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ABSTRACT 

The rabbit breeding program conducted in 2021 at the Rabbit Breeding 
Unit of the Laboratory Animal Resource Unit (LARU), Ins�tute for Medical 
Research (IMR), was designed to evaluate the reproduc�ve performance 
of newly arrived New Zealand White rabbits within a structured breeding 
and management system. The key aspects of the study included random 
pairing and ma�ng of rabbits every three weeks. All six rabbits in the 
program were housed under natural condi�ons, with ambient 
temperature and a uniform feeding regimen. The findings revealed that 
does with larger liters exhibited higher pre-weaning mortality rates, 
indica�ng a poten�al challenge associated with liter size. Interes�ngly, 
factors such as ambient temperature did not significantly impact 
gesta�on length, concep�on rate, kindling rate, or parental mortality 
rates. This suggests that the breeding success may be more closely linked 
to husbandry prac�ces and overall management rather than external 
environmental condi�ons.  Despite this being the first breeding cycle for 
all rabbits, the program's success underscores the importance of effec�ve 
husbandry, management, and dedicated care in achieving posi�ve 
reproduc�ve outcomes. This study emphasised the importance of proper 
husbandry and management prac�ces in ensuring breeding success while 
minimising stress on the animals. 
 
KEYWORDS: rabbits, reproduc�ve performance, comprehensive 
breeding and management, ambient temperature, breeding cycle  
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INTRODUCTION  

The New Zealand White (NZW) rabbit (Oryctolagus cuniculus) is one of the most commonly used rabbit 
breeds in biomedical research. This popularity is atributed to their less aggressive nature, fewer health 
complica�ons compared to other breeds, and high reproduc�ve rate when compared to other 
livestock species (1). Female rabbits breed at five months old for smaller breeds, 6 to 7 months for 
medium-sized breeds, and up to 9 to 12 months for larger breeds, or when they reach approximately 
75% of their adult weight (2). Male rabbits typically mature one month later than females (3). Unlike 
other mammals, rabbits do not have a specific oestrous cycle. Similar to humans, the release of an 
ovum in rabbits is triggered by a cycle of hormones; however, in rabbits, sexual intercourse itself 
s�mulates the release of the ovum. (3) Instead, they are generally recep�ve to ma�ng for 14 days in a 
15-day cycle. Signs of recep�veness in females, or does, include a change in vulva colour and moisture 
from a pink, dry appearance to a red and moist one (4). In our program, a 1:1 ma�ng ra�o was 
prac�sed, which differs from other breeding programs that use 2 to 5 females, or up to 10 females, 
with one buck (2,5).   
 
Rabbit breeding can be done using four primary methods: natural ma�ng, forced ma�ng, confined 
ma�ng, and ar�ficial insemina�on. Natural ma�ng is the most commonly used method and has been 
shown to achieve high concep�on rates, o�en exceeding 90% when the doe is in heat (6). In this 
method, the doe is placed in the buck’s cage for ma�ng. Given that rabbits are territorial, female 
rabbits o�en exhibit aggression to protect their space if males are introduced into their cages (2). In 
some breeding programs, a buck can be paired with two to five does, and in group breeding systems, 
one buck with two does in the same pen can also be effec�ve (5). 
 
Male rabbits can mate with up to 10 females, but it is important to limit this to no more than two or 
three �mes a week to avoid overbreeding (2). The gesta�on period in rabbits is rela�vely short, 
averaging 28 to 35 days. The risk of s�llbirth increases if the pregnancy extends beyond day 32 (4). 
Does can be rebred immediately a�er kindling or giving birth, though lacta�on reduces their 
recep�veness un�l a�er the weaning period (4,7). Rabbits are known for producing large liters, 
typically ranging from 4 to 12 offspring per birth. In commercial rabbit farming, does can produce up 
to 60 weaned kits per year under intensive breeding programs (7). Does nurse their young twice daily, 
with each nursing session las�ng approximately 5 to 10 minutes, depending on the doe's coopera�on. 
 
This study aimed to provide a deeper understanding of the breeding success and reproduc�ve 
performance of NZW rabbits in open-house laboratory se�ngs. By examining the effects of 
comprehensive husbandry prac�ces and efficient laboratory management systems, this research 
aimed to op�mise breeding outcomes, improve animal welfare, and support the development of best 
prac�ces in rabbit breeding for biomedical research. Understanding these factors is essen�al for 
increasing breeding efficiency, reducing the risk of reproduc�ve failures, and ensuring the health and 
produc�vity of rabbits used in scien�fic studies, ul�mately contribu�ng to more reliable and ethical 
research prac�ces. By studying breeding management systems, researchers can iden�fy op�mal 
breeding prac�ces, leading to the produc�on of higher-quality offspring and improved overall breeding 
outcomes.  Furthermore, this study will serve as a resource for new researchers at the Ins�tute for 
Medical Research (IMR), emphasising the importance of proper animal care that aligns with effec�ve 
research prac�ces. Thus, it will ensure that animals are well cared for while being effec�vely u�lised 
in scien�fic experiments. 
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MATERIALS AND METHODS 

Subject of Study: NZW Rabbits 
In November 2020, the Laboratory Animal Resource Unit (LARU) received three pairs of NZW rabbits 
for breeding purposes. Upon arrival, all six rabbits were approximately 3 months old. A thorough 
physical examina�on revealed that all rabbits were bright, alert, and responsive, with no abnormali�es 
detected. 
 

The rabbits were individually iden�fied for tracking and monitoring: 
• Male Rabbits: H01, H02, and H03 
• Female Rabbits: H04, H05, and H06 

These rabbits were monitored for health, behaviour, and reproduc�ve outcomes during the breeding 
program. 

 
Animal housing 
These newly arrived rabbits underwent a quaran�ne period of two weeks to ensure they were free 
from infec�ous diseases.  They were kept in conven�onal standard individual stainless-steel cages, 
which are commonly used in laboratory animal housing due to their ease of cleaning and maintenance. 
The cages were equipped with corncob bedding in the tray beneath the cage, which was replaced and 
cleaned every 5 days to maintain a hygienic environment. The ligh�ng schedule was set up to 8-9 hours 
of light and 14-15 hours of darkness. 

 
The temperature within the breeding room was carefully maintained between 24°C and 34°C to ensure 
the rabbits' well-being, as extreme temperatures can affect breeding success and animal health. All 
rabbits were provided with a balanced diet consis�ng of a variety of fresh vegetables such as cabbage, 
cauliflower, broccoli, letuce, carrots, pak choi, mustard, and spinach.  In addi�on to the vegetables, 
they were fed a commercial pelleted diet daily, with the ingredient composi�on detailed in Table 1, to 
meet their nutri�onal requirements. Clean tap water was available ad libitum to ensure proper 
hydra�on. 

 
Table 1: Commercial pelleted ingredients’ percentage 

Ingredients % 

Crude protein 

Crude fat 

Crude fibres 

17.5 

4.0 

14.5 

 

Breeding program 
The breeding program began in February 2021, two months a�er the rabbits' arrival, following the 
�meline outlined in Table 2. The rabbits were divided into three male-female pairs, labelled H01, H02, 
and H03 for the males, and H04, H05, and H06 for the females. A natural ma�ng method was used in 
the breeding program, where the does (females) were introduced into the bucks' (males) cages 
between 0800 and 1000 hours for three consecu�ve days. During this �me, ma�ng behaviour was 
observed, with successful ma�ng occurring when the male rabbit mounted and grasped the female. 
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To manage the breeding process efficiently, ma�ng occurred at one-week intervals, providing adequate 
�me for the caretaker to focus on other essen�al tasks such as feeding, cleaning, and monitoring the 
rabbits' health without being overwhelmed by constant breeding cycles. It gives the caretaker enough 
�me to atend to each rabbit's needs. This interval also allows for proper documenta�on of 
reproduc�ve data. 

 

Table 2. The first breeding program planner for the year 2021 

P (Parental Genera�on) ID Breeding Date Es�mated Delivery Date 

H01 x H04  

 

2 to 4 February 2021 

(3 days) 

0800 to 1000 (2 hours) 

4 March to 9 March 2021 

 

H02 x H05  

 

9 to 11 February 2021 

(3 days) 

0800 to 1000 (2 hours) 

11 March to 16 March 2021 

 

H03 x H06 16 to 18 February 2021 

(3 days) 

0800 to 1000 (2 hours) 

16 March to 23 March 2021 

 

During the observa�on period, the rabbits were monitored three �mes per day: early morning from 
0800 to 0900, early a�ernoon from 1200 to 1300, and late evening from 1600 to 1700. The behaviours 
observed included feeding, drinking, and body care behaviours such as grooming, scratching, and 
res�ng. Reproduc�ve and produc�ve performance was also monitored, including the gesta�on period, 
liter size for each doe, and concep�on rate (CR), calculated according to a previous study (8). Other 
parameters observed included the kindling rate (%), pre-weaning mortality rate (30 days) (%), and the 
mortality rate of breeding rabbits (%). Reproduc�ve and produc�ve parameters in breeding rabbits are 
shown in Table 4. The hairless, blind, and deaf kits were placed in a container lined with �ssue paper 
to observe their faeces and urine. The �ssue was changed 3 �mes or more, daily. The liter’s containers 
were separated and labelled based on their parents’ ID. Adult rabbits were caged individually to 
prevent unwanted fights and were re-bred. Observa�on for any abnormality in behaviour, discharge 
and casualty was easier with individual cages.  Weaning was carried out at 4 to 5 weeks of age for all 
does. During this period, any abnormali�es in behaviour, discharge, or casual�es were closely 
monitored, as individual cages allowed for beter observa�on and interven�on when necessary. 
 

RESULTS 

The ma�ng process was observed closely. Upon introduc�on of the bucks to the does, the males 
displayed typical courtship behaviour, including sniffing and licking the females, with no signs of 
aggression or figh�ng. The males began spraying urine on the females, which is a common behaviour 
in rabbits to signal readiness for ma�ng. In response, the females flatened their bodies against the 
floor, and the males started to grasp her and mount the partner. Throughout the en�re process, no 
abnormal behaviour was noted, and all rabbits con�nued their usual feeding, drinking, and grooming 
ac�vi�es without any disrup�ons.  
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All rabbits showed normal feeding and drinking behaviour and performed body care ac�vi�es as usual.  
The summary of animal behaviour observed during the breeding period is shown in Table 3.  There 
was no abnormal behaviour observed, par�cularly in female rabbits during pregnancy.  Abdominal 
palpa�on was conducted on the 12th–14th days post-ma�ng to confirm pregnancy as shown in Table 
4.   As a result of abdominal palpa�on, it was confirmed that all three does were pregnant.  One doe, 
iden�fied as H06, exhibited signs of nes�ng a day before giving birth. The doe plucks hair from her 
abdomen and builds a nest in the nest box. However, another two does (H05 and H04) showed no 
signs of nest building but showed signs of aggressive behaviour such as excessive scratching and 
thumping her hind legs when observed (H04). On the 27th and 28th days of pregnancy, a specially 
designed nest box, cut on one side, was placed in the doe cage to facilitate easier access. This 
modifica�on allowed the doe to enter and exit the box with more ease. Kindling occurred during the 
early morning hours, and all 24 kits were born healthy, with no congenital defects. However, some kits 
were no�ceably smaller than their siblings. A�er birth, the does remained with their kits for a few 
hours, a�er which all kits were removed from the doe's cage. 
 

Table 3. The summary of animal behaviour observed during the breeding period 

Behavioural 
parameter Feeding Drinking Body care Res�ng 

In the early 
morning 

(0800- 0900am) 

 

Rabbit eats more 
leaves than 

pellets. 

 

Consump�on of 
water from the 
nipple drinker. 

 

Body grooming 
(female) 

Male sniffing, licking 
on female 

Male moun�ng on 
female 

 

Res�ng on 
abdominal posture 
and lateral posture 

(both). 

 

In the early 
a�ernoon (1200- 

1300pm) 

Rabbit eats pellets. 

 

Consump�on of 
water from the 
nipple drinker. 

 

Body grooming (both) 

Licking and nipping 
the fur (female) 

Sea�ng and 
scratching the body 

(both) 

 

Res�ng on 
abdominal posture 
and lateral posture 

(both). 

 

In the late 
evening 

(1600- 1700pm) 

Rabbit eats both 
leaves and pellets. 

Consump�on of 
water from the 
nipple drinker. 

Body grooming (both) 

Licking and nipping 
the fur (female) 

Sea�ng and 
scratching the body 

(both) 

Male moun�ng on 
female 

Res�ng on 
abdominal posture 
and lateral posture 

(both). 
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Table 4. The reproduc�ve and produc�ve parameters in breeding rabbits 

P 

(Parental 
Genera�on) 

ID 

Abdominal 
palpa�on 

Delivery 
Date 

Gesta�
on 

Length
s 

(days) 

Liter 
size at 
birth 

(head) 

Concep�
on 

Rate of P 
(%) 

Kindling 
rate (%) 

Pre-
weaning 
Mortalit

y (30 
days) 

Mortality 
Rate of P 

(%) 

H01 x H04 

 

18 February 
2021 

5 March 
2021 

±31 

 

9 

 

100 

 

100 44.44 % 

 

0 

 

H02 x H05 

 

25 February 
2021 

 

11 
March 
2021 

 

±33 

 

6 

 

100 

 

100 0 0 

H03 x H06 4 March 
2021 

21 
March 
2021 

±33 9 100 100 22.22% 0 

 

Since this was the first pregnancy for all, they were unable to nurse all the kits effec�vely.  The doe 
nursed twice daily with assistance from a caretaker, spending approximately 5 to 10 minutes per 
session, depending on the coopera�on of the doe during nursing. The caretaker made sure that all kits 
got enough milk when the litle bellies were round, even distended (Figure 1a and 1b). H06 gave birth 
to 9 kitens of various sizes, averaging from 1.3g to 1.9g.  We found that the smallest kits had difficulty 
in feeding and needed extra care by the caretaker, even though H06's mother gave good coopera�on 
and nursed well. The smallest kits were given extra milk from another two does.  However, from our 
observa�on, we no�ced that H04 had some difficulty feeding her kits and had some aggressive 
behaviour towards them. It seems H04 could not accept her kiten’s presence and tried to hurt and 
caused some superficial injury to her kits during feeding.  Injured kitens were treated with iodine and 
separated from other siblings for beter monitoring and care. Kits need to be reared by a caretaker, 
but the death rate is high. H05 served as their foster mother because she had the smallest liter size 
compared to the other two. Addi�onally, some of the weaker or smaller kitens were fed milk 
replacers, as they struggled with direct feeding either from their biological mother or foster mother. 
All healthy kitens survived through the pre-weaning stage, as shown in Figure 1(c). 
 

 

Figure 1. (a) LARU staff assisted the kiten in suckling the nipple, (b)  hand-feeding the kitens, and (c) 
healthy kitens survived a�er pre-weaning  
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DISCUSSION 

This was the first breeding program in 2021, and it was successful.   All does used in this breeding 
program were bred with healthy kitens, and the total number of newborns was 24.  Several factors 
influenced the success of this rabbit breeding, including reproduc�on, feeding, environment and 
management prac�ces.   
 
The 1:1 ra�o was chosen for ease of monitoring the breeding performance of each animal since this is 
their first breeding program. The right �me to mate is determined by checking the female’s 
reproduc�ve organs externally (4). The vulva becomes swollen and pink-purple or reddish-purple when 
she is recep�ve, and the vulva appears narrow and pale during anestrus. In our breeding program, we 
observed that the female’s vulva turned red. The first ma�ng atempt involved placing a female rabbit 
into the male's cage, which occurred on the first day, typically between 8:00 a.m. and 10:00 a.m.  The 
ma�ng process was observed. Upon introduc�on, the buck follows the doe, sniffing and licking her, 
and no figh�ng behaviour is observed. As men�oned by a previous study (7), the natural ma�ng 
behaviour was observed in our program too. The female flatens her body to the ground as the males 
begin to spray her with his urine, and the males then grab her and mount the partner.  A�er ma�ng, 
ovula�on typically occurred 10 to 13 hours later (4,9) before returning the doe to her enclosure.  
Although a single ma�ng is o�en sufficient to s�mulate ovula�on, we choose to leave them together 
at least for 3 days with close supervision.  The animals were observed to be comfortable with their 
partners, and no signs of aggressive or figh�ng behaviour were observed over the three days. This 
suggests that the rabbits were successfully acclima�sed to one another, and their interac�ons were 
peaceful, allowing for a stable environment conducive to breeding. Another factor that limits the 
concep�on is the environmental factor.  In extreme heat temperatures such as 30⁰C to 32⁰C, the 
rabbits tend to become temporarily sterile (6). The ambient temperature plays an important role in 
animal produc�on, where high temperatures will affect the reproduc�ve performance of rabbits and 
restrict their breeding season (10). Temperature also determines the gesta�on period. A previous 
study reported that the gesta�on length (days) was longer in summer at 31.71 days and 31.22 days 
during winter, where the experiment was done in a room with a temperature of 28.7⁰C to 31.8⁰C 
during summer and 13⁰C to 20.4⁰C during winter (11). On the contrary, Balabel (2004) found in his 
experiments that high temperature significantly decreased the gesta�on period to 29 days when he 
carried out his experiment in a natural room condi�on with 33⁰C to 35⁰C. However, the results of our 
findings found that the gesta�on period was 31 to 33 days with ambient temperature ranging from 
24⁰C to 34⁰C during the ma�ng period and 25⁰C to 35⁰C during kindling.  The high range of room 
temperature in this study can be atributed to the fact that the rabbits were kept in a natural room 
environment, where the ambient temperature naturally influenced the temperature within the rabbit 
room. In this se�ng, fluctua�ons in the outdoor climate, such as changes in weather or season, would 
directly impact the internal temperature of the room, leading to varia�ons in the condi�ons to which 
the rabbits were exposed. This could result in a wider range of temperatures during the study period, 
which may affect factors like breeding behaviour, gesta�on length, and liter size. 
 

Temperature not only affects the gesta�on length, but it also affects the number of liter sizes. Previous 
studies (11,12)  have shown that liter size numbers will decrease in higher temperatures; however, 
this was not reported to our breeding program. Although the temperature in Malaysia is rela�vely high 
compared to other regions, it does not appear to affect the liter size produced in our laboratory. We 
were able to maintain good husbandry prac�ces, and even with the ambient temperature ranging from 
24°C to 34°C, we were able to achieve a larger liter size compared to the two previous studies.  The 
comparison data is summarised in Table 5. 
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Table 5. Comparison between gesta�on period, liter size and room temperature between three 
studies. 

Data Source LARU (2021) Mady et al. (2018) Balabel (2004) 

Gesta�on period 31 to 33 days 31.71 to 31.2 days 29 days 

Liter size 6 to 9 4.56 5 

Room temperature 
(mal�ng period) 

24°C to 34°C 

 

 28.7°C to 31.8°C 
(summer) 

13⁰C to 20.4⁰C (winter) 

   33°C to 35°C 

 

Good management and care of the rabbit will determine the survival of the kitens, apart from being 
free from any disease. With competent veterinary care and diligent aten�on from the caretakers, 
these kitens were well cared for and nursed accordingly.  However, hand-raising can be challenging, 
par�cularly during the weaning process, which is a cri�cal �me when young rabbits are vulnerable to 
illness.   
 

At around 3 weeks old, we no�ced that some of the kitens started showing abnormal performance of 
body weight and their health began to decline. Abnormal behaviour was observed, such as kits not 
suckling well or refusing when nursing, being dull and depressed, not ac�ve and star�ng to lose weight.  
One of them showed tor�collis, indica�ng poten�al health problems.  Moreover, compe��on among 
litermates for limited teats can exacerbate these issues, par�cularly in larger liters (13). An increase 
in liter size will decrease the milk available to each kit (14), and this limita�on will affect their survival, 
leading to higher risks of malnutri�on and mortality. Data in Table 3 showed that the pre-weaning 
mortality rate for H04 is 44.44% and 22.22% for H06. Both does gave birth to 9 kitens compared to 
H05, with 6 kitens who survived un�l weaning. The total number of kits that died during pre-weaning 
periods was 6; 4 kits for H04 and 2 kits for H06. The larger liter size in our data increased the 
abnormality and increased the pre-weaning mortality rate, as weaker kitens may struggle to compete 
for milk and nourishment.  Similarly, a previous study (15) also reported high pre-weaning mortality in 
large liter sizes.  As a result, the weaker compe�tors may experience starva�on and are more likely to 
die.  Therefore, good husbandry and management are essen�al to ensure that these young rabbits can 
live healthily un�l weaning. Several sugges�ons and recommenda�ons can be implemented to reduce 
or poten�ally eliminate pre-weaning mortality rates in future studies, par�cularly given that larger 
liter sizes are associated with higher mortality rates. To ensure the health of the does before breeding, 
it is crucial to provide a balanced and nutri�ous diet. Well-nourished does are more likely to 
successfully nurse larger liters effec�vely, improving the survival chances of all kits. 
 
Stress can significantly impact maternal behaviour, including nursing and bonding with the kits. 
Therefore, minimising stress factors such as overcrowding, excessive noise, or frequent disturbances 
can help ensure that does care for their liter, reducing the risk of abandonment or neglect.  
Addi�onally, providing larger or more comfortable nest boxes will ensure that all kits have enough 
space to stay warm, minimising the risk of chilling or overhea�ng.  Increasing monitoring and care for 
high-risk liters by regularly checking to ensure that all kits are receiving enough milk can also help. 
Offering extra care or supplementary feeding with a milk replacer may be beneficial for weaker kits to 
prevent malnutri�on or dehydra�on, thereby lowering mortality rates. To reduce the risk of infec�ons 
and diseases, the environment should be kept clean and hygienic, with regular cleaning of nes�ng 
areas and proper sanita�on. 
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By implemen�ng these sugges�ons in future studies, pre-weaning mortality rates can be reduced, 
leading to healthier and more produc�ve rabbit popula�ons in future breeding programs. 
 

CONCLUSION 

In conclusion, the ini�al rabbit breeding program in 2021  emphasised several key factors for achieving 
successful rabbit produc�on. The program effec�vely implemented a 1:1 ma�ng ra�o and closely 
monitored natural ma�ng behaviours. The gesta�on period was found to be between 31 and 33 days, 
with temperature fluctua�ons not significantly impac�ng liter size. Notably, the study observed that 
pre-weaning mortality rates were higher in does with larger liters, likely due to increased compe��on 
for milk and other related factors. 
 

To address this in future studies, the program recommends op�mising doe nutri�on, minimising stress, 
providing adequate nes�ng space, increasing monitoring and care for high-risk liters, and maintaining 
a clean environment. These measures can help improve kiten survival rates and enhance overall rabbit 
produc�on efficiency. 

 
The 2021 rabbit breeding program was successful, with the three newly arrived does demonstra�ng 
strong reproduc�ve performance during their first breeding cycle. While a posi�ve correla�on 
between large liter sizes and high pre-weaning mortality rates was observed, successful breeding 
outcomes were largely influenced by effec�ve husbandry, care, and management prac�ces. 
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