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Simple Summary: Concern has been raised in Australia about the welfare of individually
penned sheep housed indoors. This study examined the prevalence and incidence of
abnormal behaviours in 96 individually housed sheep. Almost three quarters of the sheep
displayed one or more of the behaviours of pacing, and chewing and nosing pen fixtures
for more than 10% of the day. The prevalence and incidence of these ‘abnormal’
behaviours appears high, but without a comprehensive appreciation of other aspects of the
animal’s biology, such as stress physiology and fitness characteristics, it’s difficult to
understand the welfare implications of these behaviours.
Abstract: This study examined the prevalence and incidence of abnormal behaviour in
sheep housed individually indoors. Ninety-six castrated Merino sheep were observed using
15-min instantaneous sampling between 08:15 and 18:15 h for two consecutive days over a
3-week period. Sheep on average spent 62% of their time idle, 17% feeding, 1% drinking,
5% pacing, 10% chewing pen fixtures and 4% nosing pen fixtures. Pacing behaviour was
predominantly seen in the morning with sheep on average spending 14% of their time
pacing. Sheep on average spent 4% of their time in the morning and 13% of their time in
the afternoon chewing pen fixtures. In the afternoon, the predominant behaviour was idle
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with sheep on average spending 71% of their time idle. Seventy-one percent of the sheep
displayed one or more of the behaviours of pacing, and chewing and nosing pen fixtures
for more than 10% of the day and 47% displayed one or more of these behaviours for more
than 20% of the day. The prevalence and incidence of these ‘abnormal’ behaviours appears
high, especially in relation to that of sheep grazed outdoors on pasture, and raises the
question of the welfare risk to these animals. However, without a more comprehensive
appreciation of other aspects of the animal’s biology, such as stress physiology and fitness
characteristics, it is difficult to understand the welfare implications of these behaviours.
Keywords: abnormal behaviour; individual housing; sheep; time budgets

1. Introduction
There are approximately 40 farms housing ultra fine wool sheep in Australia involving an estimated
25,000 sheep [1]. Sheep in some of these systems are housed individually and concern has been
expressed that sheep individually housed indoors show abnormal oral behaviours and/or stereotypical
behaviour [2]. In this paper, we use the term ‘abnormal behaviour’ as shorthand to include behaviours
such as stereotypic, displacement and redirected behaviours. In comparison to sheep grazed on pasture,
anecdotal observations by the authors indicate a high prevalence of the behaviours of pacing and
interactions with pen fixtures in individually housed sheep; therefore, this study examined the
prevalence of abnormal behaviours in individually, indoor housed sheep.
The use of the term abnormal behaviour in domestic animals invariably raises questions about what
is normal [3], particularly when most behavioural differences between wild and domestic animals
appear to be quantitative rather than qualitative in character, and best explained in differences in
response thresholds [4]. Considered as an aspect of the behaviour of an animal, abnormal behaviour is
frequently defined as behaviour that is either atypical for the species, outside the normal behaviour
pattern that has evolved in the natural habitats of the species or outside the range usually observed in
the species in non-captive situations [5]. It has been proposed that the welfare of the animal is at risk if
stereotypies occur for 10% of the animal's waking life [6] and if they occur in more than 5% of all
animals [7]. Suffering and maladaptiveness are criteria often used when referring to abnormality of
behaviour [4,8].
While research has led to a better understanding of the causation of some abnormal behaviours in
animals in captivity, the function and, thus, adaptive significance of abnormal behaviours are often
poorly understood. For example, the stereotypies of bar-biting and vacuum chewing (champing) in
stalled or tethered sows may be a conditioned response arising from restricted feed intake [9], while
wool-biting in confined sheep may be a redirected foraging behaviour arising from reduced foraging
opportunities [10]. Therefore, in this study the range of behaviours labeled as ‘abnormal’ are
behaviours that are commonly seen in sheep, but are regarded as abnormal behaviours when their
prevalence and incidence exceed what is seen in an extensive setting.
There is limited research on the behaviour of adult wool-producing sheep individually housed
indoors. Yurtman et al. [11] examined the impact of daily protein intake on abnormal behaviours of
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energy-restricted, individually penned, lambs undergoing fattening. They found that increasing crude
protein content, from 148.6 to 214.9 g/kg DM per day, significantly increased oral stereotypies,
particularly bar biting of feed hoppers. Vasseur et al. [10] examined the effect of supplementing the
concentrate diet with fibre (straw) on abnormal behaviour in indoor group-housed sheep. They found
that providing dietary fibre significantly reduced wool biting or wool damage. They also found that
increasing the frequency of feeding did not affect wool biting or wool damage. Furthermore, wool
biting in general increased with time confined. However, it is important to note that the sheep used in
this study were introduced to the indoor housing system from a pasture based system only 1 week prior
to the 15-week study and had not previously been housed indoors. Copper and Jackson [12] compared
the time budgets of behaviour of experimental sheep intensively housed on straw and fed hay and a
concentrate ration with sheep housed on wooden slats and fed only concentrates. They found that the
sheep housed on straw spent more time lying, ruminating and moving than the sheep on slatted floors.
Immediately after being fed their concentrate ration, sheep on the slatted floor showed a number of
redirected oral activities including bar biting, slat licking, wool eating and repetitive licking after
eating concentrates. Overall, sheep on slats spent 43% of their time displaying redirected oral
behaviours, whereas sheep on straw were not observed displaying these behaviours. These three
studies indicate that sheep housed indoors and fed concentrated diets can develop abnormal
behaviours, such as wool biting and biting/chewing pen fixtures, and that protein and fibre content of
diets can impact on the development of abnormal behaviours.
There appears to be increasing community concern about the welfare of domestic animals.
Confinement housing of livestock appears to be at the forefront of these concerns. Studies of animal
behaviour are important contributors in understanding the welfare of animals in captivity. The present
study examined the prevalence and incidence of abnormal behaviours in commercial ultra-fine wool
Merino sheep individually housed indoors.
2. Experimental Section
2.1. Subjects
Ninety-six ultra-fine merino wethers were studied in a 960-sheep indoor, individually housed, wool
production system in Victoria, Australia for two consecutive days in autumn. The sheep had been
housed in this facility for at least 6 mo. Forty-eight pairs, with animals in each pair housed adjacent,
were randomly selected within three locations (blocks) of the facility. There was natural lighting in the
facility provided by windows on three sides and temperature was not controlled.
Two types of pens housed the sheep: 1.42 m × 0.88 m (l × w) with feeders attached to the front of
the pens and 1.52 m × 0.96 m (l × w) with feeders located within the pens. Pen walls were constructed
of wooden horizontal bars so that sheep had the opportunity for visual and tactile contact with
neighbours.
Sheep were fed once daily and depending on their size, daily received about 600 g of a diet
consisting of lucerne hay, oaten hay and straw equivalent to about 4.4 ME KJ/day. Feeding, delivered
by a stockperson from the corridor, commenced at 09:00 h and took about 2 h to complete. Water was
available ad libitum via a trough in the back of each pen.
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2.2. Behaviour Observations
Sixteen cameras were mounted on portable steel frames approximately 2.4 m above ground. The
frames were attached to the pens one week prior to the commencement of recording to allow sheep to
habituate to the apparatus. The cameras were installed 16–24 h prior to commencement of filming.
Due to the limited availability of camera equipment, the 96 sheep were recorded in 3 separate blocks
over 3 weeks (16 pairs per week).
Time budgets of behaviour, using the postures and behaviours listed in Table 1, were constructed
from 15-min instantaneous samples taken from video recordings of the sheep between 08:15 and 18:15 h
over a 2-day period. Although the cameras had IR capability, visibility at night was poor and therefore,
only day-time measurements were taken. Video recordings were played and at each 15-min sample
point, as per the time stamp on the video, the posture and behaviour displayed by each sheep were
recorded. Instantaneous sampling is suitable for postures and behaviours of appreciable duration [13].
In addition to the instantaneous samples throughout the day, continuous observations were used to
record the duration of postures and behaviours displayed by each sheep for the 30 min prior to feed
being placed into their feed bin on each of the two observations days.
Table 1. Ethogram used in constructing time budgets.
Postures
Standing
Lying
Mobile
Behaviours
Indistinguishable
Idle
Feeding
Drinking
Walking
Pacing
Chewing pen fixtures
Nosing pen fixtures
Head butt pen fixtures
Pawing
Rearing

Standing stationary on four legs.
Lying on floor.
Moving around in pen, not standing stationary. Not necessarily pacing
Sheep visible but the animals behaviour was not clearly discernable (particularly
when head was lowered)
Sheep clearly visible and not engaged in any of the following behaviours.
Head lowered and directly in the feeder or floor where feed is visible
Head lowered directly over water trough.
Walking in no distinct pattern.
Walking but in a distinct pattern, such as frequent walking back and forth,
weaving or moving in circles.
Chewing pen fixtures (palings, floor slats, wire or feeder).
Nosing or rubbing muzzle on pen fixtures (palings, floor slats, wire or feeder).
Butting pen fixtures.
Striking ground with forelegs.
Forelegs on pen, back legs on ground, head raised.

2.3. Statistical Analysis
There were incomplete video data for 2 of the 96 sheep and thus data are presented on the 94 sheep
which had complete video data.
For the observations conducted from 08:15 to 18:15 h in which instantaneous sampling was used,
the proportion of 15-min sample points in which each animal displayed each posture or behaviour was
calculated over the two days and, for convenience, these data are presented as percentage time that the
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behaviour was displayed over the two days. These behavioural data are also presented in two ways: the
mean percentage of 15-min sample points in which sheep displayed each posture and behaviour are
presented in both tabular and graphical forms and the distributions of the percentage of sample points
in which each of the 94 sheep displayed the behaviours of pacing and interacting with the pen fixtures
are presented as histograms.
For the data in which behaviour was continuously recorded for 30 min prior to feeding, the duration
of each behaviour displayed by each animal was calculated. These data are presented as histograms
showing the distributions of the percentage of time in the 30 min prior to feeding in which the 94 sheep
displayed the behaviours of pacing and interacting with the pen fixtures. Pen type (1.42 m × 0.88 m
with feeders attached to the front of the pens and 1.52 m × 0.96 m with feeders located within the
pens) was distributed throughout the facility. Univariate General Linear Model (SPSS 16.0) was used
to examine the effects of pen design on time spent displaying abnormal behaviours. To reduce
skewness of the residuals, prior to the analysis, square root transformation was performed on the
variable frequency of abnormal behaviours.
3. Results and Discussion
3.1. General Behaviour
The mean percentage of 15-min sample points over the two days in which sheep displayed
individual postures and behaviours is shown in Table 2. A high proportion of sheep were standing in
the morning (Figure 1), with sheep on average spending 81% of their time standing (Table 2). Thus,
the majority of sheep in the present study spent the morning standing or mobile, while the time spent
lying was predominant in the afternoon.
Figure 1. Mean percentage of sheep displaying the postures of standing, lying and mobile
at each 15-min sample point during each h of observation over 2 days.
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Table 2. Mean percentage of 15-min sample points (from 08:15–18:15 h over the two days
of observation) in which sheep displayed individual postures or behaviours. Standard
errors of the mean are presented in parentheses.

Postures
Standing
Lying
Mobile
Behaviours
Indistinguishable
Idle
Feeding
Drink
Walking
Pacing
Chewing pen fixtures
Nosing pen fixtures
Head butt pen fixtures
Pawing
Rearing

All Day
(08:15–18:15 h)

Afternoon
(12:00–18:15 h)

Morning
(08:15–11:45 h)

64.0 (1.2)
30.0 (1.0)
6.3 (0.7)

54.4 (1.5)
45.6 (1.5)
0.6 (0.1)

81.2 (1.8)
2.5 (0.5)
16.3 (1.9)

0.9 (0.1)
62.4 (1.3)
16.6 (0.6)
1.3 (0.2)
1.0 (0.1)
5.2 (0.7)
9.7 (1.0)
3.5 (0.3)
0.4 (0.1)
0.1 (0.0)
0.1 (0.0)

0.4 (0.1)
70.8 (1.6)
9.4 (0.8)
1.8 (0.4)
0.4 (0.1)
0.2 (0.1)
12.7 (1.3)
4.3 (0.4)
0.4 (0.1)
0.0 (0.0)
0.0 (0.0)

1.9 (0.3)
48.0 (1.9)
29.4 (0.6)
0.6 (0.1)
2.2 (0.3)
13.9 (1.9)
3.7 (0.8)
2.1 (0.3)
0.3 (0.1)
0.2 (0.1)
0.1 (0.1)

3.2. Abnormal Behaviour
As shown in Table 2, the percentage of observations in which the three behaviours of pacing and
chewing and nosing pen fixtures seems high and consequently these behaviours were labelled and
combined as “abnormal behaviours”. There was no effect of pen type on the percentage of 15-min
sample points over the two days in which abnormal behaviours were observed (F1,92 = 0.008,
P = 0.929) and therefore, all data for both pen types were combined for further analysis. Pacing was
predominantly seen in the morning with sheep on average spending 14% of their time pacing
(Table 2). Sheep on average spent 4% of their time in the morning and 13% of their time in the
afternoon chewing pen fixtures. The predominant behaviour in the afternoon was idle with sheep on
average spending 71% of their time idle (Table 2).
Over the two observation days from 08:15 to 18:15 h, 67 sheep (71.3% of the sheep) displayed one
or more abnormal behaviours for more than 10% of the time and 44 sheep (46.8%) displayed one or
more of these abnormal behaviours for more than 20% of the time (Figure 2). While the display of
abnormal behaviour was most pronounced before and after feeding, the data indicate that the abnormal
behaviours were still prominent in the afternoon, well after feeding (Figure 3). Several authors have
argued that the welfare of the animal is at risk if stereotypies occur for 10% of the animal's waking
life [6] and if they occur in more than 5% of all animals [7]. Therefore, on this basis one could argue
that the welfare of the sheep in this individual-housing system is compromised. However, this is
premature without a closer analysis and consideration of the data.
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Figure 2. Histogram showing the distribution of time that sheep spent displaying abnormal
behaviours (pacing and chewing and nosing pen fixtures) from 08:15–18:15 h over the two
days of observations.

Figure 3. Histogram showing the distribution of time that sheep spent pacing in the 30 min
prior to feeding.
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The most frequent of these abnormal behaviours displayed immediately prior to feeding was pacing
(Figure 3). Continuous observations for 30 min prior to feeding indicated that pacing was high for this
period: mean time spent pacing was 32.9 (±SD of 31.3)%, with 46 sheep (47.9% of sheep) displaying
pacing for more than 20% of the 30 min prior to feeding. There are examples in the literature of
stereotypic pacing in captive animals that develop in association with food frustration [14].
In contrast, the duration of chewing pen fixtures prior to feeding, based on continuous observations
for 30 min prior to feeding, was much less prominent than pacing: mean time spent chewing was 0.6%
(±SD of 1.8) of the time with only 2 sheep (2.1% of sheep) displaying chewing for more than 5% of
the 30 min prior to feeding (Figure 4). However, the incidence of chewing pen fittings continued
throughout the day, unlike pacing which virtually ceased once feed was delivered to the sheep
(Table 2). Done-Currie et al. [15] reported that individually housed sheep engaged in chewing pen
fixtures, such as wire, bars and feeder. These behaviours along with other oral behaviours, such as
chain rattling, occurred after feeding and during periods of relative quiet.
Figure 4. Histogram showing the distribution of time that sheep spent chewing pen
fixtures in the 30 min prior to feeding.

As discussed in the Introduction, there is evidence that the nutrition of sheep housed indoors
can affect the development of abnormal behaviours, such as wool biting and chewing pen
fixtures. Yurtman et al. [11] found increasing crude protein content significantly increased oral
stereotypies, particularly bar biting of feed hoppers in energy-restricted, individually penned, lambs.
Vasseur et al. [10] found that supplementing the concentrate diet with fibre, but not increasing the
frequency of feeding, reduced wool biting in group-housed sheep. Similarly, Copper and Jackson [12]
found that provision of straw on the floor and supplementing the concentrate diet with fibre reduced
redirected oral activities such as bar biting, slat licking, wool eating and repetitive licking after eating
concentrates.
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Several authors have suggested that an inadequate opportunity to manipulate food or to forage may
lead animals to redirect their motivation to feed or forage to manipulate other stimuli such pen fixtures,
group-mates or themselves (captive giraffes [16], sheep [10], cattle [17], horses [18], parrots [19] and
poultry [20]). Oral stereotypies have also been linked to diets high in carbohydrates as a possible way
of generating extra saliva through chewing to help reduce the acidity of the gastric tract associated
with these diets [16,18,21]. The sheep in the present study were fed once per day between 09:00 and
11:00 h and spent 16% on average during the day with their head in the feeder or close to the floor
where feed was visible, presumably feeding. Stereotypies may develop in association with food
frustration [14] and indeed some authors have proposed that oral stereotypies may develop from
appetitive and redirected foraging behaviours [22]. Furthermore, in a review of stereotypies in captive
animals, Mason [14] notes that stereotypic pacing often reaches a maximum just before feeding, while
some oral stereotypies such sham-chewing, chain manipulation and drinker manipulation and
polydipsia peak after feeding.
A number of authors have suggested [3] it is important that any interpretation of poor welfare is
logically demonstrated and not inferred on the basis of the use of the term ‘abnormality’ of behaviour
alone. The adaptive significance of stereotypies is controversial [23]. Stereotypies are generally most
prevalent under conditions which are widely considered to be aversive to animals. However, there are
examples where animals that perform high levels of stereotypies appear to cope better with poor
environmental conditions [24,25].
Therefore, while it is generally agreed that environments that cause frustration and/or are particularly
barren, often result in the development of abnormal behaviours such as stereotypies [26], directly
equating the existence of abnormal behaviours with welfare risk is problematic. A more comprehensive
understanding of their causation and corresponding effects on aspects of the animal’s biology, such as
stress physiology and fitness characteristics including growth, injuries and health [27–29], will assist in
assessing animal welfare implications. Alternatively, evidence, such as that shown by Cooper and
Nicol [24] in bank voles, that the performance of abnormal behaviours may be associated with a
change in perception and, therefore, may be a mechanism for coping with unfavourable conditions,
may assist in assessing animal welfare. Nevertheless, it should be also recognised that the actual
display of abnormal behaviours can cause harm to the animal, including physical injury, digestive
complications and the loss of production due to the consumption of energy while eliciting the
behaviour [11]. Furthermore, while the adaptive significance of abnormal behaviours such as
stereotypies is controversial, their existence is indicative, at the least, of a past problem for the animal
in coping with its conditions.
4. Conclusions
During the 2-day observation period, 71% of the observed sheep displayed one or more of the
abnormal behaviours and 47% displayed one or more of abnormal behaviours for more than 20% of
the day. The prevalence and incidence of these abnormal behaviours appears high, especially in
relation to that of sheep grazed on pasture. Based on studies on sheep and other species, it is possible
that an inadequate opportunity to manipulate food or to forage may lead sheep to redirect their
motivation to feed or forage to other stimuli such as manipulating pen fixtures or to pace.
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Without further research it is difficult to understand the welfare implications of these abnormal
behaviours. The adaptive significance of abnormal behaviours is poorly understood; therefore, it is
important that any interpretation of poor welfare is logically demonstrated and not inferred on the basis
of the use of the term ‘abnormality’ of behaviour alone. Clearly further research on individually
housed, ultra fine wool producing sheep is required to understand the causation and welfare
implications of the abnormal behaviours observed in the present study.
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