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Simple Summary: Koalas have been listed as endangered because of their rapidly declining pop-
ulations. As an iconic Australian animal, effective conservation is critical to reverse the decline,
which requires a comprehensive understanding of threats to koalas, such as predation, disease and
habitat loss. In the last decade, livestock were suspected to be a new potential threat to koalas, with
anecdotal evidence of koalas being trampled to death by livestock, especially cattle. We investigated
the significance of cattle being a threat to koalas in two experiments testing how koalas and cat-
tle perceive and react to each other when sharing space. In the first experiment, we recorded the
behaviour of free-ranging koalas prior to, during and after cattle grazing within the koalas’ home
ranges. Koalas showed decreased moving distance and home range size when cattle grazed in their
living environment. In the second experiment, we recorded the cattle reactions to a moving koala
model on a vehicle, a dog model on the same vehicle and the vehicle alone. The koala and dog
models elicited similar aggression and fear in cattle, both significantly more than the vehicle alone
did. The results provide confirmatory evidence of negative koala–cattle interactions and indicate that
cattle and koalas may see each other as a disturbance.

Abstract: Koalas are facing many threats and have now been officially listed as endangered. Recently,
concerns were raised in anecdotal reports of koalas being killed by livestock, especially cattle. We
investigated the significance of cattle as a threat to koala survival via two koala–cattle interaction
experiments, from both the koala and cattle perspectives. In the first experiment, we recorded the
ranging behaviour of free-ranging, radio-collared koalas prior to, during and after cattle grazed
within their usual home range. Koalas decreased their distance travelled and the size of their home
range when they shared space with cattle, compared with the period before cattle started grazing
within their home range. In the second experiment, we recorded the reactions of cattle towards koalas
that they encountered on the ground, using motorised animal models: a model koala mounted on a
remote-controlled vehicle and a model dog mounted on the same vehicle, and the vehicle alone. The
koala model elicited aggression and fear in cattle, similar to the dog model, whereas their reaction
to the vehicle was significantly less aggressive. No actual attacks by the cattle were observed. The
results provide experimental evidence that negative koala–livestock interactions occur and indicate
that cattle and koalas may see each other as a disturbance.

Keywords: Phascolarctos cinereus; trauma; injury; mortality; cow; bull; attack; trample; risk; domestic
animal; wildlife conservation
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1. Introduction

As an iconic Australian species, the koala (Phascolarctos cinereus) has received consider-
able attention from both the general public and scientists over the past century. Despite this,
there is an ongoing decline of koala populations [1,2]. In 2012, the koala was listed as “Vul-
nerable to extinction” in Queensland and also by the International Union for Conservation
of Nature (IUCN) Red List in 2016 [3]. However, in February 2022, the federal conservation
status of koalas was downgraded to “Endangered” in Queensland, New South Wales and
the Australian Capital Territory [4]. Habitat loss and fragmentation [5,6] are considered
to be major threats to koala survival, as are disease (especially chlamydiosis) [7], dog
predation and attack [8], vehicle strike [9], climate change [10] and bush fires [11].

In Queensland, the clearing of koala habitats in rural inland areas is mainly associated
with the expansion of cattle grazing from the beef industry [12], leading to large areas
where koala habitats and livestock grazing overlap. Recently, management strategies were
proposed (W. Ellis, pers. comm., 10 October 2017) to facilitate the conservation of koalas on
cattle grazing land. These strategies encourage the preservation of remnant koala habitats
on grazing properties with vegetation corridors to connect these remnant habitats so that
resident koalas are able to survive and safely traverse to new areas, while maintaining the
profitability and sustainability of the livestock property.

The success of koala conservation on livestock grazing land requires in-depth knowl-
edge about the viability of their co-existence, and especially any potential for conflicts
between koalas and livestock. Previous research on wildlife–livestock conflicts has focused
on livestock as victims of predation from large carnivores [13–15] and even attacks from
elephants [16]. Elsewhere, livestock gradually exclude resident large mammalian herbi-
vores from food, water and space in rangelands [17–22]. The extensive grazing of livestock
has also been associated with damage to ground vegetation, which may lead to a decline of
terrestrial fauna species adapted to dense ground cover [23,24]. However, some scientists
believe that arboreal species may not be negatively impacted by grazing cattle in the same
landscape [25–28].

Koalas, as general arboreal animals, usually only come down to the ground when
moving from tree to tree [29], but little is known about interactions between koalas and
livestock where they co-exist. In the last decade, there have been anecdotal reports that
koalas were trampled to death by livestock, especially cattle, in paddocks where grazing
livestock and koalas overlap [30–34]. In 2021, Jiang et al. [35] reported evidence of livestock-
inflicted harm to koalas, obtained from an online survey and analyses of databases from
wildlife hospitals in Queensland and a wildlife rescue group in Victoria. The proportion
of livestock–koala incidents among all koala admissions recorded was relatively low (less
than 0.8%) but increasing, and was also believed to be greatly under-reported. Meanwhile,
the death rate of koalas from livestock attacks was reported to be high (75%, similar to
the koala death rate from vehicle strikes (80.3%) and exceeding that from chlamydiosis
(50%) [9,36–38]. Among livestock, cattle were reported to be responsible for the majority
(75%–100%) of livestock–koala incidents [35]. Other than koala mortalities, there have been
ongoing reports of deaths and injuries to farm workers [39] or walkers passing through
paddocks with grazing cattle [40]. It is likely, therefore, that livestock, especially cattle, are
a threat to koalas within the areas where they co-exist.

Although the incidents of livestock attacking koalas were confirmed by witness reports
and clinical examinations [35], the circumstances behind these attacks are unclear. The
koala–livestock relationship is particularly complicated when they have been anecdotally
observed to be sharing the same space with no conflicts, and koalas often use livestock
grazing land as part of their home range [41,42]. This observed co-existence indicates that
their encounters may not always be agonistic, and koalas may not perceive livestock as a
major threat.

To test interactions between two species, particularly where aggression may result in
the injury or death of one of the species, realistic models have been widely used between
different species [43–45]. To test the responses of cattle to an animal that they may fear or
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show aggression to, it is necessary to test them in herds, as cattle are social animals, likely
to only display normal behaviour when in herds. In contrast, koalas are solitary animals,
except during the breeding season and, thus, to test their normal behavioural responses to
cattle, it is necessary to test them individually. This study assessed interactions between
cattle and koalas using two experiments. Experiment 1 tested the reactions of free-ranging
koalas towards grazing cattle in their natural habitat, with a hypothesis that koalas would
have inhibited ranging behaviour or show avoidance of grazing cattle. Experiment 2
tested the reactions of cattle of different age–sex classes towards koalas encountered on
the ground, using a motorised koala model due to ethical concerns surrounding using
real koalas for tests, and the technical difficulties in observing natural koala–livestock
encounters in the field. Our hypothesis was that cattle would show aggressive behaviour
towards the koala model, and cows in the calving season would show more aggression.

2. Materials and Methods
2.1. Study Site

This study was conducted on an Old Hidden Vale (OHV) property which is 7 km
south of Grandchester in south-east Queensland. The 5000 ha property consists of 70%
remnant eucalypt forest as high-quality koala habitat and 30% cleared land used for beef
cattle grazing.

2.2. Experiment 1: Koala Reactions towards Cattle

Experiment 1 was conducted in 25 ha of remnant eucalypt forest known to have a
high koala population, the “Koala Hot Spot”. Dominated by Eucalyptus tereticornis and
E. crebra, the OHV Koala Hot Spot had the highest density of koalas across OHV, and was
also periodically used for cattle grazing. In 2018, in the Koala Hot Spot, four male and
five female koalas were captured and fitted with tracking collars (LX telemetry monitoring
system (LX GROUP™)). The LX collars reported the Global Positioning System (GPS)
locations of these koalas on a 12-hourly basis (at 10:00 and 22:00 daily).

Grazing cattle herds (Droughtmaster and Charolais cross-cattle, four to ten years
old) were put into the OHV Koala Hot Spot four times, recorded as four tests, during
2019–2021. Table 1 shows the dates, number of days and animals used in each test. To
record the locations of the cattle during tests, we distributed 10 cameras (Enduro™ Swift)
within the area with trees (Figure 1). Koala home range size (calculated using three
methods: Minimal Convex Polygon (MCP) [46], 90% Kernel Utilisation Distribution (KUD)
and 50% KUD [47–49]) and 12-hourly travel distance were calculated for each test period.
Similar data were also collected from the periods before and after each test, both of which
were of the same length as the matching test. For example, Test 1 lasted eight days; hence,
the before and after Test 1 periods were set to cover the eight days immediately before
and after Test 1. The home range sizes of koalas were calculated within R using the
adehabitatHR library of functions [50] via the Zoatrack online platform [51]. We used linear
mixed models, with individual koala, test and their interaction as random effects, to test
whether koala home range and travel distance varied before, during and after periods
when cattle grazed in the Koala Hot Spot.

Table 1. The dates, number of days and the number of cattle and koalas studied in the four koala
reaction tests.

Test Days Start End No. of Cattle No. of Koalas

1 8 21 February 2019 28 February 2019 130 4
2 6 23 April 2019 28 April 2019 73 5
3 12 1 May 2020 12 May 2020 81 8
4 11 2 February 2021 12 February 2021 116 5
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2). Due to practical concerns of balance and stability, we used a half sitting dog model, 
which may have possibly led to a lessened reaction by the cattle, as a sitting dog may be 

Figure 1. Old Hidden Vale Koala Hot Spot, with 10 cameras evenly distributed within the area
with trees.

2.3. Experiment 2: Cattle Reactions towards a Koala Model

We tested the reactions of herds of cattle grazing in a paddock to three types of
treatments: a radio-controlled vehicle (Car), a moving koala model (Koala) and a moving
dog model (Dog) (Figure 2). The radio-controlled vehicle (length 50, width 18, height 18 cm)
was used to determine whether the motor noise, vehicle wheel movement and smell may
have influenced cattle behaviour. In this way, any differences in the cattle reactions towards
the Car and stimuli (Koala or Dog) could be identified as the reactions of cattle towards the
koala/dog model itself without the influences from the radio-controlled vehicle. The koala
model was a life-sized (length 35, width 22, height 25 cm) koala toy mounted on the radio-
controlled vehicle to simulate a koala moving on the ground. Similarly, the dog model was
a life-sized dog toy (length 50, width 20, height 42 cm) mounted on the radio-controlled
vehicle to simulate a dog moving on the ground (Figure 2). Due to practical concerns of
balance and stability, we used a half sitting dog model, which may have possibly led to
a lessened reaction by the cattle, as a sitting dog may be considered less threatening than
a standing dog. The purpose of the dog model was to test whether cattle reacted to both
the koala and dog models, indicating that cattle would react to koalas in the same way as
to dogs. The koala and dog models were sprayed with koala and dog urine and faeces,
respectively, to give the models the scent of real animals.
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Figure 2. The three treatments (from left to right): Car, Koala and Dog, used to test the response of
cattle to koala and dog models.

The cattle (Droughtmaster and Charolais crosses, four to ten years old) were cate-
gorised into five classes: (1) non-lactating cows (NLC)—single cows which had previously
bred, (2) lactating cows with old calves (LCO)—cows with dependent calves that were
between eight and ten months old, (3) lactating cows with young calves (LCY)—cows with
dependent calves that were less than three months old, (4) heifers (HF)—young adult cows
about one year old without any breeding history, and (5) adult bulls (BL). The numbers
of cattle herds tested in each class and the numbers of animals in each herd are shown in
Table 2. Calves were dependent on their mothers, so the two lactating cow classes had
20 animals (10 cows and 10 calves) in each herd. As only seven adult bulls were available
on the OHV property (for breeding purposes) they were divided into three herds with two,
two and three bulls in each herd.

Table 2. The number of herds tested in each cattle class, the number of animals in each herd, and the
time when testing was undertaken. Lactating old = lactating cow with old calves, Lactating young =
lactating cows with young calves.

Cattle Class Time Herds Cattle Per Herd Total Cattle

Dry cows July 2020 6 10 60
Heifer May 2020 6 10 60

Lactating old March 2020 6 20 120
Lactating young November 2020 6 20 120

Bull August 2020 3 2, 2 and 3 7

Sum 27 367

The three treatments, i.e., Car, Koala and Dog, were tested on each cattle herd within a
single day at 09:00, 12:00 and 15:00. In order to reduce sequence bias, in each cattle class
(except bulls), the sequence of the three treatments across the six herds was rotated as per
the Balanced Latin Square design shown in Table 3. Bulls had three herds only, which
formed a Latin Square design for the first three herds in Table 3.

Table 3. Balanced Latin Square design of treatment sequence across the six herds of each cattle class.

Time Herd 1 Herd 2 Herd 3 Herd 4 Herd 5 Herd 6

09:00 Koala Car Dog Koala Dog Car
12:00 Dog Koala Car Car Koala Dog
15:00 Car Dog Koala Dog Car Koala
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On each test day, the relevant herd was put into a 0.5 ha paddock (Figure 3) at 07:00
and removed at 17:00 after the afternoon test. During each test, the motorised model
entered and exited the paddock from the same point, with a standard predetermined route
shown in Figure 3. There were four options for the entrance/exit point to the paddock. For
each test, the entrance/exit point was selected prior to the test based on the cattle location:
the point with the greatest distance to the herd was chosen so that the cattle had similar
time to assess and react to the stimulus before it moved close to them. The vehicle was
operated by a researcher hiding behind an obstacle (i.e., a car) outside of the paddock to
minimise any distraction to the cattle. The maximum speed of the vehicle was 1.3 m/s,
which was within the koala moving speed range when on the ground [52].
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All tests were recorded by two cameras (GoPro™ Hero7) placed at diagonally opposite
corners of the paddock (Figure 3). The cattle’s behavioural reactions towards the treatments
were coded and extracted with the aid of the software programme BORIS™ (Behavioural
Observation Research Interactive Software) [53]. The complete list of cattle behaviours is
included in Appendix A. In the data analyses, we focused on the cattle reactions shown in
Table 4, as other behaviours, such as attack and sniff, were absent or extremely rare.

Table 4. Description and measurements of the behaviours of cattle recorded interacting with the car,
koala and dog models. Adjusted proportion = aggregated behaviour duration/(test duration × total
number of animals in the test).

Behaviour Description Measurement as Individual Measurement as Herd

Approach
Cattle moving towards the

stimulus at normal
walking speed

Binomial (Yes/No) Binomial (Yes/No)

Avoidance
Cattle moving away or escaping

from the stimulus, or
joining herd

Duration (seconds) Adjusted proportion (%)
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Table 4. Cont.

Behaviour Description Measurement as Individual Measurement as Herd

Herding

The quick gathering of at least
80% of cattle in a test after the

stimulus emerged, with a
maximum of three metres

between each individual and its
nearest neighbour

n/a Binomial (Yes/No)

Minimum flight distance

The minimum distance between
the stimulus and any cattle in a

test before the cattle
moved away

n/a Length (metres)

Other

Cattle normal behaviours which
were disengaged from the

stimulus, including feeding,
drinking, resting, standing,

walking and social behaviours

Duration (seconds) Adjusted proportion (%)

Recovery

The time taken by at least half
of the cattle in a test to start to

display any “Other” behaviours
after the stimulus exited

the paddock

n/a Duration (seconds)

Threat display

Non-contact ritualised
aggression, including head
swing, charging, pawing

ground and air kick

Binomial (Yes/No) Binomial (Yes/No)

In the data analyses, we focused on herd behaviour measurements and used herds as
sample units. This was because individual behaviours were not independent of each other
as they are herd animals, and thus their behaviour can be affected by others in the herd.
For binomial behaviours (i.e., threat display, herding and approach), the herd was marked
“Yes” if any of the animals in that herd displayed the behaviour in each test. Because
the binomial result of a herd can be biased by the varying animal numbers (i.e., there is
a higher chance to observe a specific behaviour when the animal number is high), the
statistical models for these binomial variables were weighted by the reciprocal of cattle
number in each herd. However, given the extremely low number of bulls (between two and
three) in each herd, bulls were excluded in binomial models (i.e., threat display, herding
and approach behaviours). For avoidance and other-type behaviours (but not recovery),
which were measured by duration, we focused on the aggregated amount of the behaviour
displayed by all the animals in the herd during a test. There were variations of test duration
and the number of cattle used in each test. Therefore, in each test, the herd measurements of
avoidance and other-type behaviours were rescaled to every cattle second (i.e., aggregated
behaviour duration/(test duration x total number of animals in the test)) to adjust for
the variation in test duration and number of animals, denoted as adjusted proportion
(Table 4). Provided that each cattle herd had undergone all three treatments, we used
linear mixed models (for quantitative analysis) and generalised linear mixed models (for
binomial analysis), with herd as a random effect, to test whether cattle of various classes
had different levels of reactions towards the Car, Koala and Dog treatments. The modelling
was implemented in R version 3.5.1 [54] using the lme4 [55] and lmerTest [56] libraries
of functions.

3. Results
3.1. Experiment 1: Koala Reactions towards Cattle

Cattle were recorded grazing by all 10 cameras in the OHV Koala Hot Spot on a daily
basis, and thus we assumed that all koalas were aware of the cattle grazing within their
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home range during tests. No koalas were injured or killed by cattle during the tests. There
were significant effects of cattle grazing (i.e., between periods before, during and after
cattle grazing) on koala 12-hourly travel distance and home range size (MCP, 90%KUD and
50%KUD). The koalas showed the shortest travel distance and smallest home range size
during the cattle grazing period, which were significantly lower than the period before
cattle grazing. After cattle grazing, koalas showed increased travel distance and home
range size, which was not significantly different from the period during and before cattle
grazing (Table 5).

Table 5. Effects of cattle grazing on koala activity levels, 12-hourly travel distances and home range
sizes (HR = home range, MCP = Minimal Convex Polygon, KUD = Kernel Utilisation Distribution)
in Experiment 1. Within each koala response, periods followed by the same superscript are not
significantly different, using Tukey’s test.

Koala Response Statistics and Value p Value Period Mean CI-Lower CI-Upper

12-hourly travel distance (metre) F2.45 = 4.839 0.013

During 31.62 a 22.39 45.71

After 37.15 ab 25.70 53.70

Before 44.67 b 30.90 64.57

HR-MCP (hectare) F2.48 = 3.870 0.027

During 0.76 a 0.38 1.55

After 1.00 ab 0.49 2.04

Before 1.41 b 0.69 2.95

HR-90%KUD (hectare) F2.45 = 4.814 0.013

During 2.40 a 1.29 4.57

After 3.31 ab 1.74 6.31

Before 5.13 b 2.63 10.0

HR-50%KUD (hectare) F2.44 = 5.477 0.007

During 0.74 a 0.37 1.48

After 0.97 ab 0.49 1.95

Before 1.58 b 0.77 3.16

3.2. Experiment 2: Cattle Reactions towards a Koala Model

Although no actual attacks involving physical contact to the treatments were observed
from cattle, cattle showed aggression in the form of threat displays, including ground
pawing, head swing and charging towards the treatments in this study. There were
significant effects of treatment (Car, Koala and Dog in Table 6) and cattle class (lactating
cows with old calves, lactating cows with young calves, heifers, dry cows and bulls
in Table 7) on various cattle behavioural reactions towards treatments. No interactions
between the effects of treatment and cattle class were detected.

Table 6. Effects of treatments (Koala = koala model, Dog = dog model, Car = car without models)
on cattle behavioural reactions in Experiment 2. Within each behaviour, treatments followed by the
same superscript are not significantly different, using Tukey’s test. Adjusted proportion = aggregated
behaviour duration/(test duration × total number of animals in the test). All percentage (%) means
are within a test period.

Behaviour Statistics and Value p Value Treatment Mean CI-Lower CI-Upper

Herding (binomial probability, %) X2
2 = 6.423 0.040

Car 26.6 a 9.7 55.0

Koala 65.4 b 37.9 85.5

Dog 76.4 b 48.8 91.6

Recovery (seconds) F2.48 = 3.197 0.049

Car 11.6 a −2.7 26.0

Koala 29.8 b 15.7 43.9

Dog 30.7 b 16.3 45.1
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Table 6. Cont.

Behaviour Statistics and Value p Value Treatment Mean CI-Lower CI-Upper

Avoidance (adjusted proportion, %) F2.52 = 0.919 0.405

Car 16.1 a 11.3 20.9

Dog 18.0 a 13.4 22.7

Koala 19.5 a 14.8 24.3

Minimum flight distance (metres) F2.52 = 6.822 0.002

Car 3.00 a 2.25 3.75

Dog 3.93 b 3.17 4.68

Koala 3.96 b 3.21 4.72

Threat display (binomial probability, %) X2
2 = 39.376 <0.001

Car 17.8 a 11.9 25.9

Koala 49.0 b 38.3 59.7

Dog 58.8 b 48.0 68.8

Approach (binomial probability, %) X2
2 = 46.509 <0.001

Dog 54.3 a 12.0 91.2

Koala 54.4 a 12.0 91.2

Car 98.3 b 85.1 99.8

Other (adjusted proportion, %) F2.44 = 2.992 0.061

Dog 31.5 a 27.0 35.9

Koala 34.1 ab 29.5 38.6

Car 37.6 b 33.0 42.2

Table 7. Effects of cattle classes (LCY = lactating cows with young calves less than three
months old, LCO = lactating cows with old calves that were between eight and ten months old,
NLC = non-lactating cows, HF = heifers, BL = bulls) on cattle behavioural reactions in Experiment 2.
Within each behaviour, cattle classes followed by the same superscript are not significantly different,
using Tukey’s test. Adjusted proportion = aggregated behaviour duration/(test duration × total
number of animals in the test). All percentage (%) means are within a test period.

Behaviour Statistics and Value p Value Class Mean CI-Lower CI-Upper

Herding (binomial probability, %) X2
3 = 8.984 0.029

LCY 21.7 a 6.0 54.7

HF 34.6 a 11.9 67.5

NLC 57.2 a 26.1 83.5

LCO 93.7 b 65.9 99.1

Recovery (seconds) F4.21 = 12.507 <0.001

HF 0.18 a −0.46 1.61

LCY 0.23 a −0.44 1.71

NLC 1.87 ab 0.30 5.35

BL 10.97 bc 2.91 35.64

LCO 34.89 c 13.62 87.11

Avoidance (adjusted proportion, %) F4.22 = 1.210 0.335

HF 12.4 a 4.6 20.2

BL 14.3 a 3.3 25.3

LCY 18.3 a 10.5 26.0

LCO 21.0 a 13.2 28.8

NLC 23.5 a 15.6 31.2
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Table 7. Cont.

Behaviour Statistics and Value p Value Class Mean CI-Lower CI-Upper

Avoidance (adjusted proportion, %) F4.22 = 1.210 0.335

HF 12.4 a 4.6 20.2

BL 14.3 a 3.3 25.3

LCY 18.3 a 10.5 26.0

LCO 21.0 a 13.2 28.8

NLC 23.5 a 15.6 31.2

Minimum flight distance (metres) F4.22 = 1.138 0.364

BL 2.11 a 0.07 4.15

LCY 3.33 a 1.89 4.78

HF 3.67 a 2.22 5.11

LCO 3.67 a 2.22 5.11

NLC 4.61 a 3.17 6.05

Threat display (binomial probability, %) X2
3 = 258.072 <0.001

NLC 4.4 a 2.3 8.2

HF 19.8 b 14.4 26.3

LCY 80.7 c 70.8 87.8

LCO 80.7 c 70.8 87.8

Approach (binomial probability, %) X2
3 = 4.334 0.227

NLC 31.7 a 0.7 96.6

HF 35.3 a 0.8 97.4

LCY 87.7 a 11.5 99.7

LCO 99.5 a 62.4 100

Other (adjusted proportion, %) F4.22 = 18.851 <0.001

LCO 15.5 a 8.3 22.8

NLC 24.2 ab 17.0 31.5

BL 35.1 bc 24.9 45.3

LCY 39.0 c 31.9 46.2

HF 57.9 d 50.6 65.2

In relation to the treatment effect, the dog and koala models elicited similar, and both
significantly higher, probabilities of cattle showing threat display and herding behaviour
than the vehicle did. Cattle took a significantly longer time to recover and disengage from
the dog and koala models after the test was completed, compared with the vehicle. The
vehicle elicited more other-type behaviours in cattle than the dog model, but not the koala
model. The cattle had similar minimum flight distances when facing the dog and koala
models, both greater than when facing the vehicle. The vehicle elicited a higher probability
of cattle showing approach behaviour than the koala and dog models did. Cattle avoidance
behaviours were not affected (Table 6).

In relation to the cattle class effect, lactating cows with old calves (LCO) had a higher
probability of showing herding behaviour than all other classes. LCO and bulls (BL) had
the highest recovery time taken to disengage after the test, with LCO, but not BL, greater
than non-lactating cows (NLC); both LCO and BL were greater than lactating cows with
young calves (LCY) and heifers (HF) and NLC. LCO and LCY had the highest probability
of showing threat displays, both higher than HF and NLC, with HF higher than NLC.
LCO showed fewer other-type behaviours than any other cattle classes, except NLC; HF
exhibited more than any other classes. Avoidance and approach behaviours and minimum
flight distance were not affected by cattle class (Table 7). Although bulls were excluded
from binomial analyses of threat display, herding and approach behaviours, they showed
none of these behaviours.
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4. Discussion

Experiment 1 facilitated our understanding of koala–cattle interactions from the per-
spective of koalas. Grazing cattle may act as a source of disturbance leading to a decrease
in koalas’ other activities and ranging behaviour. This was reflected by the decreased
12-hourly travel distance and home range size of all koalas when sharing space with cattle,
compared with the period before cattle grazing started. In particular, the trend of koala
ranging behaviour in the period before, during and after cattle grazing showed great
consistency. The travel distance and all types of home range sizes of koalas were the
greatest before cattle arrived, and they significantly dropped to the lowest level during
cattle grazing and started to recover after cattle were removed from the study site.

Koalas are tree dwellers that come to the ground when moving from one tree to
another. Despite the uncertainty of the actual time that koalas stay on the ground, the
decrease in koala ranging behaviour observed in this study indicated that koalas might be
minimising their time staying on the ground, and hence the chance of encountering any
cattle grazing within their home range. Once the cattle were removed, koalas could be
more relaxed with their ranging behaviour, which gradually recovered back to the level
before cattle were placed in their environment. However, this study observed no koalas
deserting or moving away from their usual home range to avoid cattle. Other research
also reported the stable co-existence of koalas and livestock in paddocks that contain koala
fodder trees [35,41,42]. Therefore, we suspect that koalas see cattle as a disturbance that
has a limited impact on their home site choice. Lastly, the potential occurrence of agonistic
koala–cattle encounters could have been missed in this experiment, as we were unable
to monitor the koalas constantly. Although none of the koalas were injured or killed by
cattle during the experiment, the possibility of cattle attempting to chase and attack koalas
encountered on the ground could not be excluded.

Experiment 2 indicated that the koala and dog models triggered higher levels of
aggression and fear in the cattle than the car did. This was reflected by cattle having:

(1) A greater likelihood of threat display towards the koala and dog models. Threat
displays of animals involve ritualised aggression observed in conflict situations when
confronting a threat, which can be either a conspecific competitor or a predator. Other
than physical attacks, a threat display is a vital indicator of animals’ aggression and
often leads to an escalation from non-contact to contact agonistic behaviour [57–59].
In this study, when confronted with the dog and koala models, cattle were more
aggressive by being more inclined to display behaviours such as ground pawing,
head swinging and charging. These behaviours of cattle have been often observed
when confronted with a threat (e.g., predator) [60,61], and thus it may suggest that
cattle saw the koala and dog models as threats.

(2) A greater likelihood of herding behaviour when facing koala and dog models. This is
recognised as gregarious behaviour, which is a typical collective behaviour observed
in many insects, fish and mammals [62,63]. It is driven by fear of predators, with
individuals responding to potential danger by forming a firm group and animals
moving towards its centre [64,65]. The greater occurrence of cattle herding behaviour
could be associated with a higher level of fear caused by the dog and koala models,
which could be perceived by the cattle to be predators.

(3) Longer time to recover back to other-type behaviours after koala and dog model
tests. This indicated a higher level of distress [66] as cattle needed a longer time to
disengage themselves from the model treatments.

(4) A tendency for fewer other-type behaviours when tested with koala and dog models,
although the difference between the koala and vehicle was not significant but showed
a similar trend. Other-type behaviours represent relaxation and disengagement from
the treatment; on the contrary, animals increase vigilance at the expense of normal
(other-type) behaviour in response to threats. Therefore, vigilance is believed to be an
indicator of fear in animal behaviour research [67,68]. In this study, the longer period
of other-type behaviours when facing the car indicates that cattle were more relaxed
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when without the dog or koala models. On the other hand, the decrease in other-type
behaviours reflected an increase in vigilance in cattle, i.e., fear and stress, especially
when confronted with dog models.

(5) Greater minimum flight distance when approached by the dog and koala models.
Flight distance indicates the alertness of an animal towards a stimulus and is widely
used to measure fear [69–71]. In this study, cattle allowed the car to approach closer
than the dog and koala models before avoidance, suggesting that cattle were more
cautious and fearful when seeing koala or dog models.

(6) A greater likelihood of approach towards the car. The approach could be an ex-
ploratory behaviour that suits the inquisitive nature of cattle [60], indicating cattle
were more relaxed with the vehicle by showing their natural behaviour. The approach
could also be a confronting and courageous behaviour towards a possible threat,
indicating that cattle were less threatened when without the dog and koala models.

Undoubtedly, neither real koalas nor dogs walk like the models moved in this study.
However, provided that the car took into account the confounding attributes (i.e., scent,
noise, shape and material) from the vehicle, the different cattle reactions to Koala and Dog
represent the cattle’s reaction towards the koala/dog model itself. Our results supported
the assumption that cattle are behaviourally responsive towards animal models. Previous
research showed that a live dog triggered higher levels of fear in domestic sheep than
taxidermic models did [72]. Another study reported that a large portion of the repertoire
of minnow anti-predator behaviours, which were often observed with live predators,
was absent when using predator models as stimuli [66]. Therefore, although only threat
displays of cattle were observed in this study, more aggressive reactions, i.e., physical
attacks, towards live koalas in the field are likely.

Dogs naturally present as a predator threat to cattle. Studies suggested that domestic
and wild ungulates show less normal behaviours and higher vigilance with the presence
of predator stimuli [45,73–75]. Our observation matched this natural instinct of cattle
by showing that the dog model had triggered the highest level of fear and stress related
reactions of cattle, e.g., the highest probabilities of threat display and herding behaviour
and the shortest period of other-type behaviours. Meanwhile, the post hoc analyses of cattle
reactions showed a consistent pattern of similarity between the dog and koala model effects,
both of which were significantly different from the car effect. It could be evidence that
cattle may treat koalas as a similar threat, or at least a disturbance, to dogs. Alternatively, it
could be possible that the expected higher level of cattle reactions towards the dog model
was offset by its sitting pose, which may have presented a relaxed dog and, hence, elicited
fewer cattle reactions. Nevertheless, we cannot exclude the possibility that cattle did not
relate the models to real animals and were not interested in the differences between the two
animal models in this study (i.e., two furry objects with different scents and shapes), and
thus reacted in a similar way. If so, the elicited cattle reactions were due to the strangeness
of the moving visual stimuli instead of reacting to real animals. Similarly, the different
sizes between the models and the vehicle (i.e., koala and dog models were of a similar size,
and both were larger than the car alone) may have contributed to the lower level of cattle
reactions towards the vehicle. Future studies are required to investigate the likelihood of
cattle perceiving the models as live animals.

Lactating cows with calves were more aggressive than dry cows, heifers and bulls. This
was reflected in the cattle class effects on cattle reactions, whereby both lactating cow classes
(with young and old calves) had greater probabilities to show threat display towards stimuli,
which can be explained by the maternal drive of mother cows [39,40,76]. This observation
also supports the findings of Jiang et al.’s survey of livestock–koala incidents [35], where
cows with calves at foot are more likely to attack koalas when encountered on the ground.
However, the two classes of lactating cows showed a deviation in fear-based responses,
including herding, recovery and other behaviour. In particular, lactating cows with old
calves spent a significantly longer time on recovery, less time on other-type behaviour and
were more likely to show herding behaviour than lactating cows with young calves. A
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possible explanation could be the sensitive period of calf development [76]; young calves
less than three months old may not be fully mentally developed regarding the cognition of
potential threats in living environment, and thus tend to be less fearful with more other-
type behaviour, less herding and showing quicker recovery. On the other hand, older calves
of between eight and 10 months old could be more aware of potential threats and showed
more fear towards stimuli.

5. Conclusions

The objective of this study was to investigate the relationship between free-ranging
koalas and grazing cattle from the perspectives of both cattle and koalas. For cattle, the
artificial koala model elicited aggression and fear similar to the dog model. Although no
physical attacks from cattle towards the stimuli were observed in this study, it is possible
that the cattle would have been more aggressive towards live animals rather than models.
For koalas, the presence of grazing cattle within their home range reduced their travel
distance and home range size. Therefore, koalas and cattle could see each other as a stressor
or disturbance. Along with the existence of koala mortalities caused by cattle, which
was investigated in our previous research, we suspect that cattle are acting as a low-risk
threat to koalas in the areas they overlap. The results provide new information about
interactions between koalas and cattle in rural regions of Australia. This study was limited
by the use of the artificial models due to ethical and practical concerns, and future studies
investigating how likely it is that cattle perceive the models as live animals are encouraged.
More advanced monitoring technology, such as mini-cameras suitable to be attached on
koalas and livestock, could be used to determine the tolerance of livestock towards koalas
in future longer-term studies.
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Appendix A. Cattle Behaviour List

Approach: move towards the stimulus at normal walking speed, if not moving to join
and stay with the main herd (>5 cattle), quantified by the binomial presence (Yes/No) and
the duration of the behaviour.

Attack: any form of physical agonistic contact with the stimulus, including head butt,
horn stab, trample, stomp and kick. These were not observed in this study.

Avoidance: quantified by the duration of the behaviours including Escaping, Joining
herd and Moving away.

Escaping: run fast away from the stimulus.
Joining herd: move towards then stay with the majority (>50%) of the herd when the

stimulus was in the same direction.
Moving away: walk away from the stimulus at normal walking speed.
Herding behaviour: the quick gathering of at least 80% of cattle during a test after

the stimulus emerged, with a maximum of three metres between each individual and its
nearest neighbour, quantified by the binomial presence (Yes/No) and the duration of the
behaviour. This behaviour did not apply to bulls due to the low number of animals (2–3) in
each test.

Lick/sniff: lick or sniff the stimulus in close distance, quantified by the counts of
the behaviour.

Minimum flight distance: the minimum distance between the stimulus and any cattle
during a test before the cattle moved away.

Other behaviour: disengaging from the stimulus, quantified by the duration of the
behaviours including Drinking, Feeding, Resting, Social, Standing and Walking.

Drinking: drink water from a trough.
Feeding: graze on grass or eat hay.
Resting: lie on the ground.
Social: non-agonistic interactions with other cattle, e.g., grooming.
Standing: staying still with both head and body turning more than 90◦ from the

stimulus for more than 10 s.
Walking: locomotion of cattle if still disengaged from the stimulus (i.e., showing any

other behaviours) before and after movement.
Recovery time: the time taken by at least half of cattle in a test to disengage from the

stimulus (i.e., start to display any other-type behaviours) after the test was completed.
Threat display: non-contact ritualised aggression, quantified by the binomial presence

(Yes/No) and the counts of the behaviours including Air kick, Charging, Head swing and
Pawing ground.

Air kick: kick legs in the air.
Charging: move fast towards then stop before engaging in contact with the stimulus.
Head swing: quickly lift the head up, then lower it down when facing the stimulus.
Pawing ground: dig or paw the ground with legs.

References
1. Seabrook, L.; McAlpine, C.; Baxter, G.; Rhodes, J.; Bradley, A.; Lunney, D. Drought-driven change in wildlife distribution and

numbers: A case study of koalas in South West Queensland. Wildl. Res. 2011, 38, 509–524. [CrossRef]
2. Rhodes, J.R.; Beyer, H.L.; Preece, H.J.; McAlpine, C.A. South East Queensland Koala Population Modelling Study; UniQuest: Brisbane,

Australia, 2015.
3. Woinarski, J.; Burbidge, A.A. Phascolarctos Cinereus; IUCN: Geneva, Switzerland, 2016.
4. Department of Agriculture Water and the Environment. Conservation Advice for Phascolarctos cinereus (Koala) Combined Populations

of Queensland, New South Wales and the Australian Capital Territory; Australian Government: Canberra, Australia, 2022.
5. Rhodes, J.R.; Wiegand, T.; McAlpine, C.A.; Callaghan, J.; Lunney, D.; Bowen, M.; Possingham, H.P. Modeling species’ distributions

to improve conservation in semiurban landscapes: Koala case study. Conserv. Biol. 2006, 20, 449–459. [CrossRef] [PubMed]
6. McAlpine, C.A.; Rhodes, J.R.; Callaghan, J.G.; Bowen, M.E.; Lunney, D.; Mitchell, D.L.; Pullar, D.V.; Possingham, H.P. The

importance of forest area and configuration relative to local habitat factors for conserving forest mammals: A case study of koalas
in Queensland, Australia. Biol. Conserv. 2006, 132, 153–165. [CrossRef]

http://doi.org/10.1071/WR11064
http://doi.org/10.1111/j.1523-1739.2006.00330.x
http://www.ncbi.nlm.nih.gov/pubmed/16903106
http://doi.org/10.1016/j.biocon.2006.03.021


Animals 2022, 12, 872 15 of 17

7. Grogan, L.F.; Peel, A.J.; Kerlin, D.; Ellis, W.; Jones, D.; Hero, J.-M.; McCallum, H. Is disease a major causal factor in declines? An
Evidence Framework and case study on koala chlamydiosis. Biol. Conserv. 2018, 221, 334–344. [CrossRef]

8. Hanger, J.; de Villiers, D.; Forbes, N.; Nottidge, B.; Beyer, H.; Loader, J.; Timms, P. Final Technical Report: Moreton Bay Rail Koala
Management Program; Department of Transport and Main Roads: Brisbane, Australia, 2017.

9. Gonzalez-Astudillo, V.; Allavena, R.; McKinnon, A.; Larkin, R.; Henning, J. Decline causes of Koalas in South East Queensland,
Australia: A 17-year retrospective study of mortality and morbidity. Sci. Rep. 2017, 7, 42587. [CrossRef] [PubMed]

10. Lunney, D.; Stalenberg, E.; Santika, T.; Rhodes, J.R. Extinction in Eden: Identifying the role of climate change in the decline of the
koala in south-eastern NSW. Wildl. Res. 2014, 41, 22–34. [CrossRef]

11. Phillips, S.; Wallis, K.; Lane, A. Quantifying the impacts of bushfire on populations of wild koalas (Phascolarctos cinereus): Insights
from the 2019/20 fire season. Ecol. Manag. Restor. 2021, 22, 80–88. [CrossRef]

12. Preece, H.J. Monitoring and modelling threats to koala populations in rapidly urbanising landscapes: Koala coast, south east
Queensland, Australia. Ph.D. Thesis, The University of Queensland, St Lucia, Australia, 2007.

13. Balbuena-Serrano, Á.; Zarco-González, M.M.; Monroy-Vilchis, O.; Morato, R.; De Paula, R. Hotspots of livestock depredation by
pumas and jaguars in Brazil: A biome-scale analysis. Anim. Conserv. 2021, 24, 181–193. [CrossRef]

14. Sangay, T.; Vernes, K. Human–wildlife conflict in the Kingdom of Bhutan: Patterns of livestock predation by large mammalian
carnivores. Biol. Conserv. 2008, 141, 1272–1282. [CrossRef]

15. Schiess-Meier, M.; Ramsauer, S.; Gabanapelo, T.; KÖNig, B. Livestock Predation—Insights From Problem Animal Control
Registers in Botswana. J. Wildl. Manag. 2007, 71, 1267–1274. [CrossRef]

16. Thouless, C.R. Conflict between humans and elephants on private land in northern Kenya. Oryx 1994, 28, 119–127. [CrossRef]
17. Kinga, G.W.; Mironga, J.; Odadi, W.O. Analysis of the Spatial Relationship between Cattle and Wild Ungulates across Different

Land-Use Systems in a Tropical Savanna Landscape. Int. J. Ecol. 2018, 2018, 2072671. [CrossRef]
18. Madhusudan, M.D. Recovery of Wild Large Herbivores Following Livestock Decline in a Tropical Indian Wildlife Reserve. J. Appl.

Ecol. 2004, 41, 858–869. [CrossRef]
19. Prins, H.H.T. The Pastoral Road to Extinction: Competition Between Wildlife and Traditional Pastoralism in East Africa. Environ.

Conserv. 1992, 19, 117–123. [CrossRef]
20. Mishra, C.; Van Wieren, S.E.; Heitkönig, I.M.A.; Prins, H.H.T. A theoretical analysis of competitive exclusion in a Trans-Himalayan

large-herbivore assemblage. Anim. Conserv. 2002, 5, 251–258. [CrossRef]
21. Masiaine, S.; Pilfold, N.; Moll, R.J.; O’Connor, D.; Larpei, L.; Stacy-Dawes, J.; Ruppert, K.; Glikman, J.A.; Roloff, G.; Montgomery,

R.A. Landscape-level changes to large mammal space use in response to a pastoralist incursion. Ecol. Indic. 2021, 121, 107091.
[CrossRef]

22. Tian, C.; Liao, P.-C.; Dayananda, B.; Zhang, Y.-Y.; Liu, Z.-X.; Li, J.-Q.; Yu, B.; Qing, L. Impacts of livestock grazing, topography
and vegetation on distribution of wildlife in Wanglang National Nature Reserve, China. Glob. Ecol. Conserv. 2019, 20, e00726.
[CrossRef]

23. Schieltz, J.M.; Rubenstein, D.I. Evidence based review: Positive versus negative effects of livestock grazing on wildlife. What do
we really know? Environ. Res. Lett 2016, 11, 113003. [CrossRef]

24. Neilly, H.; O’Reagain, P.; Vanderwal, J.; Schwarzkopf, L. Profitable and Sustainable Cattle Grazing Strategies Support Reptiles in
Tropical Savanna Rangeland. Rangel. Ecol. Manag. 2018, 71, 205–212. [CrossRef]

25. Neilly, H.; Nordberg, E.J.; VanDerWal, J.; Schwarzkopf, L.; Driscoll, D. Arboreality increases reptile community resistance to
disturbance from livestock grazing. J. Appl. Ecol. 2018, 55, 786–799. [CrossRef]

26. Nordberg, E.J. The impacts of cattle grazing on arboreal reptiles. PhD Thesis, James Cook University, Douglas, Australia, 2018.
27. Neilly, H.; Schwarzkopf, L. The response of an arboreal mammal to livestock grazing is habitat dependant. Sci Rep. 2017, 7, 17382.

[CrossRef] [PubMed]
28. Knox, C.D.; Cree, A.; Seddon, P.J. Direct and Indirect Effects of Grazing by Introduced Mammals on a Native, Arboreal Gecko

(Naultinus gemmeus). J. Herpetol. 2012, 46, 145–152. [CrossRef]
29. Handasyde, K.A.; Lee, A.K.; Sanson, G.D. Biology of the Koala; Surrey Beatty & Sons: Chipping Norton, Australia, 1990.
30. Ryan, K. Mad Cows Attack Helpless Wildlife. Available online: https://www.couriermail.com.au/ipad/mad-cows-attack-

helpless-wildlife/news-story/987916750779f4c31d3746d9f0d60a76 (accessed on 12 August 2021).
31. Rebgetz, L. Koalas Being Trampled By Livestock Amid Habitat Loss, Wildlife Experts Say. Available online: http://www.abc.net.

au/news/2017-06-17/livestock-attacks-koalas-more-common-wildlife-experts-say/8625762 (accessed on 12 August 2021).
32. Mitchell-Whittington, A. Koalas Are Being Attacked by Cattle, Horses as Trees Are Felled: Wildlife Carer. Available on-

line: https://www.brisbanetimes.com.au/national/queensland/koalas-are-being-attacked-by-cattle-horses-as-trees-are-felled-
wildlife-carer-20170619-gwtucn.html (accessed on 12 August 2021).

33. Hill, A.; Keogh, S.; Anderson, B. Case study: Cattle-associated traumatic injuries in koalas (Phascolarctos cinereus), 2010–2016.
Wildl. Rehab. Med. 2019, 39, 11–15.

34. Henning, J.; Hannon, C.; McKinnon, A.; Larkin, R.; Allavena, R. The causes and prognoses of different types of fractures in wild
koalas submitted to wildlife hospitals. Prev. Vet. Med. 2015, 122, 371–378. [CrossRef] [PubMed]

35. Jiang, A.; Tribe, A.; Phillips, C.J.C.; Murray, P.J. Do Livestock Injure and Kill Koalas? Insights from Wildlife Hospital and Rescue
Group Admissions and an Online Survey of Livestock-Koala Conflicts. Animals 2021, 11, 2684. [CrossRef] [PubMed]

http://doi.org/10.1016/j.biocon.2018.03.030
http://doi.org/10.1038/srep42587
http://www.ncbi.nlm.nih.gov/pubmed/28218272
http://doi.org/10.1071/WR13054
http://doi.org/10.1111/emr.12458
http://doi.org/10.1111/acv.12619
http://doi.org/10.1016/j.biocon.2008.02.027
http://doi.org/10.2193/2006-177
http://doi.org/10.1017/S0030605300028428
http://doi.org/10.1155/2018/2072617
http://doi.org/10.1111/j.0021-8901.2004.00950.x
http://doi.org/10.1017/S0376892900030587
http://doi.org/10.1017/S1367943002002305
http://doi.org/10.1016/j.ecolind.2020.107091
http://doi.org/10.1016/j.gecco.2019.e00726
http://doi.org/10.1088/1748-9326/11/11/113003
http://doi.org/10.1016/j.rama.2017.09.005
http://doi.org/10.1111/1365-2664.12982
http://doi.org/10.1038/s41598-017-17829-6
http://www.ncbi.nlm.nih.gov/pubmed/29234116
http://doi.org/10.1670/10-315
https://www.couriermail.com.au/ipad/mad-cows-attack-helpless-wildlife/news-story/987916750779f4c31d3746d9f0d60a76
https://www.couriermail.com.au/ipad/mad-cows-attack-helpless-wildlife/news-story/987916750779f4c31d3746d9f0d60a76
http://www.abc.net.au/news/2017-06-17/livestock-attacks-koalas-more-common-wildlife-experts-say/8625762
http://www.abc.net.au/news/2017-06-17/livestock-attacks-koalas-more-common-wildlife-experts-say/8625762
https://www.brisbanetimes.com.au/national/queensland/koalas-are-being-attacked-by-cattle-horses-as-trees-are-felled-wildlife-carer-20170619-gwtucn.html
https://www.brisbanetimes.com.au/national/queensland/koalas-are-being-attacked-by-cattle-horses-as-trees-are-felled-wildlife-carer-20170619-gwtucn.html
http://doi.org/10.1016/j.prevetmed.2015.10.015
http://www.ncbi.nlm.nih.gov/pubmed/26603047
http://doi.org/10.3390/ani11092684
http://www.ncbi.nlm.nih.gov/pubmed/34573651


Animals 2022, 12, 872 16 of 17

36. Griffith, J.E.; Higgins, D.P. Diagnosis, treatment and outcomes for koala chlamydiosis at a rehabilitation facility (1995–2005).
Aust. Vet. J. 2012, 90, 457–463. [CrossRef] [PubMed]

37. Griffith, J.E.; Dhand, N.K.; Krockenberger, M.B.; Higgins, D.P. A retrospective study of admission trends of koalas to a rehabilita-
tion facility over 30 years. J. Wildl. Dis. 2013, 49, 18–28. [CrossRef]

38. Jim, T.; Harriet, J.P.; Guy, C.P.; Deidré, L.d.V.; Ros, S.L. Koala mortality on roads in south-east Queensland: The koala speed-zone
trial. Wildl. Res. 2003, 30, 419–426. [CrossRef]

39. Sheldon, K.J.; Deboy, G.; Field, W.E.; Albright, J.L. Bull-Related Incidents: Their Prevalence and Nature. J. Agromed. 2009, 14,
357–369. [CrossRef]

40. Fraser-Williams, A.P.; McIntyre, K.M.; Westgarth, C. Are cattle dangerous to walkers? A scoping review. Inj. Prev. 2016, 22,
437–441. [CrossRef]

41. Rhind, S.G.; Ellis, M.V.; Smith, M.; Lunney, D. Do Koalas ‘Phascolarctos cinereus’ use trees planted on farms? A case study from
north-west New South Wales, Australia. Pac. Conserv. Biol. 2014, 20, 302–312. [CrossRef]

42. Dargan, J.R.; Moriyama, M.; Mella, V.S.A.; Lunney, D.; Crowther, M.S. The challenge for koala conservation on private land:
Koala habitat use varies with season on a fragmented rural landscape. Anim. Conserv. 2019, 22, 543–555. [CrossRef]

43. Rowell, T.A.A.D.; Magrath, M.J.L.; Magrath, R.D. Predator-awareness training in terrestrial vertebrates: Progress, problems and
possibilities. Biol. Conserv. 2020, 252, 108740. [CrossRef]

44. Powell, G.V.N. Experimental analysis of the social value of flocking by starlings (Sturnus vulgaris) in relation to predation and
foraging. Anim. Behav. 1974, 22, 501–505. [CrossRef]

45. Kluever, B.M.; Howery, L.D.; Breck, S.W.; Bergman, D.L. Predator and heterospecific stimuli alter behaviour in cattle. Behav. Processes
2009, 81, 85–91. [CrossRef] [PubMed]

46. Worton, B.J. A Convex Hull-Based Estimator of Home-Range Size. Biometrics 1995, 51, 1206–1215. [CrossRef]
47. Worton, B.J. Kernel Methods for Estimating the Utilization Distribution in Home-Range Studies. Ecology 1989, 70, 164–168.

[CrossRef]
48. Silverman, B.W. Density Estimation for Statistics and Data Analysis; Chapman and Hall: London, UK, 1986.
49. Seaman, D.E.; Powell, R.A. An Evaluation of the Accuracy of Kernel Density Estimators for Home Range Analysis. Ecology 1996,

77, 2075–2085. [CrossRef]
50. Calenge, C. The package “adehabitat” for the R software: A tool for the analysis of space and habitat use by animals. Ecol. Modell.

2006, 197, 516–519. [CrossRef]
51. Dwyer, R.G.; Brooking, C.; Brimblecombe, W.; Campbell, H.A.; Hunter, J.; Watts, M.; Franklin, C.E. An open Web-based system

for the analysis and sharing of animal tracking data. Anim. Biotelemetry 2015, 3, 1. [CrossRef]
52. Gaschk, J.L.; Frère, C.H.; Clemente, C.J. Quantifying koala locomotion strategies: Implications for the evolution of arborealism in

marsupials. J. Exp. Biol. 2019, 222, jeb207506. [CrossRef] [PubMed]
53. Friard, O.; Gamba, M. BORIS: A free, versatile open-source event-logging software for video/audio coding and live observations.

Methods Ecol. Evol. 2016, 7, 1325–1330. [CrossRef]
54. R CoreTeam. A Language and Environment for Statistical Computing, 3.5.1; R CoreTeam: Vienna, Austria, 2018.
55. Bates, D.; Maechler, M.; Bolker, B.; Walker, S. Fitting Linear Mixed-Effects Models Using lme4. J. Stat. Softw. 2015, 67, 1–48.

[CrossRef]
56. Kuznetsova, A.; Brockhoff, P.B.; Christensen, R.H.B. {lmerTest} Package: Tests in Linear Mixed Effects Models. J. Stat. Softw. 2017,

82, 1–26. [CrossRef]
57. Szamado, S. How threat displays work: Species-specific fighting techniques, weaponry and proximity risk. Anim. Behav. 2008, 76,

1455–1463. [CrossRef]
58. Hurd, P.L. Conventional displays: Evidence for socially mediated costs of threat displays in a lizard. Aggressive. Behav. 2004, 30,

326–341. [CrossRef]
59. Tinbergen, N. The Origin and Evolution of Courtship and Threat Display. In Evolution as a Process; Huxley, J., Hardy, A.C., Fords,

E.B., Eds.; Allen & Unwin: London, UK, 1954; pp. 233–249.
60. Phillips, C.J.C. Cattle Behaviour and Welfare, 2nd ed.; Wiley: Hoboken, NJ, USA, 2008.
61. Moran, J.; Doyle, R. Cow Talk Understanding Dairy Cow Behaviour to Improve Their Welfare on Asian Farms; CSIRO Publishing:

Collingwood, Australia, 2015.
62. Couzin, I.D.; Krause, J. Self-Organization and Collective Behavior in Vertebrates. Adv. Study Behav. 2003, 32, 1–75.
63. King, A.J.; Wilson, A.M.; Wilshin, S.D.; Lowe, J.; Haddadi, H.; Hailes, S.; Morton, A.J. Selfish-herd behaviour of sheep under

threat. Curr. Biol. 2012, 22, R561–R562. [CrossRef]
64. Hamilton, W.D. Geometry for the selfish herd. J. Theor. Biol. 1971, 31, 295–311. [CrossRef]
65. Krause, J.; Ruxton, G.D. Living in Groups; Oxford University Press: Oxford, UK, 2002.
66. Magurran, A.E.; Girling, S.L. Predator model recognition and response habituation in shoaling minnows. Anim. Behav. 1986, 34,

510–518. [CrossRef]
67. Moberg, G.; Mench, J.A. The biology of Animal Stress: Basic Principles and Implications for Animal Welfare; CABI Publishing:

Wallingford, UK, 2000.
68. Welp, T.; Rushen, J.; Kramer, D.L.; Festa-Bianchet, M.; de Passillé, A.M.B. Vigilance as a measure of fear in dairy cattle. Appl.

Anim. Behav. Sci. 2004, 87, 1–13. [CrossRef]

http://doi.org/10.1111/j.1751-0813.2012.00963.x
http://www.ncbi.nlm.nih.gov/pubmed/23106328
http://doi.org/10.7589/2012-05-135
http://doi.org/10.1071/WR02029
http://doi.org/10.1080/10599240903042024
http://doi.org/10.1136/injuryprev-2015-041784
http://doi.org/10.1071/PC140302
http://doi.org/10.1111/acv.12487
http://doi.org/10.1016/j.biocon.2020.108740
http://doi.org/10.1016/S0003-3472(74)80049-7
http://doi.org/10.1016/j.beproc.2009.02.004
http://www.ncbi.nlm.nih.gov/pubmed/19429201
http://doi.org/10.2307/2533254
http://doi.org/10.2307/1938423
http://doi.org/10.2307/2265701
http://doi.org/10.1016/j.ecolmodel.2006.03.017
http://doi.org/10.1186/s40317-014-0021-8
http://doi.org/10.1242/jeb.207506
http://www.ncbi.nlm.nih.gov/pubmed/31848216
http://doi.org/10.1111/2041-210X.12584
http://doi.org/10.18637/jss.v067.i01
http://doi.org/10.18637/jss.v082.i13
http://doi.org/10.1016/j.anbehav.2008.07.010
http://doi.org/10.1002/ab.20020
http://doi.org/10.1016/j.cub.2012.05.008
http://doi.org/10.1016/0022-5193(71)90189-5
http://doi.org/10.1016/S0003-3472(86)80119-1
http://doi.org/10.1016/j.applanim.2003.12.013


Animals 2022, 12, 872 17 of 17

69. Breuer, K.; Hemsworth, P.H.; Barnett, J.L.; Matthews, L.R.; Coleman, G.J. Behavioural response to humans and the productivity of
commercial dairy cows. Appl. Anim. Behav. Sci. 2000, 66, 273–288. [CrossRef]

70. Munksgaard, L.; De Passillé, A.M.; Rushen, J.; Thodberg, K.; Jensen, M.B. Discrimination of People by Dairy Cows Based on
Handling. J. Dairy Sci. 1997, 80, 1106–1112. [CrossRef]

71. Hemsworth, P.H.; Coleman, G.J.; Barnett, J.L. Improving the attitude and behaviour of stockpersons towards pigs and the
consequences on the behaviour and reproductive performance of commercial pigs. Appl. Anim. Behav. Sci. 1994, 39, 349–362.
[CrossRef]

72. Hansen, I.; Christiansen, F.; Hansen, H.S.; Braastad, B.; Bakken, M. Variation in behavioural responses of ewes towards predator-
related stimuli. Appl. Anim. Behav. Sci. 2001, 70, 227–237. [CrossRef]

73. Lima, S.L.; Dill, L.M. Behavioral decisions made under the risk of predation: A review and prospectus. Rev. Can. De Zool. 1990,
68, 619–640. [CrossRef]

74. Laundre, J.W.; Hernandez, L.; Altendorf, K.B. Wolves, elk, and bison: Reestablishing the “landscape of fear” in Yellowstone
National Park, U.S.A. Can. J. Zool. 2001, 79, 1401–1409. [CrossRef]

75. Hunter, L.T.B.; Skinner, J.D. Vigilance Behaviour in African Ungulates: The Role of Predation Pressure. Behaviour 1998, 135,
195–211. [CrossRef]

76. Knudsen, E.I. Sensitive Periods in the Development of the Brain and Behavior. J. Cogn. Neurosci. 2004, 16, 1412–1425. [CrossRef]

http://doi.org/10.1016/S0168-1591(99)00097-0
http://doi.org/10.3168/jds.S0022-0302(97)76325-2
http://doi.org/10.1016/0168-1591(94)90168-6
http://doi.org/10.1016/S0168-1591(00)00155-6
http://doi.org/10.1139/z90-092
http://doi.org/10.1139/z01-094
http://doi.org/10.1163/156853998793066320
http://doi.org/10.1162/0898929042304796

	Introduction 
	Materials and Methods 
	Study Site 
	Experiment 1: Koala Reactions towards Cattle 
	Experiment 2: Cattle Reactions towards a Koala Model 

	Results 
	Experiment 1: Koala Reactions towards Cattle 
	Experiment 2: Cattle Reactions towards a Koala Model 

	Discussion 
	Conclusions 
	Appendix A
	References

