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ABSTRACT 
 

The aim of the study is to determine the effect of generational differences, housing 
systems, sex and seasonal variations and their interactions on the growth and linear body 
parameters of rabbits. A total of ninety-six (96) weaner rabbits (Chinchilla and New Zealand 
White crossbred) were used for this study and were divided into forty-eight (48) per 
generation. These forty-eight weaner rabbits were further divided into four males in three 
replicates (12) as well as four females in three replicates (12) for cage (24) and also 
repeated in deep litter system (24). This experiment was carried out in four seasons with 
seasonal divisions being made according to the climatic conditions prevalent in southwest 
Nigeria namely early dry season (EDS) from September to November, late dry season 
(LDS) from December to February, early rainy season (ERS) from March to May and late 
rainy season (LRS) from June to August. This experiment was carried out for two 
generations and data obtained were analysed using Analysis of Variance in a 2 x 2 x 2 x 4 
factorial arrangement. The study showed that most of the body linear measurements 
investigated increased significantly in the first than the second generation and during the 

Original Research Article 



 
 
 
 

American Journal of Experimental Agriculture, 4(11): 1339-1347, 2014 
 
 

1340 
 

ERS and LRS than the EDS and LDS; a significantly higher body weight was recorded in 
LDS. The linear body measurements and body weight were significantly higher in the cage 
than the deep litter system in the first generation while animal reared in cage were 
significantly lower than deep litter system in second generation with respect to these 
characters. Sex showed no significant effect (p>0.05) on the linear body measurements. 
Production of rabbits during the early dry season is recommended for breeding purpose 
and the use of the cage system for enhanced slaughter results and carcass quality. Deep 
litter system is recommended for profit maximization. 
 

 
Keywords: Rabbit; season; body weight; body measurements; rabbit housing. 
 

1. INTRODUCTION 
 
In recent years, advocacy of “free-range” systems as an alternative to confinement rearing 
has become a major issue in animal welfare and sustainable agricultural system. Some 
concerns have also been raised that wire floors are not a suitable substrate for rabbits and 
may result in increased incidence of ulcerative pododermatitis (sore hocks) [1,2]. Rabbits are 
traditionally reared in cages after weaning until they reach market age. Perhaps, if such 
rabbits are reared on deep litter (a low cost housing system), the cost on cages (construction 
and repairs) can be minimized and the net profit from rabbit rearing can be increased. The 
information on the performance of rabbits reared on the deep litter system in comparison 
with those reared traditionally in cages is scanty. Conducive rearing environment is 
fundamental to optimum growth performance of rabbits and also plays a significant role in 
the expression of their full genetic potential. The Nigerian climatic environment is 
characterized by high ambient temperature and relative humidity typical of a tropical region 
[3], which tends to exert deleterious effect on optimum performance of livestock. Rabbits 
raised in these tropical environments are thus susceptible to climatic stress, diseases and 
management problems among others thereby limiting their productivity. Hence, this study 
was undertaken to find the effect of seasonal variations and housing systems on the growth 
and linear body measurements of rabbits. 
 

2. MATERIALS AND METHODS 
 
The research was carried out at the Rabbitary Unit of the Teaching and Research Farm, 
University of Agriculture, Alabata road, Abeokuta, Nigeria. (7º10’N and 3º2’E). The area lies 
in the South West part of Nigeria and has a prevailing tropical climate with a mean annual 
rainfall of about 1037mm. The mean ambient temperature ranges from 28ºC in December to 
36ºC in February, with a yearly average of 34ºC. The Relative Humidity ranges from 60% in 
January to 94% in August with a yearly average of about 82% [4]. The vegetation represents 
an inter-phase between the tropical rainforest and derived savannah..A total of ninety-six 
(96) weaner rabbits (Chinchilla and New Zealand White crossbred) were used for this study 
and were divided into forty-eight (48) per generation. These forty-eight rabbits were divided 
equally into the cage and deep litter systems. Each system consisted of three replicates of 
four rabbits of each sex. The experiment was conducted in four seasons namely: early dry 
season (EDS) - September to November, late dry season (LDS) - December to February, 
early rainy season (ERS) - March to May and late rainy season (LRS) - June to August. The 
hutches and equipments used were thoroughly washed and disinfected before stocking the 
rabbits. The wooden cages used for the study have the following dimensions; length: 105 
cm, width: 85 cm and height: 60 cm. The wooden cages were placed inside a house, the 
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walls of which are built, in their lower part, with concrete block and the remaining upper half 
with wire mesh. The deep litter system was carried out in a similar building like that of the 
cage system. This house was also washed and disinfected prior to the laying of wood 
shavings on the floor and stocking of rabbits. The litter was changed regularly to prevent the 
buildup of pathogens, consequently resulting in disease outbreak. A good hygienic 
environment was maintained throughout the experiments and all necessary medications 
were given as routine management practices. Each animal was served 0.1 kg concentrate 
(Table 1) in the morning followed by 0.1kg of forage such as Tridax procumbens or 
Euphobia heterophylla in the afternoon. Water was supplied ad libitum throughout the 
experimental period; weights and linear body measurements were taken weekly. A total of 
forty-eight weaner rabbits from the litters obtained in the first generation were used to carry 
out the experiment in the second generation. They were also divided equally into the cage 
and the deep litter system with equal number of replicates. The experiment was carried out 
in four seasons as described in the first generation. All the routine and occasional 
management practices as described for the first generation were observed. 
 

Table 1. Composition of experimental diet 
 

Ingredients   % Composition 

Maize 45.00 
Wheat offal 36.00 
Soya bean meal 6.50 
Groundnut cake 7.00 
Fish meal 1.00 
Bone meal 2.50 
Oyster shell 1.50 
Premix  0.25 
Salt 0.25 
Total 100 
Calculated Analysis  
Crude protein (%) 17.10 
Energy (MJ/kg) 10.89 
Crude fibre (%) 4.75 
Ether extract (%) 3.76 

 

3. DATA COLLECTION AND STATISTICAL ANALYSIS 
 
The parameters measured to determine the growth performance were average weekly 
weight gain, pre-weaning and post-weaning daily weight gain. The following linear body 
measurements were also taken on each animal after weighing: keel length, head length, 
breast girth, tail length and height at withers. Average weekly weight gain was determined 
using a weighing scale. Linear body measurements were determined with the use of 
measuring tape Keel length was measured as the distance between the neck and the 
beginning of the tail dorsally. Head length was measured as the distance between the tip of 
the nose and the beginning of the neck and breast girth represented the chest circumference 
[5]. Tail length was measured from the beginning of the tail to its end; height at withers was 
measured as the height of the rabbit from the ground level to the peak of the back when 
standing. The experimental design used was a 2 x 2 x 2 x 4 factorial arrangement in a CRD, 
and the factors were generations, housing systems, sex and seasons respectively. Data 
obtained from this study were subjected to analysis of variance (ANOVA) techniques using 
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least squares [6]. In case of significant effects, means were separated and compared by the 
Duncan Multiple Range Test at 5% level of probability [7]. Interactions were tested as shown 
in the statistical model. 
 

3.1 Statistical Model 
 
Yijklm = µ + Ai + Bj + Ck + Dl + ABij + ACik + ADil + BCjk + BDjl + CDkl + ABCijk + ABDijl + BCDjkl 

+ ABCDijkl + ∑ijklm 
 
Where: 
 

Yijklm  = Individual observation 
µ  = opulation mean 
Ai  = Effect due to i

th
 generation (i = 1,2) 

Bj  = Effect due to j
th
 housing system (j = 1,2) 

Ck  = Effect due to k
th
 sex (k = 1,2) 

Dl  = Effect due to l
th
 season (l = 1,2,3,4) 

ABij  = Interactive effect between  i
th
 generation and j

th
 housing system 

ACik  = Interactive effect between  i
th
 generation and k

th
 sex 

ADil  = Interactive effect between  i
th
 generation and l

th
 season 

BCjk  = Interactive effect between  j
th
 housing system and k

th
 sex 

BDjl  = Interactive effect between  j
th
 housing system and l

th
 season 

CDkl  = Interactive effect between  k
th
 sex and l

th
 season 

∑ijklm      = Experimental error. 
 

4. RESULTS AND DISCUSSION 
 
The effect of generation and housing system on body weight and linear body measurements 
is presented in Table 2 as all the growth parameters measured were significantly (p<0.05) 
affected by the generation by housing system interaction. [8] Opined that linear body 

measurements can be used in assessing growth rate, weight, feed utilization and carcass 
characteristics in farm animals. It was observed that the values of all the growth parameters 
were significantly (p<0.05) higher in rabbits in the cage  system of housing than those in the 
deep litter system with the head length and body weight recording 12.26cm and 1831.00g 
respectively in the first generation and higher significant (p<0.05) differences were observed 
in all the mean values of the growth parameters under the deep litter system with the head 
length and body weight recording 12.19 cm and 1878.00g respectively in the second 
generation. Linear body measurements were significantly higher in the cage system than in 
the deep litter during the first generation. This may be attributed to the ability of the 
experimental rabbits in this generation to be able to utilize their feed very well because 
nutrient intake has been described as a major determinant of nutritional status and growth 
performance in farm livestock [9]. Also, the result obtained in this study for the first 
generation of rabbit is in agreement with [10], they obtained higher weight gains in animals 
housed in classical cages rather than in pens with floor netting, probably due to increased 
locomotor activity. It has been suggested that the consumption of litter material is also 
responsible for the poorer body weight gain of pen-housed animals [11,12]. [13] Deduced 

that the difference between the body weights of the rabbits in cages and those in pen house 
(with wheat straw as deep litter) could mainly be caused by the different locomotor activities 
and mortality. 
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Table 2. Interactive effect of generation and housing system on body weight and 
linear body measurements 

 

Parameters Generation 1 Generation 2 SEM 

Cage Deep litter Cage Deep litter 

Head length (cm) 12.26
a 

11.43
b 

10.94
c 

12.19
a 

0.09 
Keel length (cm) 25.10

a 
23.98

b 
23.83

b 
24.95

a 
0.23 

Breast girth (cm) 22.07
a 

21.39
c 

21.62
b 

22.15
a 

0.20 
Tail length (cm) 8.78

b 
8.54

c 
8.06

d 
8.91

a 
0.09 

Height (cm) 11.69
b 

11.41
c 

10.73
d 

11.89
a 

0.13 
Ear length (cm) 10.35

a 
9.99

b 
9.30

c 
10.35

a 
0.11 

Body weight (g) 1831.00
b 

1469.00
d 

1498.00
c 

1878.00
a 

9.15 
Mean weight gain(g/day) 87.62

a 
83.21

c 
83.74

b 
83.93

b 
9.76 

a, b, c: Means on the same row with different superscripts are significantly different at (p<0.05) 

 
Linear body parameters were better in rabbits housed on the deep litter system compared to 
those placed in the wooden cage system in the second generation. This was reflected in the 
significant values of the body weight and the linear body parameters probably suggesting the 
superiority of the deep litter system over the wooden cage system. This result is not 
surprising since the deep litter system would reduce environmental stress [14,15] and 
provide comfort to the feet and legs thus minimizing pododermatitis (sore hocks), [16]. The 
result is also in agreement with [17] who reported that rabbits held on straw bedded floor 
showed a higher growth performance than those housed in cages. [18], while studying the 
effect of housing system (cage versus underground shelter) on performance of rabbits on 
farms, reported higher growth rates and body weights in rabbits reared in underground 
shelter, when compared to those reared in cages on account of lower temperatures in 
underground shelter. Final body weight was much higher for rabbits from generation 2 from 
the deep litter system, although. Is this because their initial BW was higher? The differences 
in the weight gain appearing in generation 1 which disappeared in generation 2 may be due 
to a compensatory effect and also for the fact that their mean weight gain was smaller than 
those of generation 1 housed in cages. This might also be due to what [19] explained as the 
"instinctive wisdom" of the rabbit which helps it to select good balanced diet in which the 
deep litter system enables the rabbit to increase its feed by eating fibrous litter material from 
the floor to balance its fibre requirements. [20] However stated that higher heat load or 
stress could be anticipated for the caged rabbits due to the physical response of the rabbits 
to heat stress associated with the cage system and this might be responsible for this 
variation. 
 
No significant difference was observed in the means of the growth parameters of both sexes 
which were similar to the trend observed in the first generation. But the males recorded 
lower values for head length and height at withers (Tables 3 and 4). Sex effect was not 
significant on growth performance indicating the absence of sex dimorphism in the 
experimental rabbits [21]. This result agrees with the investigations of [22-25]. They reported 
that unlike in most domestic livestock species, sex does not strongly influence growth and 
carcass characters in rabbits. Similarly, the non-significant housing system by sex interaction 
indicated that both sexes were well and equally adapted to the deep litter and cage systems.  
 
Generation by season interaction was found to be significant (p<0.05) in all the parameters. 
The lowest and highest values for most of the parameters were recorded in EDS and LRS of 
the first generation respectively with the exclusion of body weight and mean weight gain 
(Table 5). In the first generation, an increasing value for head length (9.14 cm, 11.64 cm, 
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13.01 cm and 13.61 cm in the EDS, LDS, ERS and LRS respectively) was observed. This 
trend was also observed in other growth parameters of the rabbits but a significantly 
(p<0.05) higher value (601.23g) was observed for body weight in LDS. While in the second 
generation, the highest values for all the parameters were recorded in ERS except for body 
weight which had its highest value in LDS (599.23g). The head length, breast girth and body 
weight in ERS (12.39 cm, 23.15 cm and 567.67 g respectively) compared favorably with their 
counterparts in LRS (12.41 cm, 22.88 cm and 566.96 respectively); this trend was also 
observed in EDS (22.63 cm and 7.63 cm) and LDS (22.55 cm and 7.73 cm) for the keel 
length and tail length respectively. 

 
Table 3. Effect of sex on body weight and linear body measurements in first 

generation 
 

Parameters Sex SEM 

Male Female 

Body weight (g) 1660.00 1640.00 12.94 
Head length (cm) 11.87 11.83 0.09 
Keel length (cm) 24.57 24.52 0.24 
Breast girth (cm) 21.74 21.71 0.21 
Tail length (cm) 8.69 8.63 0.09 
Height (cm) 11.60 11.51 0.13 
Ear length (cm) 10.23 10.11 0.10 

 
Table 4. Effect of sex on body weight and linear body measurements in second 

generation 
 

Parameters Sex SEM 

Male Female 

Body weight (g) 1750.00 1707.00 12.94 
Head length (cm) 11.55 11.57 0.09 
Keel length (cm) 24.47 24.32 0.23 
Breast girth (cm) 21.94 21.84 0.20 
Tail length (cm) 8.49 8.48 0.10 
Height (cm) 11.27 11.36 0.14 
Ear length (cm) 9.84 9.81 0.11 

 
The results obtained in this study revealed that the growth parameters of rabbits were 
significantly higher in ERS and LRS; hence for optimum performance rabbits should be 

reared between March and August.this agrees with the works of [26] that the rainy season 

remained the best season that favours farmer’s productivity. [27] Also confirmed that the 
best season that favoured productivity in rabbits is the wet seasons due to the abundance of 
feed and moderately cool temperatures. A higher significant body weight recorded in season 
2 was in contrast to that reported in literature. Previous studies have shown that growth 
performance of rabbits decreased during periods of elevated environmental temperatures 
[28,29] due to low feed intake, a common phenomenon in heat-stressed rabbits. Such a 
decline in consumption will consequently impair hormonal equilibrium [30,31] and affect the 
physiological mechanisms associated with growth. 
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Table 5. Interactive effect of generation and season on body weight and linear body measurements 
 

Parameters Generation 1 Generation 2 SEM 

Season 1 Season 2 Season 3 Season 4 Season 1 Season 2 Season 3 Season 4 

Head length (cm) 9.14
g 

11.64
d 

13.01
b 

13.61
a 

10.43
f 

11.01
e 

12.39
c 

12.41
c 

0.10 
Keel length (cm) 17.21

g 
23.68

e 
27.98

b 
29.31

a 
22.63

f 
22.55

f 
26.73

c 
25.66

d 
0.29 

Breast girth (cm) 15.78
g 

20.56
f 

24.25
b 

26.31
a 

20.77
e 

20.77
e 

23.15
c 

22.88
d 

0.24 
Tail length (cm) 5.72

g 
8.24

e 
9.97

b 
10.72

a 
7.63

f 
7.73

f 
9.41

c 
9.17

d 
0.12 

Height (cm) 7.19
h 

10.71
e 

13.78
b 

14.52
a 

10.22
f 

9.98
g 

12.78
c 

12.27
d 

0.17 
Ear length (cm) 6.81

h 
9.58

e 
11.83

b 
12.49

a 
8.90

f 
8.69

g 
11.10

c 
10.62

d 
0.14 

Bodyweight (g) 583.44
c 

601.23
a 

571.57
d 

565.84
g 

557.02
h 

599.23
b 

567.67
e 

566.96
f 

18.27 
Mean weight gain 
(g/day) 

85.95
d 

91.57
a 

79.17
g 

84.96
e 

79.63
f 

89.67
b 

77.82
h 

88.22
c 

13.88 

a, b, c: Means on the same row with different superscripts are significantly different at (p<0.05) 
Key: Season 1 = September – November (Early dry season); Season 2 = December – February (Late dry season); Season 3 = March – May (Early 

rainy season); Season 4 = June – August (Late rainy season) 
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5. CONCLUSION 
 
The linear body measurements of rabbits increased significantly in the first generation than 
the second generation and during the rainy season than the dry season. Also, most of the 
linear body parameters measured in this study were significantly higher in rabbits housed on 
the deep litter system while sex had no significant effect on the growth parameters.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing interests exist. 
 

REFERENCES 
 
1. Drescher B. Housing of rabbits with respect to animal welfare. Journal of Applied 

Rabbit Research. 1992;15:678-683. 
2. Drescher B, Schlender-Bobbis I. (Pathologic study of pododermatitis among heavy 

breeders on wire floors) Etude pathologique de la pododermatite chez les lapins 
reproducteurs de souche lourde sur grillage. (English Summary) World Rabbit 
Science. 1996;4:143-148. 

3. Yakubu A, Salako AE, Ige O. Effect of genotype and housing systems on the laying 
performance of chickens in different seasons in the semi-humid tropics. International J 
Poult Sci. 2007;6(6):434-439. 

4. Google Earth. Google location map. Google Earth Imagery Date; 2006. 
5. Hamayun K, Fida M, Riaz A, Gul N, Rahimullah, Muhammad Z. Relationship of body 

weight and linear body measurements in goats. J of Agric and Biological Science. 
2006;1(3):51-54. 

6. SAS 1999. SAS User's guide statistical analysis institute inc. Cary North Carolina; 
1999. 

7. Duncan DB. Multiple range and multiple F-test. Biom. 1955;14:1-42. 
8. Brown JE, Brown CJ, Butts WT. Evaluating relationships among immature measures 

of size, shape and performance on beef bulls 1 principal component as measures of 
size and shape in young Hereford and Angus bulls. Journal of Animal Science. 
1973;36:1010-1020. 

9. McDonald P, Edwards RA, Greenhalgh JFD, Morgan CA. Animal nutrition, 6
th
 ed., 

Pearson; 2002. 
10. Maertens L, Van Herck A. Performance of weaned rabbits raised in pens or in 

classical cages: First results. World Rabbit Sci. 2000;8(1):435-440. 
11. Morisse JP, Boilletot E, Martenchar A. Grillage ou litiere: chois par le lapin et incidence 

sur le bien-etre. 8
emes 

Journ Rech Cunicole, Paris. 1999;63-66. 
12. Dal Bosco A, Castelli C, Bernardini M. Productive performance and carcass and meat 

characteristics of cage- or pen-raised rabbits. World Rabbit Sci. 2000;8(1):579-583. 
13. Metzger SZ, Kustos K, Szendro ZS, Szabo A, Eiben CS, Nagy I. The effect of    

housing system on carcass traits and meat quality of rabbit. World Rabbit Science. 
2003;11:1-11. 

14. Berepubo NA, Baa BB. Growth rate of rabbit weanlings fed sweet potato leaves 
supplemented with varying proportions of growers’ mash. Journal of Innovation in Life 
Sciences. 1994;1:39–43. 

15. Berepubo NA, Owen OJ, Monsi A, Oji UI, Chukuigwe EC. Evaluation of sudden death 
syndrome in rabbit’s colonies reared under different systems in Rivers State, Nigeria. 
Journal of Animal Science. 1995;63:1585. 



 
 
 
 

American Journal of Experimental Agriculture, 4(11): 1339-1347, 2014 
 
 

1347 
 

16. Cheeke PR. Potentials of rabbit production in tropical and subtropical agricultural 
system. J Anim Sci. 1986;63:1581-1586. 

17. Van Der Horst F, Jehl N, Koel PF. Influence of the mode of rearing (cage or pen) on 
growth performance and qualities BEEF Normande breed rabbits. 8

emes 
Journ Rech 

Cunicole, Paris. 1999;71-74.  
18. Nguyen Quang Suc, Dinh Van Binh, Le Thi Thu Ha, Preston TR. Effect of  housing 

system (cage versus underground Shelter) on performance of rabbits on farms. 
Livestock Res for Rural Dev. 1996;8:4. 

19. Fielding D. Rabbit: In Tropical Agriculture Series. CTA/Macmillan Education Ltd., 
London; 1991. 

20. Berepubo NA, Owen OJ, Monsi A, Oji UI, Chukwuigwe EC. Evaluation of “Sudden 
death syndrome in rabbits colonies raised under different rearing systems in Rivers 
State Nigeria. J Innovations Life Sci. 1996;2:44–47. 

21. Laxmi JP, Gupta BR, Prakash MG, Ekambaram B, Amareswari P. A study on the 
performance of fryer rabbits under different systems of rearing. Livestock Res Rural 
Devt. 2009;21(8). 

22. Rollins WC, Casady RB, Sittmann K, Sittmann DB. Genetic variance component 
analysis of litter size and weaning weight of New Zealand White rabbits. J Anim Sci. 
1963;22:654.  

23. Vogt DW. Selection experiment with domestic rabbits: I. Heritabilities of and genetic 
correlations between post-weaning average daily gain and gross feed efficiency. J 
Hered. 1979;70:421. 

24. Lukefahr SD, Ozimba CE. Prediction of carcass merit from live body measurements of 
rabbits of four breed types, Livest. Prod Sci. 1991;29:323. 

25. Ozimba CE, Lukefahr SD. Comparison of rabbit breed types for postweaning litter 
growth, feed efficiency and survival performance traits. Journal of Animal Science. 
1991;69:3494-3500.  

26. Fayeye TR, Ayorinde KL. Effect of weaning litter size and sex on post-weaning 
bodyweight, mortality and carcass characteristics of domestic rabbits in the         
humid tropics. In: Proc. 9th World Rabbit Congress, 2008 June, Verona, Italy. 
2008;1536-1537. 

27. Butswat ISR, Tizhe MA, Addas PA. Seasonal variation effect and the sustainability    
of rabbit production in Bauchi, Nigeria. Journal of Sustainable Agriculture. 
2006;28:145-158. 

28. McNitt JI, Lukefahr SD. Postweaning growth characteristics of four breeds of rabbit in 
Louisiana. J Anim Sci. 1991;69(1):8. 

29. Papp Z, Kovacs F, Rafai P. Impact of the climate on large scale rabbit farming. III. 
Effect of environmental on the nest temperature and growing of suckling rabbits. Magy 
Allartorv Lapja. 1987;42:209. 

30. Lebas F, Coudert P, Rouvier R, Rochambeau H. FAO Animal Production and Health 
Series No 21; 1986. 

31. Mattioli C. Effect of climate on reproduction. Journal of Rabbits. 198;19(2):38-39. 
 _________________________________________________________________________ 
© 2014 Ayo-Ajasa et al.; This is an Open Access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited. 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=539&id=2&aid=4893 
 


