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Abstract

In the wild, rabbits (Oryctolagus cuniculus) are social but territorial. Recent surveys suggest that over half of pet rabbits are housed
singly. We aimed to compare welfare in single versus paired rabbits. We predicted singletons would show more abnormal or escape
behaviour, greater stress responses to handling, and reduced body temperature (being unable to huddle with another individual when
cold), but that pairs may show aggression. This study was conducted during winter at a rabbit-only rescue centre, and included
45 rabbits, comprising |5 housed singly and |5 pairs. Like most pet rabbits, they were housed either outdoors or in unheated outbuild-
ings. Singletons were mostly in smaller enclosures than pairs. Home-pen observations (40 min) revealed bar-biting in 8/15 single rabbits
compared with 0/30 of the paired ones. No other behavioural effects of social housing reached significance, and enclosure size showed
no significant effects. Body temperature was significantly lower in singletons than pairs, with at least 0.5°C mean difference. On colder
days, rabbits adopted compact postures more, and relaxed postures less frequently. After handling, pairs resumed normal behaviour
significantly more quickly than singletons in the home-pen (3.0 [+ 0.3] versus 8.3 [+ 1.3] s, respectively). Aggression was never
observed. The results indicate that social housing reduces bar-biting, aids thermoregulation, and may help buffer stress. Rabbit owners
should be encouraged to meet the need for rabbits to be housed with an appropriate conspecific in a suitably large, sheltered enclosure.
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Introduction

In the wild, rabbits (Oryctolagus cuniculus) are a social
species, but surveys indicate that between 54 (People’s
Dispensary for Sick Animals [PDSA] 2018) and 58%
(Rooney et al 2014) of UK pet rabbits are kept singly, and
single housing is also common in rabbits kept by UK
breeders (Gosling et al 2018). Approximately 63% of pet
rabbits are kept singly in Australia (Howell ef al 2015),
and around 50% in The Netherlands (Schepers ez a/ 2009)
and the US and Canada (Welch et a/ 2017). This is poten-
tially a violation of one of the Five Needs outlined in the
UK Animal Welfare Act (2006): that “animals should be
housed with, or apart, from other animals as appropriate
for the individual and species”. In a survey of people
buying rabbits in the UK, 60% believed that human
company could suffice instead of a second rabbit, and
40% were planning to keep their new rabbit alone (Edgar
& Mullan 2011). In a Delphi consultation involving
eleven rabbit welfare experts (seven continuing to
completion), inappropriate social grouping was recog-
nised as being a severe and lasting welfare issue, but it
was not selected as a key priority issue for rabbit welfare
(Rioja-Lang et al 2019). There are arguments both for
and against social housing of rabbits.

Potential reasons for solitary housing of rabbits

While a social species, wild rabbits are territorial,
occupying individual burrows within a larger warren where
the habitat allows, and defending them from intruders
(Cowan 1987a,b). Aggression in captive rabbits constitutes
a welfare concern for the victim due to potential wounding
and social stress, as well as possibly for the aggressor,
depending on the reasons for aggression. Rabbits can be
difficult to pair successfully because of aggressive
behaviour (Crowell-Davis 2007). Approximately 48 of
52 pet rabbits housed with at least one other rabbit in a UK
survey showed a degree of antagonistic behaviour (chasing
and mounting), but only four had ever been injured by their
companion, and all owners reported their rabbits’ relation-
ships as ‘friendly’, rather than aggressive (Mullan & Main
2006). In another survey of over 1,000 rabbit owners,
approximately one quarter of rabbits were reported to at
least occasionally show aggression, competition and/or
avoidance towards each other (Rooney et al 2014), so it is
conceivable that in some cases, social housing could nega-
tively affect rabbits. In a study of rabbit preference, both
dominant and subordinate laboratory rabbits showed a pref-
erence to be apart from their pen-mates, but only if the
solitary pen was of equal size and quality to the group pen;
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if it was small and barren, they preferred to be in the home-
pen with their group (Held et al 1995).

Owners’ reasons for solitary housing may include
financial and space limitations (Edgar & Mullan 2011),
concern that rabbits might fight (Crowell-Davis 2007),
and possibly a sense of it being ‘normal’ to own ‘a rabbit’
(eg the current authors’ Google™ search on 9 January 2020
for ‘getting a pet rabbit’ returned 151,000 hits, whilst
‘getting pet rabbits’ returned 906 hits). Importantly,
rabbits may also be kept singly to avoid unintended
breeding if there is a risk that entire rabbits of the opposite
sex are housed together (eg through lack of confidence in
rabbits being accurately sexed [Antinoff 1999], through
reluctance to neuter rabbits [Edgar & Mullan 2011], or at
breeding establishments [Gosling ef a/ 2018]). Unplanned
breeding and thus having too many rabbits is the most
common reason declared for rabbit relinquishments in the
UK (Ellis et al 2017). There may, however, be negative
welfare consequences to solitary housing.

Potential reasons for social housing of rabbits

Tests of motivation, in which rabbits pushed through
weighted doors to access different resources, showed that
rabbits seek social contact almost as much as food, and
more than the other resources tested (a raised platform or
extra space [Seaman et al 2008]) (but see Held et a/ 1995).
This motivation for companionship may be partly due to
perceived security when with a conspecific, via a phenom-
enon known as ‘social buffering’. Consistent with this, lone
pet rabbits behaved more fearfully than socially housed
ones in an open-field test (Schepers et al 2009). In other
social species, social housing also decreased stress
responses to challenges (eg in calves [Bos taurus] [De Paula
Vieira et al 2010] and rats [Rattus norvegicus] [Sharp et al
2002]). Social housing even improved wound-healing rates
compared with rates in singly housed animals (eg in mice
[Mus musculus] [Van Loo et al 2007]).

Single housing may increase the risk of abnormal or escape-
related behaviour. In laboratory rabbits, singletons in
standard cages showed significantly more bar-biting and
digging behaviour compared with paired ones in larger
cages or pens (Podberscek ef al 1991; Chu et al 2004).
Single housing also decreased activity levels and increased
rates of abnormal and escape-related behaviour in rats
(Hurst et al 1997, 1998). It is thus possible that single
housing may decrease activity and increase abnormal or
escape behaviour in companion or shelter rabbits, similarly.

Social housing may also enable thermoregulation via
huddling when ambient temperatures are low or conditions
are damp. Body temperature was significantly higher in
socially than singly housed hamsters (Phodopus sungorus)
(Kauffman et al 2003) and — at night only — mice (Van
Loo et al 2007). This could be important for pet rabbits in
the UK (where temperatures average around 5°C during
winter and regularly drop below freezing at night), because
over 71% of such rabbits are reported to live outdoors or in
unheated sheds or out-houses (Rooney et a/ 2014).

Study hypotheses

We thus predict that compared with single rabbits, those
pair-housed will:

* Be more active and perform less abnormal or escape
behaviour in the home-cage;

* Have warmer body temperatures and, correspondingly,
less compact, heat-conserving postures;

* Have lower heart rates and settle more quickly after
handling and temperature measurement; but

* May show occasional aggression.

This study was carried out at a rescue shelter housing only
rabbits, which held up to 200 animals at the time of the
study. The work was designed with the agreement and
advice of the shelter’s founder and manager.

Materials and methods

Study animals and husbandry

The study comprised 15 single rabbits and 15 pairs of rabbits
(45 rabbits in total). Rabbits received feed pellets (Burgess™,
Pickering, UK) and fresh vegetables daily, water and hay
ad libitum, and were provided with environmental enrichment
(tunnels, artificial warrens and chew toys). Paired rabbits were
housed outdoors in large (1.83 x 0.91 m [length x width])
hutches or walk-in aviaries up to 3.05 x 2.44 m, while single
rabbits were in large indoor or outdoor hutches (1.52 x 0.61,
1.83 x0.61, or 1.22 x 1.22 m), or pens up to 1.83 x 1.22 m. All
enclosures had bars that could be bitten, with more bars in larger
enclosures generally, although the precise area of bars per
enclosure was not quantified. No rabbits were singly housed for
the purposes of the study. Instead, some of the rabbits had
arrived singly at the rescue centre, or their partner had died, and,
after a few weeks of acclimatisation (and after recovery from
neutering if necessary), attempts were made to bond them with
a compatible partner according to the normal procedures at the
rescue centre (Enright 2015). Bonding was usually successful,
but with certain individuals it could take many weeks to find the
right partner if any could be found. Most socially housed rabbits
comprised neutered female-male pairs, but occasionally they
comprised rabbits of the same sex (eg siblings). No bonding
sessions were delayed for the sake of the study.

For inclusion in the study, rabbits had to have been present at the
rescue centre for at least two weeks prior to the start of observa-
tions, and all the pairs established for at least three weeks. The
rescue centre manager advised as to which rabbits would be
suitable for inclusion in the study on the basis of health and
handleability. Only healthy rabbits accustomed to handling were
used. Unwell rabbits or those likely to be particularly fearful or
aggressive during handling were excluded. We did not restrict the
rescue manager’s selection in terms of breed, age, and sex.

Rabbits were habituated to the presence of the observer (PS)
during twice-weekly pilot observations over a period of up
to six weeks, and the observer also assisted with rabbit
husbandry during that time.

The project received ethical approval from the Clinical
Research Ethical Review Board at the Royal Veterinary
College (URN 2015 1372).
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Table | Ethogram of key rabbit behaviour.
Category Behaviour Description Status
Location Front of cage Rabbit's nearest body part is within 2 inches of the front of the pen State
Back of cage Rabbit's furthest body part is within 2 inches of the back of the pen State
Out of sight Observer unable to see rabbit State
Maintenance and Drinking Lapping up water with tongue Event
investigation . . oo . . .
Feeding Taking food material into mouth chewing and swallowing — from food dispenser or floor State
Grooming Self-groom: A full body groom is usually preceded by air-boxing. The forelimbs are licked Event
and passed over the head and ears, prior to licking/nibbling of fur over the rest of the body
Posture Huddled* Two or more rabbits resting in physical contact with each other State
Compact posture Rabbit is stationary with limbs tucked under and ears down State
Relaxed posture Rabbit is stationary with body stretched out and limbs sprawled. Ears may be up State
Resting Stationary in any sitting or lying posture except ‘Compact’, ‘Relaxed’ , and ‘Sleep’ State
which are defined separately
Sleep Lying or sitting with both eyes closed, ears usually flat against the back. Facial State
twitching and rapid eye movements may be seen
Possible abnormal Bar-biting Biting the bars of the enclosure Event
Social Aggressive Biting, chasing, or fighting another rabbit. May include submission, parallel running, Event
behaviour* behaviour circling, tail-flagging, or urine spraying in this aggressive context
Sexual Mounting and/or lordosis. May include chasing, parallel running, submission, circling, Event
behaviour tail-flagging or urine spraying in this sexual context
Social Allogrooming, bowing, nose-nose contact, or nose-tail contact, sniffing each other, Event
behaviour or nudging each other

The ethogram was adapted from Hawkins et al (2008). States were recorded instantaneously at 2-min intervals, whilst Events were
recorded on a one-zero schedule within the 2-min intervals. ¥ Some behaviour was only possible for paired rabbits. For full ethogram,
see supplementary material to papers published in Animal Welfare: https://www.ufaw.org.uk/the-ufaw-journal/supplementary-material).

Behavioural observations in the home pen

Each rabbit/pair was observed for two 20-min periods
between 1000 and 1600h on the same day during January
and February 2015. The two observations were separated by
approximately 2.5 h (mean [+ SEM] = 156.4 [+ 9.4] min)
and timed to avoid mealtimes and husbandry activities. The
observer (PS) stood 0.6-0.9 m from the front of the rabbits’
enclosures and recorded behaviours defined using an
ethogram devised during pilot observations (Table 1).

Every 2 min during each observation period, defined
states, such as posture and location, were recorded
instantaneously, while the frequencies of more fleeting
event behaviours, such as bar-biting or grooming, were
recorded using one-zero sampling during the intervening
2-min periods (Martin & Bateson 2007). For pairs, scan
sampling was used to equitably record the behaviour of
both rabbits within each 20-min period (there was no
need for this for singletons, as only one rabbit was
present). Resource constraints meant it was impossible to
systematically video the behaviour for subsequent blind
inter-observer reliability testing. The observer was aware
of the risk of unconscious bias, and accepted the respon-
sibility of ensuring that the data reflected the rabbits’
behaviour, rather than any presumptions about the harms
or benefits of social housing.

Handling and physiological measurements

To test the social buffering hypothesis, the response of the
rabbits to gentle handling on a table to take their body
temperature was monitored. This was carried out after the
home pen observations and on a different day. All the
rabbits in the study were used to being handled, so relatively
little stress was anticipated, but the precise handling experi-
ence used here was unusual for the rabbits. Handling was
carried out by PS and an assistant, under the advice and
close supervision of the highly experienced rescue centre
manager. The rabbits were monitored closely for signs of
stress (eg proactive responses, such as struggling or
avoidance, and reactive responses such as tension or
‘freezing’). If these were observed the rabbit would be
immediately returned to its carrier and given a treat before
being returned to the home pen.

We used an in-ear thermometer (Braun ThermoScan®
ExacTemp Ear Thermometer, Braun GmbH, Kronberg,
Germany) to take rabbit temperatures. However, during
pilot studies, we discovered that readings were only realistic
for lop-eared rabbits; for rabbits with wild-type ears, the
readings were often implausibly low. This led to numerous
missing values. We continued to use the ear thermometer,
but also used a digital plastic rectal thermometer
(Brannan™, S Brannan & Sons, Cleator Moor, UK) that
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was used at the rescue centre and reported by staff to be
generally well tolerated by the rabbits. To record rectal
temperature, a rabbit was placed on the table, and a
lubricant gel (KY Jelly®, Johnson & Johnson, Maidenhead,
UK) was applied to the anus; one arm was lightly curved
around the rabbit for security and to discourage movement,
but not to prevent it. The thermometer was then gently
inserted into the anus to 1.5 c¢cm depth, the minimum to
ensure the bulb was no longer exposed. The thermometer
was sterilised using Milton™ (Procter & Gamble UK,
Weybridge, UK) fluid between rabbits. At no point was any
rabbit turned onto its back, as is recommended in various
veterinary texts, as this would have caused tonic immobility
(Oxley et al 2018). If any rabbit showed persistent signs of
resistance or relatively intense stress, the process would be
stopped immediately. For paired rabbits, their pen-mate was
close by and within view, inside the carrier used to transport
the rabbits from their pens to the table.

After ear and rectal temperature readings were taken, the
rabbits’ heart rates were monitored using a paediatric stetho-
scope (Littmann® 3100 Electronic Stethoscope, 3M Health
Care, St Paul, USA). To do this, the rabbits’ forelimbs were
elevated slightly and the stethoscope applied to the chest for
20-30 s. The entire handling process lasted 5—10 min per rabbit.

Time to settle was recorded as the latency between being
placed back into their home pen and onset of the resumption
of normal behaviour, specifically eating, drinking, grooming
or re-emerging from their shelter had they entered it.

Statistical analysis

For home-cage behaviour, data were summarised as the total
number of time-points in which each behaviour was
observed (max = 20 for a behaviour observed at every 2-min
interval over the full 40 min). To control for there being two
rabbits per pair and enable contribution of data from all
rabbits to the final dataset, values were averaged for pairs.

Data were analysed using SPSS (version 24, IBM™). For
behaviour and other measured responses that generated
normally distributed model residuals, General Linear
Models were used. Some single rabbits were housed in
enclosures within a barn, so to account for the partial overlap
of single housing with indoor housing, three housing treat-
ments were compared: paired, single outdoors and single
indoors. This variable was used as a predictor when possible.
For variables with too many missing values, this was not
possible, so separate models testing social condition and
then enclosure location were run instead. Other predictors
tested as covariates alongside the housing treatment(s) were
age, days spent at the shelter, rabbit size and enclosure space
per rabbit. Some of the predictors correlated (eg younger
rabbits tended to have been at the shelter for less time than
older rabbits), so if a model could not support both together,
separate models were run, first with one of the predictors and
then with the other. Breed was too diverse to be meaning-
fully included, and sex could not be included because pairs
mostly comprised one rabbit of each sex. The residuals were
checked for normality and responses were transformed using
square-root or log functions if necessary.

For responses relevant to thermoregulation (body tempera-
ture, compact/relaxed posture and huddling), the average
environmental temperature on the day of the measurement
(estimated from http://www.weatheronline.co.uk) was also
included as a predictor to account for some days having
been colder than others.

For temperature, heart rate and time to settle down after
handling, only data from the first rabbit to be handled within
a pair were used in the above analysis, because the first
rabbit had more of an equivalent experience to the single-
tons (the second rabbit had to wait in its carrier while the
first was handled). Additionally, General Linear Mixed
Models were performed to assess whether temperature,
heart rate or settling down was affected by the order in
which the rabbits were handled (first or second within a
pair), alongside the other predictors listed above. There was
no significant order effect so, when the ear temperature
model initially could not run because there were too many
missing values for the first rabbits, the average values for
each of the pairs were used instead for that variable.

When data included many zeros, the data were converted to
binary form and tested using binary logistic regression,
using the same predictors as described above. However,
bar-biting showed complete separation of data (the response
was entirely absent in paired rabbits), so social condition
had to be excluded from the model, and its effect tested
separately using a non-parametric binomial test.

Results

Demographics

Details of rabbit signalment and housing is shown in
Table 2. Just 4/15 singletons were does (females), compared
with 14/30 paired rabbits. There was a wide range of sizes
and breeds in both groups. Singletons were younger than
paired rabbits, with means of approximately one year and
ten months versus three years and ten months, respectively,
and had been at the rescue centre for less time. Two of the
singletons were single because they had previously been in
an agonistic relationship, but all rabbits were successfully
paired after completion of the study.

The enclosures were heterogeneous, with many being hand-
made or donated. Singletons had smaller enclosures than
pairs, but there was a degree of overlap in terms of space per
rabbit, with singletons in the largest enclosures having more
space per rabbit than paired individuals in the smallest social
enclosures (Table 2). Most rabbits were housed outdoors, but
five singletons were housed in enclosures within a barn.

Home pen behaviour

Single rabbits were significantly more likely to show bar-
biting behaviour than paired individuals; whilst over half the
single rabbits showed the behaviour, no paired ones were
observed performing it (singletons bar-biting = 8/15 rabbits;
pairs = 0/15 pairs; P < 0.001; Figure 1). Although single
rabbits had smaller enclosures than pairs (Table 2), space per
rabbit had no significant effect on bar-biting (P = 0.488), and
neither did being outdoors versus in the barn (P = 0.371).
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Signalment

Singletons (n = 1I5)

Pairs (n = 30; |5 pairs)

Sex

Mean (+ SEM) age; (min-max) (years)
Size category (n)

Breed

Proportion arriving single at rescue centre

Estimated time at shelter until handling (days;
median [IQR])

Enclosure size (m?% median [IQR])

Proportion of enclosures in the barn versus
outside

I'l bucks (neutered); 4 does
(3 spayed; | entire)

1.87 (+ 0.43); (0.3-6)

L (x3), M (x5), S (x4), XS (x3)
Dwarf lop (%3), Crossbreed (x3),
English lop (% 1), Harlequin (x1),
Lionhead (x2), Lion lop (x1),

Netherland dwarf (%), Other lop
(*¥2), Rex (1)

1/15
288 (119-378)
111 (0.93-1.45)
5/15

|4 buck-doe pairs (neutered); | buck-buck pair
(neutered)

3.85 (£ 0.35); (1.4-8.4)
XL (x2), L (x3), M (x17), S (x6), XS (x2)

Cashmere (*2), Crossbreed (x8), Dutch (%2),
French lop (xI), Giant Papillon (%), Harlequin
(x1), Lionhead (%3), Netherland dwarf (x 1),
Netherland lop (%), Other lop (*6), Other
non-lop (%2), Rex (x2)

6/30

592 (498-994)

1.95 (1.67-4.46); per rabbit = 0.98 (0.84-2.23)

0/15

Ages and breeds are as recorded by the relinquishing owners or estimated by the rescue centre staff. Rabbit sizes were subjectively
scored by a single observer and ranged from extra large (XL) to extra small (XS).

Figure |

30+

* %

25+

20+

151

Number of rabbits

10+

Paired

Housing

O No bar-biting
M Bar-biting

Single

Numbers of rabbits showing bar-biting. Dark grey = bar-biting was observed; light grey = bar-biting was not observed. ** Single-housed
rabbits were significantly more likely to show bar-biting than pairs (P < 0.001).

https://doi.org/10.7120/09627286.29.2.209 Published online by Cambridge University Press

Animal Welfare 2020, 29: 209-219
doi: 10.7120/09627286.29.2.209


https://doi.org/10.7120/09627286.29.2.209

214 Burn and Shields

Figure 2
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Body temperatures of single and pair-housed rabbits. Temperature was digitally recorded both (a) aurally and (b) rectally. Single rabbits
were analysed separately according to whether they were housed outside or in a barn where possible, but this could not be done for
aural temperature due to missing data (only two of the rabbits in the barn had ear temperature values). * P < 0.05.
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Time taken for paired and single-housed rabbits to settle after handling. * Singletons took significantly longer to resume normal behaviour

than pairs (P = 0.036).

Of the other behaviours that could be performed by rabbits
in both housing treatments and were observed frequently
enough to justify statistical analysis, none differed signifi-
cantly between singletons and pairs or most other predic-
tors. The behaviours tested consisted of: compact posture;
front of cage; resting; digging; locomotion; and grooming.
The only significant effect was that when external tempera-
tures were warmer, rabbits adopted relaxed postures more
(B [+ SEM] = 0.757 [+ 0.355]; F |, = 4.543; P = 0.046), and
compact postures less (B [+ SEM] = —0.755 [+ 0.360];
F ,= 4.404; P = 0.049). External temperature did not
significantly affect huddling behaviour (P = 0.106) — the
mean (+ SD) air temperature during behavioural observa-
tions was 6.6 (£ 3.5)°C.

Paired rabbits huddled together on 5.3 (+ 1.5) of the 20
time-points observed, equating to approximately 26.5% of
their time. They were seen performing active social
behaviour on 6.2 (£ 1.5) of the time-points, equating to
approximately 31% of their time. No aggressive behaviour
was seen at any point in the study.

Body temperature

Single rabbits were significantly colder than paired ones
(Figure 2), both when temperature was measured aurally
(F, ,,= 5.08; P=0.042) and rectally (F, ,, = 4.34; P =0.026).

1,10 22

For rectal temperature, post hoc analyses revealed that single-
tons housed in the barn were significantly colder than outdoor
pairs (p [£ SEM] =-0.647 [+ 0.220]; P = 0.007). The effect
sizes were fairly large; for example, the mean (= SEM) rectal
temperature of singletons was 0.6 (+ 0.1)°C colder than pairs
(paired = 38.3 [+ 0.1]°C; single = 37.7 [+ 0.1]°C). There were
no significant effects of age, size, space allowance, time spent
at the rescue centre, or air temperature on body temperature.
The mean (+ SD) estimated air temperature during the
handling session days was 6.2 (+ 1.8)°C.

Social buffering

Paired rabbits took significantly less time to settle
down and resume normal behaviour after handling than
singletons (tho =5.03; P =0.036; Figure 3). However,
all rabbits resumed normal behaviour within 20 s
(mean [+ SEM] for pairs: = 3.0 [+ 0.3] s; single-
tons = 8.3 [+ 1.3] s).

Mean (= SEM) heart rate was not significantly affected by
social condition (single = 243.5 [+ 7.8] bpm;
paired = 261.8 [+ 15.4]; P = 0.079). Preliminary analysis
had suggested a possible effect, but this disappeared once
body size could be included in the model (Burn & Shields
2015). There were no significant effects of the other predic-
tors on heart rate or time to settle.
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Discussion

This study aimed to compare the welfare of single versus
paired rabbits in terms of home-pen behaviour, thermoregu-
latory ability, and social buffering during potentially chal-
lenging handling. Pair-housing decreased the number of
rabbits bar-biting, appeared to help them maintain a warm
body temperature, and enabled them to resume normal
behaviour more quickly after handling. The implications of
each of these findings will be discussed in turn.

Home-pen behaviour

Most behaviour was not significantly affected by social
condition, but over half of singletons bit the bars of their
enclosures, compared with none of the paired rabbits. This,
despite there being twice as many individual rabbits
comprising the pairs here (ie 0/30 paired rabbits bar-bit
versus 8/15 singletons). This is in accordance with single,
laboratory rabbits being found to perform more bar-biting
(and digging) than those socially housed (Podberscek et al
1991; Chu et al 2004).

The likelihood of bar-biting in this study was not significantly
greater in smaller enclosures but, because singletons had
smaller enclosures than pairs, this remains a potential
confound requiring further investigation, since bar-biting
might be expected to occur more in smaller enclosures. We
were able to separate the effects to some degree, because
space per rabbit could be included within statistical analyses,
and there was a degree of overlap between paired and single
rabbits in available space. In all previous studies comparing
social versus individual rabbit housing, the confound
between social and spatial housing has existed even more
starkly than here, because all singletons were in small cages
and all social groups in large cages/pens with no overlap
(Podberscek et al 1991; Chu et al 2004). It is thus currently
difficult to separate the effects of social condition and space
allowance. In studies investigating the effect of cage size on
rabbit behaviour, smaller cages significantly reduced activity
levels and interaction with the environment, but effects on
bar-biting were not reported, and either singletons only
(Dixon et al 2010; Bignon et al 2012), or group-housed
rabbits only (Buijs et al 2011) were included. One
study — on rats — housed animals in different group sizes
whilst keeping the cage size constant, and found that single-
tons showed significantly more escape-related behaviour
(including bar-biting) than socially housed rats (Hurst et al
1999). Clearly, the effects of social condition and enclosure
size on rabbit behaviour, including bar-biting, need to be
separated in future studies. Nonetheless, in applied contexts,
owners appear more likely to provide larger enclosures if they
have more than one rabbit (Rooney et al 2014; Gosling et al
2018), so in practice the two factors may often be interrelated.

Bar-biting is not uncommon in pet rabbits, with one survey
finding that 26.6% of pet rabbits in Italy performed stereo-
typic behaviour, described as including “bar-gnawing and
cage-pacing” (Normando & Gelli 2011). Bar-biting is
usually an indicator of negative welfare, although it can
have several different causes. In a series of controlled
experiments, mice predominantly chewed bars that formed

the exit route rather than other available bars, suggesting
that the behaviour reflects a motivation to escape (Nevison
et al 1999; Lewis & Hurst 2004). If the same is true for
rabbits, it could mean that singletons here were more
motivated to escape from their pens than pairs.

A further explanation for bar-biting behaviour is that, if it is
very persistent, it can become a stereotypic abnormal
behaviour. Bar-biting can be a stereotypy in many species
including pigs (Sus scrofa), rats and bears (Ursidae) (Mason
& Rushen 2006). In these cases, the behaviour is not only
caused by sub-optimal conditions but can itself cause further
welfare compromise, including oral lesions, dental damage
and — if performed highly perseveratively — animals may
fail to perform sufficient maintenance behaviour. It is not
known if this occurs to such a pathological extent in rabbits.
Nevertheless, whether the bar-biting in singletons is stereo-
typic or an escape behaviour, or both, the fact that over half the
singletons here exhibited the behaviour, compared with none
of the paired rabbits, strongly suggests that single housing
(especially in smaller enclosures) affects them negatively.

There were no effects of social condition on any other
measured home-pen behaviour. It is possible that other
effects might have been observed with more intensive
behavioural observation schedules, including night-time
observation, especially as we were only able to observe
rabbits for 40 min each in total. It is worth noting that, under
the observation schedules used here, the main potential
negative effect of social housing — aggression — was never
observed. This partly confirms observations from another
study carried out at the same rescue centre, which investi-
gated dominance and aggression in 24 pairs of rabbits
(Enright 2015); in those rabbits there was no serious aggres-
sion during three 20-min observations per pair and two
resource competition tests, although nipping was seen in
eight pairs and two pairs showed brief fighting. However,
the absence of aggression may conflict with results from
surveys regarding pet rabbits, where one (Rooney et al 2014)
to three quarters (Mullan & Main 2006) of socially housed
rabbits showed occasional agonism. This could be because
of the short observation window in the current study, but also
because paired pet rabbits may not be typified by these
neutered opposite-sex and sibling pairs, which were
provided with much environmental enrichment and paired
via an iterative matching process (similar to that described
by Guard 2013). In any case, aggression could negate the
otherwise beneficial effects of social housing, so the compat-
ibility of individual rabbits is an important factor to consider.

Thermoregulation

Rabbits were significantly warmer when housed in pairs. The
median aural temperature differed by more than 1°C between
the two groups, and the rectal temperature by approximately
0.5°C; rectal temperatures are more reliable and less variable
than those taken aurally (Chen & White 2006), albeit more
invasive, but the fact that we have found similar significant
effects when using both measurement techniques here consol-
idates the finding. These measurements are likely to be rela-
tively robust to any unconscious bias from the experimenter,
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because both thermometers were digital, giving a final
temperature reading only. This effect of social housing on
body temperature could be important, because colder rabbits
are more susceptible to disease (Small et a/ 1986) and more
likely to die in a clinical context (Di Girolamo et al 2016).

The likely mechanism underlying the temperature difference
found here is unknown. It seems unlikely that the paired
rabbits were showing stress-induced hyperthermia, as
observed in socially stressed rabbits in unfamiliar environ-
ments (Graf et al 2011), because social stress was not reflected
in the behavioural observations, and stress-induced hyper-
thermia is an acute response, whereas the paired housing was
long term. Also, the mean (= SEM) rectal temperatures
(paired = 38.3 [+ 0.1]°C; single = 37.7 [+ 0.1]°C) in the current
study were colder — not warmer — than the usual range
expected for rabbits, which is usually between 38.5 and 39.9°C
(Lee 1939; Gonzalez et al 1971; Chen & White 2006; Di
Girolamo et al 2016). Another reason why paired rabbits were
warmer than singletons could be that only paired rabbits were
able to huddle together if cold — an activity noted on over a
quarter of observations. However, colder external air tempera-
tures did not significantly increase huddling behaviour. This
could mean that rabbits were cold enough to motivate huddling
equally at all the (winter) temperatures within the study period,
creating a ‘ceiling effect’ for huddling. Alternatively, if rabbits
were not especially cold, it could mean that they huddled for
reasons other than thermoregulation, eg for affiliative reasons
or perceived security. Consistent with the current findings,
environmental temperatures between 5 and 23°C did not
significantly affect huddling duration in post-weaned
European rabbits kept in a laboratory (Seltmann et al 2009). In
fact, rabbits were able to maintain a stable body temperature at
ambient temperatures down to 5°C (Gonzalez et al 1971),
temperatures below this appear not to have been tested.

The rectal temperature here only reached significance in
singletons when housed in the barn rather than outside, which
is perhaps surprising. Staff at the rescue shelter suggested that
this could have been because outdoor rabbits were provided
with deeper bedding in anticipation of the cold, and that
outdoor shelters may have been more draught-proof than those
indoors, where the barn was expected to provide additional
protection from the cold. This study was not designed to
compare outdoor versus barn housing, so interpretation of the
result is speculative, and the finding requires replication.

As rectal temperatures here were colder than in other studies
(Lee 1939; Gonzalez et al 1971; Chen & White 2006; Di
Girolamo ef al 2016), it is necessary to consider why this
might have occurred. This is most likely because we inserted
the thermometer to a lesser depth (1.5 cm) into the rectum than
described in most other reports (eg 3 cm: Di Girolamo et al
2016) and rectal temperatures increase with depth (Lee 1939).
At a depth of 2.5 cm, mean rectal temperatures were approxi-
mately 37.5°C (Lee 1939), similar to values in the current
study, although Chen and White (2006) inserted thermometers
only to a depth of 1 cm and obtained a higher mean tempera-
ture of 39.3°C. Our study was also conducted at colder
ambient temperatures than other studies, so it is possible that
this was a contributing factor to the low body temperatures.
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The question remains as to whether the single rabbits here
were cold to the point of discomfort, as their mean rectal
temperature was 37.7°C, which lies below the 37.9°C
threshold defining hypothermia in rabbits (Di Girolamo
et al 2016). We found that rabbits did adopt more compact,
and less relaxed, postures during colder weather; those
behaviours showed no significant differences between the
two social conditions, so rabbits appeared to respond
similarly to cold conditions, regardless of social condition.

Pet rabbit factsheets suggest that UK pet rabbits ‘cope well’
with cold temperatures and do not usually need to be brought
indoors, as long as plenty of bedding and food are provided
and the outdoor shelter is protected from draughts and
dampness (eg Royal Society for the Prevention of Cruelty to
Animals [RSPCA] 2013). However, the fact that the single-
tons had significantly colder body temperatures is still
concerning, especially as most companion rabbits are kept
outdoors or in unheated out-houses and some of these may
not be protected as advised (Mullan & Main 2006; Rooney
et al 2014). Indeed, the rectal temperatures recorded here
suggest that, under certain circumstances, rabbits might
sometimes be colder in an out-house than outdoors. Cold
temperatures were a significant predictor of sub-adult
mortality in wild type European rabbits in a semi-natural
enclosure, with around 10-20% dying when the mean
temperature was 2°C, and approximately 50% dying when
the mean temperature was 1°C (Rodel et al 2004). Leaving
rabbits outdoors in such temperatures should thus probably
be avoided if possible, unless the enclosure can be properly
insulated, and the current results suggest that this may be
particularly important for single rabbits. Some organisations
have recently advised housing rabbits socially, partly to assist
with thermoregulation in cold weather (eg Save a Fluff2018).

Social buffering

Paired rabbits resumed normal behaviour more quickly
after handling, which is consistent with the social
buffering hypothesis, whereby having their pen-mate
present either during handling, afterwards, or both may
have helped them cope with that potential challenge. The
behavioural observations were not conducted blind to the
hypothesis, so the results require confirmation through
further research. However, the current findings fit with the
previously observed increase in open field vigilance in
solitary pet rabbits (Schepers ef al 2009), and examples of
social housing increasing resilience to challenge in other
species (Kikusui et al 2006). In the wider context of pet
rabbits, this implies that social housing might help reduce
stress responses to common challenges, such as nail-
clipping or veterinary treatments.

The heart rates in this study (single = 243.5 [+ 7.8] bpm;
paired = 261.8 [+ 15.4]) lay within the normal reference range
of 198 to 330 bpm for rabbits (Lord ef al 2010), and we did not
find heart rate to be significantly faster during handling of
single compared to paired rabbits. Considering that 61% of pet
rabbits were reported by owners to show some signs of stress
when handled (Rooney et al 2014), perhaps there was a ceiling
effect on heart rate, which could have meant that stress was
equally high during handling regardless of social condition.
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Animal welfare implications and conclusion

Social housing in this rescue centre population appeared to
prevent bar-biting, enable rabbits to maintain warmer body
temperatures in winter, and lead them to resume normal
behaviour more quickly after handling. The results may
apply to pet rabbits as well as those in shelters, as this
population comprised rabbits originally from the pet popu-
lation, and the rescue shelter cared for the rabbits in accor-
dance with best practice for outdoor-housed pet rabbits.
The results suggest that, when possible and when the
compatibility of the individual rabbits is not an issue,
rabbits should be socially housed to safeguard their health
and welfare. It is likely that human company cannot
replace a rabbit companion as some owners believe (Edgar
& Mullan 2011), because humans cannot help with ther-
moregulation or provide stimulation and security on a
constant basis. For rabbits that have to be singly housed,
they should be kept in a warm environment and gradually
habituated to handling using positive reinforcement to
help provide stimulation and resilience. We suggest that
veterinarians, relevant charities and pet shop staff should
help convey this message to current and prospective rabbit
owners, ensuring that the rabbit’s need for companionship
of its own kind is properly and responsibly met.
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