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ABSTRACT

Forty two weaner rabbits of mixed breeds and sexes with an average initial weight 0f956.67+45.60g were used to]
evaluate the effect of stocking density on welfare and haematological characteristics. The rabbits were allotted to faun
stocking densities of 10,14.3,20 and 25 rabhits/m? in a completely randomized design. Each condition was replicated] three
times. A significantly higher (p<0.01) body condition score was observed in rabbits stocked at 10 followed by] those at
14.3,20 and 25 rabbits/m*. Rabbits reared at 14.3 had better fur condition (p<0.01) than those kept at 20 and 25 rabbits/m*
respectively. During the open-field assessment, gait score was adversely affected (p<0.01) at tts highest housing
density. The proportion of rabbits with fight wounds increased (p<0.01) in densities of 20 and 25 rabbits/m'. A higher
incidence of hock and foot bums (p<0,01) was recorded among rabbits at the highest stocking] density. Rabbits housed
at 10 and 14.3 rabbits/m? were superior to those at higher densities in packed cell volume, haemoglobin concentration;
red blood cells counts and mean corpuscular volume, although these were not statistically significant. No definite trend
was observed in mean corpuscular haemoglobin or mean corpuscular \ haemoglobin concentration. White blood cell
counts; neutrophil, lymphocyte, monocyte and eosonophil values wen] also not significantly different among rabbits.
However, the neutrophil/lymphocyte (H:L) ratio suggests that rabbits 1 stocked at 20 and 25 rabbits/m* were more stressed.
Tfhese resultsb Lr]dicate that increasing the density beyond 14.3 j rabbits/m* elicited some negative effects on live performance
of weaner rabbits.
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INTRODUCTION which, according to Owvuru and Ekweozor
) ) ) (2004), help in understanding the relationship
Welfare of animals is largely regulated by various between blood characteristics and habitat and
|ntr|n_5|c and gxtrlnsm faptors; among wh!ch the adaptability of the species to its rearing
stocking density plays a pivotal role in causing environment
stress and affecting animal behaviour. This
has been a source of global concern, as the In the savanna zone of Northemn Nigeria, backyard j
Standing Committee of the European council rabbit farming is becoming popular as a means of
for the protection of Animals kept for intensive j bridging the supply-demand protein gap (Yakubu
purposes has been working on specific and Ayoade, 2009). This could largely be attributed
recommendations for the welfare of domestic to the recent outbreak of the highly pathogenic
rabbits since 1996 (Trocino et a/., 2004). avian influenza in poultry in the country which hit

the zone and lead to a reduction in poultry-related

Although a high cage density attenuates activities (Maina, 2006). However, the

production costs, this might negatively influence determination of optimal stocking density or
growth rate and increase aggressive acts of spatial distribution is still a subjective evaluation
animals (Maertens and De Groote, 1984, Bigler done by the farmer (Yakubu and Adua, 2010), a
and Oester, 1996; Verspecht et al, 2011). The situation that can undermine animal welfare and
situation in which an animal cannot adjust to its | economic profitability. A review of available
environment can result in reduced welfare for that J literature indicated that there exists paucity

of] information on welfare parameters and

animal (Mench, 1992), and may equally lead blood: indices of rabbits in the sub-humid tropics.

to health-related problems. Knowledge of this can



to evaluate the effect of stocking density on
some welfare indicators and haematological
parameters of weaner rabbits. The results derived
from this will provide an objective data base on
the appropriate space requirements for rabbits in
the savanna area of a tropical environment.

MATERIALS AND METHODS Experimental
Animals and Design

The trial was conducted in the rabbitry of the
Teaching and Research Farms, Faculty of
Agriculture, Nasarawa State University,
Keffi, Shabu-Lafia Campus. Itis located in the
guinea savanna agro-ecological zone of Northern
Nigeria. The mean monthly maximum and
minimum environmental temperature during
the study which lasted six weeks were 34.55
and 25.65°C; while the monthly relative
humidity and rainfall were 7250% and 126.55
mm, respectively.

Forty two weaner rabbits of mixed breeds and
sexes with an average weight of 956.67+45.60 g
obtained from a research institute were randomly
allocated to four stocking density treatments vis:
10,14.3,20 and 25 rabbits/ m2. This corresponded
to 2,3,4 and 5 rabbits per pen in a completely
randomized design. Each condition was
replicated three times. The allocation of rabbits
was based on minimizing the variations in initial
weights between replicate pens. The dimension
of each pen made of wood and poultry wire mesh
was 50 x 40 x 30 cm. The animals had about 13
hours natural light per day. They were fed ad
libitum Centrosema pubescens supplemented with
pelletized commercial growers feed with the
following characteristics: Crude protein 14.5%,
fat 7.0%, crude fibre 72%, calcium 0.8%,
available phosphorus 0.4% and
metabolizable energy 2500kcal/kg. Although
rabbits can survive on all-forage diet alone, the
addition of commercial feed supplementation
was chosen because there are seasonal
fluctuations in the quantity and quality of
available forages and their potential negative
effects as stronger in the hot-dry season of the
year. Fresh water was also freely available
throughout the duration of the study. The feeders
and waterers were allotted proportionately,
depending on the number of rabbits in the
pens. They were also, strategically located to
minimize extraneous variation.

The rabbits were inspected on a weekly basis
for body condition, fur condition, gait score,
hock and foot burn and fighty bites as described
by lyeghe-Erakpotobor and Olorunju (2005) and
Ravindran el ol. (2006). Body condition was
scored on .a five-, point scale ranging from 1
(very poor) to 5 (very good) by stroking over the
back bone of the rabbit . with the palm of the hand
to determine the level of muscle cover. Fur
condition was scored by the presence or

absence of coarse skin or hair falling off the skin,
on a scale of 1 to 3, with 1 being poor with very
rough skin incidence and 3 good, healthy skin
conditions (smooth fur). The gait score, or
walking ability, was assessed for five
randomly selected rabbits per treatment
group. Two observers watched the animals
spontaneously walking in the open-field (986 x
584 x 220cm), and scored their walking ability
on a two-point scale (0, normal gait, rabbit walks
with ease, has regular and even strides and is well
balanced; 1, rabbit walks with irregular and
uneven strides and appears unbalanced; 2,
rabbit is reluctant to move and is unable to
walk many strides before sitting down). A
score was ascribed only when there was
consensus between the two observers. Hock
and foot burn wis scored using a three-point scale
(1, no burns; 2, mild burns; 3, severe burns).
Fighty bites were determined by the presence or
absence of fight wounds on the skin on a scale of
1 to 3 with 1, being no bites and 3, many skin
wounds.
Haematological Analysis
At the end of the experimental period, blood
samples were collected from three randomly
selected rabbits per treatment group. About 5ml of
blood were collected from the external ear vein
with a sterilized disposable syringe and needle. The
blood was immediately transferred into well
labeled tubes with ethylene diamine-tetra-
acetic acid (EDTA) (0.05ml/ml of blood)
as anticoagulant, while the tubes containing
blood samples were kept in ice containers.
Haematological analysis was carried out within 3
hours of blood collection. The parameters
determined were packed cell volume (PCV), red
blood cell (RBQ counts, white blood cell .(WBQ
counts and haemoglobin (Hb) concentration
following standard procedures described by
Davice and Lewis (1991). From the values of the
PCV, Hb and RBC counts, the mean corpuscular
volume (MCV), mean corpuscular
haemoglobin (MCH) and the mean corpuscular
haemoglobin concentration (MCHC) were
estimated. Leucocyte differential counts were also
determined.
Statistical Analysis
All data collected were subjected to one-way
analysis of variance to assess treatment effect
using the appropriate sub-routines of GENSTAT
(2005) statistical package. Means among
groups were compared by Fisher's Least
Significant Difference (LSD) method.
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RESULTS AND DISCUSSION®

The influence of stocking density on
welfare parameters of Weaner rabbits over the
42-day trial period is summarized in Table 1.
Significantly higher (p<0.01) body condition
score was observed in rabbits stocked at 10,
followed by those at 14.3,20 and 25 rabbits/m.
The present result is consistent with the
findings of lyeghe-Erakpotobor and
Olorunju (2005) where body condition
score increased linearly from 6.7 to 13.3
rabbits/m*. Rabbits stocked at 14.3 had
significantly (p<0.01) better fur condition than
those kept at 20 and 25 rabbits/m? (2.87, 2.57
and 2.44). This superiority may facilitate
acceptability to rabbit consumers, retailers and
wholesalers as rough furs may be perceived
a? associated with serious health problems
especially where rabbits are marketed live.
Gait score, as observed in the open-field test, was
significantly (p<0.01) influenced, with rabbits
reared at the highest density adversely
affected. This corroborates the report of Ferrante
et al (1997) where a reduction in movements
was observed in rabbits housed at 17
compared to those at 12 animals/m?. It is also
concurrent with the findings of Sorensen et al.
(2000) who attributed poorer walking ability in
birds reared at higher densities to constrained
mobility and reduced opportunity for activity.
Conversely, Trocino et al, (2004) reported that
rabbits maintained at 16 rabbits/ m! spent more
time moving than those at 12 rabbits/ .

Eighty bites were significantly (p<0.01) affected
by stocking density. Rabbits stocked at high
densities (20 and 25 rabbits/m?) displayed
more unstable and aggressive behaviour. The
present result is in agreement with the findings
of Bigler and Oester (19%) in which the
incidence of injuries in male rabbits 60 to 80
days of age increased significantly as the size of
the group increased from 15 or less to 16-30 or
over 40 animals. Buijs et al (2011a, 2011b)
reported that the welfare of rabbits was
compromised at high densities as the
animals tended to avoid each other, which
was an indication of stress. Similarly,
Bandyopadhyay et al. (2006) proposed that, in
highest stocking density,- some birds would %«
donunant and others would be subordinates
resulting in the establishment of social tension.
In contrast to our findings, lyeghe-Erakpotobor
and Olorunju (2005) observed insignificant
fight wounds in rabbits under varying stocking
densities; they ascribed this to the high number
of females and to the fact that the males had not
reached sexual maturity. Morisse and Maurice
(19%) also found that even at high densities,
aggressive encounters were uncommon and

mixed sex housing did not result in major
problems.  Significantly  higher  (p<0.01)
incidence of hock and foot burns was recorded
among rabbits reared at the highest density.
This is attributable to the increased time that
the rabbit spent sitting, in contact with the
wire floors which, according to Drescher and
Schlender-Bobbis (19%), are not a suitable
substrate for rabbits and might predispose them to
ulcerative pododermatitis (sore hocks). The
present findings are also in consonance with
a similar study in chickens where it was reported
that foot pad lesion score increased linearly
with increasing placement density (Dozier in
et al, 2005). Ravindran et al. (2006) however,
reported no treatment effects on hock and foot
burns.

The mean values of the red cell components
of rabbits are presented in Table 2. There were
no significant differences in packed cell volume
(PCV), haemoglobin concentration (Hb) red
blood cell counts (RBQ, mean corpuscular
volume  (MCV), mean  corpuscular
haemoglobin  (MCH) and the mean
corpuscular  haemoglobin  concentration
(MCHC), although rabbits raised at 10 and 143
rabbits/m® had better numerical means (with the
exception of MCH and MCHC). The results
concur with the findings of de la Fuente et al.
(2004) in which packed cell volume was
similar in rabbits stocked at 8 and 12 rabbits per
cage. The differences between the two stocking
densities, according to the authors were
insufficient to improve rabbit welfare.
However, the mean FCV values obtained in
rabbits stocked at 20 and 25 rabbits/m? in the
present study are only slightly above the normal
range of 25.0 45.0% reported in the literature
(Mitruka and Rawnsley, 1977).
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Table 1: Welfare parameters as affected by stocking density

Parameters Stocking density (No/m?) SEM!
10 14.3 20 25 Probability
Body condition 439 4.00 3.67 298 <001 0.08
Fur condition 2.72 2.87 257 - 244 <001 0.05
Gait score 003 0.02 0.08 034 <001 003
Rghty bites 1.00 1.00 1.20 133 <0.01 0.06
Hock and foot bums 1.00 1.00 1.00 120 <001 003
"Standard error of means

Table 2: Mean erythrocytic values

Parameters Stocking density (No/m?)
SEM!
10 143 20 25  Probability
Packed cell volume (%) 34.5 329 284 282 03#A 2.72
Haemoglobin (g/dl) 102 947 893 880 068 0,88
Red blood cell counts (XIOYjtl) 6.23 6.17 537 530 051 04
Viean corpuscullar volume (°m) 56.1 532 528 529 072 2.31

Mean corpuscular haemoglobin (U/g) 16.2 154 166 166 0.75 0.88

Mean corpuscular haemoglobin 29.2 200 315 314 076 217
concentration (%)

Standard error of means

Table 3: Mean leucocytic values

Parameters Stocking density (No/m®) SEM!
10 143 20 25 Probability

\(’)\(’Iggt/?) ﬁéfggph?g'('%)coums 550 560 527 513 094 061
459 4833 497 032 127

Lymphocytes (%) 528 508 475 476 013 1.36

Monocytes (%) 113 220 2,03 167 026 0.36

Eosinophils (%) 033 083 110 ' 100 075 053

Neutrophil/Lymphocyte (N:L) 0.86 090 1.02 104 . 011 0.02

ratio

f Standard error of means
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Rabbit leucocytic values are reported in Table 3. No
significant differences were observed in white
blood cell counts, neutrophils, lymphocytes,
monocytes or eosonopils of rabbits under the four
stocking densities investigated. However, the high
average neutropb.il values of rabbits kept at 20 and
25 rabbits/m' could be indicative of stress which
elicits a defense response.
CONCLUSION
Rabbit welfare was affected by stocking density.
Apart from a higher body condition score, rabbits
stocked at 10 were similar to those housed at 14.3
rabbits/ m? in fur condition, gait score, fighty bites
and hock and foot burns. Although no significant
effects were observed in the erythrocytic variables,
higher average packed cell volume, haemoglobin
concentration, red blood cell counts and mean
corpuscular volume were recorded for rabbits
stocked at 10 and 14.3 compared to their
counterparts raised at 20 and 25 rabbits/ m?.
Stocking density did not influence leucocytic
values. However, rabbits stocked at 20 and 25
rabbits/m* appeared to be more stressed as
indicated by the high neutrophil/ lymphocyte
ratio. It is concluded that group-housing of rabbits
at a density of 14.3 rabbits/ m® could guarantee and
promote an improved welfare in a tropical
environment.
REFERENCES
Bandyopadhyay, P. K, Bhakta, J. N. & Shukla, R.
(2006). Effects of stocking density on feed
and water intake, behaviour and growth of
both Australorp and Rhode Island Red for
production of three weeks bird, Tamilnadu
Journal of Veterinary and Animal Sciences,
2:96-101.

Bigler, L. & Oester, H. (1996). Group housing for
male rabbits In: Proc. 6" World Rabbit
Congress, 1996 July, Toulouse, France, 2:
411-415.

Buijs, S., Keeling, L. J., Vangestel, C, Baert, J.,
Vangeyte, J. & Tuyttens, F. A. M. (2011a).
Assessing attraction or avoidance between
rabbits: comparison of distance-based
methods to analyse spatial distribution.
Animal Behaviour, 82:1235-1243.

Buijs, S., Keeling, L.J. & Tuyttens, F.A.M. (2011b).

92

Behaviour and use of space in fattening
rabbits as influenced by cage size and
enrichment. Applied Animal Behaviour
Science, 134:229 238.

Davice, J.U. and Lewis, S.M. (1991). Practical
haematology. 8" Edition. Longman Ltd.,
London, 22-68.

De La Fuente, J., Salazar, M. L, lbanez, M.
&Gonzalez de Chavarri, E. (2004). Effects
of season and stocking density during
transport on live weight and biochemical
measurements of stress, dehydration and
injury of rabbits at time of slaughter.
Animal Science, 78:285-292.

Dozier HI, W. A., Thaxton, J. P., Branton, S. L*
Morgan, G. W., Miles, D. M., Roush, W. B.,
Lott, B. D. & Vizzier-Thaxton, Y. (2005).
Stocking density on growth performance
and processing yields of heavy broilers.
Poultry Science, 84:1332-1338.

Drescher, B. & Schlender-Bobbis, 1. (1996).
Pathologic study of pododermatitis among
heavy breeders on wire floors. World
RabbitScience,4:143-148.

Ferrante, V., Canali, E., Mattiello S. & Verga M.
(1997). Allevamento del coniglio a terra:
Effetto Delia Densita. In: Proc. 12*
Congresso Nationale ASP A, Pisa, pp. 385-
386.

GENSTAT (2005). GENSTAT User's Guide (Release
4.24). Lawes Agricultural Trust,
Rothamsted Experimental Station, UK.

lyeghe-Erakpotobor, G. T. & Olorunju, S. A. S.
(2005). Effect of stocking density on
performance of growing rabbits in the
semi-humid tropics. Tropicultura, 23: 19-
23.

Meaertens, L. & De Groote, G. (1984). Influence of the
number of fryer rabbits per cage on their
performance. Journal of Applied Rabbit
Research, 7:151-155.



Maina, J. A. (2006). Overview of avian influenza
outbreak in Nigeria. Paper presented at a
two-day technical meeting on the
responses to HPAI in Nigeria, 28" Feb. 1*
March, 2006, Kaduna, Nigeria. FMOH and
FM ARD in collaboration with WHO, FAQO,
UNICFJandCDC.

‘Mench, J. A. (1992). The welfare of poultry in
modern production systems. Poultry
Science Review, 4:107.

[Mitruka, B. M. & Rawnsley, H. M. (1977). Clinical
Biochemical and Haematological reference
values in normal experimental animals.
Masson Publishing Co., New York, 102-
117.

Morisse, M. & Maurice, R. (1997). Influence of
stocking density or group size on
behaviour of fattening rabbits kept under
intensive conditions. Appl. Anim. Behav.
Sci., 54:351-357.

Owvuru, S. S. & Ekweozor, I. K. E. (2004).
Haematological changes associated with
crude oil ingestion in experimental
rabbits. African Journal of Biotechnology,
3:346-348.

Ravindran, V., Thomas, D. V., Thomas, D. G.
&Morel P. C H. (2006). Performance
and welfare of broilers as affected by
stocking
densityandzincbacitracin
supplementation. Animal Science Journal,

93

77:110-116.

Sorensen, P., Su, G. & Kestin, S. C. (2000). Effects of
age and stocking density on leg weakness
in brotter chickens. Poultry Science, 79:
864-870.

Trocino, A., Xiccato, G., Qeaque, P. I, & Sartori, A.
(2004). Group housing of growing rabbits:
effect of stocking density and cage floor on
performance, welfare and meat quality. In:
Proc. 8" World Rabbit Congress, 2004
September, Puebla, Mexico, 1:1277-1282.

Verspecht, A., Maertens, L., Vanhonacker, F.,
Tuyttens, F. A. M., VanHuylenbroeck, G.
&Verbeke, W. (2011a). Economic iinpact
of decreasing stocking densities in
broiler rabbit production based on
Belgian farm data. World Rabbit Science,
19:123-132.

Yakubu, A. & Adua, M. M. (2010). Effect of stocking
density on growth performance, carcass
gualities and cost-benefit of weaned
rabbits in the savanna zone of Nigeria.
African Journal of Animal and Biomedical
Sciences, 5:106-109.

Yakubu, A. & Ayoade, J. A. (2009). Application of
principal component factor analysis in
quantifying size and morphological
indices of domestic rabbits. International
Journal of Morphology, 27:1013-1017.



