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Background on Virtual Fence

Across the Western United States, ranchers and land
managers rely on thousands of miles of physical wire
fencing to manage livestock on extensive rangelands and
pastoral systems (Hayter, 1939; Netz, 2004). This type
of fence has improved rangeland conditions in many
places by allowing the implementation of various grazing
systems (Holechek et al., 2011). However, wire fencing can
fragment landscape connectivity, pose risks to wildlife,
require significant financial investment, and offer little
flexibility to implement adaptive management strategies
(e.g., adjust pasture size, manipulate grazing distribution,
limit potential for over-use, avoid sensitive habitat) within
a given pasture (Jakes et al., 2018). As a result, there are
management constraints when using physical fences in
adaptive management systems.
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Virtual fencing is an emerging precision livestock
management technology that may address these limitations
and potentially increase management flexibility and
adaptive capacity to changing environmental conditions as
part of a larger grazing management system (di Virgilio et
al., 2018; Lima et al., 2018; Trotter, 2010). As a management
tool, virtual fencing uses invisible barriers, established
with Global Positioning System (GPS) coordinates, that
influence livestock movement with a combination of
auditory and electrical cues (i.e., beeping sound and
electrical pulses) (Antaya et al., 2024a; Ehlert et al., 2024).
The primary elements of the system are shown in Figure
1 and include (1) software to draw virtual fence (VF) lines
on a digital map, which delineate where livestock should
and should not be able to graze; (2) GPS-enabled collars
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Figure 1: Conceptual model of hardware and software used to draw VF lines and define the grazing area, boundary zone, and exclusion zone



fitted around an animal’s neck that contain technology
to track livestock movement and deliver auditory and
electrical cues to influence livestock distribution; and
(3) base stations and/or cellular towers to transmit and
receive communication between the software and collars
(for more information please see Rangelands Gateway:
https:/ /rangelandsgateway.org/ virtual-fence). While there
is promise for the use of VF for livestock management,
there are also potential limitations. The complexities and
challenges of VF are important to consider before relying
on them for livestock and rangeland management. Special
consideration is needed when training livestock, designing
fences, managing incentives (e.g., water, nursing calves,
etc.), and gathering livestock. In this factsheet, we review
the general aspects of each of these topics.

Livestock Training

Training plays a fundamental role in enabling a collar
to influence livestock movement. Livestock are trained to
recognize an association between an auditory cue (e.g.,
beeping sound) and an imminent electrical cue (e.g.
electrical pulse). Following training livestock are expected
to respond by changing direction when they receive the
auditory cue within a boundary zone, moving away from
where the cue was received to avoid receiving the electrical
cue (Figure 2). This learned association helps animals
understand the consequences of virtual fence cues but
provides limited guidance on how to direct their behavior.

@

(for more information about the process of training and
animal welfare considerations, please visit: https://

rangelandsgateway.org / virtual-fence).

When initially training livestock, it is essential to
introduce them to a boundary zone where VF lines are
aligned with physical fences. This controlled environment
prevents inexperienced animals from crossing the
boundary zone when they are first exposed to auditory
and electrical cues. Each interaction with the VF prompts
the animals to return to the grazing area, as they encounter
a physical fence if they try to cross the boundary zone. This
setup reinforces the desired behavior—returning to the
grazing area—during training and can improve livestock
compliance.

Compliance refers to an animal’s ability to recognize a
boundary zone and exhibit the desired behavior to remain
within the grazing area (Ehlert et al.,, 2024). Without the
use of a physical fence to limit movement after a cue is
applied, there is a risk that an animal might cross the VF
boundary zone and enter the exclusion zone, which is
the area beyond the VF boundary. In the exclusion zone,
no auditory or electrical cues are provided by the collar
because the animal has moved beyond the area managed
by the VF. This can result in non-compliance, where the
animal is either unable or unwilling to respond to cues and
return to the grazing area (Ehlert et al., 2024). If livestock
learn that the cues cease once they enter the exclusion
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Figure 2: Classical conditioning in (a) Paviov’s dog experiment and (b) a VF system..
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zone, it may undermine the effectiveness of the VF system.

The success of training livestock for VF is enhanced
through repeated interactions with a boundary zone. It
is generally advisable for livestock to engage with the
boundary zone multiple times during training to increase
thelikelihood of the desired avoidance behavior. Increasing
stocking density during training can help accomplish
this goal and is generally achieved by training in smaller
pastures. Smaller pastures with a high perimeter-to-area
ratio increase the likelihood of livestock encountering
a boundary zone. The average distance from any point
within a small pasture to the edge of the pasture is shorter
compared to larger pastures. If the grazing area is too
large, animals may spend most of their time away from
the boundary zone, reducing their interactions with the VF
and compromising the effectiveness of training. The effect
of smaller pastures is even more pronounced in irregularly
shaped pastures, which further elevate the perimeter-to-
area ratio and consequently, the frequency of boundary
interactions.

In cases where a small, physically fenced pasture is not
available, an extended training period may be necessary
to provide the herd with more opportunities to interact

Physical Fence

Virtual Fence

with the VF. While increasing the number of animals in
a pasture can also boost interactions, as they will need
to cover more ground in search of forage (Sawalhah et
al., 2016), overstocking can negatively impact ecosystem
health if supplemental feed is not provided. Additionally,
if supplemental feed is required to sustain the herd during
training, the associated costs should be taken into account.

Virtual Fence Design

Virtual fence lines are typically drawn on a satellite image or
a topographic map using a smartphone, tablet, or computer.
Devices available for VF creation vary depending on the
VF company being used. VFs are digital lines connected by
vertices, or corners, designated by geographic coordinates.
When the vertices are connected, the enclosed area becomes
a polygon. This polygon defines the grazing area (or an area
excluded from grazing depending on the configuration
of the fences and the location of livestock when fences are
established). A polygon may be created in combination with
or without physical fences (Figure 3).

The placement of VFs can affect how animals learn to
stay within the grazing area. Placing a boundary zone

Figure 3: VF lines are joined by connecting vertices (i.e., corners) to create a polygon. The VFs can be drawn alongside physical fences or without physical fences.
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near an obvious landmark or resource (e.g., water troughs,
mineral supplements, corrals, and gates) may cause
livestock to associate these landmarks with an electrical
cue. As a result, livestock may refuse to go through a gate
or approach a water source if they previously received an
electrical cue in that area. To mitigate this, high-quality,
accurate Geographic Information System (GIS) data are
recommended for essential infrastructure and livestock
resources (Antaya et al., 2024b) (for more information on
GIS data needs, please visit: https:/ /rangelandsgateway.
org/virtual-fence). It is best practice to avoid putting VFs
and boundary zones within 100 ft of critical infrastructure
and livestock resources to buffer against unintentional
cues caused by GPS error.

When designing the layout of VFs, simple boundaries may
increase the likelihood of livestock compliance (Figure 4a). A
simple VF is a boundary that avoids multiple, overlapping,
acute angles, and narrow passageways (e.g., hallways,

4a

lanes). Simple VFs increase the number of directions
livestock can successfully move to escape a boundary zone
and promotes predictability and controllability, which
minimizes stressors. Because of this, multiple, overlapping,
and acute angles as well as narrow passageways are not
recommended when designing a VF plan, especially given
GPS error (Figure 4b). In such scenarios, livestock might
not effectively avoid or escape auditory and electrical
cues or may mistakenly reenter a boundary zone. This
confusion can lead to livestock inadvertently entering
exclusion zones due to conflicting cues, thereby increasing
the rate of breaches. For more complex fence designs, it
is advisable to gradually introduce complexity, ensuring
acute angles and overlapping fences are minimized to
reduce confusion.

Additionally, managing livestock with VF requires
an understanding of how the landscape might naturally
constrain or influence their movement, especially when
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Figure 4: Conceptual model of (4a) a simple VF design where animals can more easily avoid and escape the boundary zone and (4b) a complex VF design where animals

may have difficulty avoiding or escaping cues.
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uncollared calves or unintentionally uncollared livestock
exist in the herd. Placing VF lines perpendicular to draws
or ravines confines movement in one direction limiting
how collared animals can react when encountering a
boundary zone. Calves and unmanaged animals will move
directly through the boundary zone unhindered. Access to
a refuge strongly influences how animals will react while
experiencing acute stress (Stankowich and Blumstein,
2005). Collared animals may attempt to escape towards
an uncollared group as they would do during bunching
to escape biting flies (Ralley et al., 1993). This may place
an animal further into the boundary zone, potentially
resulting in a VF breach.

Roads and open areas present different challenges
when designing VF systems. When an animal receives
an electrical cue, its trained response is to turn around.
The presence of an easy escape route, such as a road, can
alter this behavior. Placing a VF line or corner across a
road may lead to breaches, as the road offers the simplest
escape route. Instead, VF lines should intersect with roads
at an angle that gradually directs the animal off the road.
Exploring additional factors that encourage breaches will
be discussed in the next section.

Managing Livestock Incentives

Resource and habitat preferences are well documented
in livestock (El Aich and Rittenhouse, 1988; DelCurto et al.,
1999; Howery et al.,, 1999; DelCurto et al, 2000) and they
likely impact VF effectiveness and its ability to influence

movement. Specific incentives (e.g., proximity to water and
shade, higher quality or quantity of forage, nursing calves)
may motivate non-compliant animals to breach a VF and
leave a grazing area, even when the VF provides auditory
and electrical cues (Figure 5). Identifying and carefully
managing the distribution of incentives across a landscape
in relation to VF placement may decrease the likelihood of
livestock seeking incentives outside the grazing area.

Ensuring livestock have access to water and shade helps
improve livestock compliance. Proximity to water is likely
one of the strongest livestock incentives, especially in arid
and semi-arid environments (Blackshaw and Blackshaw,
1994; Ahlberg et al.,, 2018). When placing VFs, the distance
livestock travel daily and the distance between available
waters should be considered. If distance to water is not
considered, livestock may breach a VF to access a water
source. Water reliability may vary across seasons and years.
For example, during periods of heightened precipitation,
water may be more readily available across the landscape,
which may temporarily influence livestock distribution.
Another incentive that could cause non-compliance is access
to shaded areas suitable for thermoregulation (maintaining
internal body temperature). A grazing area that includes
shade or cover may reduce the incentive to access shade in
more sensitive riparian habitats.

Forage availability or quality is a significant incentive for
livestock to move across a pasture (Bailey, 1995). To improve
compliance, consider the estimated stocking rate, quality of
accessible residual forage across seasons, and quality and
quantity of forage in the grazing area and exclusion zone.

@
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Figure 5. Types of incentives that may motivate livestock to leave the grazing area despite the VF system. Incentives include higher forage quality or quantity, non-
compliant animals, access to calves, distance to water, and areas for thermoregulation. There are likely other unknown incentives not pictured.
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Establishing a specific stocking rate for a grazing area ensures
that the herd's nutritional needs are met throughout the entire
grazing period, reducing the risk of livestock attempting to
breach a VE

Salt or supplements have been used to influence grazing
and could help encourage livestock to remain in the grazing
area even if there is additional forage in the exclusion zone
(Porath et al., 2002). However, care should be taken that salt
or supplements are not unintentionally left in an exclusion
zone if VFs are changed. Doing so may motivate livestock to
breach the VF to access them. Nutritional requirements vary
among individual animals, such as pregnant cows, growing
heifers or steers, and lactating cows. Depending on life stage
or time of year, an animal may be more likely to breach a VF
in search of higher quality or more abundant forage. When
planning VF placement, it is essential to consider the herd's
nutritional needs and how forage availability varies across
the pasture and throughout different life stages.

Nursing calves in cow-calf operations can be a strong
incentive for dams (mother cows) to disregard cues and exit
the grazing area. In these operations, calves generally do
not wear collars and can freely venture into a boundary or
exclusion zone. Proximity to the calf may incentivize dams
to enter or breach a boundary zone despite cues. Over time,
this will reduce the effectiveness of the VF system (Boyd et
al,, 2023). While managing these scenarios is challenging,
the development of thoughtful fence design and sustainable
stocking rates can help minimize opportunities for dams and
their calves to interact with the fence line.

Virtual Fence

Boundary Zone
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Gathering Livestock with Passive
Capture

Proactive planning is needed when gathering livestock
while VFs are active. If VF boundaries are left active,
livestock may inadvertently enter boundary zones and
receive cues when being moved by ranchers. To avoid
these unintended cues, turn off fences or deactivate cues in
advance of moving livestock between pastures. It may take
up to three days for collars to receive updates depending
on factors such as collar location related to topographic
influences, tree cover density, GPS accuracy, and cellular
coverage once updates are initialized. VFs should not be
expected to instantly activate or deactivate boundaries to
immediately manage livestock. The actual times required
for activation and deactivation may vary between VF
companies, based on the topography of a specific ranch,
and products as new versions are released.

AVF system can enhance traditional gathering techniques
by leveraging the virtual fence’s one way functionality. VF
systems are designed so livestock only receive auditory and
electrical cues when they approach a boundary zone. Non-
compliant animals, (e.g., those that have left the grazing
area), can cross through the VF back into the grazing area
without receiving cues.

This same functionality can be used to passively capture
livestock, or group animals into a specific, desired area
(e.g., near a gate), as they move within a pasture (Figure 6).

@
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Figure 6. Conceptual model of a VF system used to influence livestock movement with passive capture. Virtual fence lines only deliver cues when animals attempt to enter
an exclusion zone. This one-way functionality allows livestock to be grouped into a specific area based on their movements alone.
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Incentives can be instrumental to passive capture strategies.
For example, if multiple pastures share a water source,
livestock can move to a new grazing area with a higher
abundance of forage or available supplement/salt after
accessing water. Maximizing livestock incentives in a new
grazing area can improve passive capture success and can
assist with traditional gathering techniques.

Conclusion

Virtual fence technology presents a promising solution
to the challenges posed by traditional wire fencing for
managing livestock on extensive rangelands. While physical
fences have played a crucial role in implementing grazing
systems, they come with limitations such as landscape
fragmentation and a lack of flexibility. Though VF systems
have upfront and recurring costs, they may also offer some
ranchers increased flexibility and adaptability to changing
environmental conditions. As technologies evolve and
more vendors come to the market, prices typically decrease.
Current VF technology is not capable of completely replacing
all wire fences, especially boundary fences, or human labor.

The successful implementation of VF technology hinges
on careful planning, effective livestock training, thoughtful
fence design, management of incentives, and strategic
livestock movement. Training livestock to associate auditory
cues with electrical cues is essential for ensuring that
livestock can recognize and respond in the desired way
to invisible boundaries. This training is most effective in
controlled environments that account for stocking density,
topography, and pasture size and shape. The design and
placement of virtual fences require careful consideration
to optimize compliance. Simple VF designs are likely more
effective, minimizing stress on livestock, while avoiding
complex configurations and acute angles that may lead
to confusion and unintentional breaches. Thoughtful
placement, considering landmark associations and using
accurate Geographic Information System (GIS) data further
contribute to the reliability of virtual fences.

The management of incentives is crucial to reduce the
likelihood of livestock seeking incentives outside of a grazing
area. Strategic use of passive capture techniques, leveraging
water sources and additional incentives (e.g. salt or
supplement), enhances traditional gathering methods.
Proactive planning, in-depth understanding of the specifics
of a livestock operation, knowledge of virtual fence
locations, and deactivation or removal of cues help avoid
unintended cues and livestock stress during rotations.
When implemented thoughtfully and in conjunction with
sustainable livestock management practices, VF has the
potential to fundamentally change rangeland management
by offering ranchers a more flexible and adaptive approach
to livestock grazing.

Disclaimer

There are companies that manufacture
hardware and software including eShepherd™, Halter™,
Nofence™, and Vence™. Virtual fencing components from
different manufacturers are generally not interoperable
or interchangeable. Specific components, GIS data needs,
software protocol, software training, frequency and duration
of the cues, GPS error, livestock collaring, and livestock
training protocols may vary depending on the manufacturer.
Follow the manufacturer’s recommendations and guidelines.

several

The University of Arizona does not endorse a specific product.
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