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ABSTRACT

This experiment compared the productive performance and location of growing rabbits in pens
without and with two-level platforms (wire-mesh or plastic-mesh). A total of 174 rabbits of both
sexes weaned at 5 weeks of age were randomly divided into three groups (n= 58 rabbits/group,
2 pens/treatment, 29 rabbits/pen). The floor area of pens was 1.0 x 1.83 m, and the floor was
made of wire-mesh. Two pens were equipped with wire-mesh (WP) and two pens with plastic-
mesh elevated platforms (PP) on two levels, and two pens were without platforms (NoP).
Treatment had no effect on the productive performance of growing rabbits. Based on video
recordings, animal density (rabbits/m? in each location) was higher (p <.001) on the floor than
on the platforms (in WP: 12.0 vs. 5.2, in PP: 10.2 vs. 7.4 rabbits/m?, respectively). Animal density
on the floor was higher (p <.001) in front of the platforms than under the platforms (in WP 15.7
vs. 9.8 rabbits/m? and in PP 13.3 vs. 8.3 rabbits/m?, respectively). The animal density on plat-
forms was 1.4 times higher in group of PP than in WP (p <.001). The animal density was 1.6 and
2.9 times higher on the second floor than on the first one (p <.001), in group of PP and WP,
respectively. The concentration of cortisol metabolites in faeces and the ratio of injured rabbits
were similar in the three groups. The rabbits showed higher preference staying on the floor
compared to the platform. Pens with platforms were not influencing productive performance.
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Introduction expressed (social contact, hopping, uprising position,
stretching, etc.). Also, in large groups and large size
pens, stereotypic behaviour (i.e. cage biting) may be
prevented. Despite group size, EFSA (2005) has also
proposed a stocking density of maximum 16 rabbits/m?

(40 kg/m?). By installing an elevated platform in group

Nowadays, one of the most important aims of animal
housing is to harmonise production with the animal
welfare. This can be difficult because, in case of rabbit
housing, there are often conflicts between people’s
expectations and the needs of rabbits. In previous

years, in some countries (e.g. in Italy and Hungary) the
common practice was to house growing rabbits in
pairs in bicellular cages (Trocino and Xiccato 2006). In
most experiments, housing two rabbits per cage gave
better growth performance than housing them in
larger groups (Trocino and Xiccato 2006; Princz et al.
2009; Szendr6 and Dalle Zotte 2011; Xiccato et al.
2013). On the other hand, according to the recommen-
dations of the European Food and Safety Authority
(EFSA 2005), the benefits of group housing (>3 rab-
bits/cage) have been emphasised, because this allows
the rabbits species-specific behavioural patterns to be

cages for growing rabbits, the animals get indirectly
more space and also the possibility for more move-
ment. The usage of elevated platforms was also recom-
mended to provide environmental enrichment (de
Jong et al. 2011). Furthermore, they promote locomo-
tion (e.g. jumping) and give rabbits the chance to
choose the more comfortable part of the cage (on,
under or in front of the platform) or to withdraw from
aggressive cage-mates. The elevated platform in com-
bination with a low stocking density resulted in a
higher feed intake and better daily weight gain during
early fattening period (Maertens et al. 2004). Results of
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another experiment (Lang and Hoy 2011) showed that
the usage of an elevated platform did not affect the
weight gain, mortality and occurrence of lesions on
bodies of growing rabbits.

Nevertheless, the concept of the elevated platform
is still under investigation and more information
should be determined about the ideal technical char-
acteristics (size, height from the floor, number of lev-
els, material, etc). Only a few papers have been
published comparing different platform materials on
productive performance and behaviour of growing
rabbits (Lang and Hoy 2011; Szendr6 et al. 2012;
Matics, Szendrd, et al. 2014). The preference of rabbit
does and their kits between wire-mesh and plastic-
mesh platforms were investigated by Mikd et al.
(2014). Research has been focused on the floor mater-
ial of the cages, comparing wire-mesh, plastic-mesh,
steel-slat and plastic-slat floors (Trocino et al. 2008;
Princz et al. 2009). The main conclusion of these stud-
ies was that wire-mesh floor promotes better hygienic
conditions for growing rabbits (reduced risk of infec-
tion), whereas plasticc-mesh floor was found to be
more preferable for the rabbits (Szendré and Dalle
Zotte 2011).

In this experiment the productive performance, cor-
tisol metabolites in faeces and location (preference) of
growing rabbits housed in different type of pens
(without or with wire-mesh or plastic-mesh elevated
platforms) were examined.

Materials and methods

The study was approved by the Ethical Committee of
Kaposvar University. All animals were handled accord-
ing to the principles stated in the EC Directive 86/609/
EEC regarding the protection of animals used for
experimental and other scientific purposes.

Animals and experimental design

The experiment was conducted at the rabbit farm of
Kaposvar University using the maternal line (Pannon
Ka) growing rabbits of the Pannon breeding program
(Matics, Nagy, et al. 2014). The rabbits were housed in
a room with temperature ranging between 15 and
18°C and humidity between 65 and 70%. The lighting
period was 16L:8D (light: 6:00-22:00 hours). The rabbits
were fed commercial pelleted diets ad libitum
(between 5 and 9 weeks of age: 9.6 MJ DE/kg, 16.1% CP,
2.7% EE, 18.5% CF and medicated with 1 ppm Clinacox
(diclazuril), 500 ppm oxytetracycline, 50 ppm tiamulin;
and between 9 and 11 weeks of age: 9.7 MJ DE/kg,

17.0% CP, 3.0% EE, 18.0% CF, without medication).
Water was available from nipple drinkers (five drinkers/
pen).

A total of 174 rabbits of both sexes (1:1) were
weaned at 5 weeks of age. They were randomly div-
ided into three groups (58 rabbits/group) and distrib-
uted into six pens (1.0 x 1.83 m) with wire-mesh floor
and walls (29 rabbits/pen, 2 pens/treatment). The hole
size of rectangle and thickness of wire-mesh floor
were 10.7 mm x 49.6 mm and 2.5 mm, respectively. The
pens differed only in the presence or absence of plat-
forms and the material of the platforms.

e Pen without platform (NoP): The stocking density
was 16 rabbits/m?.

e Pens with wire-mesh platforms (WP, Figures 1
and 2) were equipped with seven elevated plat-
forms which were placed on two levels: three plat-
forms inserted 25 cm above the floor (one of 0.35 m?
and two of 0.165 m? surface area), and four platforms
placed 50cm above the floor (each 0.165 m?).
The total area of platforms was 1.34 m?, the floor
area under the platforms was 1.15 m?, and in front
of the platforms, it was 0.68 m?. Stocking density
was 16 rabbits/m? (calculated on the floor area) and
9.14 rabbits/m? (when the areas of platforms were
included). The platforms were made of wire-mesh
(hole size of rectangle: 10.9 x 23.5 mm and the wire
thickness 2.05 mm).

e Pens with plastic-mesh platforms (PP, Figures 1
and 2). The number, size and position of plastic-
mesh platforms were similar to platforms in the WP
pens (diagonal hole size of rhombus: 14.5 x 23 mm,
and the plastic thickness 4.5mm). The stocking
density was similar to WP pens.

Measurements and sampling

Individual body weights and feed intakes per pen
were measured weekly between 5 and 11 weeks of
age, and the daily weight gain and feed conversion
ratio were calculated. Injuries (scratch and bite on the
ears, body and genitals) and morbidity (animals with
health problems, e.g. diarrhoea) were recorded once a
week, at the time of weighing. Mortality was regis-
tered daily.

Twenty-four-h pooled faeces samples from each pen
were collected at 7, 9 and 11 weeks of age to evaluate
the corticosterone metabolite concentration. Assays
were done at the Veterinary Faculty of Szent Istvan
University, using a slight modification of the method
described by Palme et al. (1999). For this, 0.5 g of faeces
was dispersed in 0.5ml of double distilled water in
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Figure 1. Layout of pens with elevated platforms (first level:
b, d, f; second level: a, ¢, €, g).

thick-walled glass tubes suitable for centrifugation, 4 ml
methanol (80%) was added, and samples were shaken
for 3 min with a multi-tube vortex. After centrifugation
(3600g, 30min,+48°C), the samples were cooled
(—=50°C, 30min) to separate the phases, methanol
(above) and frozen water with the extracted faeces
(below). Then, 1 ml of the methanol phase was pipetted
into clean tubes and 1:10, 1:20 or 1:50 working dilution
solutions were prepared with phosphate-buffered saline
buffer (pH 7.4). Concentrations of cortisol metabolites
were measured in triplicate 20-ml aliquots of faecal
extracts with H3-RIA method. Standards were as fol-
lows: 3.9, 7.81, 15.625, 31.25, 62.5, 125, 250, 500, 1000
and 2000; B/T%: 28.

Evaluation the usage of platforms

In the pens equipped with platforms (PP and WP),
24-h video recordings were made once a week. The
recording was achieved by using infrared cameras
(KPC-S50 NV, B/W CCD) and specialised software
(GeoVision GV-800 System, Multicam Surveillance
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Figure 2. Pens with wire-mesh platforms (a) and plastic-mesh
platforms (b).

System 6.1.). Number of rabbits was counted every
half an hour in the different locations of the pens: on
the floor (in front of the platforms and under the plat-
forms) and on the platforms (on the first and on the
second level). Since the area of the different parts of
the pens was different, the number of rabbits in each
location could be dependent on its size. That is why
the comparison of preference of rabbits was based on
the animal density (rabbits/m?). The 24-h observations
were divided into four 6-h periods: 5:00-11:00,
11:00-17:00, 17:00-23:00 and 23:00-5:00.

Statistical analysis

Location preference among the parts of the pens (in
front of the platforms, under the platforms, on the first
or second level of the platform, and on the floor or on
the platforms) and the period of day within the differ-
ent parts of the pens were evaluated by multi-factor
ANOVA in case of each pen type:

Yij:Ll+Li+ Rj + €
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Table 1. Location of rabbits (in rabbits/m?) among different parts of pens depending on the type of platform (wire-mesh or plas-

tic-mesh).
Parts of the pens
Parts of the pens
On the floor On the platform Together
In front of Under the
Age, week the platforms  platforms  First level ~ Second level SE p-value  On the floor  On the platforms  p-value
Wire-mesh platforms (WP)
5-6 18.5a° 8.9c* 3.5¢" 5.9¢8 027  <.001 12.4¢ 47 <.001
6-7 16.9a° 10.1¢ 24" 6.5b° 022  <.001 12.6¢ 4.4c¢ <.001
7-8 15.3a° 9.8c% 2.5¢% 8.6b° 021  <.001 11.8¢ 5.5¢ <.001
8-9 14.6c° 10.7¢ 2.4c" 7.98 017  <.001 12.1¢ 5.1¢ <.001
9-10 15.5¢° 10.0b¢ 2.5¢% 8.0 0.16  <.001 12.0c 5.2¢ <.001
10-11 13.3b¢ 9.7a° 3.2c% 10.0b8 0.16  <.001 1.1¢c 6.5¢ <.001
5-11 15.7¢° 9.8¢¢ 27" 7.8b8 014  <.001 12.0c 5.2¢ <.001
Plastic-mesh platforms (PP)
5-6 16.2¢ 53" 59" 12.08 028  <.001 93 89 A74
6-7 14.9¢ 9.28 43" 8.28 022  <.001 113 6.2 <.001
7-8 13.2° 7.98 5.8% 10.5¢ 023  <.001 9.9 8.1 <.001
8-9 11.4° 10.0¢ 56" 7.6° 017  <.001 10.5 6.6 <.001
9-10 12.4¢ 8.8° 6.5 7.5 017  <.001 10.2 7.0 <.001
10-11 11.5¢ 8.8" 6.5 8.6 017  <.001 9.8 7.5 <.001
5-11 13.3¢ 8.3t 5.8% 9.18 0.15  <.001 10.2 7.4 <.001

Significant differences among the number of rabbits/m? in the parts of the WP and PP pens within week of age (a: p <.05; b: p <.01; ¢: p <.001).

ABCDDifferent superscripts within a row show significant differences (p < .05).
SE: standard error of the mean.

YU:H+P,'+ Rj +e,-,-

where u: overall mean; L;: effect of the location
(f=among the four parts of the pen: 1, 2, 3, 4
between the floor and the platform: 1, 2; fixed factor);
P;: effect of the period of day (i=1, 2, 3, 4; fixed fac-
tor); R;: effect of the repetition (Pen) (j=1, 2; random
factor); and e;: random error.

The productive traits were also evaluated by means
of multi-factor analysis of variance including inter-
action between pen type and age:

Y,'jk =pn+P;+ Aj + (PA),-]-+e,jk

where . overall mean; P;: effect of pen type (i=1, 2,
3; fixed factor); A;: effect of age (j=1-6; fixed factor);
(PA);: the effect of the interaction of level i of factor
pen type with level j of factor age; and ej: random
error.

Concentration of corticosterone metabolites in
faces, the effect of the date of faces collection (age of
rabbits) within different pen types, and the feed
intake and feed conversion ratios were evaluated by
one-factor ANOVA:

Yi=p+Pt +e
Yi=p+Age +e
Yi=u+ Pt +e

where p: overall mean; Pt: effect of the pen type
(i=1, 2, 3; fixed factor); or Age;: effect of the age at
sampling (i=1, 2, 3; fixed factor); or Pt;: effect of the
pen type (i=1,...3; fixed factor); and e;: random
error.

Morbidity, mortality and ratio of injured rabbits
were evaluated by chi-square test. All data were eval-
uated with the SPSS 10.0 software package (SPSS Inc.,
Chicago, IL).

Results
Evaluation of the usage of platforms

The results of the preference test are shown in Tables
1 and 2. During the whole experimental period, and
regardless of the platform material, rabbits were found
more frequently on the floor than on the platforms.
The animal density was 2.3 and 1.4 times higher on
the floor than on the platforms in WP and PP pens,
respectively (p <.001). The animal density on the floor
in front of the platforms was 1.6 times higher than
under the platforms (p <.001) both in WP and PP
pens. However, with increasing age, rabbits more fre-
quently chose the less used areas, and the animal
density decreased on the floor in front of the plat-
forms in both types of pen. The animal density on the
plastic-mesh platforms was 1.4 times higher than that
on wire-mesh ones (p<.001). The second (higher)
level of platforms was more frequently used than the
first level: the animal density was 2.9 and 1.6 times
higher on the second level than on the first level in
WP and PP pens, respectively (p <.001).

The distribution of rabbits was affected by time of
day (Table 2). The animal density under the platforms
was the highest between 11:00 and 17:00 (resting
period) in both pen types, and lowest between 23:00
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Table 2. Effect of time of the day on the location of growing rabbits among different parts of pens (rabbits/m?).

Parts of the pens

Parts of the pens

On the floor On the platform Together
In front of Under the Second On the
Periods of the day the platforms platforms First level SE p-value On the floor platforms SE p-value
Wire-mesh platform
5:00-11:00 11.8%% 10.1%8 3.6% 10.4%8 0.28 <.001 10.8% 6.9° 0.29 <.001
11:00-17:00 14.3% 12.5% 1.7°4 5.6°7 0.17 <.001 13.28 36" 0.14 <.001
17:00-23:00 15.9 8.9°AB 2.9%¢ 9.1°8 0.16 <.001 11.5% 5.9° 0.16 <.001
23:00-5:00 20.74¢ 7.9 2.7°%8 6.2°* 0.14 <.001 12.6° 447 0.15 <.001
SE 0.22 0.17 0.10 0.10 0.14
p-value <.001 <.001 <.001 <.001 <.001 <.001
Plastic-mesh platform
5:00-11:00 9.2% 8.3%® 7.8%¢ 11.2°¢ 0.26 <.001 8.6" 9.58 0.20 041
11:00-17:00 11.7°8 10.55¢ 5.8% 6.9% 0.27 <.001 10.9° 6.3 0.26 <.001
17:00-23:00 14.4%C 7.7°%8 5.32A8 9.4 0.14 <.001 10.28 744 0.13 <.001
23:00-5:00 17.7%° 6.9°* 4.1%A 8.7 0.15 <.001 10.98 6.4 0.18 <.001
SE 0.28 0.13 0.18 0.11 0.15
p-value <.001 <.001 <.001 <.001 <.001 <.001

ABCDMeans with unlike superscripts within a column differ (p < .05).
abcdpeans with unlike superscripts within a row differ (p < .05).
SE: standard error of the mean.

Table 3. Effect of housing system on productive performance of growing rabbits between 5 and

11 weeks of age.

Groups

Traits NoP PP WP SE p-value
Number of rabbits 58 58 58

Body weight at 11 weeks, g 2426 2387 2408 17.5 646
Weight gain, g/day 36.6 359 36.4 0.36 703
Feed intake, g/day 139 139 135 0.84 119
Feed conversion ratio 3.8 39 37 0.04 258
Morbidity, % 26.9 25.0 214 - .879
Mortality, % 6.9 34 34 - .594
Rabbits under 2 kg at slaughter, % 11.5 54 17.5 - 129

NoP: pens without platform; PP: pens with plastic-mesh platforms; WP: pens with wire-mesh platforms; SE: standard

error of the mean.

and 5:00 (active period) (p <.001). Opposite tendencies
were observed in front of the platforms; the animal
density was the lowest between 5:00 and 11:00, and
the highest between 23:00 and 5:00 in both pens
(p <.001). The use of plastic-mesh or wire-mesh plat-
forms was independent of the time of day.

Productive performance

Body weight, weight gain, feed intake, feed conversion
ratio, morbidity, mortality and percentage of under-
weight rabbits were not significantly affected by the
housing system (Table 3). The interaction between pen
type and age was not significant.

Concentration of corticosterone metabolites and
injured rabbits

No significant differences were found in concentra-
tion of corticosterone metabolites in faeces among
the groups (Table 4). However, significantly higher
values were measured at the ages 7 and 9 weeks

than at 11 weeks in NoP and WP pens (p<.05 and
p <.001, respectively). The tendencies were similar
in the PP group, but the differences were not sig-
nificant. The percentage of injured rabbits was not
affected by the pen type, and no sign of aggres-
siveness was observed at 6, 10 and 11 weeks of
age in any group (Table 5).

Discussion
Preference among different platforms

The platforms increased the possibility for movement
and enriched the environment for growing rabbits;
however, they more frequently stayed on the floor.
This could be explained by the fact that European wild
rabbits during the active period of the day stay on the
ground, tend to like stay under scrubland (protected
area), and they move into the warren during daytime,
the resting period of the day (Kolb 1986). Jumping up
to a higher place is not part of the behaviour of wild
rabbits. According to our previous experiment, rabbits



474 @ Z. MATICS ET AL.

Table 4. Effect of housing system on concentration of cortisol
metabolites in faeces, nmol/g.

Groups
Age, week NoP PP WP SE p-value
7 27.4° 27.6 27.4° 0.64 994
9 28.6° 2822 28.3° 0.46 947
1 23.72 25.0 23.6° 0.42 341
SE 0.80 0.60 0.62
p-value 021 068 <.001

NoP: pens without platform; PP: pens with plastic-mesh platforms; WP:
pens with wire-mesh platforms.

®PMeans with unlike superscripts within a column differ (p < .05).

SE: standard error of the mean.

Table 5. Effect of housing system on injured rabbits, %.

Groups

Age, week NoP PP WP p-value
Number of rabbits 58 58 58

6 0 0 0 1.000
7 5.2 3.4 34 .862
8 0 1.7 0 .368
9 0 1.7 0 .368
10 0 0 0 1.000
" 0 0 0 1.000

NoP: pens without platform; PP: pens with plastic-mesh platforms; WP:
pens with wire-mesh platforms.

like staying under platforms made of solid material
(Szendr6 et al. 2012), which is similar to a protected
area for them as the warren or scrubs for the
European wild rabbits (Lombardini et al. 2003, 2007;
Palomeras 2003; Beja et al. 2007). Princz, Radnai, et al.
(2008) also observed that growing rabbits preferred
staying more frequently in the parts of a cage block
with a top than in the open-top cage. In contrast, in
the present experiment the rabbits less frequently
stayed under the platforms than in front of the plat-
form, because the rabbits on the platforms may urin-
ate on the pen-mates underneath them. This
statement was proven, when rabbits were observed in
pens with wire-mesh platforms, more rabbits stayed
under it when a manure tray was inserted under the
platform than in pens without manure tray (Szendrd
et al. 2012). Growing rabbits most often stayed under
the platform during the resting period (11:00-17:00)
when fewer rabbits were on the platforms so there
was less chance of being urinated upon. The reason
could be the same for finding more on the second
level than on the first. At the same time, rabbits
stayed more frequently on the plastic-mesh platforms
than on the wire-mesh ones any time of the day,
which was in accordance with Mikd et al. (2014), who
found that rabbit does and their kits spent more time
on plastic-mesh platforms then on wire-mesh ones.
The plastic-mesh floor was more comfortable for the
growing rabbits than the wire-mesh one (Princz et al.
2009; Szendr6 et al. 2012; Gerencsér et al. 2014);

however, their preference depended on the tempera-
ture and the age (Bessei et al. 2001; Gerencsér et al.
2014). In both WP and PP pens, the highest animal
density on platforms was observed in the morning
(5:00-11:00) and was the lowest between 11:00 and
17:00 when more rabbits rested under the platform.

Productive performance

In the present study, three factors could have affected
the productive performance: stocking density which
was lower in pens with elevated platforms, the differ-
ence in ability to move between pens without and
with platform and the material of platforms (wire-
mesh or plastic-mesh). The stocking density in pens
without platforms was 16 rabbits/m?. It was lower in
pens with platforms depending on how many rabbits
stayed on them.

According to other authors (Maertens and De
Groote 1984; Verga et al. 2004; Trocino et al. 2008;
Princz, Dalle Zotte, et al. 2008; Princz et al. 2009;
Szendro, Princz, et al. 2009), the majority of productive
traits did not change significantly when the stocking
density was lower than 16 rabbit/m®. Similarly, the
stocking density in the present experiment (pens with
or without platforms) did not modify the performance.

In our experiment, the group sizes were the same,
so only the elevated platforms could affect the loco-
motor activity of rabbits. Since the productive traits
were similar in pens without and with platforms, the
elevated platforms probably did not substantially mod-
ify the locomotor activity, since rabbits also could
move quite freely in pens without platforms. In the
present experiment, the floor type of the platforms
had no significant influence on productive traits. These
results confirm the findings of Matics et al. (2003),
Trocino et al. (2004) and Princz et al. (2009) who
pointed out that floor type had no effect on product-
ive traits of rabbits. The reason of the high morbidity
rate may be explained by the higher risk of contamin-
ation in large groups (Szendr6 and Luzi 2006).

Stress and injured rabbits

The aggressiveness of growing rabbits occurs at the
age when starting their sexual maturity, and the fre-
quency of aggressive rabbits could be between 1 and
2% (Szendré and Dalle Zotte 2011). In the present
experiment, the concentration of corticosterone
metabolites in faeces decreased with age and no
injured rabbits were observed at the end of fattening
period. Opposite to the previous trials, in which higher
percentages of injured rabbits were observed in larger



groups (Bigler and Oester 1996; Szendrd, Matics, et al.
2009), we did not see injured rabbits at 10 and 11
weeks of age. These results were not related to the
treatments because similar results were achieved in
pens without platforms.

Conclusions

It can be concluded that the pens with platforms were
not influencing the productive traits independently
the material of the platform.
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