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Behavioral Effects of Cage Size and
Environmental Enrichment in New Zealand
White Rabbits
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One of the goals of environmental enrichment is to encourage species-typical behaviors, while discouraging abnormal
behaviors or stereotypies. Assessing the effectiveness of various enrichment modalities can be challenging, particularly for
prey species such as rabbits that exhibit freezing responses in the presence of people. In this study, we housed rabbits in 3
different sized cages and observed their behaviors. The 3 cage sizes were our standard rabbit housing cage, a medium sized
cage, and a large run. Based on analysis of the recordings, ethograms were constructed and behaviors were quantified. The
rabbits in large runs spent more time performing active, exploratory behaviors (431 £ 74 s) than rabbits in the standard cages
(184 + 55 s). However, space constraints inside research facilities often make it impractical to house rabbits in large runs.
Therefore, we decided to explore if enrichment devices could promote the expression of active behaviors, similar to those
displayed by rabbits housed in the large runs. We selected 3 devices: a hanging toy, a destructible device, and a dig bin. All
3 enrichment devices promoted more time spent performing active, exploratory behaviors (389 + 48, 463 + 50, and 420 + 44 s,
respectively), compared with control rabbits housed without an enrichment device (226 £ 53 s). We also analyzed the fecal
glucocorticoids of rabbits after shipping or surgery to determine if enrichment devices could mitigate the physiologic impact
of these stressors. We found no significant differences in fecal glucocorticoid levels between rabbits that experienced the
stressor and rabbits that did not, or between rabbits with or without enrichment devices. Overall, the provision of larger
caging and/or addition of enrichment devices encouraged a broad spectrum of active, species-typical rabbit behaviors, sug-

gestive of improved animal welfare.

Abbreviations: NZW, New Zealand White; FRAP, frenetic random activity periods
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A primary goal of laboratory animal medicine is to im-
prove the welfare of the animals used in research. However,
our ability to meet this goal is complicated by the challenge
of distinguishing true improvements in animal welfare from
perceived improvements. Social housing, environmental
enrichment, and cage size have all been identified as ways
to potentially improve animal welfare.#1.151926 However,
the use of any particular strategy may not be applicable to
all species, as some animals may be threatened by housing
with conspecifics, intimidated by overly complex environ-
ments, or feel vulnerable in large open spaces.2*¢ Thus,
we sought to determine which specific components of
enrichment programs truly improve the animal’s welfare.
Methods that are commonly employed to evaluate animal
welfare include the display of species-typical behavior, the
reduction of abnormal behaviors, and the assessment of
levels of physiologic markers of stress such as glucocor-
ticoids.-2491018 The overarching goal of this project was
to test the hypothesis that increased cage size and/or the
provision of various enrichment devices could improve the
welfare of laboratory rabbits, as evidenced by an increase in
species-typical behaviors, a reduction in abnormal behav-
iors, and decreased fecal glucocorticoid levels.
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Materials and Methods

All work on rabbits was conducted at the University of Illinois
at Chicago (UIC), a fully AAALAC-accredited institution, and
was reviewed and approved by UIC’s IACUC. Rabbits were
acquired under alternate IACUC-approved protocols, used for
the present noninvasive study, and subsequently transferred
back to the original protocol. Purpose-bred male and female
New Zealand White (NZW) rabbits (Charles River), aged 3 to
4 mo (1.4 to 2.3 kg) were brought into the facility and singly
housed upon arrival. All rabbits except those on Study 3 were
acclimated to the facility for at least 2 wk prior to participating
in these studies. They were fed a commercial diet (Teklad 2031
High Fiber Rabbit Diet), provided ad lib city of Chicago water
through an automatic watering system or water bottles, and
exposed to a 14:10-hr light:dark cycle. Pans were changed twice
weekly and cages were sanitized every other week. Standard
enrichment consisted of a hard dumbbell device (Lab Supply,
K3224) for chewing that was changed out and cleaned with cage
change as well as food enrichment (such as fruits, vegetables,
or hay) 3 times weekly.

Study 1. Ethogram Construction and Cage Size Evaluation.
The objective of the first study was to construct an ethogram
of the behaviors performed by laboratory rabbits and to evalu-
ate any behavioral changes seen when rabbits were housed in
various-sized cages. To accomplish this, 6 adult NZW rabbits
(2.4 to 3.6 kg, 3 males and 3 females or 3M/3F) were removed
from their home cage and placed in a clean test cage with no
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enrichment material. The test cages consisted of a standard
housing cage (stainless steel cage with interior dimensions of
63.5 x 75 x 40.5 cm (depth x width x height)), a medium-sized
cage (stainless steel cage with interior dimensions of 71 x 114 x
68.5 cm), and a large cage (run with dimensions of 165 x 178 x
244 cm) (Figure 1). A rubber mat was added to the floors of the
medium and large cages to facilitate grip. Water was available;
however, rabbits did not drink during the observation periods
when in new clean cages.

The rabbits were left alone and their activity was video
recorded for 120 min (TO to T120 min), after which they were
returned to their home cage. The activity of each rabbit was
recorded in each cage size on different days. Initially, 2 rabbits
were randomly assigned to each test cage size. The rabbits were
then cycled through the remaining cage sizes in the following
days. All recording sessions took place in the early afternoon
(approximately 1300 to 1500).

After a general evaluation of the video recordings, an
ethogram of behaviors was constructed (Figure 2). Once the
ethogram was established, videos were analyzed for behaviors
using the constructed ethogram as a metric. Behaviors were
quantified either as timed duration of a behavior or counted
instances of a behavior. Three behaviors were quantified based
on time spent performing the behaviors; these were exploring,
grooming, and resting, as defined in Figure 2. The rabbits were
considered to be performing one of these 3 behaviors at all times.
Three other behaviors were quantified as number of individual
occurrences of the behavior; these were rearing, digging, and
frenetic random activity periods (FRAP, also known as “bink-
ies”), as defined in Figure 2. Both the time spent grooming and
individual instances of grooming were measured. To determine
differences in activity and behavior, we analyzed 2 5-min pe-
riods of time in the recording window. We analyzed behaviors
displayed at T10 to T15 min and at T115 to T120 min. These
timepoints were selected based on observations of the initial
2-h recordings, which revealed that these 2 intervals provided
a good representation of the full spectrum of laboratory rabbit
behavior.

Study 2. Enrichment Evaluation. The goal of the second study
was to evaluate behavioral outcomes when various enrichment
devices were provided to rabbits in standard housing cages. To
accomplish this, adult NZW rabbits (2.2 to 3.6 kg) were given
various novel enrichment devices in their home cage and video
recorded for 120 min. Four groups were tested (3 different en-
richment devices and a control group with no device), and 8
rabbits (2M/6F) were recorded in each group. The first device
was a wire ball with a bell (Pet’s Warehouse, SKU 007136) that
contained Timothy hay (Oxbow Animal Health) and was hung
at the top of the cage door (“hanging toy”, Figure 3 A). The
second device was a plastic bin (ULINE, S-16278BLU) that was
filled with clean corncob bedding (Teklad 7097) with Timothy
hay scattered within the bedding (“dig bin”, Figure 3 B). The
third device was a hand-constructed destructible paper origami
box (approximately 8 x 8 x 8 cm) that was filled with Timothy
hay (“destructible device”, Figure 3 C). The standard enrichment
was removed from the cage and rabbits were presented with
the novel devices immediately before the recording session.
After the recording session, the novel devices were removed
and standard enrichment replaced. All of the novel devices
were either cleaned or replaced between recording sessions and
refilled with fresh Timothy hay and/or bedding. All recording
sessions took place in the early afternoon (approximately 1300
to 1500). The videos were analyzed as described previously, with
an additional counted behavior of device interactions, which
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Figure 1. Test cages used for this study included (A). Standard rabbit
housing cage with interior dimensions of 63.5 X 75 x 40.5 cm (depth x
width x height), (B). Medium sized stainless-steel cage with interior
dimensions of 71 x 114 x 68.5 cm, and (C). Large cage or run with
dimensions of 165 x 178 x 244 cm.

was defined as a purposeful touching of any part of the novel
enrichment device. During the enrichment study, drinking or
eating were considered in the “exploring” category/definition.
Defecation was not counted or analyzed.

Study 3. Enrichment and Fecal Glucocorticoid Evaluation after
a Stressor. The primary goal of the third study was to determine
if enrichment devices could reduce physiologic markers of
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Behavior Definition

Exploring Animal is actively moving around in the enclosure, sniffing or chewing, standing on four legs, eating,
drinking, digging, rearing, playing, FRAP, but not grooming

Grooming Animal is licking or lightly chewing at its fur, rubbing or scratching itself with its paws, or otherwise
performing self-directed cleaning behavior

Resting Animal is sitting still, laying down, may be sleeping, but is not moving around or grooming

Digging Animal is using forepaws to scratch at ground or object

Rearing Animal is up on both hind legs, neither foreleg is touching the ground

FRAP (binkies) Animal exhibits a “frenetic random activity period”, hops or jumps into the air, runs around, may twist

body or head around, quickly moves from a standstill

Figure 2. Ethogram of rabbit behaviors seen in our facility with included definitions of each specific behavior.

Figure 3. Enrichment devices used for this study included (A) Hanging toy, (B). Dig bin, (C). Destructible device, as well as (D). Standard enrich-

ment dumbbell device.

stress. After experiencing shipping, an event known to be stress-
ful, rabbits were provided with enrichment devices. We tested
the hanging toy and destructible device because results from
Study 2 demonstrated that rabbits spent significantly less time
grooming with these devices as compared with rabbits with no
enrichment device. These devices were also simple to construct

and less labor-intensive than the dig bin and thus more likely
to be implemented on a wide scale. A secondary goal was to
determine if device usage decreased over time as the devices
became familiar to the animal.

Sixteen adult NZW rabbits (1.4 to 2.1 kg) were given different
enrichment devices upon entering the facility after shipment
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from the vendor (Day 1 = day of arrival). They were housed in
standard caging and were exempt from receiving the standard
enrichment dumbbell device; however, all rabbits did receive
standard food enrichment of fruits, vegetables, or hay 3 times
weekly. Three groups were tested (hanging toy n = 6, IM/5F; de-
structible device n = 5, 1M /4F; and control with no enrichment
device n =5,2M/3F). Rabbits had access to the novel enrichment
devices at all times and the devices were refilled with fresh hay
(hanging toy) or replaced (destructible) daily. Video recording
and analysis took place as described previously on Day 2 and
Day 6 to evaluate device usage as the devices become less novel
to the animals. Fresh fecal samples were collected from the pans
on Days 1, 3, 5, and 7. To collect the samples, a new pad was
placed in the floor of the pan. Fecal samples were collected from
the fresh pad 2 h later and stored at -80 °C until glucocorticoid
analysis was performed.

We also elected to evaluate changes in fecal glucocorticoid lev-
els associated with a controlled stressful event, as fecal samples
could not be collected either before or during shipment. Eleven
NZW rabbits (1.9 to 2.2 kg) were housed in standard housing
and received the standard enrichment. Two groups were tested
(n =5, 5M/0F, rabbits undergoing a surgical procedure under
another approved protocol and n = 6, 4M/2F, rabbits not under-
going a surgical procedure). Fecal samples were collected every
day as described above, starting one week before surgery and
continuing for one week after surgery. All fecal samples were
sent to the St Louis Zoo Endocrinology Department for analysis
as described below.

Fecal hormone extraction. Approximately 0.5 g of wet fecal
material was weighed and then shaken overnight in 5 mL of a
modified phosphate-saline buffer containing 50% methanol.??
Liquid extracts were decanted and solids were removed through
centrifugation at 4000 x g. Supernatants were then frozen at
-80 °C until assay. Fecal material was placed in a drying oven
overnight at 100 °C.

Glucocorticoid assay. Fecal glucocorticoid levels were
determined using a commercially available corticosterone
radioimmunoassay (DA Corticosterone kit, ICN MP Biomedi-
cals). The lower detection limit of the assay was 0.26 ng/mL and
upper detection limit was 20 ng/mL. The assay was performed
according to manufacturer’s protocols, with the exception
that standard diluent was added to the fecal extracts and fecal
extraction buffer (containing 50% methanol) was added to the
standards. Concentrations were determined as ng/mL, and
then divided by the dry weight of extracted feces to give the
results as ng/g feces. All samples were assayed in duplicate.
Mean intraassay variation of duplicate samples was 8.8%; mean
interassay variation of 2 quality control pools was 6.7%.

Assay validation. Fecal extracts were tested for linearity by
performing serial dilutions of 5 samples that contained high
levels of fecal glucocorticoids by 1/2,1/4,1/8, and 1/16 with
extraction buffer. Serial dilutions of fecal extracts measured an
average of 91 £ 2% of expected values for corticosterone.

The accuracy of the assay was assessed by adding a known
amount of corticosterone to 5 fecal extracts containing low
values of fecal glucocorticoids. Addition of known amounts of
hormone at 3 dosage levels resulted in recovery of 102 + 3% of
added corticosterone.

Statistics. For statistical analyses, the raw data were assessed
for normal distribution, after which the data were compared
between groups using one-way ANOVA with Tukey-Kramer
or Dunnett posthoc tests applied as needed. All statistical
analyses were conducted by using JMP 14.3 software (SAS
Institute, Cary, NC). Summary data are expressed as mean
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Standard Cage

Medium Cage

Large Cage
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Figure 4. Average proportions of time rabbits spent performing ex-
ploring, grooming, or resting behaviors while in a standard sized cage,
medium cage, or large cage. Asterisk (*) indicates a statistically signifi-
cant difference in amount of time spent performing that behavior com-
pared with the amount of time spent performing the same behavior in
the standard size cage (P < 0.05).

+ SEM and differences with a P value of less than 0.05 were
considered significant.

Results

Study 1. Ethogram Construction and Cage Size Evaluation. The
rabbits showed a number of species-typical behaviors (Figure 2)
that are similar to those seen in wild rabbits.> Rabbits were con-
sidered to be performing one of 3 timed behaviors (exploring,
grooming, or resting) at all times. The individual instances of
rearing, digging, FRAP, and grooming behaviors were counted
(defined in Figure 2).

Rabbits in the large cages spent significantly more time
exploring (431 + 74 s, n = 6) than did rabbits housed in the
standard cages (184 £ 55 s, n = 6; P < 0.05) (Figure 4). The
rabbits in both the medium (71 + 18 s, n = 6) and large cages
(24 £ 9 s) spent significantly less time grooming than did the
rabbits in the standard cages (207 £ 37 s, P < 0.05) (Figure 4).
The amount of time spent resting did not differ significantly
between the 3 cage sizes. The differences between groups
in number of instances of rearing (standard cage 8.7 *+ 4.6;
medium cage 7.5 * 2.6; large cage 15.7 = 6.2); FRAP (1.8 +1.2;
4.8 £3.6; 6.5 = 3.1 respectively), digging (0 +0;2.2+1.9; 1.8 +
1.3 respectively); and grooming (8.8 +2.1; 6.0 +1.1; 3.7 £ 1.2
respectively) were not statistically different (n=6 per group)
(Figure 5). No significant differences were seen between sexes
in any group (data not shown).

Study 2. Enrichment Evaluation. The rabbits given the hang-
ing toy (n = 8, 389 + 48 s), the destructible device (n = 8, 463 *+
50 s), and the dig bin (n = 8, 420 * 44 s) all spent significantly
more time exploring than control rabbits that did not have an
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Figure 5. Average number of instances + SEM of each of the specific behavior (A) rearing, (B) FRAP, (C) digging, and (D) grooming performed

by the rabbits in the various sized cages.

enrichment device (n =8,226 £53 s, P <0.05) (Figure 6). Rabbits
given the hanging toy (20 + 11 s) and destructible device (15+13
s) also spent significantly less time grooming than did control
rabbits (146 =51 s, P < 0.05) (Figure 6). Comparison of rabbits
that received one of the 3 different enrichment devices (hang-
ing toy, destructible device, and dig bin) showed no significant
differences in the amount of time spent performing any of the 3
timed behaviors (exploring, grooming, and resting) (Figure 6).
The time spent resting did not differ significantly between any
of the groups, including the control group without an enrich-
ment device (Figure 6).

The number of instances of grooming was significantly lower
in each of the enrichment device groups (hanging toy 2.5+ 1.1,
destructible device 1.9 + 1.6, dig bin 4.8 + 2.2) compared with
the control group (13.3 + 2.8, P < 0.05) (Figure 7). The number
of instances of grooming did not show any statistically signifi-
cant differences between the rabbits that received the hanging
toy, destructible device, or dig bin (Figure 7). The number of
instances of rearing, digging, and FRAP did not differ signifi-
cantly between any of the groups, including the control group
(Figure 7).

The rabbits showed significantly more interactions with the
destructible device (33 +4) than with either the hanging toy (20
+5) or the dig bin (22 + 4, P <0.05), with no significant difference
in number of interactions between the hanging toy and the dig
bin. No significant differences were seen between sexes in any
group (data not shown).

Study 3. Enrichment and Fecal Glucocorticoid Evaluation
with Stressor. The primary goal of this study was to analyze
fecal glucocorticoids to determine if enrichment devices could
mitigate the physiologic effects of a stressful event. However,
fecal glucocorticoid levels did not differ significantly between
any of the groups at any time point, or between animals that
had recently arrived to the facility and animals conditioned to
the facility (data not shown). This negative finding prompted us
to evaluate fecal glucocorticoid changes surrounding an intense
stressor - a surgical procedure performed under another proto-
col. No significant differences in fecal glucocorticoid levels were
detected between rabbits that underwent surgery and rabbits
that did not receive surgery at any time point or between time
points within groups (data not shown).

The secondary goal of this study was to determine if device
usage would change over time as the devices became more
familiar to the animals. Rabbits undergoing the first part of
this study (with the shipping stressor) were video recorded and
analyzed on Day 2 and Day 6 after arrival. The number of device
interactions did not differ significantly between the 2 time points
within either of the groups (Figure 8). No significant differences
were found between sexes in any group (data not shown).

Discussion
Providing laboratory animals with environmental enrich-
ment is recognized as a strategy to improve their wellbeing
and is encouraged by the Guide.'? Environmental enrichment
may entail altering cage size or complexity, adding sensory
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Figure 6. Average proportions of time rabbits spent performing ex-
ploring, grooming, or resting behaviors with no enrichment device
(control), hanging toy, destructible device, or dig bin. Asterisk (*)
indicates a statistically significant difference in amount of time spent
performing that behavior compared with the amount of time spent
performing the same behavior in the control group (P < 0.05).

stimuli or manipulanda, and/or maintaining social animals
with conspecifics.®!1%27 The provision of any environmental
enrichment requires a commitment of labor, space, and/or
resources,>”1? which heightens the importance of providing
enrichment that is appropriate for the species. However, deter-
mining the effectiveness of the enrichment can be challenging.

The goal of appropriate animal husbandry is enhancing
animal welfare, which includes the opportunity to perform
species-typical behaviors that are expressed by the species in the
natural environment.*>1%1218 Stereotypic behaviors, on the other
hand, are abnormal behaviors with no appreciable purpose,
and can be a sign of reduced wellbeing or increased stress.*1%27
Some examples of stereotypic behavior include self-directed be-
haviors such as hair plucking, overgrooming, and self—injury.“'9
If stereotypies cannot be measured, an alternative method to
evaluate animal wellbeing is to measure glucocorticoid levels,
which have been shown to increase with stress.!8162021

We began our study by determining the types of behaviors
thatlaboratory rabbits express in the laboratory setting and then
compared these behaviors to published reports of behaviors of
rabbits in the wild.5° We accomplished this by creating and eval-
uating an ethogram. Next, we evaluated multiple enrichment
strategies and measured the impact of these strategies on the
rabbits’ behavior. First, we evaluated differences in behaviors
expressed by the rabbits in various sized cages. We found that
rabbits in the larger cages spent more time performing active,
exploratory behaviors, as do rabbits in the wild, supporting the
premise that cage size affects behavior and potentially, animal
welfare. However, housing rabbits in large runs is not always

Behavioral effects of enrichment for NZW Rabbits

practical in the laboratory setting. Thus, we developed multiple
enrichment devices that could be added to standard sized rab-
bit cages and evaluated whether these devices encouraged the
expression of species-typical behaviors.

Wild rabbits spend a large amount of time performing active,
exploring behaviors such as foraging for food, avoiding preda-
tors, socializing, finding mates, and raising young. They also
spend time performing sedentary behaviors such as resting and
grooming.® Rabbit behaviors may be quantified as frequency of
occurrence or duration of action — for example, one grooming
event might last for several minutes. Therefore, some behaviors
were quantified in duration of time, whereas others were quanti-
fied in frequency of occurrence, with one behavior (grooming)
quantified in both.

Our study found that laboratory rabbits in larger cages spent
more time performing active exploratory behavior than did
rabbits in the standard sized cages. We subsequently found that
the provision of enrichment devices to rabbits in standard sized
cages produced active, exploratory behavior similar to that seen
in rabbits housed in the large cage. Greater activity has been
shown to have multiple health benefits for cage-housed rabbits,
decreasing the risks of osteoporosis and gastrointestinal stasis.?*
Thus, increasing active exploring behavior can be considered a
method of improving welfare.

Wild rabbits rear onto their hind legs while foraging for
food or scouting for predators.® Similarly, our rabbits exhib-
ited rearing when housed in all cage sizes and when provided
any enrichment devices. Although rabbits with no enrichment
device and rabbits with the hanging toy had high numbers of
rearing events, those with the device would stay in the reared /
vertical position for long periods of time as they interacted with
the device, while the instances of rearing from the rabbits with
no device was brief (subjective observation). An improvement
to this study could be to evaluate the amount of time spent in
the rearing position to determine if the effects of the hanging
toy were significant as compared with the control rabbits. Rab-
bits housed with other devices had fewer rearing events, likely
because they were interacting with floor-level devices. Wild
rabbits will occasionally perform a distinct rearing behavior
called “telescoping,” which is rearing up on their hind legs in an
extreme vertical position to scout for predators or other threats.
Telescoping was only seen in the rabbits housed in the largest
cage and thus was not specifically defined in our ethogram of
rabbit behaviors (data not shown). Overall, the highest number
of instances of rearing occurred in rabbits housed in the large
cage, as its dimensions gave the rabbits the vertical space neces-
sary to rear to their full height.

Frenetic random activity periods (FRAP) or “binkies” is a
phenomenon that has been documented in many mammals,
including dogs and rabbits.? FRAP is thought to be a behavioral
expression of excitement and has been documented in both
wild and domesticated rabbits.? Overall, our laboratory rabbits
exhibited FRAP behaviors in all conditions, and the total number
of instances was not significantly greater than what was seen
in the standard housing cages. FRAP did not increase with the
enrichment devices, perhaps because the animals were instead
interacting with the devices. An improvement to this study
could be to evaluate the time spent performing FRAP behavior,
as the rabbits housed in a larger area performed FRAP longer
than did rabbits with less space available.

Some behaviors are considered species-typical when ex-
pressed at a frequency or duration similar to animals in their
natural environment but are deemed stereotypic when over-
expressed by animals in confinement. While wild rabbits will
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Figure 7. Average number of instances + SEM of each specific behavior (A) rearing, (B) FRAP, (C) digging, and (D) grooming performed by the
rabbits with the various enrichment devices. Asterisk (*) indicates a statistically significant difference in the number of instances of behavior
compared with the number of instances of the same behavior in the control group (P < 0.05).

dig burrows, as well as dig to find roots and other vegetation
for food, digging has also been referred to as a stereotypic or
abnormal behavior in laboratory or farmed rabbits.!#?> This is
especially true when there is no substrate available for them to
express this behavior, or when they dig to the extent that they
acquire self-induced injuries to the forepaws. Our rabbits did
not spend a large amount of time digging at the rubber floor
mat or injure themselves performing this behavior, and we
considered digging to be species-typical rather than abnormal
behavior. For the most part, our rabbits did not exhibit many
instances of digging behavior (maximum averages around 2
events), even when provided with enrichment designed to
encourage that behavior.

Grooming is another species-typical behavior that can become
stereotypic if done excessively.”> However, without obvious
signs of hair loss or skin lesions, determining the difference be-
tween normal and abnormal grooming is difficult. Overall, both
larger cage sizes and provision of enrichment devices decreased
the frequency and duration of self-directed grooming behavior,
with no changes in overall appearance or health of the rabbits.
Less grooming could reflect improved animal welfare, as the
rabbits spent more time performing active exploratory behav-
iors yet still spent an appropriate amount of time grooming.

One of the concerns with the provision of enrichment devices
is that the animals will lose interest in the devices over time.

To explore this possibility, rabbits in the first part of the third
study were video recorded and their behavior analyzed on Day
2 and Day 6 after arrival. Despite having the same type of device
constantly available to them (refilled with fresh hay or replaced
daily), our rabbits did not show a decrease in number of device
interactions between the 2 time points. This indicates that the
rabbits remained interested in the devices and did not become
bored with their presence over the time period analyzed. An
improvement to this study would be to determine if number
of device interactions changed over a longer period of time.

Along with the improvement of animal welfare comes the as-
sumption of a reduction of stress. Stress causes increases in the
production of glucocorticoids, such as cortisol and corticoster-
one in most mammals.'” Glucocorticoids are partially excreted
in bile through the gastrointestinal system and therefore can
often be measured using fecal samples.!">!8 The time period
for fecal glucocorticoid deposition depends on intestinal transit
times, but typically falls within hours to days.”!3 In rabbits,
glucocorticoid deposition typically occurs around 12 h after
an acute stressor.!

We elected to measure fecal rather than blood glucocorti-
coids, as fecal samples were easily acquired from the pan of
the cages without the need to handle the rabbits. We origi-
nally used shipping to the facility as the major stressful event
for our rabbits. However, we did not see any differences in
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Figure 8. Average number of device interactions + SEM on Day 2 and
Day 6 post-arrival in rabbits housed with the hanging toy or the de-
structible device. There were no statistically significant differences
between number of interactions on Day 2 compared with Day 6 in
either group.

fecal glucocorticoid levels between rabbits that were given
enrichment devices and those that were not. Furthermore, we
did not see any increase in fecal glucocorticoids within the
expected timeline after shipment, nor a subsequent decrease
in levels as animals acclimated to the facility. To explore this
unexpected fecal glucocorticoid result, we analyzed fecal
samples of rabbits before and after the surgical implanta-
tion of a telemetry device, as well as in rabbits that did not
have a surgical procedure. As with the previous study, we
did not identify a reliable increase in fecal glucocorticoids
in rabbits after surgery, nor any differences between control
rabbits and those that had experienced a surgical procedure
(data not shown).

The lack of meaningful data from the fecal glucocorticoid tests
could be due to a variety of reasons. Stressed rabbits often ex-
hibit decreased appetite,® which results in reduced fecal output,
making collection of fecal samples challenging. Complex rabbit
gastrointestinal physiology may also confound the reliability
of fecal glucocorticoids as an indication of stress in this species.
Rabbit intestinal transit times can vary widely, from 4 to 48 h,713
making it hard to directly correlate the time of the stressor to
the excretion of glucocorticoids in feces. In addition, rabbits are
coprophagic,® and the ingestion of their own feces may skew or
alter the timeline of the glucocorticoid excretion in the samples
collected. Overall, using fecal glucocorticoid values as a measure
of acute stress in laboratory rabbits proved to be challenging,
and we would not recommend this as a method of evaluation
of welfare in this species.

In conclusion, we found that increasing cage sizes leads to
an appreciable, positive change in laboratory rabbit behavior.
Rabbits spend more time performing active, species-typical
behaviors and less time performing self-directed grooming
behaviors when they are provided a larger than standard
housing space. Likewise, we determined that the provision
of enrichment devices in standard sized cages resulted in the
same positive behavioral changes that occurred in rabbits
housed in larger cages. Therefore, if increasing cage sizes is
not feasible, a practical method to improve laboratory rabbit
welfare is through the provision of enrichment devices in their
home cages. After completing this study, we included the hang-
ing toy as part of the standard enrichment at our facility and
provided the destructible device on a rotating basis. The food

Behavioral effects of enrichment for NZW Rabbits

enrichment is now often provided inside either the hanging
toy or destructible device.
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