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Negative affective states such as anxiety and depression pose a risk to animal welfare,
however, practical tests for assessing these states in animals are limited. In humans,
anxious individuals are shown to pay more attention toward threatening information
than non-anxious individuals, known as an attention bias. Previously, an attention
bias test was developed and validated as a measure of anxious states in sheep,
where more anxious sheep showed increased attention toward a threat (dog) and
were more vigilant than Control animals. Studies in humans suggest that attention
biases also occur in depressed individuals, with observations of attention biases
toward threats, as well as biases away from positive stimuli. Given these findings, we
hypothesized that an attention bias test for sheep could also be used to assess states
of depression. We predicted that Merino ewes in pharmacologically induced Depressed
(para-chlorophenylalanine) and Anxious (m-chlorophenylpiperazine) states would show
greater attention toward a threat than Control animals (saline), but that the Depressed
sheep would show relatively less interest in a positive stimulus (photograph of a
conspecific). During testing, Depressed sheep paid more attention toward the threat and
less toward the photograph than Control animals as predicted (Analyses of Variance,
P < 0.05, n = 16 per treatment). Interestingly, Anxious sheep showed an attention
bias in the opposite direction, paying more attention toward the photograph and less
toward the threat than Control animals (P < 0.05). Both Anxious and Depressed sheep
were more vigilant than Control animals (P = 0.002). These results suggest the attention
bias test can be used to measure and differentiate states of depression and anxiety
in livestock. The bidirectional nature of the attention bias identified between treatments
highlights the importance of measuring multiple behaviors in the test and considering
the context in which the test is applied. This will enable a clearer characterization of the
affective state of an animal, as an aspect of its welfare.

Keywords: affective state, animal welfare, behavior, cognitive bias, emotion, stress-induced hyperthermia, threat
perception, vigilance

INTRODUCTION

The affective states of animals comprise an important component of animal welfare, with negative
depression-like states (hereafter depression) and anxiety-like states (hereafter anxiety) potentially
posing a risk to the well-being of livestock in production systems. Practical methods which can
assess these negative affective states would therefore be useful for the study, assessment and
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improvement of animal welfare. Cognitive methods from the
human literature offer the potential to assess a range of different
affective states in animals (Paul et al., 2005). For example, it
has been well established that humans in anxious states pay
more attention toward threatening stimuli than non-anxious
individuals, known as an attention bias (Bradley et al., 1995,
1997; Bar-Haim et al., 2007). Based on this concept, a test has
been developed for assessing attention biases in sheep, measuring
the degree to which an animal’s attention is directed toward a
potential threat (location recently occupied by a dog) and away
from a positive stimulus (food). The test has been validated as a
measure of anxious states, where animals in a pharmacologically
induced anxious state spent more time looking toward the
previous location of a dog, were more vigilant and were less likely
to feed than calm (saline control) animals during a 3 min test (Lee
et al., 2016; Monk et al., 2018). While attention biases toward
threats have predominantly been associated with anxious states
in the human literature, there is some evidence that attention bias
toward threats also occurs in depressed individuals (Mogg et al.,
1995; Mathews et al., 1996), although this has not been consistent
in all studies (see reviews Peckham et al., 2010; Armstrong
and Olatunji, 2012). However, evidence of attention biases away
from positive stimuli occurring in depressed individuals is more
consistent (Armstrong and Olatunji, 2012). Given these findings,
we might then expect that states of anxiety and depression in
animals can both result in attention biases toward threats, while
depression can result in a bias away from positive stimuli, when
compared to normal individuals. The potential for an attention
bias test to assess not only anxious states, but also other negative
affective states such as depression in livestock deserves further
investigation.

Anxiety and depression in human and animal models are
also associated with different sets of behavioral and physiological
responses, which may help to differentiate these states during
an attention bias test. For instance, key features of anxiety
in humans include increased fearfulness of novel experiences
or environments and exaggerated fear responses to potential
threats (Guze, 1995). These features can be measured in animals
through behaviors such as reduced interactions with the novel
environments and changes in locomotion (see reviews Boissy,
1995; Forkman et al., 2007; Dodd et al., 2012). During the
attention bias test for sheep, this was also reflected by increased
vigilance in anxious animals (Lee et al., 2016, 2017; Monk
et al., 2018). A key feature of depressive states in humans is
a loss of interest or pleasure in daily activities (anhedonia)
(Guze, 1995), which has also been reproduced in rodent
models of depression (e.g., Moreau et al., 1992; Barr and
Phillips, 1999; Harrison et al., 2001). During an attention bias
test, this may be reflected by reduced interactions with the
positive stimulus. Physiological responses during testing may
also help to differentiate anxious and depressed states. For
example, stress-induced hyperthermia (SIH) is shown to be
reduced by anxiolytic but not anti-depressant drugs (Bouwknecht
et al., 2007) and has been previously observed in anxious
cattle during an attention bias test (Lee et al., 2017). By
considering these key differences in behavioral and physiological
responses along with the presence or absence of an attention

bias toward the threat, it may be possible to differentiate states
of anxiety and depression in sheep during an attention bias
test.

Controlling external factors which can influence behavior in
the attention bias test is essential for the standardized application
of the test and effective interpretation of behavioral responses.
The previously established method relies on a feed reward
as a positive stimulus, however, motivation to feed can vary
considerably between animals and within animals over the
span of a single day. Further, while pharmacological models
of affective state provide a useful tool for validation of test
methodology, these agents have known impacts on appetite,
making interpretation of results difficult (Doyle et al., 2015).
As such, it would be desirable to replace the feed reward
used in the established test method with an alternative positive
stimulus that can be more easily standardized and allow for
clearer interpretation of behavioral responses. As sheep are social
animals, a conspecific could work as an alternative positive
stimulus, however, addition of another live animal could again
introduce unwanted variation into the test. Photographs of
conspecifics have been shown to reduce fear-related behaviors
of isolated sheep in previous studies, indicating they were
perceived as positive by the test animals (Vandenheede and
Bouissou, 1994; Bouissou et al., 1996). As such, a photograph
or model of a conspecific may be a more suitable alternative
positive stimulus than food for the attention bias test which
can be presented in a more standardized manner during
testing.

The aim of the current study was to determine whether
responses in the attention bias test for sheep may indicate
affective states of depression as well as anxiety. We hypothesized
that sheep in pharmacologically induced states of depression
and anxiety would both show an attention bias toward the
threat relative to the control animals. Further, we hypothesized
that it would be possible to differentiate between states of
depression and anxiety by comparing their relative attention
toward the positive stimulus and by considering other behavioral
and physiological responses in the test. Specifically, we expected
the two treatment groups would differ in temperature response
and activity during the test as well as exploration of the
positive stimulus and environment. Finally, we hypothesized
these attention biases could be assessed using a photograph or
model of a conspecific as a positive stimulus instead of the
feed used in previous studies. To test these hypotheses, states of
depression and anxiety were induced through pharmacological
manipulation of serotonergic pathways prior to assessment in a
modified attention bias test.

MATERIALS AND METHODS

Animal Ethics
The protocol and conduct of the experiments were approved by
the CSIRO F.D. McMaster Laboratory Animal Ethics Committee
(AEC17-25) and the University of New England Animal Ethics
Committee (AEC17-126), under the New South Wales Animal
Research Act 1985.
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Pilot Study
A pilot study was conducted to determine an appropriate positive
stimulus to replace food in the attention bias test. A fiberglass
model of a sheep and a range of photographs were trialed (see
below for details).

Animal Details
Fifteen, non-pregnant, non-lactating Merino ewes (2.5 years old)
from the CSIRO farm flock in Armidale, NSW were used in the
pilot study; five sheep during Phase 1 of the experiment and
ten sheep during Phase 2 of the experiment. Sheep had no prior
experience with the attention bias test or the positive stimuli used
in this trial. Sheep had prior experience with dogs during routine
farm management.

Attention Bias Test Arena
The current study used the same testing arena (Figure 1) as
Monk et al. (2018), which was adapted from Lee et al. (2016).
The test arena comprised a 4 m × 4.2 m concrete yard with
1.8 m high opaque walls. A small window was positioned on
the side of the arena behind which an unfamiliar dog (Border
Collie) was standing quietly. Alternative positive stimuli could
potentially be placed along the walls opposite and adjacent to
the dog window (Figure 1, see section “Alternative stimuli” for
details). The test arena was divided into a grid with nine sections,
which were overlayed on the video footage during behavioral
analysis (Figure 1). Due to constraints of the arena construction
material, the dog window was not centered along the side wall.

FIGURE 1 | Diagram of the attention bias test arena comprising a
4 m × 4.2 m yard with opaque 1.8 m high walls. A dog was visible for the first
3 s of the test, then the window was covered. The numbered, dotted lines
represent potential locations of positive stimuli during the pilot study. Only
position 3 was used during the main trial. “∗” Denotes the positions of two
cameras. Dashed lines represent a grid overlaid on video footage post-testing.

As such, the grid was skewed so that the middle zones remained
centered around the dog window (Figure 1). When a sheep was
introduced to the arena, the dog was visible through the window
for 3 s, after which the window was covered by a retractable
opaque cover and the dog was removed. Exposure for 3 s was
previously shown to be sufficient to affect attention behaviors in
sheep (Monk et al., 2018). The 3 s interval began once the door
into the arena was closed behind the sheep and a hidden observer
was confident that the sheep had made visual contact with the
dog. The hidden observer was positioned above the arena in a
building next to the test arena, out of view of the sheep. The
3 min test interval commenced once the window was fully closed
to obscure the dog. Behaviors during the test were recorded by a
Sony Handycam handheld video camera (Sony, Australia, model
number HDR-XR550) (Figure 1).

Alternative Stimuli
To replace the feed reward used in the original attention bias
test, five alternative stimuli were trialed during the pilot study:
a fiberglass model of a sheep, two photographs (hereafter photo)
of an unfamiliar Merino sheep (one side profile, one front-on),
and two photos of the faces of an unfamiliar Merino sheep (one
side profile, one front-on) (Figure 2). The model and photos
were approximately life-size. All photos were printed on 200 gsm
matte cardstock, then were cut out and mounted to 5 mm thick
black corflute board using spray adhesive. The front-on head only
photo had a small amount of wool glued to the top of the head
as an additional sensory cue. The wool came from an unfamiliar
conspecific, collected from a shearing shed.

Phase 1: Identification of an Alternative Positive
Stimulus
Phase 1 of the pilot study aimed to identify which of the
alternative stimuli was preferred by the sheep. Animals were first
tested as a group, then individually during an attention bias test.

A group of five sheep had numbers painted on their rumps
for individual identification, then were moved into a small yard
(5 m × 4 m) containing all five stimuli for 30 min. The stimuli
were located along the edges of the yard, spaced approximately
2 m apart from one another. The number of interactions each
sheep had with each of the stimuli was recorded. Interactions
included sniffing or attempting to chew the stimuli. Sheep were
not exposed to a dog during this time.

All five stimuli were then moved into the attention bias test
arena together. The locations of the stimuli in the arena are shown
in Figure 1; the stimuli were spaced approximately 1–2 m apart.
Each of the five sheep individually underwent the attention bias
test as described above, including exposure to a dog for 3 s.
During the 3 min test, the number of interactions sheep had with
each of the alternative stimuli was recorded. The positions of
the stimuli were randomly rotated between test sheep to prevent
stimulus location impacting on results.

Phase 2: Validating the Stimulus During the Attention
Bias Test
Phase 2 of the pilot study aimed to validate whether the
alternative stimulus selected during Phase 1 would be an
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FIGURE 2 | Alternative stimuli trialed during the pilot study. Stimuli included photographs of entire sheep from the side (A) and front (B), photographs of faces only
from the side (C) and front (D) and a three-dimensional fiberglass model of a sheep (E). All stimuli were approximately life-size.

appropriate replacement for food in the attention bias test.
Observations during Phase 1 of the pilot study indicated the
fiberglass model was preferred by test sheep, however, for easier
replication in future studies, the side profile photo of an entire
sheep (second preference) was selected for further use in Phase 2.

Ten sheep, different from those used in Phase 1, were tested
individually in the attention bias test as described above to
determine whether the chosen stimulus and its location were
appropriate. The criteria for a successful stimulus were that (1)
the test sheep showed interest in the stimulus, (2) test sheep did
not appear to be fearful of the stimulus, and (3) test sheep were
willing to move away from the stimulus during testing to explore
the arena. To assess these criteria, the following behaviors were
recorded during the 3 min test; latency to sniff the photo, time
spent standing within 1 m of the photo, time spent looking at the
photo, time spent looking at the dog window and number of grid
sections entered (Figure 1). The group of sheep had been briefly
habituated to the stimuli for 5 min prior to testing, to reduce
the potential impact of stimulus novelty, which may induce fear
(Boissy, 1995), on sheep responses during the test.

For the first three sheep that were tested, the front-on photo
of a sheep face was also mounted next to the side profile photo as
an additional attractant. The front-on photo was removed after
three sheep were tested as it was deemed unnecessary. The other
seven sheep were tested using the side-profile photo only.

Alternate locations were trialed to ensure sheep were attracted
to the photo and not just the given location. The stimulus was
initially placed in the location directly opposite the window
(Location 3, Figure 1). After six sheep had been tested, the photo
was moved to the wall next to the door (Location 1, Figure 1) and
a further two sheep were tested. The photo was then moved to the
opposite wall (Location 5, Figure 1) and the final two sheep were
tested.

Main Trial
Animal Details
Fifty non-lactating, non-pregnant Merino ewes (18–20 months
old) with average bodyweight of 37.9 ± 2.8 kg were used in
this experiment. Sheep had undergone routine handling prior
to the current experiment and were therefore familiar with the
presence of humans, but had no experience with the attention
bias test or photos. Sheep had prior experience with dogs during

routine on-farm management. The sheep were divided into two
cohorts (n = 24 and 26) to be tested on separate days for logistical
reasons. Treatment groups were evenly distributed between the
two cohorts.

On day 0 of the main trial, all sheep were weighed and
sorted into treatment groups balancing for bodyweight, then had
numbers painted on their rumps for individual identification
and were divided into two cohorts for testing. The first cohort
then began pharmacological treatment the following afternoon
(Day 1). The second cohort was returned to pasture and began
treatment 2 days later so that attention bias testing would be
staggered over 2 days. Treatment of the second cohort was
identical to that described below.

Drug Details
The drug 4-chloro-DL-phenylalanine methyl ester hydrochloride
(pCPA; Sigma-Aldrich, St. Louis, United States) was used to
pharmacologically induce a state of depression. This drug has
been shown to decrease brain serotonin levels and increase
depression-like behaviors in a number of animal species
including sheep (Kubala et al., 2008; Doyle et al., 2011; Stracke
et al., 2017). The administration protocol for pCPA followed
that described by Doyle et al. (2011), which caused a pessimistic
judgment bias in sheep that was thought to reflect a depressed
emotional state. Prior to administration, pCPA was dissolved in
BP Water for Injection (Baxter, Toongabbie, Australia) at a rate of
50 mg/ml. pCPA was administered over five consecutive days at
a rate of 40 mg/kg/day, administered in half doses each morning
(8:00 AM) and afternoon (4:00 PM). The first dose was given on
the afternoon of day 1 so that the final dose was given on the
morning of day 6 prior to testing in the attention bias test. The
solution was administered intraperitoneally (i.p.), by injection
through the right paralumbar fossa, midway between the iliac
crest and the last rib, approximately 50 mm below the end of the
lumbar processes (Hurter, 1987).

The drug m-Chlorophenylpiperazine (mCPP; Tocris, Bristol,
United Kingdom) was used to pharmacologically induce a state
of anxiety. This drug has been shown to induce anxious states
in humans and has been used a number of times to induce
anxiety-like behaviors in sheep (Drake, 2006; Doyle et al., 2015;
Lee et al., 2016; Monk et al., 2018). The administration protocol
followed that described by Lee et al. (2016). Prior to treatment,
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mCPP was dissolved in BP Water for Injection at a rate of
86 mg/ml. mCPP was administered as a single intramuscular
injection into the rump of the animal at a dose rate of 2 mg/kg,
30 min prior to testing in the attention bias test.

Drug Treatment Protocol
Animals were distributed between 3 treatment groups, “Anxious,”
“Depressed,” and “Control” (n = 16 per group) balancing for
bodyweight. All sheep received an injection of either their
treatment group drug, or an equivalent volume of BP saline, for
five consecutive days prior to testing, at 8 AM on the morning of
testing and 30 min before undertaking the attention bias test as
outlined in Table 1. In total, all sheep received 10 intraperitoneal
injections and one intramuscular injection prior to undergoing
the attention bias test. Two spare animals were included with
cohort 2 and were treated in the same way as the Control group
throughout the study. Due to the presence of abnormal stumbling
behavior in some of mCPP treated sheep in mob 1, the spare
sheep were also administered mCPP on the attention bias test
day to ensure adequate numbers in the treatment group could be
achieved if any animals had to later be removed from the study.

Between intraperitoneal injections, all sheep were returned to
paddocks adjacent to the handling facilities with access to pasture
and fresh water. Sheep were mustered from the paddocks to the
yards prior to each injection, then were monitored continuously
for 30 min post injection before being returned to the paddocks.

On day 6, sheep were given their final intraperitoneal injection
in the morning then were moved using a trailer to a second set of
yards where the attention bias test was located. Sheep were left
in the yards undisturbed for 2 h to allow them to settle following
transportation. Individual sheep were given their single assigned
intramuscular injection (Table 1) at 5 min intervals over a 2.5 h
period so that each animal received their injection 30 min prior
to undergoing the attention bias test. All injections and attention
bias tests were completed within 3 h on test days.

Attention Bias Test
The main trial used the same attention bias test described for
the pilot study, using a single photo of a sheep in side profile
located on the wall directly opposite the dog window (Location
3, Figure 1). A high resolution copy of the photo is available in

the Supplementary Figure 1. On day 6, the photo was placed in a
holding yard with all sheep for a brief habituation period (5 min)
approximately 30 min before beginning any injections.

Behavioral Measures in the Attention Bias Test
The behaviors recorded in the attention bias test are summarized
in Table 2. Open and close mouthed vocalizations were scored
on the day of testing by a hidden observer. The observer was
positioned behind the opaque matting near the door wall of
the test arena, out of view of the sheep. The same observer
also recorded the dog’s posture, movements and vocalizations
at the beginning of the test. Dog behavior was later categorized
on a 3 point scale as: (1) quietly standing still, (2) lunging or
crouching down, or (3) barked at the sheep with any posture.
A score of 3 was given on 3 occasions. All other sheep behaviors
in the attention bias test were collated from video footage
using The Observer XT 12.0 (Noldus Information Technology,
Wageningen, Netherlands). To determine whether treatment
effects were evident for a shortened version of the test, separate
analyses were also performed for the first 60 s of behaviors
recorded during the test.

Sheep treated with mCPP were monitored for abnormal
behaviors previously described by Doyle et al. (2015). These
included ataxic gait, tail shaking, head shaking, body shaking,
and head rolling. Abnormal behaviors were observed in 14 of
the 18 mCPP treated sheep. Head shaking was observed in six
sheep and tail shaking in nine sheep. No body shaking or head
rolling was observed. Ataxic gait was observed in ive sheep, two
of which stumbled multiple times while the other three stumbled
only once.

Internal Body Temperature
Internal body temperature was recorded using Thermochron
iButtons R© (Model number DS1922L-F5, accuracy 0.5◦C,
resolution 0.063◦C, weight 3.3 g) (Embedded Data Systems,
Lawrenceburg, United States) which were attached to blank
(progesterone-free) Controlled Internal Drug Release devices
(CIDR R©, Zoetis, Melbourne, Australia) using polyolefin
heat-shrink tubing, as described by Lea et al. (2008). A CIDR
was inserted into the vagina of each sheep one day prior to
testing using an applicator lubricated with obstetrical lubricant.

TABLE 1 | Summary of drug treatments during the main trial.

Days Time Treatment group

Anxious (n = 18) Depressed (n = 16) Control (n = 16)

1 4 PM Saline (i.p.) pCPA (i.p.) Saline (i.p.)

2–5 8 AM Saline (i.p.) pCPA (i.p.) Saline (i.p.)

4 PM Saline (i.p.) pCPA (i.p.) Saline (i.p.)

5 4 PM iButtons inserted and cohesive bandages applied to all animals

6 8 AM Saline (i.p.) pCPA (i.p.) Saline (i.p.)

30 min prior to attention bias test mCPP (i.m.) Saline (i.m.) Saline (i.m.)

30 min post injection Attention bias testing for all animals

The pharmacological agent and administration method are given for each treatment group at each time point. All sheep received a total of 10 intraperitoneal injections
during days 1 to 6 and one intramuscular injection on day 6, 30 min prior to undergoing the attention bias test.
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TABLE 2 | Ethogram of behaviors recorded during the attention bias test.

Behavior Definition

Attention The direction in which the sheep is looking with binocular
vision (Piggins and Phillips, 1996; Lee et al., 2016). The test
arena was divided into six areas of attention: dog window,
dog wall (including the window), photo, photo wall
(including the photo), door wall, and back wall. Total
duration of attention was recorded for each section, as well
as latency to look at the photo.

Vigilance Time spent with the head at or above shoulder height (Frid,
1997; Lee et al., 2016). Latency to become non-vigilant
was also calculated.

Sniff photo Number of times and latency to sniff the photo

Sniff environment Number of times and latency to sniff the floor or walls of the
test arena

Vocalizations Number of open mouthed bleats and close mouthed bleats
were recorded separately

Zones entered Number of zones entered (1–9)

Zone duration Total time spent in each of the 9 zones and latency to enter
the zone closest to the dog

Elimination Number of urinations or defecations

The iButtons were set to log at an interval of 10 s beginning at
8:00 AM on the day of attention bias testing. Data were extracted
using the program eTemperature version 8.32 (OnSolution,
Castle Hill, Australia). The following time points were then
selected for further analysis: −40 min, −30 (time of injection),
−20, −10, 0 (start attention bias test), 3 (end of attention bias
test), 8, 13 and 18 min. Data from two temperature loggers were
missing due to technical faults and so post-attention bias test
data for the last two animals tested each day were removed as
these animals were handled soon after testing.

Data Loggers
HOBO R© Pendant G accelerometer data loggers were used
to record steps during the attention bias test (dimensions:
58 mm × 33 mm × 23 mm, weight: 18 g) (Onset Computer
Corporation, Pocasset, MA, United States). The HOBO R©

Waterproof Shuttle and HOBOware R© Pro software (version 3.7.8)
were used for programming and reading the HOBO loggers
(Onset Computer Corporation, Pocasset, MA, United States).
Data loggers were programmed to record at a logging interval
of 0.03 s (33 Hz) when activated using a magnet [measurement
range:±3 gravitational force (g); accuracy:±0.075 g at 25◦C].

On the afternoon prior to testing, after receiving their
injections, all sheep had a small silicone pad attached to the
outside of their left hind leg in the middle of the cannon bone
using veterinary cohesive bandage. The silicone pad had a small
recess in which the HOBO loggers could be placed to keep them
still and away from the leg. The following day, immediately prior
to entering the attention bias test, a HOBO logger was activated
using a magnet, then was tucked between the bandage and the
silicone pad on the outside of the leg. All data loggers were
removed at the end of the day after testing had been completed.
Steps were calculated from the accelerometer data using an in-
house program (Little, 2015).

Additional Measurements and Procedures
Blood samples were taken from all sheep on days 1 and 6 of the
experiment for assessment of gene expression as part of another
project (not further reported on here). Sample collection on day
6 occurred after all behavioral testing had been completed. The
2.5 ml blood samples were collected via jugular venipuncture
using a 1′′ 18 g needle and PAXgene RNA protect vacutainers. On
the morning of day 6 after sheep received their intraperitoneal
injections, the rectal temperatures of the sheep were recorded
to ensure no animals had developed a fever during the trial. No
fevers were detected at this time.

Statistical Methods
Pilot Study
Decisions in Phase 1 of the study were made based on the
qualitative observations of two researchers at the time of the
experiment. Summary statistics were obtained from the data
using Microsoft Excel 2013.

Main Trial
Data were analyzed using R version 3.2.3 (R Core Team, 2015).
P-values less than 0.05 were considered significant. All model
residuals were checked for normality and homoscedasticity using
Shapiro–Wilk test for normality and visual assessment of Q-Q
and residuals vs. fitted values plots. Cohort (test day), test
order and dog behavior score were fitted as fixed effects in
all linear models and analyses of variance (ANOVA), however,
none of these factors reached significance and were subsequently
removed from all models using a backward elimination approach.
Post hoc multiple comparisons were conducted using a Tukey’s
method for adjustment of P-values.

Attention data were analyzed by one-way ANOVA. Data
for attention toward the dog, photo and photo wall were
log transformed to meet normality assumptions. Attention
in the dog’s direction included a number of outliers with
high leverage on the data, therefore these data were analyzed
using an ANOVA on 10% trimmed means using the package
WRS2 (Mair et al., 2017). The results from the ANOVA on
trimmed means were also confirmed using Kruskal–Wallis
non-parametric ANOVA. Vigilance duration data were analyzed
by Kruskal–Wallis non-parametric ANOVA as the parametric
model residuals did not meet normality assumptions and could
not be improved by transformation (Grosjean and Ibanez, 2014).
Post hoc multiple comparison tests for Kruskal–Wallis ANOVAs
were performed using the package pgirmess (Giraudoux, 2016).

Time spent sniffing the photo and environment required
transformation to meet normality assumptions, then were
analyzed using one-way ANOVA. Time spent in the zone closest
to the dog did meet normality assumptions and was analyzed
using one-way ANOVA. Photo sniff frequency and number of
zones entered were analyzed using generalized linear models
with a Poisson distribution for count data. Number of steps
and sniff environment frequency were analyzed using generalized
linear models with a negative binomial distribution due to
evidence of over-dispersion. Due to the low occurrence of
vocalizations, vocalization data were analyzed using Fishers Exact
Tests, examining the number of animals in each group which
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vocalized. Attention, vigilance, and exploratory behaviors during
the first 60 s of testing were analyzed in the same way as for the
full test duration.

All latency data were analyzed with Cox’s proportional hazards
model using survival analysis, as described by Therneau and
Grambsch (2000), Therneau, 2015, and Monk et al. (2018). These
data included latencies to look at the photo, sniff the photo, sniff
the environment, enter the zone closest to the dog and become
non-vigilant. Animals which failed to perform each behavior
within 180 s were deemed as censored results.

Body temperature data were analyzed using a maximum
likelihood multilevel linear model to account for repeated
measures on the same animals at each time point, fitting
treatment, time and a treatment × time interaction as fixed
effects (Field et al., 2012). Changes in temperature from the
beginning of attention bias testing onward were then assessed
in the same way. These data were obtained by subtracting the
Time 0 (start of test) values from subsequent values for each
animal.

RESULTS

Pilot Study: Phase 1
The test sheep interacted with the fiberglass model more than any
other stimulus in both a group setting and individually during the
attention bias test (Table 3). The life-size photo of an entire sheep
from the side received the second highest number of interactions
(Table 3).

Pilot Study: Phase 2
All sheep sniffed the stimulus during the test. Test sheep on
average spent more than half their time standing within 1 m of
the photo (Table 4). The two sheep which were slowest to sniff
the photo (latencies of 60 and 63 s) spent the most time standing
next to the photo (100 and 83% of time, respectively). All other
sheep sniffed the photo within 30 s of beginning the test. The
mean proportion of time spent standing near the photo was 57%
when the photo was located directly opposite the dog window
(n = 6) and 58% when the photo was moved to one of the other
locations (n = 4). The mean, minimum, and maximum latencies,

TABLE 3 | The number of interactions a group of five sheep had with a variety of
positive stimuli during Phase 1 of the pilot study.

Stimulus Total number of
interactions

Number of animals
interacting

Group Individual Group Individual

Fiberglass model 8 13 5 4

Body photo (side) 5 4 4 4

Body photo (front) 4 3 2 3

Face photo (front) 1 3 1 3

Face photo (side) 0 3 0 2

The sheep (n = 5) were tested as a group in a small yard (Group) then individually
in the attention bias test (Individual). Stimuli included a fiberglass model of a sheep
and four life-size photos (Figure 2) of entire sheep or sheep faces.

frequencies and durations of all sheep behavior in the test are
given in Table 4.

Main Trial
Attention Behaviors
No differences were seen between treatment groups for time
spent looking directly at the closed dog window or photo,
however, differences were seen between groups in time spent
looking at the dog and photo walls (Table 5 and Figure 3).
Specifically, Depressed sheep spent the most time looking toward
the dog wall and least time looking toward the photo wall, while
Anxious sheep spent the most time looking toward the photo
wall and least time looking toward the dog wall (Figure 3). Both
Anxious and Depressed sheep were slower to look at and sniff
the photo than Control animals, although the difference between
the Control and Anxious groups only tended toward significance
(Table 6 and Figure 4). There were no differences between groups
for duration of attention toward the door wall or back wall.

Vigilance and Other Behaviors Expressed During
Testing
Anxious and Depressed groups were more vigilant than Control
animals during the attention bias test (Table 5). The Anxious and
Depressed groups did not differ. Latency to become non-vigilant
only tended to differ between groups [X2 (2) = 5.39, P = 0.068].

Sheep in the Anxious and Depressed groups were less likely
to sniff the photo than Control animals, but did not differ
from one another (Tables 5, 6). Anxious sheep were less likely
to sniff the environment, spent more time standing near the
photo, entered fewer zones and were less likely to enter the zone
closest to the dog than Control animals, while the Depressed
group did not differ from Control animals for these behaviors
(Figure 4 and Tables 5, 6). The sniff environment frequency
of the Depressed group was intermediate between the Control
and Anxious groups, but did not significantly differ from
either treatment, while latency to sniff the environment differed
significantly between all groups (Figure 4 and Tables 5, 6).
Number of steps taken did not differ between treatment groups
(40.5, 30.1, and 37.4 steps for Control, Anxious, and Depressed
groups, respectively, P = 0.33).

More sheep in the Control group vocalized than sheep in the
Anxious and Depressed groups. This was consistent for both
open mouthed vocalizations (8, 2, and 0 sheep in the Control,
Anxious, and Depressed groups, respectively, P < 0.001) and
close mouthed vocalizations (12, 6, and 7 sheep, respectively,
P = 0.05). Five sheep urinated during the attention bias test, all of
which were in the Anxious group. No animals defecated during
testing. Only two sheep approached and sniffed the closed dog
window, both of which were in the Control group.

Body Temperature
In the repeated measures analysis on body temperature data, the
Treatment × Time interaction was significant [X2(16) = 50.8,
P < 0.001]. The main effects were also significant for both
treatment [X2(2) = 9.8, P = 0.008] and time [X2(8) = 900.2,
P < 0.001]. Contrasts indicated that body temperature did not
differ between groups at times−40 and−30 (P > 0.1). At 15 min

Frontiers in Behavioral Neuroscience | www.frontiersin.org 7 October 2018 | Volume 12 | Article 246

https://www.frontiersin.org/journals/behavioral-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


fnbeh-12-00246 October 20, 2018 Time: 18:46 # 8

Monk et al. Assessing Depression in Sheep

TABLE 4 | Mean, minimum, and maximum values for behaviors of sheep during Phase 2 of the pilot study, during the attention bias test.

Statistic Sniff photo
latency (s)

Sniff photo
frequency

Standing near
photo (%)

Looking at
photo (%)

Looking at
window (%)

Zones
entered

Mean 18.9 3.4 57.4 21.3 15.8 5.0

Minimum 0 1 23 3 8 1

Maximum 63 7 100 41 30 9

TABLE 5 | Mean ± SEM behavioral responses of sheep in each treatment group during the attention bias test.

Behavioral measure Control Anxious Depressed Test value P-value

Attention to dog window (s) 22.6 ± 2.4 20.7 ± 2.7 27.3 ± 3.0 F(2,47) = 2.44 0.099

Attention to dog wall (s) 58.4 ± 3.8a 47.6 ± 5.3b 75.8 ± 5.3c F(2,47) = 7.09 < 0.001

Attention to photo (s) 37.3 ± 4.4 36.7 ± 3.9 29.1 ± 4.6 F(2,47) = 1.57 0.22

Attention to photo wall (s) 51.0 ± 5.2ab 57.1 ± 4.9a 39.2 ± 5.2b F(2,47) = 4.96 0.011

Attention to door wall (s) 45.5 ± 4.0 49.4 ± 3.8 41.4 ± 4.0 F(2,47) = 1.03 0.37

Attention to back wall (s) 1 3.1 ± 0.2(22.3) 3.0 ± 0.2(19.8) 3.0 ± 0.2(19.3) F(2,47) = 0.19 0.83

Vigilance (mean rank duration) 2 14.5 ± 2.3a(160) 36 ± 3.3b(171) 30.5 ± 3.7b(168) X2
(2) = 12 0.002

Standing near photo (s) 121 ± 9.9a 153 ± 9.3b 108 ± 9.9a F(2,47) = 5.91 0.005

Sniff photo (n) 1 1.9 ± 0.1a(6.6) 1.4 ± 0.1b(1.4) 1.5 ± 0.1b(1.5) X2
(2) = 11.4 0.003

Sniff environment (n) 1 1.9 ± 0.2a(6.7) 0.8 ± 0.2b(2.2) 1.4 ± 0.2ab(4.1) X2
(2) = 11.7 0.003

Zones entered (n) 1 1.74 ± 0.1a(5.7) 0.94 ± 0.2b(2.6) 1.68 ± 0.1a(5.4) X2
(2) = 25.1 < 0.001

a,b,cDifferent superscripts within rows indicate a significant difference between treatments as determined using post hoc analyses. 1Least squares means are given on
the log scale, back-transformed means are given in parentheses. 2Mean ranks are given, raw means are given in parentheses.

FIGURE 3 | Mean ± SEM time spent looking toward the dog wall versus the photo wall for each treatment group during attention bias testing. Different letters
represent significant differences between treatment groups within each section of the graph as determined using post hoc analyses.

post attention bias testing, the Anxious group had a significantly
higher body temperature than the Depressed group [t(45) =−2.1,
P = 0.044], but only tended to be higher than the Control group
[t(45) = −1.9, P = 0.069]. The Anxious group had a higher body
temperature than the Control and Depressed groups at all other
time points (Figure 5). The Control and Depressed groups did
not differ at any time point.

The Treatment × Time interaction was significant for change
in body temperature after attention bias testing [X2(8) = 57.9,
P < 0.001]. The Depressed group showed a greater increase
in body temperature than the other two groups immediately
after attention bias testing (Time 3 min, LS mean 0.17◦C), while
the Control and Anxious groups did not differ (LS means 0.12
and 0.13◦C, respectively, P = 0.008) (Figure 6). At all other

time points, the Anxious group differed from the Control and
Depressed groups (P < 0.05) while the Control and Depressed
groups did not differ (P > 0.05).

Behavior in the First 60 s
No differences were found between the Control group and
other treatments for any attention behaviors in the first
60 s of testing (P > 0.05), however, the Depressed group
spent more time looking toward the dog wall than the
Anxious group (Table 7). Results for latency to look at and
sniff the photo did not differ from the full length test as
no further events occurred after 60 s for these data. No
differences were seen between groups for sniff photo frequency
(Table 7).
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TABLE 6 | Hazard ratios for latency to look at the photo, sniff the photo, sniff the environment, and enter the zone closest to the dog window as affected by treatment
group.

Latency to Group Mean1 Coefficient2 SE (coeff) Hazard ratio3 Wald (z) P

Look at photo Control 2.7 Reference

Anxious 5.6 −0.674 0.35 0.51 (0.25–1.02) −1.91 0.057

Depressed 8.0 −1.203 0.39 0.30 (0.14–0.65) −3.08 0.002

Anxious Reference

Depressed −0.529 0.37 0.59 (0.29–1.20) −1.45 0.147

Sniff photo Control 5.6 Reference

Anxious 18.4 −0.644 0.37 0.53 (0.26–1.08) −1.75 0.08

Depressed 13.3 −0.787 0.38 0.46 (0.22–0.95) −2.09 0.037

Anxious Reference

Depressed −0.143 0.35 0.87 (0.44–1.70) −0.41 0.69

Sniff environment Control 38.1 Reference

Anxious 123.3 −1.892 0.46 0.15 (0.06–0.37) −4.12 <0.001

Depressed 73.5 −0.894 0.40 0.41 (0.19–0.90) −2.23 0.026

Anxious Reference

Depressed 0.998 0.44 2.7 (1.2–6.4) 2.29 0.022

Enter zone closest to dog Control 132.0 Reference

Anxious 179.4 −2.395 1.07 0.09 (0.01–0.74) −2.24 0.025

Depressed 163.2 −0.5684 0.59 0.57 (0.18–1.79) −0.97 0.333

Anxious Reference

Depressed 1.83 1.10 6.20 (0.73–53.0) 1.67 0.095

1Raw mean latencies are given. 2Regression coefficient from the Cox-proportional hazards model. 395% confidence interval given in parentheses. Significant P-values
are shown in bold.

Differences between treatment groups in the first 60 s of
testing were consistent with the full length test for vigilance
duration, time standing near the photo, sniff environment
frequency and number of zones entered (Table 7). Latency to
become non-vigilant significantly differed between treatment
groups (likelihood ratio = 6.91, df = 2, P = 0.032), with Depressed
sheep taking significantly longer to become non-vigilant than
Control animals (mean latencies 48 and 35 s, respectively,
z =−2.51, P = 0.012). The Anxious group did not differ from the
Control or Depressed groups. Latency to sniff the environment
differed significantly between all groups (likelihood ratio = 18.6,
df = 2, P < 0.001).

DISCUSSION

Sheep in an induced anxious state displayed an attention bias
toward the positive stimulus and away from the threat compared
to control animals, which contrasts with our hypothesis and
previous studies (Lee et al., 2016; Monk et al., 2018). We
suggest the differences in animal responses between the current
and previous methods are likely due to the social aspect of
the new positive stimulus. The threat provided by the test
procedure is acutely stressful, as indicated by the SIH seen in
all treatment groups. Acute stress responses involve allocation
of resources away from non-essential functions, such as feeding
behavior, toward biological functions that aid survival or escape
(Sherwood et al., 2005), which for a gregarious species with
a strong flocking instinct can involve locating and staying
with conspecifics (Lynch et al., 1992). Thus, attention toward

conspecifics may be an appropriate response for sheep in a
threatening situation, and be enhanced by anxiety. Modification
of the test to replace feed with a photo changed the direction of
the attention bias in anxious animals, indicating a context specific
interpretation of responses is required for different attention bias
test designs.

Depressed sheep showed greater attention toward the threat
than Control animals as predicted, indicating the modified
attention bias test may be used to assess states of depression
in sheep. This result supports our hypothesis of an attention
bias toward threat and/or away from positive stimuli in
depressed individuals. Interestingly, the Depressed sheep showed
an opposite bias in attention to that seen in Anxious sheep.
If attention to conspecifics is an effective coping strategy
when faced with a threat, as suggested above, then increased
attention to threat in the Depressed group may represent an
inappropriate coping response. This interpretation is supported
by evidence that humans with depression are more likely to
display maladaptive coping strategies to stressful situations than
healthy individuals (Billings and Moos, 1984; Nolen-Hoeksema
et al., 1999). On the other hand, enhanced attention to the threat
may suggest the Depressed animals were less anxious during the
test than Control animals. This interpretation is not supported
by changes in body temperature (SIH) following testing, where
the Depressed group exhibited a small, but significantly greater
increase in body temperature, suggesting they were more stressed
by the testing procedure than the Control sheep (Bouwknecht
et al., 2007). Alternatively, or perhaps additionally, reduced
attention toward the positive stimuli might reflect symptoms of
anhedonia or social withdrawal which are observed in humans
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FIGURE 4 | Kaplan–Meier curves for latency to look at the photo (A), sniff the environment (B), sniff the photo (C), and enter the zone closest to the dog (D). Each
time an animal exhibited the given behavior, the probability on the Y-axis drops. Latencies to look at and sniff the photo are given for the first 60 s of testing only as
no further events occurred after this time. The censored result in the anxious group for latency to sniff the photo remained censored for the duration of the 180 s test.

with depression (Guze, 1995) and in depression-like animal
models (Moreau et al., 1992; Barr and Phillips, 1999). In any case,
sheep in both Anxious and Depressed states displayed attention
biases which significantly differed from the Control group. The
bidirectional nature of the attention bias between the different
types of negative states could potentially make interpretation of
animal responses difficult during future application of the test.
Consideration of other behaviors during the test may help to
differentiate the affective states of the animals.

Amongst other behaviors expressed during the test, both
Anxious and Depressed sheep appeared to show signs of
an increased fear response compared to the Control group.
Vigilance behavior, typically associated with fearful and anxious
states (Wemelsfelder and Farish, 2004), was higher in the
Anxious and Depressed groups. SIH and an increased urination
frequency observed in the Anxious group are signs of autonomic
hyperarousal, consistent with an anxious state and the findings
of previous studies (Sherwood et al., 2005; Erhard et al., 2006;

Pedernera-Romano et al., 2010; Lee et al., 2017). A greater
increase in body temperature during testing in the Depressed
group suggests an increased stress response to the test itself.
Anxious and Depressed groups vocalized less than control
animals, which may indicate fearfulness in contexts where a
potential predator is present (Romeyer and Bouissou, 1992;
Beausoleil et al., 2005). Anxious sheep were also least likely to
sniff the environment and photograph, again suggesting that
they were more fearful (Romeyer and Bouissou, 1992; Beausoleil
et al., 2005, 2012). No differences were seen between any of
the groups for number of steps taken, which is consistent with
previous studies in sheep (Doyle et al., 2011; Lee et al., 2016;
Monk et al., 2018). Locomotion behaviors can be context specific
and difficult to interpret due to an inability to distinguish between
conflicting motivations such as exploratory or fleeing behaviors
(Romeyer and Bouissou, 1992). As such, the sniffing behaviors
may better reflect exploration or interest in the stimuli and
environment during the attention bias test. Overall, both Anxious
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FIGURE 5 | Mean (±SE) body temperatures for the Control (•), Depressed (�), and Anxious (N) groups. The arrow denotes the time of injection prior to testing. The
vertical dashed lines indicate the beginning and end of attention bias testing. The “∗” symbol denotes a significant difference between the Anxious group mean and
the other groups as determined using a repeated measures linear mixed model.

FIGURE 6 | Mean (±SE) change in body temperatures after beginning
attention bias testing (Time 0) for the Control (•), Depressed (�), and Anxious
(N) groups. Sheep completed the attention bias test after 3 min. The “∗”
symbol denotes a significant difference between treatment groups as
determined using a repeated measures linear mixed model and post hoc
tests.

and Depressed animals showed signs of increased fear during
the test compared to control animals. In the context of the
modified attention bias test, key fear related responses such as
vigilance and exploratory behavior may be used to determine
when an animal is in a more negative affective state, then the
attention behaviors may be used to differentiate between states
of depression and anxiety. Considering these behaviors together,
as well as the context in which the test is applied, will allow for a
greater understanding of the affective states of animals using the
modified attention bias test.

The alternative positive stimulus appears to have been a
successful replacement for food in the attention bias test, allowing
for a more standardized application of the test and clearer
interpretation of results when using pharmacological treatments.
All but one animal had sniffed the photograph within the first
60 s of the attention bias test, indicating an absence of fear
toward this stimulus (Romeyer and Bouissou, 1992; Beausoleil
et al., 2005, 2012). Animals also spent a high proportion of their
time in the test standing next to the photograph, suggesting
the photograph was perceived as positive by the test animals
and may have been recognized as a conspecific. The modified
method removed variation from appetite and feeding motivation
from the test, however, it also potentially added variation from
social motivation to the test. We suggest the former is likely
to have a greater impact on results, with variation occurring
not only between animals, but also within animals over time as
they spend more time without feed prior to testing. As such, we
suggest the modified method is an improvement over the original
method, however, further studies to directly compare the test
designs would be useful to confirm this suggestion. Further, in the
original method, sheep could position themselves in the arena so
that they could look toward the dog window while eating food,
making it difficult to differentiate attention to the positive versus
negative stimuli. In the modified method, attention to the threat
and attention to the positive stimulus are mutually exclusive,
allowing for clearer interpretation of behavior. If future studies
choose to use food as a positive stimulus, we suggest the food
should be positioned in a way that sheep cannot easily look at the
threat while eating, to more clearly differentiate their allocation
of attention between these stimuli.

When interpreting the behavioral responses observed in the
test, it is important to consider some of the other factors
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TABLE 7 | Mean ± SEM behavioral responses of sheep during the first 60 s of the attention bias test.

Behavioral measure Control Anxious Depressed Test value P-value

Attention to dog window (s) 9.4 ± 1.0 9.1 ± 1.5 9.7 ± 1.1 F(2,47) = 0.6 0.58

Attention to dog wall (s) 9.4 ± 1.3ab 7.1 ± 1.3a 13.0 ± 1.3b F(2,47) = 5.23 0.008

Attention to photo (s) 15.3 ± 1.5 15.4 ± 1.4 11.3 ± 1.5 F(2,47) = 2.54 0.089

Attention to photo wall (s) 19.4 ± 1.8 20.2 ± 1.7 15.7 ± 1.8 F(2,47) = 1.83 0.17

Vigilance (mean rank duration) 1 13.9 ± 2.4a(54.9) 27.8 ± 3.3b(57.8) 34.6 ± 2.8b(58.9) X2
(2) = 17 < 0.001

Standing near photo (s) 23.8 ± 3.6ab(48.1) 34.7 ± 2.7a(55.6) 16.8 ± 3.1b(41.3) X2
(2) = 13 0.001

Sniff photo (n) 2 1.3 ± 0.1(3.8) 1.0 ± 0.1(2.8) 1.0 ± 0.2(2.8) X2
(2) = 2.9 0.23

Sniff environment (n) 2,3 0.7 ± 0.2(2.1) a
−1.3 ± 0.5(0.3) b

−0.3 ± 0.3(0.8) a X2
(2) = 28.1 < 0.001

Zones entered (n) 2 1.25 ± 0.1a(3.5) 0.61 ± 0.2b(1.8) 1.32 ± 0.1a(3.8) X2
(2) = 13.5 < 0.001

a,bDifferent superscripts within rows indicate a significant difference between treatments as determined using post hoc analyses. 1Mean ranks are given, raw means are
given in parentheses. 2Least squares means are given on the log scale, back-transformed means are given in parentheses. 3Generalized linear model fitting a Poisson
distribution can generate negative least squares means on the log scale.

which may have impacted on animal behavior. The test
procedure itself may induce some level of anxiety, however,
exposure to the test as an environmental source of anxiety
was consistent across all treatment groups in the current study.
For simplicity, we have assumed that an animal’s displayed
response is most strongly determined by the affective state
it brings to the test arena, rather than by a new affective
state arising from exposure to environmental stimuli during
the course of the test. This assumption is supported by the
treatment differences observed in both the current and previous
studies, between groups with differing initial affective states (Lee
et al., 2016; Monk et al., 2018). Whether the initial affective
state of the animal further influences its behavioral response
to anxiety-inducing components of the test procedure remains
unknown.

Another factor which may have influenced behavioral
responses during the test is the use of pharmacological
treatments. Some of the animals in the Anxious group showed
some form of abnormal behaviors in response to the drug
treatment. Abnormal behaviors have been observed previously
in young sheep administered mCPP at a dose rate of 2 mg/kg
(Doyle et al., 2015; Monk et al., 2018) but had not previously
been observed in adult sheep using the same dose rate (Lee
et al., 2009, 2016). In the current study, most of the behaviors
observed were tail or head shakes, which we expect did not
impact on other behaviors in the test. However, a few sheep
showed signs of ataxic gait, where it appeared they failed to lift
their rear foot enough when stepping and therefore stumbled.
If some of the sheep were having difficulty walking, this may
have reduced behaviors related to locomotion such as number
of steps and escape attempts. During visual inspection of the
data, stumbling behaviors did not appear to have a pronounced
impact on number of steps taken during the test, with no
mCPP treated sheep appearing as outliers within the stepping
data. Nevertheless, it cannot be ruled out that locomotion
was impacted by the drug. Although the abnormal behaviors
observed in this study were mild, it is suggested further studies
using mCPP in sheep should use a lower dose rate of 1 to
1.5 mg/kg, as suggested by Doyle et al. (2015), regardless of
animal age.

Further validation and refinement of the modified
methodology will help to improve the application of the attention
bias test in future studies and increase our understanding of
animal responses during testing. The current study demonstrated
that states of depression and anxiety can influence responses
during the test, however, the effects of other types of affective
states on test performance need to be ascertained through
further study. The influence of positive affective states could
be of particular interest, as the presence of positive affective
states make up an important component of animal well-being
but have so far been relatively understudied when compared to
negative states (de Vere and Kuczaj, 2016). A guiding principle
for additional refinements to the test method should be to ensure
its utility for application on farms. Monk et al. (2018) suggested
that the original test duration could be shortened to enable its
application to larger numbers of animals. However, the results
of the current study suggest this would not be appropriate for
the modified attention bias test method, as attention behaviors
did not differ between groups during the first 60 s of testing.
Automation of behavioral measurement during the test may
facilitate collation of behavioral data, which can be a lengthy
and labor intensive process. Finally, any modifications of the test
arena design should ensure the test is suitable for use in existing
handling facilities in on-farm settings.

CONCLUSION

The modified attention bias test presented in the current study
potentially offers a method for assessing different types of
negative affective states in sheep. Further, by assessing the
direction in which an attention bias occurs, toward or away
from the threatening stimulus, we may be able to differentiate
between distinct anxiety and depression-like states. Modification
of the method to replace the food with a photograph of a
conspecific allows for more standardized application of the test
and eliminates variation in results caused by changes in feeding
motivation. Overall, these results support the use of the modified
attention bias test for further research of affective states in sheep
and potentially other livestock.
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