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On the Ground

» Containing cattle with a virtual fence (VF) has
gained considerable attention. VF technology uses
auditory and electric stimuli to contain or exclude
cattle from predetermined areas, which has raised
concerns over cattle welfare.

We evaluated blood markers associated with
stress and inflammatory response when naive cat-
tle were fitted with VF collars.

We detected no major changes in blood markers.
Cattle were able to quickly identify and adapt to
VF boundaries and over time reduce the number
of stimuli.

Our results indicate VF technology can contain
cattle within a pre-established boundary and does
not negatively impact cattle welfare.
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Introduction

In the western United States, cattle often graze for long
periods of the year on large parcels of public and private
rangelands. In these locations, subdividing large pastures into
smaller ones is a desired practice, when practical, to inten-
sify grazing management and achieve more uniform ani-
mal distribution,' therefore assisting in fine fuels manage-

ment,” controlling invasive plant species population,’ and

helping to maintain the structure of wildlife habitat.* More
intensive livestock systems, such as rotational stocking, rely
on fences for pasture and paddock subdivision, aiming to
achieve uniform forage utilization and consistent animal per-
formance and nutrient distribution.” The containment of cat-
tle in these grazing systems commonly uses traditional fenc-
ing (e.g., barbed wire or electric fences), which is costly and
labor-intensive to build and maintain."»*

The use of virtual fence (VF), an emerging technology
within the growing area of precision livestock management,
may offer a less expensive and logistically challenging alter-
native to traditional fencing. VF can provide flexibility to
land managers to allocate desirable areas for grazing or ex-
clusion from livestock, leading to improved natural resources
use and livestock management. VF can be defined as a struc-
ture serving as an enclosure, or boundary, without a physical
barrier, which relies on animal behavioral modification result-
ing from the animal receiving sensory cues triggered when the
animal enters the boundary/containment zone.” Typically, an
animal in a VF system is fitted with a global positioning sys-
tem (GPS) device that identifies the VF boundaries and trig-
gers an audible stimulus (AS) followed by an electric stimu-
lus (ES) when the animal crosses pre-established boundaries.
The rationale for these sensory cues is based on the premise
of conditioning animal behavior using associative learning by
combining neutral stimuli (i.e., AS) with aversive stimuli (i.e.,
ES).? Different types of VF have been tested over the years,’
including systems with collars and an induction cable laid on,
or buried in, the ground.” Nonautomated collars'’ have cues
manually triggered by observers, and automated collars'! >
have cues automatically triggered by the collars according to
proximity sensors or GPS coordinates.

Previous studies demonstrated that VF is highly effective
at keeping cattle in designated locations’"'* or preventing cat-
tle from crossing a boundary,'*'° following appropriate train-
ing to sensory cues. Furthermore, our group has demonstrated
the effects on cattle behavior when fitted with a VF collar for
the first time are minimal and transient. Animals engage in
nondesirable behaviors for a short period of time, but with
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no readily apparent long-lasting effects or negative associ-
ations with the technology.15 Although the effects on ani-
mal behavior seem to be minimal and temporary, the use of
sensory cues, especially electric stimuli, could negatively af-
fect cattle physiology, which could impact subsequent cattle
performance.!”'® Stressors elicit coordinated physiologic re-
sponses within the body in an attempt to reestablish home-
ostasis, an energy-costly process for the animal.'” From a wel-
fare perspective, the effects of this technology should be eval-
uated through metabolic markers?’ to examine its’ effects on
animal physiology and particularly on mechanisms related to
stress, as such responses can divert energy from other impor-
tant bodily functions. Collectively, the evaluation of cattle be-
havior and physiological markers when using VF will provide
livestock managers with data needed to make informed deci-
sions related to adopting and using VF technology, ensuring
enhanced productivity and sustainability, as well as the welfare
and safety of cattle and handlers.

Therefore, our objective was to evaluate the effects on
blood markers associated with stress and inflammatory re-
sponses using naive cattle fitted with automated VF collars
where sensory cues were automatically triggered by cattle lo-
cation based on GPS coordinates. We hypothesized that the
use of VF would not negatively impact these markers, as it
was expected cattle would rely primarily on the neutral stim-
uli (i.e., AS) provided by the VFE. To the best of our knowledge,
this is the first study to evaluate such parameters.

Materials and methods

Our study was conducted at the Northern Great Basin Ex-
perimental Range (NGBER, Riley, OR; 43.4°N, 119.7°W)
at an altitude of 1288 m (4,226 feet) during the summer of
2022. All animal handling and care were approved by the In-
stitutional Animal Care and Use Committee of Oregon State
University (#2022-0272).

Animal selection and VF collar fitting

Forty mature Angus x Hereford cows (body weight: 595
+ 10.3 kg [1311 Ibs & 22.7]) with or without their calves
(n=21 and 19, respectively for lactating and dry cows) were
randomly selected from the Eastern Oregon Agricultural Re-
search Center (EOARC, Burns, OR) herd to be enrolled in a
larger study evaluating the use of VF as a land management
tool. Our study focused on the training phase (5 days) of the
larger study, evaluating the effects of VF on blood markers as-
sociated with stress and inflammatory response. The training
phase is required for the habituation of cattle to the technol-
ogy and designated VF boundaries.

Cows had no previous experience with VF and were fa-
miliar with grazing in sagebrush (Artemisia tridentata) range-
lands pastures with permanent fences during spring, summer,
and early fall, with winter-feeding of hay meadow. Cows were
cohorts within the same herd and were familiar with each
other and the working and holding facilities where the study
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was conducted. Our study design aimed to evaluate the initial
physiological response of cattle when first fitted with VF col-
lars. For the duration of the study, each cow was fitted with
a unique VF collar (Vence; Merck & Co., Inc., Rahway, NJ).
The VF collar is comprised of three main components: 1) a
hardware box containing all GPS, ES, and AS components
hanging from the neck of the animal; 2) two metal chains
used to hold the hardware box, which can be adjusted at the
top of a cow’s neck, thereby respecting the individual neck di-
ameter with the chain on the right side of the hardware box
delivering the ES; and 3) a double plastic chain link used to
join the two sides of the chains using a plastic zip tie. The link
rests on top of the cow’s neck.

VF boundary and management zones

Cows were fitted with VF collars on day 0 and moved to
a paddock with an established VF boundary. The VF bound-
ary was created using Herd Manager (Vence; Merck & Co.,
Inc., Rahway, NJ), a cloud mapping software that allows the
user to design the boundaries of the VF and its correspond-
ing management zones using GPS coordinates. The system
communication was accomplished via a solar or AC-powered
base station, GPS, cellular connection, and the Herd Manager
software. The base station used a radio signal to communicate
user-designed boundaries to the VF collar worn by the cattle.
The VF collars were powered by a lithium battery and capable
of monitoring animal locations at user-defined intervals.*

The paddock where the VF boundary was established was
square-shaped (approximately 130 m x 100 m [426 x 328
feet]) and had a traditional 5-strand barbed-wire fence
perimeter. The VF boundary was created inside of this pad-
dock and contained two management zones, which followed
the length of the paddock (approximately 130 m [426 feet]).
These zones were created from the traditional fence inward to
the paddock: 1) the AS management zone, where AS was au-
tomatically triggered when the animal crossed the boundary;
and 2) the ES management zone, where ES was automati-
cally triggered. In each ES-triggered event, the cow received
an electrical stimulus of 0.33 joules, which is less than a stan-
dard electric fence (0.5-1.0 joules) discharge. The manage-
ment zones changed daily to achieve a final boundary of ap-
proximately 30 m (98 feet), where 5 m (16 feet) was for the AS
management zone and 25 m (82 feet) was for the ES man-
agement zone. Specifically, on day 0, no management zones
were activated (local acclimation), and cows could walk freely
in the paddock without receiving any stimuli (Fig. 1A). On
day 1,a 20-m ES management zone was activated (Fig. 1B),
which increased to 30-m on day 2 (Fig. 1C). On day 3, a 5-
m AS management zone was activated and included in the
VF boundary, resulting in a 25-m ES management zone and
a 5-m AS management zone from day 3 to 5 (Fig. 1D). The
VF boundary established for the training phase had the objec-
tive of confining and maintaining cows within the designated
area (i.e., inclusion VF), and the order of stimuli activation
was proposed by the manufacturer.
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Figure 1. Schematic representation of virtual fence management zones over time at the Northern Great Basin Experimental Range, Riley, Oregon
during the summer of 2022. Cows were managed in this area from day 0 to 5 of the study. A, The training area with no management zones activated.
Cows could walk freely in the paddock without receiving any stimuli. B, A-20 m electric stimulus (ES) management zone activated. C, A 30-m ES
activated management zone. D, A 25-m ES management zone and 5-m audible stimulus (AS) management zone.

AS and ES were automatically triggered when a cow
moved into the respective management zones based on GPS
coordinates. When both management zones were present, the
sensory stimulus began with sound only, a 0.5-second tone
followed by 1.5-second pause. This pattern repeated for 60
seconds, followed by a cool-down period (no stimuli) of 180
seconds. If a cow remained within the management zones, a
combination of AS and ES were applied based on location or
due to time spent into the management zones. The ES dif-
fered depending on the trigger for the stimulus (timing or lo-
cation) and was 0.5 seconds in duration followed by either a
1.5 second or 2.5 second pause.

Each VF collar logged the time stamp, GPS coordinates,
and AS and ES triggered by the collar. At the end of our
study, the data were accessed from Vence and processed using
a Python pipeline created for this type of data as previously
used by our research group.!*1°

Data collection

On day 0, cows were brought to the working facility, and
a blood sample was collected before equipping the cows with
VF collars. A second blood sample was collected on day 5.
Blood samples were collected via jugular vein puncture us-
ing commercial heparinized vacuum tubes (BD Vacutainer, 10
mL; Becton, Dickinson and Company, Franklin Lakes, NJ).
Blood samples were placed on ice immediately following col-
lection, transported to the lab, and centrifuged at 2,500 x g for
30 minutes at 4°C (39°F) for plasma harvest. Plasma samples

were frozen at —20° C (—4°F) on the same day of collection
and stored at —80°C (-112°F).

On days 0 and 5, body weight (BW) was collected, and
body condition score (BCS) was assessed. Additionally, chute
score, chute exit velocity, and collar fit score (only day 0) were
recorded for each cow. Body condition score was collected by
3 trained technicians using a 1 to 9 scale, where cows scored 1
were considered emaciated, while cows scored 9 were deemed
overconditioned. Chute score was collected for each cow by
3 trained technicians. The score was assessed as cows entered
the chute and after the cow’s head had been caught. The chute
score was given according to Arthington et al! using a 1 to
5 scale, where cows were classified as: 1 =calm, no move-
ment; 2 =restless shifting; 3 = constant shifting with occa-
sional shaking of the chute; 4= continuous movement and
shaking of the chute; and 5 = violent and continuous strug-
gling. Chute exit velocity was collected for each cow and was
calculated by determining the speed of the cow exiting the
squeeze chute by measuring the rate of travel over a 1.6 m
(5.2 feet) distance with an infrared sensor (FarmTek Inc.,
North Wylie, TX). Collar fit score was noted for each cow
by 3 trained technicians immediately after the cow left the
chute following 30 seconds of observation. Collar fit score
was previously used by our group to quantify the cows’ im-
mediate reaction to collaring."> Collar fit score was developed
on a scale 1 to 5, based on cattle locomotion and head and
neck positioning. Cows were classified as: 1 = unalarmed and
unexcited, walking slowly; 2 = slightly alarmed and excited,
moving moderately quick; 3 = moderately alarmed and ex-
cited, moving quickly; 4 = very alarmed and excited, moving
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quickly and shaking head; and 5 = extremely alarmed and ex-
cited, moving quickly, shaking the head, and jumping. It is
important to note that collar fit score was given immediately
after cattle exited the chute, and therefore no stimuli were ap-
plied at the time of scoring.

Laboratory analysis

Plasma samples were analyzed for cortisol, ceruloplasmin,
and haptoglobin, due to their crucial role in stress and inflam-
matory response. These parameters are widely used as a means
to evaluate animal health and welfare.!”-*>** Plasma cortisol
concentrations were measured in a single run using chemilu-
minescent enzyme immuno-assays (Immulite 1000; Siemens
Medical Solutions Diagnostics, Los Angeles, CA). The intra-
assay coeflicient of variability was 2.75%. Plasma ceruloplas-
min oxidase activity was measured in duplicate samples using
colorimetric procedures described by Demetriou et al2* Ceru-
loplasmin concentrations are expressed as mg/dL as described
by King.25 The intra- and inter-assay coefficients of variability
were 2.70% and 10.4%.

Plasma haptoglobin concentrations were determined
in duplicate samples by a biochemical assay measuring
haptoglobin-hemoglobin complex by the estimation of dif-
ferences in peroxidase activity.26 Results were obtained as ar-
bitrary units resulting from the absorption reading at 450 nm
(0.00002 inches; VersaMax Tunable EXT). The same qual-
ity control standards used in the biochemical assay were ana-
lyzed by quantitative determination of bovine haptoglobin in
plasma (bovine haptoglobin ELISA test kit; Life Diagnostics,
Inc., West Chester, PA). The concentrations of haptoglobin,
based on the ELISA assay, ranged from 0.03 (0.004 oz/gal;
low control) to 0.95 mg/ml (0.13 oz/gal; high control) with an
intra-assay CV of 1.26%. The ELISA standard curve was used
to convert the arbitrary units obtained from the biochemical
procedures into mg/mL with the least detectable value of 0.03
mg/mL.?" The intra- and inter-assay coefficients of variability
were 2.15% and 8.10%, respectively.

Statistical analysis

All data collected by technicians (BCS, chute score, and
collar fit score) were averaged among technicians for each cow.
The number of AS and ES triggered was summarized for each
cow and day.

Cow was considered the experimental unit. Cow per-
formance and blood marker data were analyzed using the
MIXED procedure of SAS (SAS Institute Inc., Cary, NC;
version 9.4). The model statement included the effects of day
and the respective variable. Day was included in the repeated
statement with cow as subject. Cow parity (lactating vs. dry
cows) was included in the model and removed as no signifi-
cance was detected (P> 0.11).

AS and ES were characterized as zero-inflated count data;
thus, the UNIVARIATE procedure was used to evaluate data
normality, which resulted in a non-normal distribution with

the Shapiro-Wilk test (0.66, 0.25, AS and ES, respectively; P
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Table 1
Cow performance and temperament variables evaluated at virtual fence collar
fitting (day 0) and upon the end of the virtual fence training phase (day 5).

Item Day 0* Day 5* SEM Pvalue
Body weight” (kg) 595 594 1030  0.89
Body condition scoret 5.70 5.70 0.07 1.00
Chute score’ 1.25 1.30 0.05 0.11
Exit velocity| (m/s) 1.20 0.94 0.05 0.001
Fit score’ 439 . 1.28

Note: These data were collected at the Northern Great Basin Experimental
Range, Riley, Oregon during the summer of 2022. SEM indicates standard
error of the mean. Significance was set at P < 0.05.

* Forty mature Angus x Hereford cows were collared with VF collars on
day 0 and exposed to evolving VF boundaries until day 5.

T Cows were weighed using a commercial scale on both days.

¥ Body condition score was evaluated on both days by 3 trained technicians
using a 1 to 9 scale, where cows scored as 1 were considered emaciated, and
cows scored as 9 were considered overconditioned.

$ Chute score was collected for each cow by 3 trained technicians. The
score was given as cows entered the chute and after the cow’s head had been
caught. Chute score was given according to Arthington et al?! on a scale
from 1 to 5, where cows classified as 1 were calm, no movement, and cows
classified as 5 were violent and continuously struggling in the chute.

I' Chute exit velocity17 was collected for each cow in each run and was
calculated by determining the speed of the cow exiting the squeeze chute by
measuring the rate of travel over a 1.6-m distance with an infrared sensor
(FarmTek Inc., North Wylie, TX).

9 Collar fit score was collected for each cow by 3 trained technicians imme-
diately after the cow left the chute, upon 30 seconds of observation, according
to Ranches et al."> Collar fit score was developed on a scale from 1 to 5 where
cows classified as 1 were unalarmed and unexcited, walking slowly, and cows
classified as 5 were extremely alarmed and excited, moving quickly, shaking
the head, and jumping.

<0.01). Therefore, AS and ES data were analyzed using the
analysis of variance model using a negative binomial distribu-
tion (data mean and variance differed) in PROC GLIMMIX.
Data are presented in the original scale for easier interpreta-
tion.

Data were separated using PDIFF when a significant F-
test was detected. Results are reported as least squares means,
except for AS and ES (raw average count data). Significance
was set at P < 0.05, and tendencies were determined if P >

0.05 and P < 0.10.

Results

No effects over time (P > 0.89) were observed for BW or
BCS of cows collared with VF (Table 1). Similarly, no effects
were observed for the chute score (P = 0.11); however, chute
exit velocity changed between days 0 and 5 (P=0.001). Cows
exited the chute more slowly on day 5 when compared with
the day cows were collared with VF (day 0; Table 1). The collar
fit score was not statistically evaluated over time, as cows were
collared only once; however, the collar fit score on day 0 was,
on average 4.39, indicating cows were slightly uncomfortable
(4 =very alarmed and excited, moving quickly and shaking
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Table 2

Cow blood markers associated with stress and inflammatory response were analyzed at virtual fence collar fitting (day 0) and upon the end of the virtual

fence training phase (day 5).

Item Day 0* Day 5* SEM Pvalue
Cortisol” (ug/dL) 2.70 2.50 0.13 0.12
Ceruloplasrni‘mfF (mg/mL) 2830 29.30 0.87 0.11
Haptoglobin® (mg/mL) 0.40 0.45 0.01 <0.0001

Note: These data were collected at the Northern Great Basin Experimental Range, Riley, Oregon, US during the summer of 2022. Significance was set

at P < 0.05.
SEM indicates standard error of the mean.

* Forty mature Angus x Hereford cows were collared with VF collars on day 0 and exposed to evolving VF boundaries until day 5. Blood samples
were collected from each cow from the jugular vein on both days. Blood samples were placed on ice immediately after collection and centrifuged at
2,500 x g for 30 minutes at 4°C for plasma harvest. Plasma samples were frozen at —20° C in the same day of collection, and stored at ~80°C.

T Plasma cortisol concentrations were measured using chemiluminescent enzyme immuno-assays (Immulite 1000; Siemens Medical Solutions Diag-

nostics, Los Angeles, CA).

¥ Plasma ceruloplasmin oxidase activity was measured in duplicate samples using colorimetric procedures described by Demetriou et al.** Cerulo-

plasmin concentrations are expressed as mg/dL as described by King?i

$ Plasma haptoglobin concentrations were determined in duplicate samples by a biochemical assay measuring haptoglobin-hemoglobin complexing

by the estimation of differences in peroxidase activity.%
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Figure 2. Count of audible stimulus (AS) and electric stimulus (ES) received by cows during the training phase (day 0-5) in the virtual fence (VF)
boundaries at the Northern Great Basin Experimental Range, Riley, Oregon during the summer of 2022. ES in the VF was activated on day 1, and
AS was activated on day 3. Count of stimuli over time is presented as the average stimuli per cow per day.

head; Table 1), which is similar to what has been previously
reported by our group.”

No changes over time (P> 0.11) were observed for plasma
concentration of cortisol or ceruloplasmin for VFE collared
cows. In contrast, plasma haptoglobin concentration of VF
collared cows changed over time and was greater (P < 0.0001)
on day 5 compared with day 0 (Table 2).

Each VF collar logged the time stamp, GPS coordinates,
and the number of AS and ES stimuli to each cow. The count
of stimuli over time was summarized and presented as the
average daily stimuli per cow (Fig. 2). AS were activated from
day 3 to 5,and ES were activated from day 1 to 5. Both AS and
ES counts changed over time (P < 0.0001). Auditory stimuli
were greatest on day 3 (the first day of AS) and decreased over

time, reaching approximately two stimuli per cow per day on
day 5 (2.03 count). The ES followed a similar pattern where
the greatest ES were observed on days 2 and 3, decreasing over
time and reaching less than one ES per cow per day on day 5
(0.56 count). The count of ES on day 1 was slightly lower (P
= 0.006) than on day 2 and 3 (11.5,24.9, and 14.4 ES count
for days 1, 2, and 3, respectively).

Cow location during the training phase was determined
using VF collar GPS coordinates. Overall, cow confinement
within the VF boundaries was 93%, suggesting cows spent
most of their time within the VF boundaries during the train-
ing phase. By days 4 and 5, 96% and 97% of cows’ locations
were reported within the VF boundaries, in agreement with
the decreased number of AS and ES over time.

Rangelands

88



Discussion

Changes in BW or BCS were unlikely to be observed due
to the duration of our study and were likely to happen only
if the collaring process was extremely stressful. Similarly, con-
sidering the category of cattle used in our study, mature beef
cows, no changes were expected for the temperament param-
eters evaluated (unless the collaring process was stressful), as
these cows were familiar with the working facilities and accus-
tomed to being managed and handled multiple times. The re-
duction in chute exit velocity observed on day 5 is more likely
a result of the good handling practices adopted by our group
and the familiarity of cattle with the working conditions'®?
rather than an effect of being collared with the VF collar.

The collar fit score created by our group is a scoring system
used to evaluate the comfort level of cattle when fitted with
VF collars for the first time. In our study design, the collar fit
score was evaluated only once, therefore, evaluating changes in
score over time was not possible. The values we observed are
similar to previously published literature by our group. Cows
seemed to be alarmed and excited as an effect of the wearable
device. However, this behavior was transient, as reported by
Ranches et al.'® and does not seem to impact or negatively
affect cattle behavior over time.

Blood markers evaluated were cortisol, ceruloplasmin, and
haptoglobin, which were specifically chosen, as these blood
parameters are often associated with stress and the initia-
tion of inflammatory responses in animals.’?23%8 Cortisol is
known as the “stress hormone” and cortisol plasma concen-
trations can quickly increase (i.e., within minutes??»30) upon
interactions with physical, psychological, or chemical stres-
sors.'”?® Ceruloplasmin and haptoglobin are positive acute
phase proteins associated with the inflammatory response,
and similar to cortisol, plasma ceruloplasmin and haptoglobin
concentrations increase after animal exposure to an insult.
The increase in plasma concentration of both acute-phase
proteins is slower when compared with cortisol, and the peak
in plasma ceruloplasmin and haptoglobin concentrations is
often observed between 24 to 48 hours after the initial in-
sult.!?»3!

In our study, plasma cortisol and ceruloplasmin concentra-
tions remained similar over time, suggesting the use of VF by
cows may not influence those markers. However, plasma hap-
toglobin concentration increased from day O to 5 and could
indicate a mild inflammatory response. Nonetheless, consid-
ering the ES as the major stressor encountered by cows in our
study and the time of blood collections adopted by our group,
it is likely that the observed increase in plasma haptoglobin
concentration is related to the nature of this protein rather
than a major and complex inflammatory response caused by
the ES triggered by the VF collars. This is because plasma
haptoglobin concentration can increase up to three-fold and
remain elevated for up to 2 weeks.*” In fact, the handling prac-
tices during the collaring process and the wearing of the col-
lars could have influenced our outcome, more than the actual
ES. Similar to our findings, Hamidi et al.** evaluated corti-
sol concentrations in feces of heifers fitted or not with VF
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collars and found no differences in fecal cortisol concentra-
tions between the two groups. Additionally, Campbell et al.'®
compared fecal cortisol concentrations of steers fitted with VF
and steers contained by electric tape fence and found no dif-
ferences in the fecal cortisol concentration between the two
groups. Also, comparing electric tape fence and VFE, Verdon
et al.** evaluated the milk cortisol concentration of lactating
dairy cows and found no difference in milk cortisol concen-
tration due to fence type. Confessore et al3> evaluated hair
cortisol concentration of grazing beef cows contained in dif-
ferent VF configurations, where the initial hair collection was
conducted with deactivated VF and the final hair collection
was conducted when the VI was activated. These authors re-
ported no changes in hair cortisol concentration over time.
Finally, Jeffus®® evaluated cortisol concentration in the hair
and feces of cattle in rotational grazing with VF or physical
fence, and found no cortisol concentrations in hair or feces nor
changes in behavior. Although these studies differ in proce-
dures to evaluate cortisol concentration and type of cattle, col-
lectively, these studies, combined with our work, suggest the
use of VF technology does not negatively affect cattle physi-
ology, specifically cortisol, and consequently does not appear
to negatively impact cattle welfare. To the best of our knowl-
edge, we are the first group to evaluate plasma concentration
of acute-phase proteins of cattle using a VF system; therefore,
we are limiting the discussion of these variables, as more re-
search is warranted.

AS and ES were quantified in our study as the count of
stimuli per cow per day. The count of stimuli triggered by
the VF observed herein agrees with previous observations by
our group following the same pattern, where the number of
stimuli triggered decreased over time. During the 5 days of
acclimation and exposure to the VF boundaries, the ES re-
duction was approximately 97% from the peak stimuli to the
last day in the training area, while the AS decreased 98% in
the same period. Although the percentage of stimuli reduc-
tion is numerically greater for AS, the actual count of stimuli
triggered by the VF collars on the last day of the study was
greater for the AS (2.03 vs. 0.56, respectively), suggesting that
once trained, cattle were relying primarily on the AS when
in a VF setting.”’”’” The number of stimuli triggered by
the VF collars have been previously reported by others; how-
ever, direct comparisons of these variables are challenging, as
VF collar configurations differ, likely resulting in a different
number of stimuli over time. Cattle breed, category, temper-
ament, and personality might also play a role in the number
of stimuli triggered over time. Some cattle may receive more
stimuli than others as a function of the rate of learning, which
is reported to be variable and possibly influenced by previous
exposure to stimuli.®10,11,37

Regardless of these differences, a growing body of litera-
ture has reported that the number of stimuli triggered over
time decreases for ES and AS which fits with our findings.
Campbell et al.,'* working with automated VF collars fitted
to beef steers, reported that all steers interacted with the VF
boundaries at the beginning of the 4-week study and interac-
tions with VF boundaries decreased over time. Lomax et al %
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working with grazing dairy cattle fitted with automated VF
collars similarly reported a decrease in stimuli triggered by VF
collars over a 6-day grazing trial. Aaser et al.,”” working with
mature beef cows fitted with automated VF collars in a 139
day grazing trial, also reported a reduction in number of stim-
uli over time. However, in Aaser et al.>* VF boundaries were
modified, resulting in some fluctuation in the number of stim-
uli triggered, indicating cattle were capable of identifying and
responding to new VF boundaries.

In summary, because of the ability of cattle to quickly learn
to identify VF boundaries and respond positively to VF stim-
uli, as noted by the decrease in stimuli triggered by VF col-
lars over time, no major negative effects were observed in the
physiological blood markers evaluated in our study or in BW
or BCS.

Conclusions

Our objective was to evaluate the effects on blood markers
associated with stress and inflammatory responses when cat-
tle were fitted with automated VF collars. We hypothesized
that the use of VF would not negatively impact these mark-
ers, as it was expected that cattle would rely primarily on the
neutral AS triggered by the VF collars. Our hypothesis was
supported by our findings. No major changes in blood mak-
ers were observed over time when cattle were fitted with auto-
mated VF collars. Furthermore, the decrease in the number of
stimuli received over time indicated cattle quickly identified
and avoided the VF boundaries.

Collectively, our findings suggest a high efficacy for the use
of VF as a tool to manage cattle without apparent negative
effects on cattle welfare as measured by physiological markers.
Nonetheless, longer-term studies using VF collars for cattle
containment are warranted to further explore the effects of
VF on cattle welfare.
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