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a b s t r a c t 

On public lands grazing allotments in the western US sagebrush steppe, cattle are generally excluded 

from burned pastures for 2 yr post fire. If only a portion of a pasture burns, the burned area may be 

fenced, allowing for cattle grazing to resume in the unburned portion. However, traditional wire-based 

fencing is often not an option due to expense, conflicts with wildlife management objectives, and exten- 

sive procedural logistics. We evaluated the use of a “virtual fence” (VF) for excluding cattle from burned 

areas within small pastures in the sagebrush steppe of southeast Oregon. VF technology (Vence Corpora- 

tion, San Francisco, CA) uses satellite-controlled collars that direct animal movement within user-defined 

polygons using auditory and electrical cues. We fall-burned a 0.6-ha area in each of six adjacent 2.1-ha 

pastures in a Wyoming big sagebrush plant community in 2019. In June 2020, each pasture was stocked 

with 3 mature dry cows for 14 d. All cows were fitted with VF collars; collars were programed to create a 

virtual fence around the burned area within three of the pastures (VF treatment), and remaining pastures 

had electrical and auditory cues turned off (control treatment). Collars recorded animal location every 5 

min. Cows in the control treatment initially spent up to 40% of their time within the burned area, and 

forage utilization of the burned area was nearly 70%. Cows in the VF treatment spent approximately 4% of 

their time in the burned area on day 1 and were recorded in the burn only incidentally thereafter; forage 

utilization in the burn was < 3%. Our trial suggests VF technology is effective in controlling rangeland 

cattle movements and can severely curtail use of burned areas. Additional work is needed to evaluate VF 

technology in larger rangeland settings. 

Published by Elsevier Inc. on behalf of The Society for Range Management. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Grazing animal distribution within heterogeneous landscapes 

s a central challenge facing contemporary managers on western

angelands ( Launchbaugh and Howery 2005 ). Livestock grazing,

hether as a land use or as a land management tool, impacts

angelands globally and animal distribution is a primary determi-

ant of its effects on both biotic and abiotic rangeland components

 Bailey et al. 2004 ). Lack of control over livestock distribution is
✩ Mention of a proprietary product does not constitute a guarantee or warranty 
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 critical component driving negative effects of livestock grazing

uch as expansion of nondesired plant species ( Condon and Pyke

018 ), undesired effects of grazing on soil properties ( Daddy et

l. 1988 ), and loss of habitat for wildlife species ( Schieltz and

ubenstein 2016 ). Alternatively, sufficient control over animal

istribution enables managers to use grazing as a tool for fine

uels management ( Davies et al. 2015 ), reducing undesired plant

pecies ( Schmelzer et al., 2014 , Davies et al., 2021 ), maintaining

esired plant species ( Davies et al. 2016 ), and managing structure

n key wildlife habitats ( Boyd et al. 2014 ). 

The distribution of grazing animals within a land management

nit is affected by a plethora of factors including water and sup-

lement locations, spatial distribution of forage resources, topo-

raphic features, thermal regulation, behavioral characteristics of 

oth grazing herds and individual animals within herds, as well

s predator avoidance ( Bailey et al. 2019 ). In large rangeland land-
s is an open access article under the CC BY-NC-ND license 
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capes, many, if not most, of these factors are often overlooked

y managers or purposefully not considered in management plan- 

ing due to difficulties in amelioration. Alternatively, managers 

ay elect to use traditional wire or electric fencing to contain an-

mals within a broad perimeter ( Bailey 2004 ). Traditional fencing

an be effective for breaking large landscapes into smaller pastures 

hat conform to management goals and objectives. However, pas- 

ure perimeter fencing to define outer bounds of animal movement 

oes little to control within-pasture distribution in complex range- 

and environments ( Bailey and Rittenhouse 1989 ). This can result

n both undesired environmental effects, as well as lost manage-

ent opportunities. One example of the latter is the missed op-

ortunity costs associated with forage resources within partially 

urned pastures, particularly on publicly owned rangeland where 

olicy generally precludes grazing burned pastures for a period of 

 yr following fire ( Gates et al. 2017 ). In cases of partially burned

astures on public lands, agencies can construct traditional fencing 

o prevent animal use of burned areas ( BLM 2007 ); however, such

n alternative is costly, logistically intensive, and subject to a host

f procedural clearances that may prohibit timely implementation, 

nd it may have unintended negative impacts on other ecosystem 

ervices ( Jakes et al. 2018 ). 

An emerging alternative to traditional fencing is the use of vir-

ual fencing technology. This technology relies on audible and/or 

actile (e.g., electrical stimulus) cues from collars or other in 

itu devices to deter animals for crossing user-defined boundaries 

 Anderson 2007 ). Cues to the animal can be triggered from fixed

evices (e.g., a buried wire; Umstatter et al. 2015 ) or through

he use of remotely sensed positional data (e.g., from satellites; 

mstatter 2011 ). In theory, such technologies could create a viable

ystem for controlling rangeland animal distribution that does not 

ncur the same financial, logistical, and procedural limitations in- 

erent to traditional fencing ( Anderson et al. 2014 ). Virtual fence

VF) systems have been under development and evaluation for 

ore than a decade ( Umstatter 2011 ; Marini 2018 ; Campbell et al.

019 ; Lomax et al. 2019 ; Campbell et al. 2020 ). Recent advances in

lectronic communication and device (i.e., collar) design have the 

otential to greatly increase the efficacy of the technology while

educing costs but need further evaluation to determine their util- 

ty within precision agricultural systems ( Campbell et al. 2019 ). 

We tested the efficacy of a VF system for reducing cattle

se of recently burned areas within small pastures in sagebrush

 Artemisia L.) steppe vegetation in southeast Oregon. We hypoth- 

sized that animals within pastures that included a VF boundary 

etween burned and unburned areas would spend less time in 

urned areas as compared with animals in “control” pastures with- 

ut a virtual boundary (i.e., no auditory cues or electrical stimuli). 

aterials and Methods 

tudy area 

The study was conducted within a Wyoming big sagebrush 

 Artemisia tridentata ssp. wyomingensis Welsch) plant community at 

he Northern Great Basin Experimental Range (NGBER), located ap- 

roximately 55 km west of Burns, Oregon (43.48N, 119.72 W). The

tudy site was flat, and elevation was approximately 1 400 m. Pre-

ipitation falls as rain or snow during the October–March period, 

nd crop year inputs (September–June) average 25.7 cm (data file, 

astern Oregon Agricultural Research Center, Burns, Oregon). Be- 

ore burning, the shrub component of study sites was dominated 

y Wyoming big sagebrush with lesser amounts of rabbitbrush 

 Chrysothamnus nauseosus [Pall.] and Britt.). Common perennial un- 

erstory species included needlegrass ( Achnatherum sp. P. Beauv.), 

luebunch wheatgrass ( Pseudoroegneria spicata [Pursh] A. Love), 

ottlebrush squirreltail ( Elymus elymoides [Raf.] Swezey), Sand- 
erg’s bluegrass ( Poa secunda J. Presl), and the non-native crested

heatgrass ( Agropyron cristatum [L.] Gaertn.). The non-native an- 

ual cheatgrass ( Bromus tectorum L.) was also present at the site.

ites have been historically grazed by cattle at moderate levels dur-

ng the growing season and had not burned in the preceding 18 yr.

xperimental design 

All animal care and management used in this study was evalu-

ted and approved by the Oregon State University Institutional An- 

mal Care and Use Committee (ACUP 2020-0074). 

We used a systematic-randomized block design consisting of 

hree blocks and two virtual fencing treatments. Each block con- 

ained two adjacent 2.1-ha pastures and the three blocks were ad-

acent to each other ( Fig. 1 ). The two treatments were defined by

he presence or absence of virtual fencing. In pastures with virtual

ences, collars were used to track cattle locations and administer 

uditory and electrical cues to discourage use of burned areas. In

ontrol pastures, collars were only used to track cattle locations 

i.e., no auditory cues or electrical stimuli). We used a systematic

rocess for randomizing treatment assignment to pasture within 

lock in which the first pasture (pasture 1 in Fig. 1 ) was randomly

ssigned as a control and the remaining pasture within that block

as assigned to the VF treatment. We then repeated that order of

reatment assignment across the remaining two blocks. The rea- 

on for this approach was that we anticipated social behavioral

nfluences of animals between pastures and wanted to equalize 

he number of adjacent VF and control pastures between adjacent 

locks. In September 2019, the fall before grazing, we burned ap-

roximately 30% of each pasture using a single prescribed burn 

ith a strip headfire technique and drip torches containing a 40:60

ixture of unleaded gasoline and diesel, creating burned and un- 

urned subplots within each pasture (see Fig. 1 ). 

ata collection 

We used a VF system designed and manufactured by Vence 

orp (San Diego, CA). In this system, the end user communicates

ith a solar or AC-powered base station via cellular link using the

erdManager software platform. The base station in turn uses a 

HF radio signal to communicate user-defined coordinates of vir- 

ual boundaries and other information to a GPS collar worn by the

nimal. The collar is powered by a lithium battery and monitors

nimal location at user-defined intervals. Each collar has a speaker 

or auditory cues and two metal electrical contacts spaced 5 cm

part. The collar is designed with a weight ballast that keeps the

lectrical contacts in contact with only one side of the animals’

eck; thus, in theory, when the animal receives an electrical stim-

lus, it turns away from the that stimulus, causing the animal to

lter its path of travel away from the virtual boundary. Collars are

esigned to first deliver an auditory cue to an animal as it ap-

roaches a virtual boundary (i.e., “auditory zone”), followed by a 

ild electrical stimulus animal if the animal continues its direc- 

ion of travel (i.e., the animal crossed into the “electrical stimu-

us zone”). The spatial locations of both the auditory and electrical

timulus zones are user defined. When an animal enters the au-

io zone, it hears a 0.5-second electronic tone followed by a 1.5-

econd pause. This pattern repeats until the animal leaves the au-

itory zone. When an animal enters the electrical stimulus zone, it

eceives a 0.5-second shock (800V), followed by a 1-second sound 

timulus and then a 3.5-second pause. This level of electrical stim-

lus is comparable with that delivered by a single wire electric

ence (personal communication, Todd Parker, Vence Corp.). If the 

nimal remains in the electrical stimulus zone, this pattern repeats 

p to 20 times, after which the animal receives no auditory or
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Figure 1. Diagram of 2.1-ha study pastures (numbered 1–6) used in a 14-d virtual fencing trial in southeast Oregon. In pastures 1, 3, and 5 (“Control” pastures), collars 

were only used to track cattle location (i.e., no auditory or electrical cues). In pastures 2, 4, and 6 (“Virtual fence” pastures), collars were used to track cattle location and 

administer auditory and electrical cues to discourage use of burned areas. For each pasture in the VF treatment, we employed an electrical stimulus zone that began 20 m 

from the junction of burned and unburned portions of each pasture. We set the auditory zone to extend inward toward the unburned an additional 10 m from the edge of 

the electrical stimulus zone. Dots in each pasture represent location data (5-min intervals) for 3 cows for the duration of the trial. 
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lectrical stimulus for a period of 3 minutes. If the animal still re-

ains in the electrical stimulus zone for > 4 such cycles, the col-

ar is disabled and all cues will cease unless the collar is remotely

eactivated by the end user. Animal location data are transmitted

rom the collar to the base station and from the base station to

loud-based storage within HerdManager. 

In June 2020 we “trained” 20 mature Angus dry cows with the

ence collars. For training, we placed cattle that had been pre-

iously fitted with Vence collars within a rectangular 90 × 120 m

en with stock tank at the NGBER for 6 d. The pen was perimeter

enced with 2-m high wooden fencing. Two conterminous sides of

he pen were designated as virtual boundaries. For d 1–3 of train-

ng, the virtual boundaries were defined by an electrical stimulus

one that extended 5 m inward from the perimeter fence, and the

lectrical stimulus zone was bordered by an auditory warning zone

hat extended inward for 5 m from the edge of the electrical stim-

lus zone. For d 4–6 of training we expanded the width of the

uditory zone inward an additional 10 m. 

Immediately after training, 18 of the “trained” cows were ran-

omly selected for use in the study. We placed three cows in each

f the study pastures for a 14-d trial period. Water was provided

or each pasture in a polyethylene stock tank placed at the end

f the pasture opposite the burn. Collars of all animals were set

o transmit animal locations at 5-min intervals. For each pasture

n the VF treatment, we employed an electrical stimulus zone that

egan 20 m from the junction of the burned and unburned por-
ions of each pasture (see Fig. 1 ). We set the auditory zone to

xtend inward toward the unburned an additional 10 m from the

dge of the electrical stimulus zone (see Fig. 1 ). 

The day before the trial, we measured standing crop of herba-

eous vegetation by clipping five randomly located 1-m 

2 quadrats

ithin burned and unburned portions of all pastures. Clipped ma-

erials were oven-dried before weighing. Immediately following 

he trial, we qualitatively estimated grazing utilization of herba-

eous forage using a modification of the Landscape Appearance

ethod ( USDA-USDI 1999 ; Jansen et al. 2021 ). At each of 10

qually spaced points along the center of the long axis of each

urned or unburned pasture subplot, a single observer experienced

ith the technique visually characterized utilization of perennial

rasses within a 2-m radius circle as falling into one of six uti-

ization categories: 1) no use, 2) slight use (1–20%), 3) light use

21–40%, 4) moderate use (41–60%), 5) heavy use (61–80%), or 6)

evere use (81–100%). Midpoint utilization values were averaged

ithin pasture and subplot. 

ata analysis 

Initial data processing was done in ArcGIS ( ESRI 2020 ) and

studio v 1.2.5003 ( RCore Team 2019 ) with the tidyverse package

 Wickham et al. 2019 ). Statistical analyses were performed in SAS

 9.4 (SAS Institute Inc., Cary, NC). Total number of cattle loca-

ions received from all the collars combined was 50 382 spatial
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Figure 2. The effect of virtual fencing on percentage of total daily cattle locations within burned subplots of Control and Virtual fence pastures in southeast Oregon. Cattle 

within Virtual fence pastures had collars designed track animal location at 5-min intervals and to provide auditory and tactile (electrical stimulus) cues to deter use of the 

burned subplot. Control animals had collars that tracked location at 5-min intervals but did not provide cues to deter use of the burned subplot. 
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ata points. Cattle data locations that were outside of their respec-

ive treatment pasture due to setting up the experiment by moving

he animals to their respective treatment pastures, or location data 

hat were outside of their respective treatment pastures due to ge-

location error, were removed from the analysis. This gave a total

f 45 380 location data points across all treatments for the du-

ation of the experiment. Percentage of total locations within the 

urned portions of a pasture was calculated for each animal, for

ach day of the trial. We then averaged these values within pas-

ure and trial day for further analysis. The effect of virtual fencing

n percentage locations within burned subplots was determined 

sing repeated measures analysis of variance (Proc Mixed) with 

rial day as the repeated factor and pasture and virtual fencing

reatment ∗ pasture as random effects. Values for pretrial stand- 

ng crop were averaged across pastures and within subplot. Values 

or post-trial utilization were averaged by virtual fencing treatment 

nd within subplot. The effects of burning and virtual fencing on

ost-trial utilization measurements were determined using analy- 

is of variance (Proc Mixed) with pasture and virtual fencing treat-

ent ∗ pasture as random effects. Differences between treatment 

nd between subplot means were evaluated using LS Means in SAS.

ll means are reported with their associated standard errors and 

ffects were considered to be significant at P ≤ 0.05. 

esults 

Pretrial standing crop of herbaceous forage was 757 ± 40 kg/ha 

or unburned subplots and 336.6 ± 77.6 kg/ha for burned subplots. 

ercent of daily locations within the burned area was affected by

irtual fencing treatment ( P < 0.001), day ( P < 0.001), and the vir-

ual fencing treatment ∗ day interaction ( P < 0.001). Animals in

he control treatment spent a relatively higher percentage of their 

ime within the burned area, but use of the burned subplots de-
lined over time; by d 14 control animals had stopped using the

urned subplot ( Fig. 2 ). Animals in the VF treatment had a rel-

tively low percentage of daily locations within the burn ( < 5%)

nd largely avoided use of the burn after d 2 (see Fig. 2 ). For an-

mals in the VF treatment, over 90% of initial (trial d 1) locations

ithin the burned subplot were from pasture 2 ( Fig. 3 ). The re-

aining two VF treatment pastures had little to no animal loca-

ions within the burned subplot for the duration of the trial. Rel-

tively high initial use of the burned subplot in pasture 2 was as-

ociated with a single animal whose collar had become inverted 

uch that the electrical contacts were pointing outward and not 

ontacting the skin. On trial d 2 we removed this animal from the

rial and replaced it with an animal from the same training co-

ort (see methods section). We elected to replace this animal (i.e.,

s. repositioning the collar) because our aim was to test the effi-

acy of the technology versus factoring in errors associated with 

ncorrect fitting of the color. While the collar was out of position,

his animal spent considerable time within the burned area such 

hat if we had repositioned the collar and left the animal in the

tudy, that previous experience could have introduced variability 

n future behavior that would not be related to membership in a

irtual fence treatment (i.e., “on” or “off”). Herbaceous forage uti- 

ization within pastures differed by virtual fencing treatment ( P <

.001), burning treatment ( P < 0.001), and their interaction ( P <

.001). Percentage utilization of the unburned subplot was slightly 

igher for the VF treatment, and utilization of the burned subplot

as over 25-fold higher for the control treatment compared with 

he VF treatment ( Fig. 4 ). 

iscussion 

We found that virtual fencing technology was effective at ex- 

luding cattle from burned areas within sagebrush steppe vegeta- 
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Figure 3. Percentage of daily cattle locations within burned subplots of Virtual fence treatment pastures (i.e., cattle in Control treatment not included) in southeast Oregon. 

Cattle within these pastures had collars designed to track animal location at 5-min intervals and to provide auditory and tactile (electrical stimulus) cues to deter use of the 

burned subplot. 

Figure 4. Herbaceous forage utilization of burned and unburned subplots within study pastures in southeast Oregon. Cattle within Virtual fence pastures had collars designed 

to provide auditory and tactile (electrical stimulus) cues to deter use of the burned subplot. Collars worn by Control animals did not provide cues to deter use of the burned 

subplot. Bars without a common letter are different ( P < 0.05). 
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ion. This exclusion occurred despite strong animal preference for 

urned areas as demonstrated by 1) greater percentage of daily lo-

ations within burned areas by cattle in control pastures, particu- 

arly at the beginning of the trial; 2) a higher utilization ratio of

urned areas in relation to overall pasture availability when cat- 

le were not excluded by VF technology; and 3) higher end-of-

rial utilization of burned subplots by cattle in control pastures. 

hanges in grazing behavior associated with VF technology re- 

ulted in no utilization in two out of three burned areas in our

rial and minimal utilization of the third. The utilization in the

hird was associated with a collar that became inverted after be-

ng fitted too loosely and did not provide electrical stimulus to the

nimal. 

Although animals in the VF treatment displayed only limited 

sage of burned subplots, virtual fencing did not completely ex- 

lude use of the burned subplot. In the case of recently burned

reas within larger sagebrush steppe pastures, where managers 

re concerned with the potential impact of grazing on vegetation 

ecovering from burning, 100% effectiveness in excluding animals 

rom burned areas may not be necessary. Others have noted that

ven in dry Wyoming big sagebrush plant communities, recovery 

f burned vegetation is possible, even with moderate amounts of 

ivestock use ( Bates et al. 2009 ). As demonstrated by our study, VF

echnology should not be thought of as an “iron gate” that prevents

ll animal use of nondesired areas. Instead, it is a technology that

ses auditory cues and electrical stimuli to create pressure that 

elps animals make decisions that are more closely aligned with 

anagement expectations, a concept that is similar to the idea of

ow-stress livestock handling ( Grandin 1998 ). 

From a cognitive learning standpoint, VF systems must employ 

ehavioral cues that are both predictable and controllable (i.e., the 

nimal can respond in a manner that eliminates negative stim- 

li; Lee et al. 2018 )—key considerations for both effectiveness of

he system and animal welfare. The Vence platform we employed 

ses both auditory and electrical cues, and in theory the former

ill help increase predictability of the latter, resulting in reduced 

lectrical stimuli and increased animal welfare. In concurrent work 

ith the Vence platform, Ranches et al. (2021) conducted a feed-

ng attractant trial in which individual naive cattle were repeat-

dly placed in an enclosure with hay on one end; the initial ex-

osure was without a VF in place, and subsequent exposures em-

loyed a VF between the cow and the feed. Results from this trial

ndicated that cattle quickly learned to avoid the feed area af-

er the VF was activated (i.e., 82% and 91% decrease in auditory

nd electrical cues, respectively, from first to third exposure) and 

hat the ratio of auditory to electrical stimuli doubled between the

rst and third exposure to the VF. These results suggest the Vence

F platform has sufficient predictability and controllability to pro- 

ote cognitive learning over time and that auditory cues help re-

uce exposure to electrical cues, decreasing concerns over animal 

elfare. 

The VF platform and training/experimental protocols we em- 

loyed contained a number of design features that can reduce 

otential for adverse effects to the animal. For example, while

nimals will receive an electrical stimulus when crossing into the 

lectrical stimulus zone, these stimuli are not continuous (i.e., 

.5-second duration). Using the Vence platform, the electrical 

timulus is turned off after a maximum number of deliveries and 

lectrical stimulus will remain off until remotely turned on again 

y the user. The use of auditory cues in advance of electrical

timuli (as in the current study) decreases reliance on the latter

s a means of directing livestock movements ( Quigley et al. 1990 ).

hile we did not partition the number of auditory and electrical

ues received by animals in our trial, Lee et al. (2009) found

hat the number of electrical stimuli received by heifers was 

wofold less when electrical stimuli were preceded by auditory 
ues. Kearton et al. (2020) reported that when electrical stimuli 

ere preceded by auditory stimuli, behavioral and physiological 

tress indicators of sheep were similar to control (i.e., no cues)

nimals. In additiony, Vence collars are designed to apply auditory 

r electrical pressure to only one side of the animal, which may

ncourage a change in direction of travel, potentially reducing the 

eed for repeated cues. This is consistent with our anecdotal field

bservations of animals turning away from the electrical stimulus 

i.e., turning left, away from probes which were always on the

ight side of the neck), and in the process, altering their direction

f travel away from the burned area boundary. Finally, our use of

 training herd and multiple animals within pastures could reduce 

he number of adverse stimuli received across animals through 

ocial facilitation. Keshavarzi et al. (2020) found that animal move- 

ents within groups of cattle exposed to VFs were more highly

orrelated than those in groups without VF and indicated that 

ocial interaction alone (i.e., in the absence of receiving cues) was

ufficient to contain some animals within inclusion zones in VF 

astures. 

At peak usage, control animals used burned areas in greater 

roportion than their availability. That preference decreased over 

ime, presumably in relation to declining forage availability within 

he burned subplots. Higher utilization of the unburned subplot 

or VF treatment animals was likely associated with a more spa-

ially confined grazing area due to exclusion from the burned ar-

as. Burned rangeland has been noted as an attractant to herbi-

ores across a wide variety of rangeland systems ( Clark et al. 2014 ;

llred et al., 2011 ; Burkepile 2016 ). Herbivores may be attracted

o burned areas of the landscape for a variety of reasons includ-

ng increased forage production, greater proportion of young, suc- 

ulent vegetation, higher nutrient density, and decreased amounts 

f tactile interference from nondesired forage components (e.g., 

hrubs and previous years herbaceous litter; Ganskopp et al. 1992 ;

anskopp and Bohnert 2006 ). In our case, forage standing crop

as over twofold less in burned areas, and, although not tested, 

e suspect that preference for burned areas was a function of a

igher proportion of current year vegetation and reduced herba- 

eous litter from previous years. 

The present study and others, (e.g., Campbell et al. 2020 ) fo-

used on the use of virtual fencing to deter animals from entering

 defined area. Another similar use of the technology would be in

anaging use of rangeland or forested riparian systems by graz- 

ng livestock ( Rose 1991 ; Bailey 2004 ). While these habitats often

ccupy a small portion of rangeland or forested pastures, concern 

ver the impacts of livestock on riparian channel structure and 

egetation attributes often determines grazing management within 

he remainder of the pasture. Campbell et al., 2018 reported results

rom a small-scale trial in Australia suggesting that virtual fenc- 

ng was nearly 100% effective in excluding cattle from a riparian

rea. Exclusion areas may also have potential in managing inva- 

ive species, such as cheatgrass, because invasion vectors into pas- 

ures generally occur at subpasture spatial scales where soil factors 

nd high solar exposure serve as vectors. Thus, keeping cattle away

rom these invasion vectors ( Williamson et al., 2020 ) could reduce

he spread of cheatgrass and other exotic annual species present 

ithin the sagebrush region. In addition to excluding animals from 

esignated areas, more complex uses of the technology could in- 

lude “inclusion polygons,” in which multiple VF boundaries are si- 

ultaneously used to confine animals within a larger management 

rea, and “moving polygons,” in which animals may be moved 

ithin larger landscapes via turning virtual boundaries on and off

n a user-defined sequence ( Campbell et al. 2021 ; Verdon et al.

021 ). That said, increases in complexity of usage will be bounded

y the ability of the animal to process applied stimulus in a man-

er that is perceived as predictable and controllable as described 

arlier ( Lee et al. 2018 ). 
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One of the limitations of any VF system will be topographic bar-

iers that limit communication with GPS satellites or, in our case,

adio and cellular communications between the collars and base

tation and the base station and offsite data storage. Using the

ence system, collars may continue to operate in the absence of

ase station to collar communication, so long as the collars main-

ain contact with GPS satellites. However, the system will be un-

ble to store animal locations, and user input parameters (e.g., fre-

uency of animal data location storage, electrical/auditory stim-

lus parameters) cannot be changed (Todd Parker, Vence Corp.;

ersonal communication). Another potential limitation of imple-

enting rangeland virtual fencing systems is cost. The collars used

n this study were leased from Vence Corp at an annual cost of

40 (USD) per unit. In addition, a Vence solar-powered base sta-

ion retails for approximately $12,500 (USD) and the number of

ase stations needed will vary depending on topography, size of

he target management area, and flexibility of management objec-

ives. While these costs are far from insignificant, current costs for

arbed wire fencing can range up to $8 0 0 0 (USD)/km (Burns, OR

LM, personal communication) or more depending on fencing con-

guration, topography, and soils. Additional operational scale anal-

ses are needed to build context for the economic viability of vir-

ual fencing systems as compared with traditional fencing. These

nalyses should include the lost opportunity costs that may be in-

urred with traditional place-based fencing versus the spatially op-

ortunistic (i.e., nonpermanent) nature of virtual fencing. 

anagement Implications 

As demonstrated by our results, use of VF technology is largely

ffective, but not completely effective, in altering animal distri-

ution to exclude cattle from burned areas. This is an impor-

ant consideration from a management standpoint, and managers

hould weigh the level of control over animal distribution needed

o meet management objectives with the ability of virtual fencing

o achieve those objectives. In addition, managers should weigh ef-

cacy of the technology against the reality that no form of fencing,

ven traditional wire fencing, is 100% effective. In fact, on the ba-

is of our experience, a fair comparison to traditional wire fencing

ould be to say that virtual fencing is largely but not entirely ef-

ective, and when it does fail it fails on an individual animal basis.

While we focused on the use of VF technology to exclude ani-

als from recently burned areas of sagebrush steppe, there are a

lethora of other potential precision rangeland management appli-

ations for this technology. For example, the spatially and tempo-

ally transitory nature of virtual fences could have strong applica-

ility to rangeland grazing applications that vary in space and time,

razed fuel breaks being a good example. Virtual fences could also

e effective in creating exclusion or inclusion zones for use in

atch grazing systems and exclusion zones for seasonal avoidance

f areas such as locations known to have poisonous plants. Simi-

arly, riparian areas could be excluded to avoid grazing effects on

nadromous fish spawning habitat or riparian woody plants dur-

ng fall. Additional work is needed at larger spatial scales and in

ore topographically complex environments to more fully frame

he utility of virtual fencing in rangeland cattle production sys-

ems. However, our initial work suggests that virtual fencing has

reat potential for increasing management options for controlling

angeland livestock grazing distribution. 
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