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Abstract

The motivation of juvenile rabbits to graze was tested by offering a choice of coarse mix or grass as rewards to rabbits fed a
nutritionally adequate diet of carrots and hay. Before measuring the motivation of the 16 rabbits, eight were offered access to grass
for 16 days and the remaining eight were kept in outdoor hutches. An initial preference test was then conducted using a Y-maze
apparatus, in which the rabbits were offered a choice of grass or coarse mix for 3 min. The rabbits that had not previously been
offered grass had a strong preference for the grass reward, whereas those that had chose coarse mix and grass equally. Measurement
of rabbits' behaviour during the reward period revealed that rabbits spent longer eating if their reward was grass; this difference was
particularly notable toward the end of the 3 min period. If they received a coarse mix reward, they spent more of the 3 min
self-grooming, standing still and chewing the wire of the cage. Feeding rabbits with a coarse mix diet may therefore increase the
likelihood of problem behaviours including inactivity and trichophagia. The rabbits were also trained in a novel operant test of
motivation for the two rewards, in which they were required to circumnavigate an object several times before receiving a reward. The
number of circumnavigations before a reward was offered was progressively increased, and rabbits were offered two opportunities to

take the reward at each level. Although the rabbits were prepared to circumnavigate the object up to I I times on average, there
was little evidence that they would work harder for a grass reward than for a coarse mix reward. This may have been because they
had previously had experience of grass during the preference tests. It is concluded that juvenile rabbits show a strong initial
preference for a grass reward, compared with coarse mix, but that this preference disappears after brief exposure to grass. There
was no strong evidence that rabbits will work harder to receive a grass reward than to receive a coarse mix reward.
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Introduction
Pet rabbits (Oryctolagus cuniculus) tend to be kept either in
outdoor runs or in hutches with limited or no opportunity to
graze. Little research has been carried out on the importance
of pasture to domestic rabbits, probably as it is not feasible
to keep meat-producing and laboratory rabbits on grass
because of difficulties in maintaining grassed areas and in
cleaning the pens. However, rabbits are now the third most
common pet in the UK (Meredith 1998), so it is important
to provide informed advice about rabbit housing to owners.
Other domesticated herbivores, such as ruminants, benefit
from the provision of grazing for at least part of each year,
so it is important that pet-rabbit owners are also advised to
provide an area of grass if it is beneficial for the rabbits'
welfare. There are many factors to be taken into account
when designing an outdoor run, such as security from pred
ators and prevention of escape from open-floored pens by
digging. Contact with wild rabbits should be prevented, in
order to minimise the risk of disease transmission by direct
contact (eg viral haemorrhagic disease) or vectors such as
the rabbit flea (eg myxomatosis) (Meredith 1998). There
should also be a raised box in which rabbits can stay dry and

sheltered from wind and heat. If the pen is not moved regu
larly, worm infestations may increase and, if overgrazed, the
grass-soil interface may be disrupted with obvious health
risks. However, if managed properly, an outdoor run can
prevent hyperthermia, respiratory problems and flea infesta
tion (Williams 1973; Cooke 1990). In addition, urine drains
away under grass, whereas straw bedding can become
soaked, and rabbits have shown a preference for drained
floors (Morisse et aI1999). As wild rabbits spend much of
their waking time grazing, provision of high-energy concen
trated food that is rapidly consumed will result in rabbits
spending more time performing alternative activities. As
European rabbits have only been kept in cages since
Victorian times and their behaviour is therefore very similar
to that of wild rabbits (Stodart & Myers 1964), there is little
reason to assume that they would benefit less from grazing
than their wild relatives.
Many attempts have been made to enrich indoor rabbit
cages, and these provide some useful insight into whether
the provision of pasture would be beneficial. The most
useful form of enrichment is something to chew upon
(Brummer 1975; Huls eta11992; Lidfors 1997; Berthelson
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Figure I sheep to gain access to better quality hay has been success
fully investigated by making them walk various distances
through a winding sheep race (Dumont et alI998).

Materials and methods

Sixteen female rabbits (four Lionhead and twelve Dwarf
Lop) were purchased at 8-13 weeks old, having been
weaned at eight weeks and fed carrots, cauliflower, cabbage
and a restricted ration of concentrate mix. Their desire for
grass and coarse mix when fed a basic ration of carrots and
hay was investigated using two tests, a preference test and a
motivation test.
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Design of apparatus for the preference test. The initial sections of
the Y-maze were opaque and wood-floored, and the experi
menter was only partially visible from within. The experimenter
was always the same person, who was familiar to the rabbits. The
two reward pens were wire-sided and contained either grass or,
in the case of the coarse mix reward, carpet as floor. Passageways
were 0.3 m wide, and 0.65 m wide at the ends. The entry race
was 1.25 m long; the arms were 0.5 m long. Sliding doors were
made of wire in a wooden frame, so that the rabbits could see and
smell the reward.

& Hansen 1999,2000), and high-fibre objects are preferred,
with hay or straw remaining effective enrichment for the
longest period (Lidfors 1997; Brummer 1975). They also
cause less weight-gain than proprietary fibre sticks or com
pressed grass cubes (Lidfors 1997). Abnormal maternal
behaviours and trichophagia or fur-chewing (Brummer
1975; Mulder et al 1992) are eliminated in caged rabbits
when hay or straw is given. If the supplementary hay is
ground up, it is ineffective at reducing problem behaviours,
demonstrating the need for long fibre (Mulder et alI992).
As well as providing cage enrichment, a high-fibre diet also
improves rabbits' dental health and intestinal activity
(Kamphues 2001), and increasing fibre intake above that
available from commercial dried rabbit mixes can increase
both appetite and growth rates (Tawfik et alI997). There is,
therefore, evidence that providing access to grass, either
fresh or conserved, improves the health of rabbits. We car
ried out the following investigation to determine whether
rabbits preferred a grass reward to a coarse mix reward. The
effect of previous experience of grass on motivation to
receive the grass reward was examined, and two tests were
carried out: a simple V-maze preference test, and a novel
operant test to investigate which reward the rabbits would
work hardest for. It has previously been shown that rabbits
are able to learn to make choices in preference tests
(Morisse et al1999; Held et alI995). The novel operant test
required the rabbits to walk for increasing distances around
an obstacle to gain access to a reward. Animals can associate
walking with gaining access to food, and the motivation of

Preparation for test

After acclimatisation to cages in the outdoor experimental
site for one week with limited handling, the 16 rabbits were
randomly allocated to housing either in runs enclosing an
area of pasture or in outdoor raised hutches for 16 days, to
detennine whether previous experience of grass affected
their preference for grass rewards. The first group of eight
rabbits was housed in two 1 m x 1.25 m outdoor runs, each
of which had an area for shelter and a box of dry straw. The
runs were moved every day so that the rabbits had access to
fresh grass. The second group of eight rabbits was housed
outdoors in two 0.6 m x 1 m traditional wooden rabbit
hutches, and the rabbits were allowed into a large pen for
exercise for 2 h per day. These rabbits were not given access
to grass, except for approximately 15 min each day when
they were trained to operate the motivation test apparatus.
All rabbits were fed 250 g coarse mix (Aristocrat, oil 2.2%,
protein 11.36%, fibre 10.5%, ash 6.0%) and 100 g grass hay
per cage before the start of the preference test.

Housing and feeding during test

From the first day of the preference test, the coarse mix in
the rabbits' diet was replaced with carrots, and the outdoor
runs were placed on green carpets to prevent access to grass.
Therefore, during the preference test neither grass nor
coarse mix was available to any of the rabbits unless they
gained access to a reward in the test. At 1600h, rabbits were
fed 125 g carrots per rabbit and unlimited hay, with refused
food being removed daily at 0930h. This diet was chosen as
it was nutritionally adequate and contained long fibre in the
fonn of hay, so that any demonstrated preference for grass
would indicate that it was preferred to the feed that is nor
mally provided in cages.

Test procedure
An outdoor V-maze was used for the test (Figure 1), with the
reward pens being accessed through sliding doors; both
reward pens contained drinking bowls. One reward pen was
placed on a green carpet (to prevent colour preference influ
encing the selection) and a bowl containing 100 g of coarse
mix (the same type as that used during the training period)
was placed centrally in the pen. This quantity of reward was
considerably more than a rabbit could consume in 3 min, the
duration of each reward period. In the other reward pen was
the same area of grass, with an average height of 12.5 em.
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Design of the apparatus for the motivation test, consisting of one
arm of the Y-maze. The obstacle was a metal drum 0.6 m high
and 0.3 m in diameter, painted either white or blue depending on
the reward.

rewards, grass and coarse mix, was determined by measur
ing the number of times that each rabbit was prepared to
circumnavigate an obstacle before receiving the reward.
The obstacles were metal drums coloured white and blue,
one signalling each reward. Visual conditioning to food has
previously been successful in rabbits (Ruckebusch et af

1971), and it was assumed that the rabbits were able to learn
to determine which reward was present in the reward pen by
noting the colour of the obstacle that they were required to
circumnavigate.
During the test, each rabbit was placed in the passageway
leading to the obstacle (Figure 2) and trained over a two
week period to circumnavigate the obstacle in order to
receive a reward. Rabbits were trained on average for
15 min per day over a two-week period, and worked for
both rewards approximately equally during the training.
During the test, the number of circumnavigations required
per reward was progressively increased by one each time a
rabbit was tested, provided that it had succeeded in obtain
ing the reward at the lower level. Each rabbit was given two
chances to obtain the reward at each level, with a 15 min
rest in between. Both grass and coarse mix rewards were
tested independently and in alternating order. The rabbit
was allowed 3 min to complete the required number of cir
cumnavigations, and if after this time the rabbit had not
achieved the required number, the test was terminated. If the
rabbit failed a test, it would be allowed into the reward
chamber after the next completed circumnavigation when
the 3 min had elapsed, even though the test would be counted
as a failure. This was necessary to prevent the rabbits from
giving up completely when they worked for the next
reward. A circumnavigation did not count if, during it, the

The Y-maze was moved to a new patch of grass when the
average grass height had been reduced to 3.8 cm, and at this
time the sides of the Y-maze that led to each reward were
swapped. Following each change of side, which occurred
three times during the test to remove any side preference
bias, the rabbits were briefly retrained. This involved allow
ing the rabbits to operate both doors for about 5 min to
familiarise them with which sides of the Y-maze led to the
coarse mix and grass rewards. There were two test periods
per day lasting 2 h each, one from 1000h to 1200h and the
other from 1400h to 1600h, and the four rabbits housed in
each cage were each tested for two morning and two after
noon periods. During a test period, one cage of four rabbits
was tested. Each rabbit was tested six times during this test
period with approximately 20 min between tests. Several of
the rabbits were observed to sample the two rewards a few
times before consistently choosing one side, which is why
so many tests were carried out on the same rabbit each day.
In each test, the rabbit was placed at the beginning of the Y
maze, facing away from the arms of the maze so that it
would not be encouraged to enter one arm in preference to
the other. When the rabbit approached within 10 cm of a
sliding door, a bell was rung (as a reinforcer) and the door
was opened by the experimenter. If the rabbit walked into a
reward pen, the door was shut behind it, and the rabbit
would remain in the reward pen for 3 min, which was found
in pilot tests to be approximately the maximum length of
time for which the rabbits would show an interest in the
coarse mix reward. If the rabbit moved away from the door,
the door was closed and the rabbit given the opportunity to
approach the other, or the same, door. Some rabbits
approached doors several times before making a decision
and there was no limit to the available time in the Y-maze.

Behaviour observations
During the 3 min reward periods, the behaviour of the rab
bit was recorded by scan-sampling every 15 s, with 12
observations being recorded per 3 min period. It was
assumed that the time spent carrying out each behaviour
was proportional to the number of observations of that
behaviour in the 3 min. Twelve behaviours were recorded:
eating (either coarse mix or grass); drinking; sniffing;
grooming; lying (laterally or sternally recumbent); sitting
(hind quarters and front feet in contact with ground); stand
ing on all four legs; hopping (series of body movements in
which two forepaws on ground are followed by springing
off with both hindlimbs); jumping (single elevation of the
body from the ground in which all four feet leave the ground
simultaneously); standing up on back legs (rearing); scrap
ing the ground; and chewing the wire of the pen.

Motivation test

This test was carried out a week after the end of the prefer
ence test using the eight hutch-kept rabbits and four of the
grass-kept rabbits. All of these 12 rabbits were housed in
three raised hutches with no access to grass from a week
before the test. The rabbits were kept on the same diet as
during the preference test, and the motivation for the two
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Table I The effect of reward type (grass or coarse mix) and previous experience of grass on the frequency of
behaviours demonstrated by more than one half of the rabbits during the 3 min tests.

Behaviour (% of total observations) Reward type Grass experience Probability
Grass Coarse mix Yes No Reward Experience

Eating 86 56 73 67 <0.001 0.72
Sniffing 1.5 3.3 2.7 2.1 0.16 0.48
Sitting 2.8 16.0 10.9 8.3 <0.001 0.99
Hopping 6.9 18.0 12.6 12.9 0.001 0.99

Table 2 The effect of reward type (grass or coarse mix) on the frequency of behaviours demonstrated by less than one
half of the rabbits during the 3 min tests.

Behaviour (% of total observations) Reward type
Grass Coarse mix

I - probability that median> 0
Grass reward Coarse mix reward

Grooming
Lying down
Standing
Jumping
Rearing
Scraping ground
Chewing cage

0.7

o
0.7

0.3
1.0
0.2
o

2.1
0.1
1.1
0.6
2.1
0.2
0.4

0.02
1.00
0.06
0.13
<0.01
0.25
1.0

<0.01
0.50
<0.01
0.13
<0.001
0.25
0.03

rabbit re-entered the corridor of the maze. During training,
vocal encouragement was provided to the rabbits and
proved necessary to the success of the experiment.
Therefore, in the tests a stereotyped voice stimulus was
given after every successful revolution, and the same condi
tioned stimulus as in the preference test, a bell, was rung
just before opening the door.

Statistical analysis
The selection of grass or coarse mix during the preference
test was analysed by X2 distribution. The behaviours per
formed during this test were not normally distributed, as
demonstrated by the Anderson-Darling test (Minitab 1995).
Differences were analysed using Mood's median test if the
number of integers was more than 50% of the total sample;
otherwise, the Sign test was used to determine whether the
true median for each reward treatment was greater than zero.
The motivation test was analysed by a general linear model
in Minitab, after the data were found to be normal using the
Anderson-Darling test. The model included treatment (grass
or no grass experience) and reward type (grass or coarse
mix) as fixed factors and rabbit number as a random factor.
There were no significant interactions between the two fac
tors 'grass experience' and 'reward type', so results are
shown for the main effects only.

Results
The mean daily intake per rabbit from the start of the pref
erence test to the end of the experiment was 30 g hay and
125 g carrots.

Preference test
The rabbits made a greater number of choices ofgrass (223)
than coarse mix (161) (P < 0.05). This difference in reward
preference was seen only in the rabbits that had not been
previously kept on grass, which selected grass 130 times
and coarse mix 62 times (P < 0.001). The rabbits that had
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been previously kept on grass selected grass 93 times and
coarse mix 99 times (P < 0.25).
The behaviour of the rabbits during the test was affected by
reward type but not by whether they had previously had
experience of grass (Table 1). In the grass reward pen, the
rabbits spent more time eating and less time sitting and hop
ping than when in the coarse mix pen. The time spent eating
was greater for grass than for coarse mix throughout the
3 min test period, and the difference tended to increase over
the course of the 3 min period (Figure 3). In the grass
reward pen, the time spent eating remained high throughout
the period. Of the behaviours that were seen in less than
50% of the tests, there was no difference in frequencies for
rabbits that did or did not have experience of grass, so
results are tabulated for the effects of reward type only
(Table 2). When in the coarse mix pen, the rabbits showed
greater frequencies of grooming, standing, rearing and
chewing the cage wire than when in the grass pen. There
were significant differences in the occurrence ofcage chew
ing and standing.

Motivation test
There was no effect of experience of grass on motivation to
obtain a reward (Table 3). The rabbits offered a grass reward
showed a slight tendency to perform more circumnaviga
tions (P = 0.12), and they required a greater number of
attempts (ie required number ofcircumnavigations complet
ed within 3 min), both at each level and in total (Table 4).
Two attempts to perform the required number ofcircumnav
igations in 3 min were allowed per level.

Discussion

The preference test
The preference for grass compared with coarse mix proba
bly reflects a desire to graze rather than a nutritional deficit,
since the nutrient intake in 3 min from coarse mix would
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Table 3 The effect of experience of grass on the motivation of rabbits to obtain a reward.

Maximum circumnavigations (no.)
Total attempts (no.)
Attempts/level (no.)

Grass
10.4
11.1
1.07

No grass
10.3
11.0
1.07

SED*
0.63
0.85
0.026

Probability
0.91
0.91
0.94

* Standard error of the difference between two means

Table 4 The effect of reward type (grass or coarse mix) on the motivational behaviour of rabbits.

Grass Coarse mix SED* Probability
Maximum circumnavigations (no.) 10.8 9.8 0.51 0.12
Total attempts (no.) 11.9 10.3 0.69 0.04
Attempts/level (no.) 1.10 1.04 0.021 0.02

* Standard error of the difference between two means

potentially be in excess of that from grass. The rate of dry
matter intake from coarse mix is usually greater than grass
in herbivores (Phillips 2002). The observation that more
time was spent eating in the grass reward pen suggests that
the intake of some nutrients, and particularly energy, could
have been equated by the rabbits for the two rewards. It is
possible that the balance of nutrients in the grass was per
ceived by the rabbits to be more appropriate to their require
ments than that in the coarse mix. However, their basic
ration of hay and carrots should not have been deficient in
any nutrients (NRC 1966), and fibre requirements would
have been provided by the hay (Lehmann 1990). Therefore,
the preference may have been purely for the taste of grass or
the experience of grazing.
The absence ofany preference for reward type in those rabbits
that were experienced in grazing suggests that the novelty
of grass, or grazing, to rabbits without experience of this
fulfilled a behavioural drive that may have been present fol
lowing weaning. If such a drive existed, it may have been
extinguished following exposure at an early age, or alterna
tively it may have derived from novelty alone. The former
is the most likely explanation because both exposed and
unexposed rabbits had received brief periods of exposure
during the initial training sessions for the motivation test. It
is also possible that the rabbits had learnt, through repeated
exposure to grass and coarse mix during the tests, that it was
easier to obtain their nutrients from coarse mix, even though
they had an initial desire to graze. Future work needs to
address the preference for grass at different ages and follow
ing different periods of exposure.
A mixed diet is a feature of herbivore selection in preference
tests, attributable to their desire to sample different foods
regularly in case of disappearance of one food-type
(Parsons et al 1994). Thus the preference of inexperienced
rabbits for grass was not complete, with approximately 70%
of selections being for grass. A longer-term study may have
shown a preference for coarse mix for short periods only,
whereas grass might be preferred for longer periods of feed
ing. This is suggested by the short-term nature of eating of
coarse mix; in contrast, the rabbits receiving the grass
reward spent most of their time eating. The behavioural
problems associated with coarse mix feeding became apparent

even during the 3 min period of the test, with chewing of the
cage wire being significant in these rabbits but not in those
receiving a grass reward.

The motivation test

This test demonstrated only a weak tendency for a greater
demand for grass (P = 0.12) than for coarse mix. Any strong
preference for grass may have been extinguished by the rab
bits' repeated exposure to grass during the preference test,
which suggests a transient nature to the demand for grass or
that it derived only from novelty. The increase in the num
ber of attempts, both in total and at each level, probably
derived from the rabbits tending to reach a greater number
of circumnavigations for the grass reward. The number of
attempts was seen to increase at the higher levels, which
would have increased the total number of attempts for the
rabbits rewarded by grass. The strength of the rabbits' pref
erences for the two rewards is likely to depend on the basal
diet on which they were fed, and future work could address
the motivation of rabbits to work for a fibre reward when
they are kept on a diet deficient in fibre.
The motivation test apparatus was successfully operated by
most rabbits, but whether it provides an accurate test of
their motivation for the rewards has yet to be determined.
It was chosen because the most practical alternative, a
weighted door, was suspected of causing stress to some of
the smaller rabbits.

Conclusions and animal welfare implications
Rabbits on a balanced diet demonstrated a preference for
grass only if they had not been kept on grass before.
Therefore it seems likely that grazing had a novelty value,
or that sufficient reward could be obtained from access to
grazing even if it was available only infrequently (provided
that hay was always available). There was only limited evi
dence that rabbits were more strongly motivated to obtain a
grass reward than a coarse mix reward. When rabbits did
show a preference for grass, they did not chew the wire of
their cage, whereas those receiving a coarse mix reward did,
demonstrating the problem behaviours that can arise with a
coarse-mix-based diet. The increased amount of time spent
standing still or self-grooming in rabbits receiving the
coarse mix reward could be interpreted as resulting from
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Observation number

Change in the number of rabbits observed eating over the 12
observations during the 3 min periods for which they received the
grass or coarse mix reward.

boredom, demonstrating the unsuitability of a coarse-mix
based diet. The novel test for measuring strength of motivation
was successful, with rabbits circumnavigating an obstacle
up to ten or eleven times before failing the test.
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