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Abstract: Flux-controlled and metabolic chambers are often used for nutritional and environmental studies.
However, the potential alterations of animal behaviour and welfare are so far not fully understood. In
consequence, this study had 2 main objectives: to assess potential alterations of animal activity pattern
and time budget inside a flux chamber, and to assess the importance of the “rearing up” behaviour. To this
end, 10 growing rabbits of different ages (from 1 to 5 wk of the growing period) were housed inside a flux
chamber. Their activity was continuously recorded and assessed, determining the frequency and duration
of 8 different behaviours: lying, sleeping, sitting, eating, drinking, walking, rearing up and others. Nocturnal
rabbit behaviour and time budget were not altered inside the chamber if compared to previously described
rabbit activity under conventional cages. In addition, rabbits in this experiment presented a tendency to
perform “rearing up” when housed inside the flux chamber.
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INTRODUCTION

Flux-controlled chambers are widely used in animal research for nutritional and environmental studies (Farrell, 1972;
Piattoni et al. 1996; Estellés et al. 2009), but it is not known to what extent they may be affecting animal behaviour
and welfare and consequently compromising the results obtained in these studies.

Animal behaviour is one of the most important indicators of their welfare, since it reflects the animal’s response to an
environmental challenge (Webster 2005). Domestic rabbits, despite genetic selection for decades, still present most
of the behaviours of wild rabbits (EFSA, 2005). As farm rabbits are usually housed in cages, most of the repertoire of
behaviours of wild rabbits cannot be displayed, mainly due to space and stimulus restrictions (Hansen and Berthelsen,
2000). Furthermore, the frequency, intensity and duration of farm rabbit behaviours are strain-specific (EFSA, 2005),
S0 many variations can be found among them.

As prey, wild rabbits are considered nocturnal animals (Jilge, 1991). Nevertheless, it seems that domestic rabbits
show higher daily activity than wild rabbits (Trocino and Xiccato, 2006).

One of the main issues regarding animal welfare in rabbit production and laboratory animals is the available space,
as well as the quality of the environment (Verga and Luzi, 2006; Zucca et al., 2012). This paper conclude that
space allowance is a basic factor in normal behaviour expression in fattening rabbits. This is particularly relevant
when conducting experiments in flux-controlled chambers and thus could be questioned in terms of animal welfare.
Moreover, in this type of experiments, animals are usually individually housed, which might introduce another source
of bad welfare (Princz et al., 2008a). Thus, time budget can be affected by the housing system (Verga et al., 2006),
S0 a detailed analysis of the behaviour in circumstances such as flux-controlled or metabolic chambers is important.

On the other hand, one of the most important alertness behaviours of wild rabbits is the “upright alert position”
(Princz et al., 2008b), also known as “rearing up” (hereinafter “rearing”). This behaviour does not usually develop in
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conventional cages, as growing rabbits need roughly 42 cm to rear up (Negretti et al., 2010) but it is not clear whether
it poses a real welfare problem. For this reason, the importance of this behaviour in farmed rabbits has often been
questioned. In fact, according to Jensen (2002) “if the environment does not promote a specific behaviour, its lack
probably will not cause problems regarding animal welfare”. Nevertheless, animals are in welfare when they can freely
express the behavioural pattern typical of their species (Farm Animal Welfare Council, 1991).

In the light of this information, the main aim of this work is to evaluate whether the behavioural patterns of growing
rabbits are affected when they are housed in a flux chamber by assessing potential time budget alterations of different
behaviours, in relation to previously reported activity patterns. In parallel, an additional objective was to assess the
“rearing up” behaviour inside the flux chamber.

MATERIALS AND METHODS

A flux chamber (60x40x40 cm, longxwidexhigh) built in poly methyl methacrylate (see complete description in
Estellés et al., 2009), was placed in a growing rabbit room (with around 1800 rabbits) in a farm located at the
Universitat Politecnica de Valencia, Valencia, Spain. The experiment was conducted during August and September,
2008. Lighting in the rabbit house followed the natural daylight rhythm without use of artificial lights, with approximately
13 h of light (from 07:00 to 21:00 h). The chamber was equipped with a feeder and a drinker.

Ten female rabbits (line V; Baselga, 2002) between 1 and 5 wk of growing period (weighing between 721 and
1715 @) were used for the study (2 animals per week of growing period). Each rabbit was kept in its home group
cage (consisting on a traditional wire rabbit cage of 40x90x35 cm, COPELE, Murcia, Spain) until entering the flux
chamber. They were then individually placed in the flux chamber and remained inside for approximately 24 h.

Rabbit activity was continuously recorded during the 24-h period with a video camera (SONY® DCR-HC17E) equipped
with an infrared sensor, installed over the chamber. The videos were continuously assessed to determine the behaviour
of the animals. The following activities were recorded: lying, sleeping (lying with eyes closed), sitting, eating, drinking,
walking, standing up on hind legs (rearing according to Gunn and Morton, 1995) and others (including sniffing,
grooming, scratching and caecotrophy). The time at which each behaviour started and its duration were recorded
to assess the duration of each bout of activity. Afterwards, the percentage of time dedicated to each activity was
calculated. In addition, the number of times (frequency) that each behaviour was performed in one hour was also
recorded.

To assess the general activity of the animals during the growing period, an hourly relative activity index including all
the observed activities except sitting, lying and sleeping (Estellés et al., 2010) was used. Differences in activity during
night and day and the week of the growing period were also considered.

The percentage of time in which animals were active during night and daytime, the percentage of time dedicated
to each activity and the mean frequency of each behaviour were analysed by general lineal models (proc GLM) of
SAS (2009).

RESULTS AND DISCUSSION

Activity patterns in the present study during night and day are presented in Table 1. In this case, the age of the animals
was not statistically significant for any of the studied behaviours. As shown, the percentage of time active during night
and day was 40.74+14.6 and 24.75+9.41%, respectively (P=0.0473), so it can be observed that rabbits were more
active during the night period. This effect was also statistically significant in specific behaviours such as sleeping,
eating and drinking. It was observed that rabbits ate and drank more during the night, whereas resting behaviours
were performed more during the day. Nocturnal patterns of both wild and domestic rabbits housed in cages have
been widely demonstrated in the literature (Jilge, 1991; Kennedy et al., 1994; Princz et al., 2008a). Thus, our results
suggest that nocturnal habits of rabbits were not affected inside the flux chamber.

Regarding the percentage of time that the animals were performing a specific activity, and the frequency for each of
them (Table 1), rabbits spent most of their time resting, including lying, sleeping and sitting (68.09% of the total daily
time), followed by the category “others” and eating or drinking. These findings are in agreement with other authors
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Table 1: Average percentage of time and total daily time dedicated to each activity during day (from 7:00 to 21:00 h) and
night (from 21:00 to 7:00 h) inside the flux chamber (average=standard deviation).

Average percentage of time (%) Absolute daily time (min)
Day Night Total Day Night Total
Lying 22.56+8.45 20.57+10.82 21.67+8.42 176.37+65.82 123.40+64.94 299.77+119.11
Sleeping 46.95°+8.39  33.46°+9.98  40.87+8.13  364.58°+51.06 200.78°+59.89 565.36+100.80
Sitting 5.74+1.57 5.23+1.68 5.55+1.54 45.40°+14.54  31.35°+10.09  76.75+23.61
Eating 6.60°+2.98  13.27°+4.93  9.56+3.45 52.66°+25.48  79.63"+29.60 132.29+48.85
Drinking 2.74°+1.68 7.37°+2.64 4.79+1.36 22.10°+14.98  44.20°+15.84  66.30+18.71
Walking 0.92+0.24 1.00+0.29 0.96+0.22 7.28+2.19 6.02+1.72 13.30+3.29
Rearing 0.55+0.36 0.69+0.37 0.62+0.30 4.38+2.99 4.16+2.21 8.54+4.28
Others 13.95+4.16  18.41+6.37  15.97+4.95 110.40+35.29 110.45+38.22 220.85+71.03

General activity  24.75+9.41 40.74°+14.60 31.81+6.21  196.81%+80.93 244.46°+87.59 441.27+92.49

Means with different letters in the same row and parameter indicate differences statistically significant between day and night (P<0.05).

working with conventional cages and similar conditions such as Princz et al. (2008a) and Ribikauskas et al. (2010),
who found a similar time budget (between 66.9 and 66.2% respectively).

In addition, in our study the category “others” presented the highest frequency and a 15.97% of total time. It must
be considered that this category includes self-body care and exploratory behaviours. Self-body care is known to be
a time-consuming behaviour (8.48% of time according to Ribikauskas et al., 2010), contributing to increase the
frequency of “others”. In addition, exploratory behaviours in the present study can be expected to be higher than
previously reported values (e.g. 3% of total time according to Princz ef al., 2008a). A possible reason may be that
the flux chamber is as a novel environment for the animal, and therefore investigatory behaviours could increase,
both due to the need to explore and the escape instinct (Trocino and Xiccato, 2006). Taking all these aspects into
account, and considering that anomalous behaviours, which may indicate distress and impaired welfare (Verga et al.,
2007), were not found in any animal, we may assume that our experimental conditions in a flux chamber did not alter
general behaviour.

Regarding rearing, it can be observed in Table 1 that this was the activity with the least total duration, whereas it
showed higher frequencies (Table 2) than drinking, eating and sleeping. Values are in accordance with Martrenchar
et al. (2001), who stated that rabbits performed this behaviour less than 0.7% of the time.

As described by Seaman et al. (2008), rearing can be considered an exploratory or alert behaviour, and both of them
are activities which may increase when animals are in a novel environment. Thus, rearing can be observed when
rabbits are subjected to an open field test (Verwer et al., 2009; Hansen and Berthelsen, 2000). In addition, alert
behaviours such as thump might present short durations (Gunn and Morton, 1995), but they are important for the
animals. However, it has been suggested that rearing is not a real requirement of rabbits (Princz et al., 2008b), basing
the argument on its low duration. In this sense, attending to the mean duration of behaviours each time that they were
performed (Table 2), rabbits devoted 3.27 s to rearing. This duration was slightly lower than sitting events (3.72 s),
and longer than walking (1.30 s). This may suggest that not only the frequency or the duration of behaviours should

Table 2: Daily average frequency and mean duration of each event of activity inside the flux chamber (average+standard
deviation).

Average frequency (times/h) Mean duration of each event (s)

Lying 18.4+7.4 41.54+57.96
Sleeping 7.5+3.8 192.52+200.22

Sitting 52.6+27.5 3.72+7.41

Eating 4.9+3.3 78.82+100.69
Drinking 3.7+29 68.70+98.08

Walking 26.2+20.0 1.30+0.74

Rearing 8.5+9.2 3.27+3.79

Others 59.6+32.8 9.47+16.50
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be considered, but also the combination between them. Consequently, further research is required to determine the
need to manifest natural behaviours such as rearing, the tendency to do so and the consequences associated with

the inability to perform them.

CONCLUSIONS

Nocturnal habits and time budget of rabbits placed inside a flux chamber did not present relevant alterations compared
to previously reported activity patterns. Therefore, chamber studies with rabbits are acceptable in terms of animal
behaviour and welfare if a proper chamber design is considered. Rearing up was found to occur inside the chamber,
but rabbits spent a short percentage of their time performing it. However, the relevance of this behaviour should be
more accurately investigated in terms of duration and frequency.
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