communicate or collaborate eﬀectively
for conservation goals, nor create more sustainable landscapes where
people and wildlife can co-exist.
Therefore, we advocate for a greater focus on fence ecology: the
empirical investigation of the interactions between fences, wildlife,
ecosystems, and societal needs. In nearly every fenced landscape, there
are opportunities to study and better understand the inﬂuence of fences
on wildlife populations and ecological processes at multiple scales. In

structure that imposes unique hazards and barriers for wildlife, are
typically unregulated, are constructed and maintained largely by private landholders, but we may be able to mitigate some of their ecological eﬀects in a cost-eﬀective manner.
To date, most empirical research on wildlife-fence interactions and
fence systems has been limited in scope, often focused on single species
at local spatial scales. Existing studies have largely addressed fence
impacts on ungulates or at-risk species, often motivated by mortalities
and barriers to known movements (e.g., Mbaiwa and Mbaiwa, 2006;
Harrington and Conover, 2006). Large gaps exist in the empirical science on wildlife-fence interactions and we need more information to
support wildlife conservation and resource management. We lack
knowledge on the broad-scale and cumulative eﬀects of fence infrastructure on a multitude of species, population demographics, and
ecosystem processes. We do not know the longer-term or ecosystemlevel consequences of fences, even of those fences erected for speciﬁc
conservation objectives.
There is a ﬂedgling but growing movement in North America and
elsewhere to install wildlife friendlier fence designs (Paige, 2012,
311

Biological Conservation 227 (2018) 310–318

A.F. Jakes et al.

As land use change transformed once contiguous landscapes, the
proliferation of fences has accelerated the fragmentation of ecosystems.
For example, in the eastern Qinghai-Tibetan Plateau region of China,
the rapid spread of fences created ecosystem-level impacts due to a shift
from traditional pastoralism to land privatization (Li et al., 2017.) The
erection of fences altered the grazing behavior of yaks (Bos grunniens),
which increased grazing intensity, degraded pastures, and changed the
vegetation community and ecological regime (Li et al., 2017). In the
Greater Mara ecosystem of East Africa, rapid proliferation of fencing
threatens the region's great animal migrations and traditional Maasai
pastoralism (Løvschal et al., 2017). In Asia, Europe, and North America,
shifts in global politics have resulted in an increase in impermeable
boundary fences erected along international borders, fragmenting
landscapes and presenting barriers to animal movements (Lasky et al.,
2011; Linnell et al., 2016).
Contemporary purposes of fencing fall into four categories, which
often overlap: (1) livestock (i.e., pasture or range) fence to control
domestic livestock; (2) exclusion fence to protect public safety and
private or public resources; (3) boundary fence to delineate landholdings or political boundaries; and (4) conservation fencing to protect
at-risk species. Worldwide, these fence categories employ a wide
variety of construction designs, materials, and spatial distribution
across the landscape (Table 1). The impact that fence designs have on
wildlife varies from positive (e.g., protection from poaching), in the
case of conservation fences, to primarily negative (e.g., barriers to
movement) in the case of the other three types of fences (Table 1).
However, even fences designed to have positive beneﬁts for focal species may have negative consequences for other species.

addition, there is an urgent need to examine alternative fence designs
and systems that are more sustainable for people and wildlife and to
provide a clearer understanding of the use of fencing in the context of
wildlife conservation and management.
In this essay, we ﬁrst illustrate the prevalence of fencing and oﬀer a
brief overview of contemporary fence functions and typical designs.
Second, we review the positive and negative eﬀects of fencing as it
relates to wildlife conservation. Lastly, we identify knowledge gaps and
suggest research opportunities in fence ecology. We examine our current level of knowledge, which is largely limited to wildlife-fence interactions at small spatial scales. We advocate for interdisciplinary research that examines issues at larger spatial scales and with a larger
suite of stakeholders—shifting focus from studying eﬀects on individual
animals or small groups of wildlife to entire populations and ecosystem
processes. Because the inﬂuence of fences on nature applies globally,
we invite specialists worldwide to pursue a better understanding of
fence ecology within their own ecological and social setting. A better
understanding of the full ramiﬁcations of fence infrastructure will inform conservation decision-making and encourage creative alternatives.

2. Fence functions and types
Fences serve to protect and manage resources, delineate land
ownership, and deﬁne political boundaries (Kotchemidova, 2008). The
ﬁrst fences were constructed of readily available natural materials at
relatively small scales, and required considerable investment in labor
(Baudry et al., 2000; Woods et al., 2017). The invention of barbed wire
in 1874 made it possible to fence vast areas with little cost and eﬀort
(Liu, 2009). Barbed wire and other mass-manufactured materials bolstered a rapid proliferation of fencing, which has fundamentally altered
landscapes and cultures worldwide.
Today, fences continue to proliferate as land uses shift, natural and
rural areas are developed or exploited, and transportation networks
multiply (Linnell et al., 2016; Li et al., 2017; Løvschal et al., 2017). The
design, density, and extent of fencing are highly variable between
urban, rural, and open or natural landscapes. For example, Fig. 1 illustrates the dissimilarity in fence type and density in three landscapes
of western North America—each area presents diﬀerent challenges and
consequences for wildlife and conservation.
Fences are spatially extensive, creating vertical obstacles for wildlife
to cross, and are constructed with varying degrees of permeability. In
many rural areas, fencing far exceeds roads in linear extent. We compared fencing spatial data from Seward et al. (2012) to available road
spatial data for southern Alberta, Canada (Alberta Base Features Data Spatial Data Warehouse© 2017). We found that the linear extent of
fences was twice that of all roads per township, 16 times the extent of
paved roads, 7 times the extent of two-track roads, and 4 times the
extent of gravel roads (Fig. 2).

3. The dichotomy of fences: conservation tool or ecological
threat?
Within the world of conservation, debate about fences stems from
the equivocal nature of an infrastructure that can be a valuable instrument for management and protection or cause wildlife mortality
and ecological tragedy—or both (Pfeifer et al., 2014; Woodroﬀe et al.,
2014). Fences are often erected to safeguard threatened species, sensitive habitats, or to manage vegetation objectives using livestock
grazing as a tool. Conversely, many managers and conservationists
promote removal or modiﬁcation of existing fences to increase ecological connectivity and reduce harmful impacts to wildlife. In light of
this dichotomy, we provide a schematic interpretation (Fig. 3) to illustrate the far-reaching interactions that fences have on wildlife. This
schematic is not exhaustive, but provides a framework for discussion.
Wildlife interactions with fences can be direct (physical) or indirect
(behavioral), and lead to positive or negative consequences (Fig. 3). On
the positive side, fencing designed speciﬁcally for conservation can
reduce mortality of target species, help restore ecosystem connectivity
across transportation corridors by guiding wildlife to safe crossing
Fig. 2. The extent of fences on a landscape may far
exceed that of roads. Comparison of the mean kilometers of fences per township to the mean kilometers of
three types of roads per township in southern Alberta,
Canada. Each error bar was constructed using the 95%
conﬁdence interval of the mean. Fence data obtained
from Seward et al. (2012); road data obtained from the
Alberta complete road layer of the Alberta Base Features Data (©Spatial Data Warehouse Ltd., 2017).
(Disclaimer: The Minister and the Crown provides this information without warranty or representation as to any
matter including but not limited to whether the data/information is correct, accurate, or free from error, defect,
danger, or hazard and whether it is otherwise useful or
suitable for any use the user may make of it).
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opportunities, and reduce wildlife-human conﬂict, thus increasing social acceptance of wildlife. When employed as a tool in wildlife management, fences may deliver positive results for target species and habitats (Hayward and Kerley, 2009). Fencing can contain and protect
sensitive natural areas, particularly within areas heavily modiﬁed by
habitat loss and degradation (Homyack and Giuliano, 2002; Miller
et al., 2010), deter poaching (Dupuis-Désormeaux et al., 2016), and
protect sensitive species by reducing predation (Young et al., 2013;
Cornwall, 2016; Ringma et al., 2017). Fencing can also limit disease
transmission by separating wildlife and livestock (VerCauteren et al.,
2007; Lavelle et al., 2010), stem encroachment of invasive and nonnative species into protected areas (see Hayward and Kerley, 2009, for
review), and minimize crop and livestock depredation conﬂicts, fostering greater social tolerance of wildlife (Huygens and Hayashi, 1999;
King et al., 2017). Fences are increasingly used to keep wild and domestic animals oﬀ transportation corridors and guide them towards safe
crossings (Leblond et al., 2007; Huijser et al., 2016), which increases
human safety, reduces wildlife mortality, and maintains connectivity
for wildlife (Beckmann et al., 2010). Fences will continue to be an
important and eﬀective management tool—the challenge is to recognize their full ecological context and potential adverse eﬀects.
Negative consequences of wildlife-fence interactions can be classiﬁed as direct or indirect. Direct eﬀects involve physical contact between
the individual and the fence. These include direct mortality, injuries,
and hair loss, which can result in reduced individual- or populationlevel ﬁtness. The most observable impact is direct mortality, which can
happen immediately when an animal collides with fencing or slowly
when animals are caught in fences and die from exposure, starvation, or
predation. Direct mortality of a wide range of birds and mammals from
fence collisions and entanglements has been documented worldwide
(Allen and Ramirez, 1990; Baines and Andrew, 2003; Harrington and
Conover, 2006; Booth, 2007; Rey et al., 2012). More diﬃcult to measure are injuries and hair loss that occur from encounters with fences
while crossing. Jones (2014) documented hair loss in pronghorn (Antilocapra americana) as a result of crossing barbed wire fences and
postulated the implications. The rate of wildlife mortality and injury as
a result of direct contact with fences is largely unknown because most
cases go unreported or unnoticed, or the carcasses are scavenged.
Indirect eﬀects of fences on wildlife manifest themselves as changes
in behavior and biology. These include heightened stress of negotiating
fences, separation of neonates from mothers (Harrington and Conover,
2006), obstructed movements, habitat loss, and fragmentation. Stress
occurs when animals are temporarily entangled, search frantically for a
place to cross by pacing up and down the fence (Seidler et al., 2018), or
must negotiate multiple fences in a landscape. These impacts can accumulate over time and contribute to increased energy expenditure,
higher mortality rates, and decreased overall ﬁtness of individuals.
Young that cannot negotiate a fence and are separated from adults can
die of dehydration, exposure, or predation (Harrington and Conover,
2006), and the loss of neonates reduces recruitment and potentially
population size. Many of these indirect eﬀects are diﬃcult to observe,
quantify, and fully evaluate.
Fences often delineate and separate areas of modiﬁed terrain (e.g.,
tilled agriculture, grazed pasture, urbanization, etc.) and some, such as
veterinary cordon or wildlife-proof fences, stretch for kilometers across
large regions. Such fences act as barriers, isolate remnant habitats, and
fragment landscapes (Hobbs et al., 2008). As barriers and obstacles,
these fences limit or block wildlife movements and inﬂuence wildlife
behavior, with potential individual- and population-level consequences
that ultimately alter the ecological integrity of natural systems (Berger,
2004; Sawyer et al., 2013; Jakes et al., 2018). Impermeable fences or
large-scale fence networks can jeopardize the fecundity and survival of
individuals and populations, reduce genetic connectivity, and alter
ecological processes such as herbivory and nutrient ﬂow (Hilty et al.,
2006; Taylor et al., 2006). When fences severely fragment an ecosystem, wildlife populations become isolated, reducing genetic

Environmental non-government
organizations

Restricted (e.g., USA/Mexico
border fence)
Limited (e.g. Scotia Sanctuary,
Australia)
Conservation fence

Control movement of people or wildlife across
political or landholder boundaries
Protect imperiled species and wildlife
communities
Boundary fence

Federal government

Restricted (e.g., right-of-way
fences along highways)
Protect social or natural resources.
Exclusion fence

Local government

Variable based on location (e.g. country)
and purpose
Woven wire fencing averaging 2 m in
height and usually with electriﬁed wires

Impermeable for medium and large
mammals
Semi-permeable to small mammals,
birds, and reptiles
Impermeable to all wildlife except
species that can ﬂy over
Positive for the species trying to protect
Potential barrier or impediment to
other wildlife in the area

Semi-permeable to all wildlife
Impermeable for medium and large
mammals

Barbed wire usually 3–5 strands (contain
large domestic animals)
Woven wire (contain small to medium
domestic animals)
Woven wire topped with barbed wire
Extensive
Private
Control domestic livestock distribution
Livestock (pasture or range)
fence

Ownership
Purpose
Type

Table 1
Design, distribution, and general impact to wildlife of the various fence types found around the world.

Spatial extent

Primary design

Impact to wildlife
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Fig. 3. Depiction of the positive and negative interactions between wildlife and fences. The shaded boxes represent outcomes of the various interactions.

exchange, diversity, and individual and population ﬁtness (Jaeger and
Fahrig, 2004; Ito et al., 2013).
In North America in recent decades, greater attention has been
given to the eﬀects of fences on wildlife, especially ungulates and
grouse, with studies focused on the obstacles that fences pose for long
distance migration and dispersal, and their eﬀect on connectivity for
wildlife across landscapes (Berger, 2004; Hilty et al., 2006; Taylor et al.,
2006; Seidler et al., 2015). As a result, various fence modiﬁcations and
crossings have been promoted to reduce animal injury, mortality, and
ease animal passage (e.g., Paige, 2012, 2015). For example, in the
United States, resource agencies have widely adopted fence markers to
increase visibility for lesser prairie-chicken and greater sage-grouse,
and smooth bottom wire to aid pronghorn passage. Many designs have
been based on trial and error in the ﬁeld, yet progressively more attention is being given to testing the eﬀects of speciﬁc fence modiﬁcations on particular species (Stevens et al., 2013; Van Lanen et al., 2017;
Burkholder et al., 2018; Jones et al., 2018). Although promoted by
agencies and conservation organizations, the implementation of wildlife-friendlier fence designs across landscapes is patchy and by no
means universal.
Even fences constructed for particular conservation purposes can
produce unintended consequences. For example, veterinary cordon
fences erected across Botswana to control disease transmission between
livestock and wild ungulates led to dramatic and devastating declines in
migratory ungulates (Williamson and Williamson, 1984; Mbaiwa and
Mbaiwa, 2006). The extensive dingo (Canis lupus dingo) and rabbitproof fences of Australia were erected to protect livestock and grazing
lands, but altered predator-prey dynamics of endemic and introduced
species with negative consequences for vegetation and ecosystems
(Newsome et al., 2001; Johnson et al., 2007). Protected area and
agricultural fences in east Africa fragment landscapes, alter ecological

functions and wildlife movements, and can aggravate tensions between
wildlife conservation and the livelihoods of local communities or nomadic pastoralists (Reid et al., 2004; Fynn et al., 2016). Depending on
design, maintenance, and the social and ecological context, fences
erected with the best of intentions may actually exacerbate conservation conﬂicts.
4. Knowledge gaps and research opportunities
The current empirical research on the interactions between fences,
wildlife, and ecosystems, especially at broad scales, is slim.
Opportunities for study range from fence design and eﬃcacy, to biological and ecological inﬂuences, to understanding the social aspects of
fence systems and adoption of change—topics that are often interwoven. Advancing our understanding of the inﬂuence of fence infrastructure begins with identifying knowledge gaps so that questions can
be posed and tested. Fence-related empirical research can inform and
shape solutions for conservation, on-the-ground mitigation actions,
systematic monitoring, and adaptive management (Table 2).
4.1. Fence extent and design
Most linear anthropogenic features that cross landscapes are readily
mapped and incorporated into spatial analyses. Fences are largely unmapped and undocumented: we do not know the full extent of where
they are, and we do not have eﬃcient methods or tools to catalogue
their design, purpose, and condition. Assessment of fence inﬂuences at
landscape and ecosystem scales is hampered by a lack of elementary
data on the magnitude, type, condition, and density of existing fence
infrastructure. Eﬀorts to generate geospatial fence data have so far used
modeling to approximate the density of fences at regional scales,
314
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Social dimensions

Ecosystems

Wildlife

Design & extent

Economic costs and
incentives

Local culture

Ecological processes

Vegetation

Soils

Landscape-level
eﬀects

Population

• Inﬂuence of fencing and distribution at landscape
scales on species and ecosystems.
• Fence hotspots that impede wildlife movements.
• Inﬂuence of conservation fences on ecological
communities or processes.
• Changes in soil chemistry, moisture regimes, soil
microbiomes, compaction or erosion due to fences.
• Fence eﬀects on vegetation composition, condition,
and succession.
• Fence eﬀects on herbivory patterns (wild and
domestic), seed dispersal, nutrient ﬂow, or other
ecosystem processes.
Inﬂuence of land tenure systems on fence use and
design.
• Inﬂuence of values, traditions, and perceptions of
wildlife on the adoption of conservation projects.
• Social/cultural factors that contribute to wildlife
conﬂict.
• Social and economic incentives, risks, and rewards of
adopting conservation fence systems.
• Modes of collaboration and dissemination that
promote conservation fence projects.
• Value of socializing project costs (partnerships, costshare, volunteer labor).

• Rates of injury and mortality due to fences.
• Physical and biological factors that contribute to
injury, mortality, stress, population-level eﬀects.

• New designs for speciﬁc wildlife mitigations.
• Eﬃcacy of wildlife fence designs.
• Biological & ecological costs/beneﬁts of conservation
fences.
• Alternative methods to manage livestock distribution.
• Species' perception, reaction to, and physical
negotiation of various fence types.
• Inﬂuence of fences on species' distribution.
• Biological response to stress or energy loss due to
fences.

Eﬃcacy of designs

• Incorporate local knowledge and perceptions and develop
appropriate projects to balance conservation with local values
and economies.

• Increase adoption of fence alternatives to beneﬁt wildlife and
ecosystems.
• Assess stakeholder perspectives on wildlife-fence interactions and
conservation fence projects.
• Evaluate eﬃcacy of outreach and cost-share systems.
• Assess cost-beneﬁt of roadway fencing in terms of insurance
savings.

• Sustain ecosystem functions, native species, and healthy
vegetation communities.
• Mitigations to sustain or restore ecosystem processes.

• Mitigate soil impacts; sustain healthy soils.

• Alter fence systems to mitigate problem designs and locations.
• Adapt fence systems and infrastructure to sustain the ecological
community and functions.

• Designs and mitigations that reduce impacts on populations.

• Designs and mitigations to ease animal crossing, movements,
and reduce biological impacts.

• Improved designs to sustain wildlife and ecosystems while
maintaining fence purpose.
• Adapt fence systems to reduce unintended consequences.
• Reduce the number of fences erected to control livestock.

• Ability to map, quantify, and evaluate fence infrastructures for
research and conservation.

Outcomes

• Use surveys, public and private meetings with local stakeholders
and community leaders to understand local concerns and
collaborative opportunities.

• Assess soil characteristics along and away from fence lines to
determine similarities and diﬀerences
• Assess vegetation community types along and away from fence
lines.
• Assess impacts of domestic and wild animals along fence lines
towards changes in soil composition, seed dispersal, or nutrient ﬂow.

• Use trail cameras to assess wildlife-fence interactions.
• Use spatial fence layer data as a covariate in habitat and
distribution modeling.
• Compare stress and energy levels (e.g., corticosteroid levels, fat
reserves) between individuals occupying areas with diﬀerent fence
densities or types.
• Conduct transects to assess mortality rates.
• Assess fence density and its relationship to range-wide population
demographics, size, connectivity (genetic relatedness and movement
rates).
• Use spatial fence layer data as a covariate in habitat and movement
modeling and assess inﬂuence of fences on migration pathways.
• Utilize data from trail cameras to assess eﬀects on multiple species
or ecological processes.

• Test mapping methods using drone technology, or high-resolution
aerial imagery with automated GIS processes.
• Model fence types using land tenure records.
• Use trail cameras to assess wildlife and livestock fence interactions
and response to modiﬁcations.
• Conduct cost/beneﬁt analyses of various designs incorporating
ecological and biological factors.

• Methods for geospatial analysis of fence distribution
and condition.

Fence extent &
condition

Behavior & biology

Actions

Research opportunities

Knowledge gaps

Table 2
Suggested knowledge gaps and general research opportunities in fence ecology.
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combining ﬁeld surveys with a synthesis of existing spatial data sets
(Poor et al., 2014). An eﬀort to map fence lines across southern Alberta
with remote imagery was found to be 94% accurate, but the process
was tedious and time consuming (Seward et al., 2012). In some landscapes, fence type and condition can be modeled based on land tenure
records combined with ground-truthing (Poor et al., 2014). However,
fence condition, permeability, and extent changes over time with
maintenance and land use, so the shelf life of mapping data must be
considered when weighing methods, eﬀort, and accuracy. Any examination of fences across landscapes will greatly beneﬁt from the
development of more eﬃcient methods and use of new technologies,
such as drones or high resolution imagery (Table 2), to quantify and
evaluate fence infrastructure at large scales for geospatial analysis.
Empirical studies of speciﬁc fence designs and their eﬀects on
wildlife are relatively sparse (Karhu and Anderson, 2006; Stull et al.,
2011; Van Lanen et al., 2017; Burkholder et al., 2018; Jones et al.,
2018). The basic speciﬁcations for wildlife-friendlier fence designs were
conceived for adult ungulates in North America (Karsky, 1988) but do
not account for the reduced abilities of juvenile, pregnant, stressed, or
injured individuals, other species (e.g., large carnivores), or the eﬀects
of seasonal changes (e.g., snow, ﬂooding) or topography (e.g., terrain,
slope). Fence modiﬁcations to beneﬁt multiple species must be tailored
to the fence purpose, context, species present, and ecosystem (Paige,
2012, 2015). Practical testing of various types of fences, gates, wildlife
crossings, funneling techniques, and other modiﬁcations intended for
conservation objectives will provide insight into their eﬃcacy and how
wildlife respond. The use of non-invasive methods such as trail cameras
can facilitate evaluation of various fence modiﬁcations and their eﬃcacy in creating passage for wildlife (Table 2).

have documented particular species' reaction to fences or fence modiﬁcations (e.g., Asian elephants (Elephas maximus, Chelliah et al., 2010),
greater sage-grouse (Stevens et al., 2013), mule deer (Odocoileus hemionus) and white-tailed deer (Odocoileus virginianus, Burkholder et al.,
2018), and pronghorn (Jones et al., 2018; Seidler et al., 2018)). However, the cumulative stress and behavioral outcomes from crossing
multiple fences on a landscape is poorly understood. Most of our understanding of animal perception and interaction with fences is built on
anecdote rather than empirical study. Advances in technology such as
camera traps or ﬁne temporal-scale GPS collars with accelerometers can
be used to assess behavioral interactions of wildlife with fences
(Table 2).
Fences for mitigation eﬀorts may beneﬁt some species at the expense of others or the larger ecosystem. For example, wildlife crossing
structures and associated barrier fencing signiﬁcantly reduces wildlifevehicle collisions but animals must learn the location of crossing opportunities and that it is safe to use them (Huijser et al., 2016). It may
also cause stress on animals as they learn to negotiate novel structures
(Seidler et al., 2018). Investigating species' sensitivity to barriers and
stress and whether such stress compromises ﬁtness or has populationlevel eﬀects will provide insight to improve conservation fence systems
(Table 2).
Biodiversity and ecological processes (e.g., herbivory, seed dispersal, nutrient ﬂow) can be aﬀected by the shift, loss of, or increase of
animal (both domestic and wildlife) movements that are shaped by
fence infrastructures (Todd and Hoﬀman, 1999; Wu et al., 2009;
Augustine et al., 2013). However, there is an immense lack of understanding relative to fence eﬀects on community or ecological systems.
Research can identify and target movement bottlenecks, barriers, and
critical habitats at meaningful scales for functional and resilient ecosystems, which will inform biodiversity conservation. More studies
using vegetation transects and soil assessments at and away from fences
will provide information on the role fencing plays in shaping vegetation
communities, moisture regimes, and nutrient cycling (Table 2).

4.2. Biological and ecological eﬀects of fences
Fence impacts on wildlife are usually observed at the individual or
local group level, such as individual mortalities or barriers to herd
movements. Some of these impacts may be dismissed as inconsequential, especially since rates (i.e., mortality) are usually unknown.
These impacts are often dismissed because scientists, managers, and
policymakers are most concerned with populations, meta–populations,
and ecosystems for wildlife management and conservation. Unless cumulative eﬀects of fences can be measured and understood, they are not
addressed. Only a few studies have examined the inﬂuence of fences at
large enough scales to generate meaningful knowledge at population
levels. For example, both Rey et al. (2012), and Harrington and
Conover (2006) measured mortality due to wire fences at landscape
scales, ﬁnding dramatically higher annual mortality rates for juveniles
versus adults. Fences are a major source of mortality for grouse species
in Europe and North America and may be a factor driving population
declines (Baines and Andrew, 2003; Wolfe et al., 2007; Stevens et al.,
2013). In contrast, a survey of lions (Panthera leo) in 11 African countries showed populations were signiﬁcantly closer to carrying capacities
within fenced reserves than in unfenced regions (Packer et al., 2013).
However, these studies only scratch the surface. There are ample
opportunities to examine fence inﬂuences on wildlife populations and
ecosystems, including individual-level eﬀects that may accumulate to
inﬂuence population size, alter movements across landscapes, and affect vegetation communities or ecosystem processes such as nutrient
ﬂow. Many fence eﬀects on individuals (e.g., injury, energy cost, or loss
of ﬁtness from navigating fences) are diﬃcult to measure, which makes
it diﬃcult to determine if they scale up to inﬂuence population demographics. Research that examines cumulative eﬀects of these impacts
on populations across landscapes is sparse to nonexistent. Improved
methods are needed to detect and quantify potential population consequences (Table 2).
Fences often induce a behavioral response in wildlife and we lack
signiﬁcant information on these responses—that is, how animals perceive, physically negotiate, and habituate to fences. A handful of studies

4.3. Human dimensions of fence ecology
Often the easiest aspect of a conservation problem is the technical
solution and the most diﬃcult is the human factor. Conservation is a
social issue, and empirical study of the social aspects of fence ecology
can help improve outreach, innovation, adoption, and conservation. In
any given cultural context, a better understanding of local norms, values, perceptions, and social inﬂuencers can provide insight into how
best to implement conservation projects (Mulder and Coppolillo, 2005;
St John et al., 2010).
Cultural, economic, and political factors inﬂuence the use of a
particular fence system and the adoption of innovations for conservation. Land tenure systems, cultural traditions, experiences with wildlife
conﬂict, and personal and community values regarding various species
all feed into the acceptance of change for conservation. Cultural perceptions, values, and status of early adopters inﬂuence how conservation practices are understood and accepted (Mulder and Coppolillo,
2005). Conceptual application of social science research, such as diffusion of innovation theory, can provide a framework for examining the
technical, cultural, and political characteristics that shape the adoption
of conservation practices (Mascia and Mills, 2018).
Understanding the costs and beneﬁts to stakeholders, individual or
community autonomy and control, and the inﬂuence of peers and authority ﬁgures can provide insights into how fence innovations are
perceived and adopted (St John et al., 2010; Knight et al., 2011). Socializing costs through partnerships and incentives can accelerate the
acceptance of conservation projects in a community (Mascia and Mills,
2018). Some government agencies and conservation organizations oﬀer
incentives to cover the cost of fence materials or labor for conservation
projects, yet there is rarely follow-up monitoring of such programs to
determine if they achieve their objectives. Moreover, government
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incentive programs can at times work at cross-purposes. For example, a
federal agricultural program in the United States heavily subsidizes
pasture cross-fencing for livestock distribution, resulting in a proliferation of fencing in rangelands inconsistent with incentives from the
same agency that promote conservation fence and habitat projects for
wildlife (Toombs and Roberts, 2009; Knight et al., 2011). Ultimately, a
deeper understanding of how to navigate the human dimensions of
wildlife-fence issues is essential to implementing eﬀective and successful conservation practices. Insights can be gained through stakeholder surveys and interviews that assess perspectives on wildlife-fence
interactions and adoption of, or resistance to, conservation fence projects (Table 2).
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5. Conclusions
Whether a fence is a tool or a problem for wildlife and ecosystem
conservation is in the eye of the beholder. A landholder, producer,
wildlife/habitat manager, or researcher will each have a diﬀerent
perspective on the utility and risk of fences for conservation. Fence
ecology must be based on ecological concepts and science-driven results
from empirical data. It must seek solutions to help balance the social
needs for fencing with conserving wildlife and natural ecosystems. As a
result, fence ecology can provide a clearer understanding of fence
functions and impacts so that stakeholders can communicate eﬀectively.
The impact of fences on wildlife and ecosystem processes is of global
concern, but the study of fence inﬂuences on wildlife and ecological
systems is in its infancy. Fences are largely taken for granted, which has
led to their “invisibility” and lack of attention in conservation biology,
leaving us with little empirical data regarding their eﬀects on wildlife.
Moreover, we have been left without a common understanding among
stakeholders regarding the pros and cons of fencing. A more holistic
understanding of fence ecology will open extensive opportunities to
shape conservation at broad scales. Innovative research will provide
better understanding of the cumulative and broad-scale inﬂuences of
fences on populations and ecosystem processes, and help develop designs and mitigations that reduce fence impacts. Empirical study of
fence ecology will advance conservation and management, with the
ultimate goal of restoring functioning, intact, and resilient landscapes.
We hope to inspire fellow scientists and conservationists around the
world to “see” and study fences as a pervasive infrastructure that has
profound inﬂuence on wildlife and ecosystems.
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