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The concentration of glucocorticoid metabolites (GCM) in rabbit faeces has been suggested as a non-invasive
indicator of stress. In the present study, GCM concentrations weremeasured in faeces of fattening rabbits kept
in groups of eight, at seven different stocking densities (between 5 and 20 animals/m2), with or without
environmental enrichment (a wooden structure used mainly for gnawing and resting). Transport (30 min)
was used as an acute novel stressor to assess the glucocorticoid response to stress under the different housing
conditions. GCM concentrations were elevated post-transport (Pb0.001). Whilst cage size had no influence
on GCM, enrichment reduced GCM concentrations before as well as after transport (P=0.007 in both cases).
Effects of cage size and enrichment on growth characteristics were negligible, whilst enrichment decreased
cagemanipulation and social contact. The results indicate that even short transport durations may be stressful
for rabbits, and that enrichment may decrease housing stress. They suggest that measuring baseline GCM
concentrations in faeces is a useful tool to evaluate chronic stress in rabbits, whilst measuring the response to
a novel stressor did not provide additional insight.
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1. Introduction

Chronic stress has been defined as a series of acute stressors whose
accumulated biological costs force animals into a pathological or pre-
pathological state [1]. Chronic stress is of particular interest to the
study of animal welfare because it can lead to depression of the
immune and reproductive systems, as well as to alterations of brain
structures that result in impairment of functions and mood disorders
[1–3]. There is some controversy regarding the effect of chronic stress
on glucocorticoid (GC) levels. Some have used elevated GC concen-
trations to define chronic stress [4]. Others claim that baseline
concentrations are not elevated during chronic stress, but that the
sensitivity of the hypothalamic-pituitary-adrenal (HPA)-axis is
altered. This would in turn lead to either an amplification [3,5] or
suppression [6–8] of the GC response to stressors different from the
one that caused the chronic stress. Also, there is some debate on how
this response should be defined. Some authors simply use concen-
trations after the novel stressor [9–11], whilst others used the
difference between post-stressor and baseline concentrations [8,12]
or the proportion of the increase from the baseline sample [13].

Although blood samples are most commonly used for the analysis
of GC concentrations, blood sampling itself can induce increased GC
concentrations [14,15]. Furthermore, circadian variations [16], pulsa-
tile secretion and short term stressors [2] influence blood GC
concentrations. These effects are thought to be attenuated when
glucocorticoid metabolites (GCM) are measured in faeces samples
because faeces can be collected without disturbing the animal, and
because faecal GCM reflect the accumulation of glucocorticoids over
several hours [2,15,17]. Small changes in baseline concentrations
resulting from chronic stress that are not detectable by blood analysis
might therefore be detected by quantifying faecal GCM [5]. Although
individual variation in faecal GCM is usually large, using each animal
as its own control can reduce this influence [18]. Increased baseline
faecal GCM concentrations have been reported for rabbits when
exposed to predator odour [19] andwhen predator pressure increased
[20]. Examples in other species include increased CGM metabolites in
zoo-kept rhinoceroses and leopards in response to increased exposure
to the public [21,22].

Space allowance can influence GC levels in the blood [11,13,23],
although this effect may be species specific. Increasing floor space
allowance reduced faecal GCM concentrations in margay (Leopardus
wiedii), but not in tigrinas (Leopardus tigrinus) [24], mink [25] or
chickens [26,27]. Fattening rabbits are usually housed at a stocking
density of 14–20 animals/m2, in groups of 2 to 6 individuals [28]. A
recent study (Buijs et al., unpublished data) showed that nine-week
old rabbits avoided each other's proximity even when stocked at
5 animals/m2, indicating that they would prefer to have more space.
Small cages and high stocking densities are also reported to limit
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rabbits' locomotory, social and resting behaviour as well as their
behavioural variability, and increase fearfulness, aggression, and
redirected grooming and cage manipulation [28,29]. Thus, effects on
GC may be expected as well, but little is known about this to date.
Higher baseline plasma corticosterone concentrations have been
reported for rabbits housed in groups of 5 than for those housed in
smaller groups [30], but since group size was confounded with
stocking density it is unclear which of these two factors caused the
corticosterone increase. However, no difference was observed between
rabbits housed individually or in groups of eight individuals when
stocked at equal density [31], supporting density as the key factor.

Environmental enrichment is thought to alleviate stress in
domestic animals, by making the environment more controllable or
stimulating, and by increasing the possibilities to express species-
specific behaviour [32], thus influencing GC levels [33–35]. However,
some studies report that enrichment decreases baseline GC levels
[10,36], whilst others report no effect on baseline levels, but a
decreased [33] or increased [8] response to a novel stressor. Some of
the differences between studies may be explained by the different
species, enrichment strategies and experimental protocols used. But
until more is known about the effects of chronic stress on the GC
mechanism, it remains important to measure baseline concentrations
as well as response to novel stressors. Studies measuring the effect of
enrichment on faecal GCM are usually limited to baseline values, and
have led to contradictory results. For chickens, enrichment led to
increased baseline GCM concentrations [37], but for tigrinas [24] and
mink [25] enrichment decreased baseline concentrations. Evenwithin
species differences may occur, as some maned wolves were reported
to respond to enrichment with an increase in baseline faecal GCM,
whilst in other individuals GCM decreased in response to the same
enrichment [38].

In the only study on the effects of enrichment on GC in rabbits, no
differences in blood corticosterone concentrations were found for
rabbits housed individually in barren cages and those in enriched
group cages [31]. However, the enrichment did not include gnawing
materials, the most common type of enrichment for rabbits. Wooden
sticks have been reported to reduce bar-biting, aggressiveness,
alertness and self grooming, to increase allogrooming, social contact
and hopping, and to improve some production characteristics,
although these results are not consistent between different studies
[39]. The housing system (individual vs. group-housed) and type of
material influence gnawingmaterial usage [40,41] andmay be at least
partially responsible for the inconsistencies between studies [39].
There is therefore a need for further studies on the effect of
enrichment on GC in rabbits.

The aim of this experiment was to evaluate the effect of increased
cage size and environmental enrichment on rabbits' baseline GCM
concentrations as well as their GCM response to a novel stressor.
Transport was chosen as stressor because of its practical relevance,
and because it increases blood GC concentrations in rabbits [42] and
faecal GCM in other species [21,43]. To our knowledge, the effect of
providing gnawing material on rabbit GC levels has not been studied
before. The expectation was that smaller cages would lead to
increased stress levels, expressed by a higher GCM baseline or an
altered GCM response to transport. In contrast, enrichment was
expected to alleviate some chronic stress and thus decrease baseline
GCM concentrations and the response to transport. In addition the
effect of cage size and enrichment on behaviour, average daily gain
and feed conversion were scored.

2. Methods

2.1. Animals and housing

Crossbred meat type rabbits (n=672, Dams: New Zealand
White×Californian, Sires: New Zealand White and Large Butterfly,
the last breed was used to obtain progeny with different fur colours to
facilitate handling and behavioural observations) were bred at the
test facility. Kits were handled twice in the first week post-partum:
picked up from the nest, stroked, and kept in a container with their
siblings for about 2 min. This was done to decrease fear of humans
[44] and thus increase ease of handling during the experimental
period, during which the animals had to be handled repeatedly to
assess production characteristics. At 30 days of age the rabbits were
weaned, tattooed in the ear for individual recognition and distributed
over the experimental open-top wire cages in groups of 4 males and 4
females. No siblings were present in any one cage and the distribution
of the animals over the treatments was balanced for genotype. Cages
were 100 cm long and 160, 107, 80, 64, 53, 46 or 40 cmwide, resulting
in stocking densities of 5; 7.5; 10; 12.5; 15; 17.5 and 20 animals/m2,
respectively. With the exception of the cages of 46 and 40 cm wide,
half of the cages were enriched with a ⊔ shaped wooden structure
(40×20×20 cm, l×w×h) that could be used as a shelter, gnawing
substrate, and as a way to avoid contact with the wire floor. Physical
space limitations meant that no enrichment was offered in the
smallest two cage sizes. The study consisted of 3 experimental
replicates, and in total 12 unenriched cages were set up for each of the
two smallest pen sizes, and 6 enriched and 6 unenriched cages for
each of the five largest cage sizes. Dead animals were replaced during
the first two weeks of the rearing phase. No later replacements were
made to avoid disruption of the social structure within the groups
which may alter GC levels. Ambient temperature was kept at 20 °C
throughout the fattening period by means of central heating and air
conditioning. A light schedule of 8 h light, 12 h dark and 2×2 h of
twilight (decreased light intensity) was used (twilight: 6 am–8 am,
light 8 am–4 pm, twilight 4 pm–6 pm, dark 6 pm–6 am). Water and
food (a commercial rabbit fattening diet) were available ad libitum
from 2 nipples and 4 feeders per pen, respectively.
2.2. Transport and faecal sample collection

At 75 days of age (i.e., around commercial slaughter age)
individual animals were carefully picked up from their cages, crated
together with their cage mates, transported in a van for 30 min, and
then returned to their cages. Faeces were collected by placing fine
wire netting boxes underneath the cages. As such, each sample
contained faeces from all animals in the pen. Urine could pass through
the netting, thus separating it from the faeces. Collection took place
from 18 to 8 h before transport, and from 6 to 16 h after transport
(thus, at the same time of day). This schedule was chosen to assure
that each individual in the pen would excrete its peak GC sample
within the collection period. Faecal GCM are reported to peak around
12 h after an acute stressor, but some individuals deviate from this
mean [19]. After collection, samples were frozen directly and
stored at −20 °C until analysis.
2.3. Glucocorticoid analysis

Faecal samples were analysed using a 5α-Pregnane-3β,11β,21-
triol-20-one enzyme immunoassay (EIA). Since rabbits produce
both corticosterone and cortisol [14,45,46], an antibody that picks
up the metabolites of both hormones was used. This antibody had
previously been proven suitable for quantifying GC metabolites in
faeces of rabbits [19], mountain hare [47], and a number of
rodents (mice: [15]; rats: [48]; ground squirrels: [49]). In brief,
0.5 g of homogenised faeces was suspended in 80% (v/v) methanol
and shaken for 30 min. After 1:100 dilution with assay buffer,
duplicates of 50 μl each were measured in the EIA as described in
detail by [50]. Intra- and interassay variations were 10% and 11%,
respectively.
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Fig. 1. GCM concentrations in faeces of rabbits housed without and with environmental
enrichment (LSMEANS+SEM). Faeces were collected before and after a novel stressor:
30 min of transport.

471S. Buijs et al. / Physiology & Behavior 104 (2011) 469–473
2.4. Behaviour

Video recordings weremade at six and nineweeks of age. Each cage
was recorded three days per week, nine times per day. Behaviour was
analysed by scan sampling the number of animals performing lying,
stationary (sitting or standing), locomotor (hopping, running, frolicking
and rearing), ingestive (eating and drinking), social (sniffing, licking,
nibbling and grooming another rabbit), comfort (self-grooming and
stretching), cage manipulation (excluding manipulations of the enrich-
ment), and agonistic (aggressive and avoidance) behaviour. Occurrence
was averaged per scan and subsequently averaged over the nine
observations per day.

2.5. Growth characteristics

Average daily gainwasmeasured on an individual level byweighing
the animals at 30, 44, 58, 63 and 70 days of age. Feed conversion was
determined on the same days, but was measured at the pen level
because feed intake could not be determined individually since all
animals in one cage could eat from all four feeders.

2.6. Statistical analysis

All statisticswere performed in SAS 9.1.3. A paired t-testwas used to
compare pre-and post-transport GCM concentrations. The response to
transport was calculated in twoways using each cage as it own control:
Table 1
Significant effects of enrichment and cage size on behaviour. LSMEANS are displayed as pe
(Pb0.05 after sequential Bonferroni correction), as do means within a column lacking a com

Behaviour Enrichment Cage size LSMEANS Cage size

0.40 0.

Ingestive F6,69=2.5
P=0.030

12.0a 10

Resting F6,69=4.0
P=0.002

65.0ab 66

Stationary F6,69=4.2
P=0.001

31.6bc 29

Other F6,69=4.1
P=0.002

69.2ab 71

Social F1,52=15
Pb0.001

F6,39=3.6
P=0.007

Unenriched 2.0b 1

F4,25=3.2
P=0.030

Enriched

Cage manipulation F1,56=11 Unenriched
P=0.002 Enriched
by subtracting pre-transport GCM concentrations from post-transport
ones, and by dividing post-transport concentrations by pre-transport
ones. To study the effects of housing, GCM concentrations were
analysed on cage level, treating duplicates as repeated measures, in a
mixed model including cage size, enrichment and their interaction as
fixed factors and experimental round as a random factor. As only
unenriched cages were available for the smallest two cage sizes,
analyses of the enrichment effect and the enrichment×cage size
interaction were conducted on a subset containing the 5 largest cage
sizes only. Cage size effects were subsequently studied for enriched and
unenriched cages separately. Data on behaviour and growth charac-
teristics were analysed in the same way as the GCM concentrations,
except that age (and its interaction with the other fixed factors) was
added to the model, and that observations on the same cage were
treated as repeated measures.

3. Results

Concentrations of GCM were significantly elevated after transport
(t83=8, Pb0.001, Fig. 1). GCM concentrations were lower in enriched
than in unenriched cages before, as well as after, transport (before
transport: F1,58=7.9, P=0.007, after transport: F1,56=7.8, P=0.007).
The response to transport did not differ significantly between unen-
riched and enriched cages, regardless of whether this was calculated by
subtracting pre-transport GCM concentration from post-transport ones
(F1,52=0.09, P=0.8) or by dividing post-transport GCM concentrations
by pre-transport ones (F1,52=1.31, P=0.3). No significant effect of cage
size or cage size×enrichment on pre- or post-transport GCM concen-
trations, or on the response to transport was found (all PN0.3).

Significant effects of enrichment and cage size on behaviour are
displayed in Table 1. Agonistic behaviour occurred in only 0.05% of the
scans and visual inspection of the data did not indicate an effect of
enrichment or cage size. Therefore no further analysis was performed
for this type of behaviour. Comfort and locomotor behaviour were not
affected by enrichment or cage size. Ingestive behaviour was
decreased in 0.64 m2 cages, but did not show a consistent pattern of
increase or decrease with cage size. Resting occurred more often in
the two smallest cage types than in the two largest cage types, whilst
the opposite was found for stationary behaviour. Social behaviour
peaked in cages of 1.07 m2 and both social behaviour and cage
manipulation occurred more frequently in unenriched than in
enriched cages.

Feed intake did not differ between unenriched and enriched cages
(F1,52=2.6 P=0.232), but feed conversion was slightly better in
unenriched cages than in enriched ones (Table 2). In the last week of
fattening, average daily gain was slightly higher in the unenriched
rcentages. Means within a row lacking a common lowercase letter differ significantly
mon uppercase letter.

Overall SEM

46 0.53 0.64 0.80 1.07 1.60

.7ab 10.3ab 9.5b 10.6ab 11.5a 10.3ab 0.01

.6a 64.6abc 64.4abc 61.5bc 60.8c 61.0c 0.02

.8c 32.4abc 32.3abc 35.2ab 35.5a 35.6a 0.01

.5a 70.7a 72.2a 70.2a 66.5b 70.1a 0.01

.6b 1.6b 2.2b 2.0b 3.5a 2.4b 2.3X 0.003

1.1b 1.5b 1.4b 2.4a 1.5ab 1.6Y 0.003

2.6X 0.002
1.8Y



Table 2
Significant effects of enrichment and cage size on growth characteristics. Means within a row lacking a common lowercase letter differ significantly (Pb0.05 after sequential
Bonferroni correction).

Cage size Enrichment Enrichment×age LSMEANS SEM

Average daily intake
per rabbit (g)

F6,75=2.6
P=0.026

Cage size (m2) 0.40 0.46 0.53 0.64 0.80 1.07 1.60
146.9b 147.0b 148.3b 149.0ab 149.8ab 152.9ab 155.0a 2.1

Feed conversion F1,52=5.6
P=0.021

Unenriched Enriched
3.2b 3.3a 0.2

Average daily gain
per rabbit (g)

F3,1846=2.6
P=0.049

Unenriched Enriched
Days 30–44 47.1 48.1 1.6
Days 44–58 46.4 47.0
Days 58–63 47.5 47.2
Days 63–70 48.1a 45.3b

472 S. Buijs et al. / Physiology & Behavior 104 (2011) 469–473
cages than in the enriched ones. Feed intake was greater in cages of
1.60 m2 than in those ≤0.53 m2, but this did not lead to a significant
effect on average daily gain or feed conversion.
4. Discussion

GCM concentrations in rabbit faeces were elevated after transport.
Whilst no effect of cage size was apparent, pre-transport and post-
transport GCM concentrations were lower in cages equipped with a
wooden enrichment structure. Our results seem to support the theory
that analysis of faecal GCM concentrations can pick up baseline
differences caused by chronic stress [5] and to contradict the theory
that chronic stress leads to an altered response to a novel stressor
without an associated effect on baseline levels [3,5].

It is possible that our 6 week treatment period was too short to
result in altered HPA-reactivity without associated effects on GCM
baselines. In that case, the higher baseline GCM concentrations in
unenriched cages may represent the animals' continued attempt to
adapt their GC response to their environment. The notion that the
rabbits were in the earlier stages of their stress response is supported
by the fact that the higher baseline GCM concentrations were not
accompanied by reduced weight gain, worse feed conversion or
greater fearfulness [51]. On the other hand, the higher post-transport
GCM concentrations for unenriched cages may indicate that the stress
associated with unenriched cages had already led to a stronger
response to other stressors, which is reported as an indicator of
adaptation to chronic stress [3,9–11]. However, such a conclusion
would only be valid if the ‘response’ to the novel stressor is defined by
post-stressor levels, as no effect of enrichment was found on the
difference between post-stressor and pre-stressor concentrations (as
used by [8,12]). Possibly such post–pre differences were not found in
the present study because of the long sampling interval (10 h). Such a
long interval was used to maximise chances that all individual post-
transport excretions peaks occurred within the sampling interval, but
it may also have diluted the sample. Future research may study the
effects of more prolonged exposure to enriched vs. unenriched
treatments, or employ multiple shorter sampling intervals to see if a
difference between post-stressor and pre-stressor values would occur
at a specific part of the interval. However, the period of the present
experiment covers the normal lifespan of fattening rabbits in modern
husbandry systems and so reflected the real situation for rabbits kept
commercially. Even though it is unclear whether the observed effects
were due to being accustomed to, or getting accustomed to, barren
housing conditions, rabbits kept in these conditions showed higher
GCM concentrations. The higher GCM concentrations could not be
attributed to a higher overall activity. However, the greater occurrence
of cage manipulation and social contact in the unenriched cages may
indicate that the rabbits redirected their urge to gnaw to less suitable
substrates when no enrichment was provided. Since GCM concentra-
tions were previously found to increase under circumstances thatmay
be expected to be stressful (exposure to predator odour [19], increased
predation pressure [20]), this suggests that welfare was compromised
in the unenriched cages. Together with the previously reported
positive effects of gnawing material on behaviour [39], this supports
the call for enrichment in rabbitries. However, despite previous
positive effects on production [39], enrichment did not have a
favourable effect on growth characteristics in our study.

The lower baseline faecal GCM concentration in enriched, but not
in larger, cages is similar to what was previously described for mink
[25]. The absence of a space allowance effect is in accordance with
another study in rabbits [31], and with results of faecal GCM
measurement in several other species [25–27]. Nevertheless, it
contrasts with another study on the effects of space allowance on
rabbit GC concentrations [30], but this discrepancy may be explained
by the specific selection of subordinate animals these authors made.
Because the aim of our experiment was to assess GC levels of group
housed rabbits non-invasively, faecal samples were collected from
underneath the wire floor. Therefore samples could not be linked to
individuals, and contained faeces of subordinate as well as dominant
animals. Thesemay have been influenced differently by cage size, thus
adding to individual differences in GCM concentrations. An effect of
stocking density on GCM concentrations has previously been
described for individually sampled mice [52]. The previously
described increase in fearfulness and aggression with increasing
density [28,29] did not occur in our study either [51], supporting our
GC data. Analysis of the rabbits' spatial distribution (Buijs et al.,
unpublished data) showed that the rabbits avoided each others'
proximity even in the largest cages, suggesting that even these cages
forced the animals in closer proximity than preferred. Thus, it is
possible that the lack of a cage size effect on faecal GCM could be due
to the fact that all cage sizes tested induced an increase in GCM.
Alternatively, the use of relatively large group sizes (8 animals per
pen) may have decreased the effects of space allowance, as larger
groups have more opportunity to share space [53].

In summary, the results support the theory that measuring
baseline concentrations of GCM in faeces may be a useful tool to
evaluate chronic stress in rabbits and suggest that environmental
enrichment may decrease housing stress in this species.
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