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ABSTRACT

This study was conducted to determine the effect of doe reproductive performance of local and
exotic dam in regards to their reproductive characteristics such as conception rate, pregnancy
rate, kindling rate and litter size in a tropical environment. The study shows the interaction
between reproductive performance and dam breed, parity, teat number, and fur score. A total of twenty
(20) matured does and five (5) matured bucks were used for the experiment. The does were
either local or exotic breed. The mating was designed such that a local breed buck was crossed
with a local breed doe and an exotic breed buck with an exotic breed doe. The does were divided
into 2 groups with 10 local does in a group and 10 exotic does in a group. The rabbits were fed
compounded feed of 2550 Kcal/kg metabolisable energy, 18% crude protein, and 15% crude
fibre. The experiment lasted for nine months and data collected were subjected to analysis of

variance using the GLM procedure of SAS (1999).

The result obtained showed that there were differences between breeds in regards to doe weight
at mating, doe weight after mating, doe weight at birth, gestation length, number of kits born,
number of kits born alive, number of kits born dead, individual kit weight, litter weight and
average litter weight at birth. From the result, it can be concluded that exotic breed have a better
reproductive performance than local breed. Therefore, doe reproductive performance can be

improved through breed manipulation such as cross breeding.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background stady

The human population growth in developing countries including Nigeria is still increasing
rapidly, hence the need for alternative sources of protein to meet up with the population
challenge (Mailafia et al., 2010). This is because increasing population is equivalent to
increasing number of people to be fed and so increasing demand for food products. Owen ef
al. (2008) surmised that in order to maximize food production and meet protein requirements
in Nigeria, viable options need to be explored and evaluated. Among such alternatives is
rabbit because of its prolificacy, quality of meat and ability to thrive on feed products that
humans do not consume and converting such feed products to meat that humans can consume

(Owen ef al, 2008).

Rabbits are herbivores and so do not compete with humans for their food. They efficiently
convert fodder food to meat. It has been reported that rabbits can turn 20 percent of the
proteins they eat into edible meat (FAO, 1997). Comparable figures for other species are 22 to
23 percent for broiler chickens, 16 to 18 percent for pigs and 8 to 12 percent for beef (FAO,
1997). Also, rabbits are characterized by small body size, short gestation period, high
reproductive potential, rapid growth rate and, genetic diversity. (Mailafia ef al., 2010). Rabbit
meat is high in protein and low in fat content (Jenny and Julie, 2014). Rabbit production is
less capital intensive as rabbits can be fed on crop residues, weeds, waste fruits, vegetables
and poultry droppings while the housing systems and equipment such as cages, feeders and so
on can be made using readily available materials such as split bamboo and raffia palm
(Mailafia et al.,, 2010). These characteristics make it possible for poor farmers to be able to

handle rabbit farming effectively since it involves low capital and labour investment.




L

@&

Rabbit production can therefore be used to alleviate the animal protein deficiency experienced
in Nigeria (Ajala and Balogun, 2004). However, despite the merits of rabbit farming, it is
faced with so many limitations in Nigeria. Such limitations and problems include inadequate
market for products and inadequate skill on the part of farmers for rabbit management
particularly reproduction management (Awojobi ef al.,2011). Awojobi et al. (2005) reported
that the problem highlighted above could be due to dearth of information as regards

reproduction management of rabbit.

The continuity of any animal production farm is dependent on continuous supply or
generation of offspring from the breeders stock. This means that any problem with
reproduction will also affect the continuity of the farm.

Chineke (2006) worked on evaluation of rabbit breeds and crosses for pre-weaning
reproductive performance in humid tropics. In his study, crossbreds from select breeds
namely New Zealand White, Chinchilla, Dutch belted and Croel breeds were assessed for
effects of genotype and parity of dam on Individual kit weight, litter weight, average litter
weight and litter size at birth. His results showed significant effects of both genotype.

Obike and Ibe (2010) also studied the effect of genotype on pre-weaning growth performance
of the domestic rabbit in a humid tropical environment and while their study involved the use
of three rabbit breeds, namely New Zealand White, Chinchilla and Dutch, significant
differences were recorded among genotypes for pre-weaning growth performance at all the
ages (21 to 56 days) studied. Also, an observed superiority of purebreds over crossbreds was
recorded.

Also, the decision on when to mate is very critical as it determines the success or failure of
any breeding programme. Re-breeding or re-mating interval is the time between a successful
parturition and another mating or conception. Smith and Somade (1994),reported that the
interaction between re-mating interval and the reproductive performance has a significant

2
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effect on several traits such as conception rate, gestation length, litter size, weaning weight,
litter weight, body weight of doe, mortality, growth rate and milk production of dams. This
shows that re-mating interval does not only have effect on reproductive traits but also on
growth parameters. It has been shown by Cheeke (1983) that rabbits could be mated 24 hours
after kidding since rabbits are induced ovulators. McNitt et al,, 1996 also ed-If early re-
mating is successful, there is a possibility of increasing reproductive rate (Saha et al., 2013).
However, short re-mating intervals after kidding may not allow for adequate recovery of the
body reserve of the does and consequentially, there may be a decrease in growth and
reproductive performance and increase in kit mortality (Saha et al., 2011).

A proper understanding of postpartum reproductive physiology in the domestic rabbit within
the confines of the limitations of the tropical environment will assist in establishing the most
effective ways of managing rabbit production for optimal growth and performance (Awojobi
etal, 2011).

1.2 JUSTIFICATION

This study showed effects of doe characteristics on the reproductive performance. The study
is aimed at determining effects of doe reproductive performance on local and exotic dam in
regards to their reproductive characteristics such as conception rate, pregnancy rate, kindling
rate and litter size in a tropical environment.

Since it has been established that rabbits can be remated 24 hours after kindling, thereby
increasing reproductive rate and making it possible to breed many offspring within the
minimum time possible, it is important to investigate whether or not doe characteristics will

significantly affect the reproductive performance.



P

1.3 OBJECTIVES OF THE STUDY
1.3.1 Broad objective

The aim of this research is to examine the effect of doe characteristics on reproductive

performance.
1.3.2 Specific objective

* To determine the effect of dam breed on reproductive performance, the effect of teat
number on reproductive performance, the effect of fur score on reproductive performance
and the effect of parity on reproductive performance and the interaction between these

factors.




CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 Origin and Distribution of Rabbits

Analysis of mitochondrial DNA (mtDNA) has been widely used in the genus Oryctolagus and
suggests that modern European rabbits had the same roots as the European wild rabbit,
Oryctolaguscuniculus, which was discovered in the Iberian Peninsula by the Phoenician in
about 5000 BC (Hardy et al., 1995; Monnerot et al., 1996; Fuller et al., 1997). Arthur (1989)
and Gonzalez-Redondo (2006) also suggested that the domestic rabbit (Oryctolagus
cuniculus) originated from the European wild rabbit which is game specie reared on farms in
countries such as Spain, France, and Portugal. Stephen (2006) reported that Romans also kept
hares and then switched to rabbits from Spain in the Roman leporarium from which they were
easily harvested for kitchen use, and thus spread the rabbit to many lands. The Romans kept
rabbits in walled enclosures (leporaria) and there is evidence that they brought them to
Britain, but they did not survive at this time (FAO, 1997)However, these facts do not
necessarily mean rabbits were domesticated (Stephen, 2006). Rather, the domestic breeds of
rabbits we know today had their roots in the French monasteries where, from the early middle
Ages, they were kept in hutches and raised as a food source (Stephen, 2006).Sanford (1996)
stated that the rabbits did not spread quickly as they did in later centuries, for 800 years later;
none of the Greek writers mentioned rabbit, which suggests that it had not reached the eastern
Mediterranean by then. Although the Romans were responsible for the spread of the rabbit out
of Spain, they did not attempt to produce artificial breeds from a domesticated stock; they
merely fattened them for food or left the rabbits to live as they would in the wild, except that
they were kept in enclose hutches, arrears, or warrens (Clutton-Brock, 1999). Clutton-Brock
(1999) further mentioned that the extremely fast rate of reproduction of the rabbit, combined

with their burrowing habits, enabled them to escape from the Roman warrens and rapidly
5
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invades the countryside, but they probably did not reach the British Isles until the Norman
period. Rabbits were also carried by sailors and let loose on oceanic islands so that they could
breed and provide a store of fresh meat that would be readily available for passing ships. It is
for these reasons that rabbits are now found all over the world and on almost all islands from
Lundy to the Falklands (Clutton-Brock, 1999). France with, certainly after the war II, the
largest rabbit industry in the world, has been the leader in this field, followed perhaps by Italy
and Spain (Sanford, 1996).

2.2 Taxomomy of Rabbits

Scientific names are very important and widely used by scientists throughout the world to
easily identify what specie is being referred to (Husein, 2015). This is because a hare in
Nigeria may be completely different from a hare in the United Kingdom (Husein, 2015).
Taxonomy was developed by Linnaeus (1735) where he classified living organisms using
different levels and statuses (Husein, 2015). Following this system, rabbit can be classified as
follows;

Domain — Eukarya

Kingdom == Animalia

Phylum — Chordata

Sub-phylum = Vertebrata

Class — Mammalia
Order — Lagomorpha
Family — Leporidae
Genus — Oryctolagus
Species — cuniculus

23 Domestication of Rabbit
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Rabbit domestication dates back no further than the present millennium (FAO, 1997). The
wild rabbit Oryctolagus cuniculus is thought to have been discovered by Phoenicians when
they reached the shores of Spain about 1,000 BC (FAQO, 1997). The Romans ate fetuses or
newborn rabbits, which they called laurices, and are believed to have spread rabbit throughout
the Roman Empire as a game animal (FAO, 1997). It is known that monks were in the habit
of eating laurices during Lent as they were considered "an aquatic dish” known as sic (FAQO,
1997). Several breeds of rabbit were known in the sixteenth century and this is the first
indication of controlled breeding (FAO, 1997). Domestication can therefore be traced to the
late middle ages, probably mainly the work of monks, since it provided them with a more
delectable dish than the tougher wild rabbits (FAQ, 1997).

24  Importance of Rabbits

Rabbits are raised for several purposes. The major products derived from rabbits include
meat, fur, and wool (Cheeke, 2005). Rabbits are also used for laboratory experiments,
exhibition and as pets (Cheeke, 2005). Rabbits have been promoted as tools in poverty
alleviation programmes (Dolberg, 2001; Owen et al., 2005). This could be on account that
rabbit farming requires low investment and yields early benefits, and probably because of
their subsistence on renewable resources for feeding, housing and general management.
Lukefahr (1999) stated that small-scale rabbit projects could be used as a vehicle for the poor
to help themselves. According to Sandford (1996), the domestic rabbit is called the "poor
man's pig". This is because, a number of variety of use to which rabbit is put by man include;
supply of food (the most extensive of all the uses), very high grade wool, serves as a source of
miscellaneous products, assists in laboratory and experimental work, and could be kept as
exhibition, pet or companion animal and could be used in educational work of varied sorts

(Sanford, 1996).




Rabbit furs for clothing purpose have been used for hundreds of years (Sanford, 1996). The
skins can be used in the production of toys, craftwork and garment and can be in cottage
industries for such purposes.Rabbits are bred as pets, for genetic studies, for laboratory
experimentation, and for their meat and furs; domestic rabbits' furs are sold under the trade

names of arctic seal, clipped seal, and lapin (Redmond, 2009).

2.5  Breed characteristics and color varieties of Rabbits

The term 'breed' can be used in a number of different ways but in the rabbit world it is a group
of animals, or populations which resemble each other (Sanford, 1996). Breeds of rabbits had
been produced from these three ways; occurrence of mutation which is the mechanism which
controls the inherited characters producing a particular colour or type of fur may be changed,
thus producing an entirely new character (Husein, 2015). The second method is by
combination of characters existing in two or more breeds (Husein, 2015). The third system is
by selection for particular characteristics carried to such a degree that a strain differing greatly
from the original stock is produced (Husein, 2015). All these ways, and variations of them,
have been used or have occurred in the production of the present breeds and varieties of
domestic rabbits (Sanford, 1996). Sanford (1996) further stated that the common breeds of
rabbits are Angola white, Flemish giant, New Zealand white, New Zealand red, British giant,
California white, Sussex, Smoke pearl, Chinchilla and Chinchilla giant, among others.
According to the American Rabbit Breeders Association (ARBA) cited by NAFIS (2012),
there are over 47 distinct rabbit breeds. The domesticated rabbit has extremely diverse
characteristics, varying in colour through every grade, shade, and mixture, from pure white to
all black; in coat from very short to long, silky hair capable of being woven; and in style of
ears from the prick ear—erect, small and almost as stiff as metal—to the floppy, broad, soft-
skinned lopped ear, which hangs to the ground (Redmond, 2009). According to Sanford
(1996), all domestic rabbits throughout the world are the same species, Oryctolagus

8



significant effect (p>0.05) on most of reproductive traits measured (% conception, Gestation
length (days), Litter size at birth (kits), Litter weight at birth (g), and Average kit weight at
birth (g)). Conception rate recorded was discovered to be significantly (p<0.05) highest when
natural mating was practiced while all other reproductive traits were non-significant (p>0.05).
It was also observed that breeding system had a significant effect on average kit weight when
artificial insemination was practiced, while other post-partum litter traits (Litter size at birth
(kits), Litter weight at birth (g), Average kit weight at birth (g), Litter weight at week 8 (g),
and Average kit weight at 8 weeks(g)) were not significant (p>0.05).

2.5.1 New Zealand White

The New Zealand White breed has good growth characteristics and is capable of attaining
slaughter weight of 1.3-2.5kg live weight within 8-10 weeks (Husein, 2015). This claim is
dependent on feeding regime. It is a commercial breed that grows to a weight of 4-5.4kg and
has all-white colour (Husein, 2015). Its fur is marketable. It has good mothering instinct and

so is considered as ‘dam breed’ (Sanford, 1996).

Plate 2.1: New Zealand White (Source: Sanford, 1996)

10




2.5.2 Californian White

This is a commercial breed developed in the United States (Husein, 2015). It has broad
shoulders and meaty back and hips and hence is a good meat type breed with good dressing
percentage (Sanford, 1996). It is white except for its ears, nose, feet and tail which are either
dark grey or black. It is recognized by four colours — Normal (black points), Chocolate, Blue
and Lilac (Husein, 2015). It is an ideal sire breed for interbreeding with other breeds for

purposes of meat production (Sanford, 1996). Adults weigh between 3.5 and 4.75kg.

Plate 2.2: California White (Source: NAFIS, 2012

2,53 Flemish Giant

This is one of the largest breeds with adult bucks weighing not less than 4.9kg, nor adult does
less than 5.4kg (Husein, 2015). Interbreeding it with other breeds yielded other Giants such as

the British Giant and improved its characteristics (Sanford, 1996).

11




Plate 2.3: Flemish Giant (Source: NAFIS, 2012)

2.54 Chinchilla

Originally bred for fur and meat, they are short and stocky with a nice rounded back (Husein,
2015). There are three (3) chinchilla breeds: Standard, American, and Giganta Chinchilla
(Sanford, 1996). It weighs between 2.5 and 3kg or more depending on the type. Pelts of the
Chinchilla rabbit which are impossible to imitate with dyes are usually more expensive than

other normal fur-breed skins (Husein, 2015).

12
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Plate 2.4: Chinchilla (Source: Sanford, 1996)

255 Angora

This breed is mainly bred for its wool. Mainly because of the wool they produce, they require
regular grooming. It is therefore more suited as a pet than for meat (Husein, 2015). This breed
is recognized in white and twelve different colours (Husein, 2015). However, majority of
Angoras bred are white (Sanford, 1996). English Angora has much finer coat and weighs on
average about 2.75kg as against 3.6kg or more for French Angora and slightly over 4kg for

the larger German Angora (Husein, 2015).

13
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Plate 2.5: Angora (Source: NAFIS, 2012)

2.5.6 Dutch

Fairly small but compact with shorter forelegs. There are eight different colours of Dutch, viz;
Black, Blue, Chocolate, Tortoise shell, Pale Grey, Brown Grey, Steel Grey, and Yellow
(Husein, 2015). The breed weighing below 2.25kg has good meat properties, although on the
small side (Husein, 2015). When other breeds are crossed with Dutch, traces of the Dutch

pattern are liable to be exceedingly difficult to eradicate (Sanford, 1996).

14



Plate 2.6: Dutch (Source: NAFIS, 2012)

2.6 Rabbit’s Reproductive Behavior

The farmer’s ability to breed his animals successfully has a high dependence on the fertility
status of the animals used. Also, the advantage of raising rabbits for human consumption rests
on their potential biological efficiency (Awojobi er al., 2011).However, the gap between
biological potential and practical achievement is still wide in terms of reproductive
performance (Awojobi et al., 2011). The relevance of sexual behavior in farm animals can be
assessed using various parameters. Umesiobi ef al, (2000), reported that parameters for
measuring reproductive performance in female animals include: conception rate, litter size,
milk production and fecundity. The reproductive performance of the male could be measured
using the sperm concentration, sperm motility, live/dead spermatozoa and proportion of
morphologically deformed sperms (Herbert, 1992; Umesiobi ef al., 1998; Umesiobi et al,
1999; Ogbuewu et al., 2007).

Rabbits are induced ovulators and can be rebred within 24 hours after parturition (Awojobi et
al., 2011). Thus, it is theoretically possible to produce over 11 liters per doe per year (Cheeke,

1986). This intensive type of production could not be obtained in developing countries, but it
15
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is quite feasible to produce 3 to 5 liters per year (Cheeke, 1986). This is an advantage on the
part of a rabbit farmer and breeder because there wouldn’t be need of waiting for too long to
rest the doe before re-mating. This means that as many kits can be generated from a single
doe within a little period of time. The implication of this induced ovulation in rabbit breeding
is that several filial generations can be gotten within little time. However reproductive
efficiency and the doe’s physiology can be affected by postpartum re-mating interval
(Awojobi et al., 2011). This assertion implies that if a doe is rebred continuously just
immediately after a safe delivery in an attempt to maximize reproduction in the stock, the
reproductive efficiency and health of the doe may be altered and this would definitely have
impact on the kits yet to be weaned.

In a study conducted by Awojobi et al,, (2011) to evaluate the effects of reducing the re-
mating interval afler parturition on sexual activity, fertility, gestation, parturition and litter
characteristics of rabbits, it was reported that conception rate was highest in the does remated
21-28 days post-partum (98.8%) and lowest in the 10-20 days post-partum (68.4%). Gestation
length was significantly shorter (p<0.05) in the does remated10-20 days, post-partum (30.7
days), than those re-mated 1-9 days post-partum (31.6days) and those remated 21-28 days
post-partum (31.7 days). Litter size and weight at birth were not significantly affected. Kit’s
mortality was lower (p<0.05) in the 21-28 days group (25.6%) compared to 10-20days group
(57.4%) and 1-9 days group (58.8%).Litter weight (total and alive at birth) was heavier
(p<0.05) during the rains (295.9 and294 .9 g) than dry season (250.1 and 243.3 g).

2.7  Feeding Behaviour of Rabbit

The domestic rabbits are primarily herbivorous and consume most types of grains,
forages and hay. Diets, whether home grown or commercially prepared consist of
ingredients from plant sources. Since rabbits can utilize a certain amount of forage, they
have a place in food production by making use of some noncompetitive feeds

16




(Nworgu et al., 2001; Biobaku and Dosumo, 2003; Herbert et al., 2005; Omoikhoje et al.,
2006). Forage can contribute up to 50% of rabbit diets (Sanni et al., 2005), although there is
improvement in performance of rabbit fed concentrate and forage compared to feeding forage
or pellets alone (Onwudike, 1995; Biobaku et al., 2003; Taiwo ef al., 2004). For maximum
performance, combination of Centrosema pubescens and concentrates in 50:50 ratios is
the most efficient and should be used by rabbit farmers to increase production at a
reduced cost (Nworgu et al., 1998).

2.8 Problems of Rabbit Production

In Nigeria, as is the case for most developing countries, a major limitation to the development
of smallholder rabbit production is the absence of reliable sources for quality genetic stocks of
rabbits (Oseni et al, 2008). Wilson (1995) pointed out that limited supply of high
performance breeding stock retards rabbit production. Diseases are also part of the problems
rabbit production is facing. According to Sanford (1996), the most common diseases of
rabbits are coccidiosis, ear and skin mange, snuffles, mastitis, inflammation of the eyes,
epizootic hemorrhagic diseases and coenurosis.

In the tropics generally, as it is with other livestock, heat stress poses a serious limitation to
rabbit production (EL- Raffa, 2004). Heat stress reduces feed intake, impairs growth,
decreases fertility and increases kit mortality (EL- Raffa, 2004). High ambient temperatures
can cause infertility in breeding rabbit's and 30°C is considered the threshold, beyond which
mfertility may result (Lukefahr and Cheeke, 1990). Adaptation to heat stress, particularly
under hot and humid zones, has been extensively reviewed by El-Raffa (2004) who noted that
heat stress is ranked as the most important problem facing the rabbit industry in the tropics
and in arid regions, as compared to poor quality diets, diseases and/or parasites. Heat stress
reduces feed intake, impairs growth, decreases fertility and increases kit mortality (El-Raffa,

2004).

17
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Apart from all the problems listed above, another limitation to rabbit production in Nigeria
and the tropics in general is inadequate skill on the part of farmers for rabbit management,
particularly reproduction management (Awojobi et al., 2011). This is basically due to the
dearth of information as reported by Awojobi er al. (2005). The introduction of cycled
production and artificial insemination (AI) has improved management and productivity of the
doe in Europe (Awojobi et al., 2011).However, cyclic production is giving way to the
development of different reproduction protocols since continuous postpartum rhythm
decreases fertility rate and length of reproductive activity (Parigi-Bini ef al., 1989) and only a
few does can sustain a fixed postpartum rhythm (Castellini ef al., 2003).In Nigeria, there is
dearth of information on the physiology of the domestic rabbit after parturition (Awojobi et
al., 2011). A proper understanding of postpartum reproductive physiology in the domestic
rabbit within the confines of the limitations of the tropical environment will assist in
establishing the most effective ways of managing rabbit reproduction for optimal performance
and also enable an avenue for mapping out strategy for improving reproductive performance
(Awojobi et al., 2011). Though, commercial rabbit production is still in its infancy in Nigeria
(Awojobi et al., 2011) therefore the availability of correct information on reproduction
management is one of the catalysts needed for the development of the rabbit industry.

2.9 Doe Performance Traits

2.9.1 Litter size

The doe in rabbits is known to be polytochous and the number of kits born and raised to
weaning is an indicator of doe performance (Mcnitt et al, 1996). Litter size at birth and at
weaning has been the objective of selection in several studies involving rabbit populations
(Gomez et al, 1996). However, response to selection, when estimated, has been slow (de
Rochambeau et al., 1994) because of their low heritability (Baselga et al., 1992). Litter size at

birth is highly dependent on ovulation rate, uterine capacity and embryonic or fetal survival in
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the doe (Argente et al,, 2003), while litter size at weaning depends on litter size at birth, nest
quality and survival rates of the litter (Lebas er @/, 1997). Khalil (1993) reported LSB and
LSW as 7.1 and 5.3 respectively for NW and 6.7 and 4.99 kits for the CC. Elsewhere Laxmi
et al., (2009) reported 5.76 and 4 for the NW and 6.08 and 3.85 for the FG. These results and
those from other studies vary from even the same genetic group

2.9.2 Reproductive Longevity

Longevity, a non-traditionally studied trait, is defined as the age at which a doe either dies or
is culled from the production herd (Lukefahr and Hamilton, 2000). Long living animals able
to maintain a high rate of reproductive performance during successive lactations are of great
interest in animal production to reduce the replacement cost of the animals and in terms of
animal welfare. Piles et al., (2006) described reproductive longevity as the period between the
age at first successful mating, assessed by pregnancy diagnosis and at first kindling to the
time the doe is culled or dies or the ability of the female to delay involuntary culling. Other
studies were carried out involving number of litters/ parturitions or length of life (Sanchez et
al. ,2008) or number of mating or age at culling (Lukefahr and Hamilton, 2000). Breed
differences in doe reproductive longevity would affect cumulative litter production and
replacement costs that impact herd profitability. In meat rabbit production, the doe
replacement rate is about 120% (Rafel ez al., 2001) with about 50% of the dead or culled does
replaced during their first 3 production cycles (Rosell, 2003) or at between 1 to 2 years to be
replaced by a new generation (Piles et al., 2006). At this age, the quality of the carcass is
deemed to be of good quality. The main problems associated with high replacement rate are
the replacement cost of the does, the greater frequency of less mature females (young does are
still growing and are less immunologically mature at parturition, showing lower litter size and
more health problems), and sometimes the management and pathological problems related to

introduction of animals from other farms (Piles ef al., 2006). All of these considerations lead
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to a strong interest in increasing reproductive longevity, defined as the ability of the female to
delay involuntary culling. Despite its importance, longevity has not been included in rabbit
selection programs. Theilgaard et al (2007) reported the LP line of the NW to attain parities of
above 25 and suggested its use in breeding programs to harness this trait. The difficulty in
improving longevity through conventional breeding methods is mainly due to its low
heritability and the time needed to obtain relevant information. However, in mice, it has been
shown that reproductive life and number of parities can be improved by selection on

phenotypic performance (Farid ef al., 2002).

2.10 Factors Affecting Reproductive Performance

2.10.1 Parity

Studies concerning parity i.e. previous exposure to litter, have been carried out and they show
that experience with the young may influence subsequent parental behavior and development
of the litter through a process that involves learning or hormonal priming. Multiparous
mothers’ exhibit increased maternal responsiveness to the young, and this behavior is
relatively stable across the pre-weaning stages as compared to the primiparous mothers
(Carlier and Noirot, 1965; Bridges, 1978; Wright and Bell,1978). Litter development is also
affected by the history of experience of the parent where liters from the multiparous
does are usually heavier and develop faster than those from primiparous does (Wright and
Bell 1978; Myers and Master 1983; Ostermeyer and Elwood, 1984).

2.10.2 External Environmental Factors

There are limited genetic studies in the tropics where climate, diet management and stock
sources differ markedly from the temperate countries (Mcnitt et al.,1996). Rabbit populations
in tropical environments have heterogeneous history involving multiple breed introduction

and crossings that might explain the higher heritability observed in the various doe production
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traits (Lebas ez al., 1997). Seasonal variation in conception rates, total litter size at birth and
kits born alive were reported in the United States of America (Ross ef al., 1961, Sittman ef al.,
1964). Mcnitt and Lukefahr (1983) also noted seasonal effects on reproduction in rabbits in
Oregon, US.A. and Malawi. Abdel-Samee (1995) and Marai et al. (2001) reported the effects
of heat stress on reproductive performance of rabbits in Egypt, respectively.

2.10.3 Breed/genetic group

Several studies have shown breed or genetic group differences in doe performance in terms of
age at first successful mating, longevity and litter survival rates from birth to weaning (Mcnitt
and Lukefahr, 1990). Large breeds e.g. FG take longer to attain sexual maturity at between 6
to 8 months (Lebas e al.,1997) compared to small and medium sized breeds like the NW.
Khalil (1993) found the NW to raise more and heavier kits from birth to weaning compared to
the CC.

2.11 Deoe Effects on Performance of Rabbit Kits

2.11.1 Milk production of the doe

The nutrient intake of rabbit kits during the first three weeks of their life comes from the doe’
milk. The individual milk intake therefore contributes to their growth and development as
well as their survival before weaning. Milk intake of the Kkits is strongly dependent on the size
of the suckling litter and the milk production of the doe (McNitt and Lukefahr, 1990). Milk
production is affected by the number of factors such as breed or strain, parity, the
physiological state of the doe influenced by the re-mating interval, the chemical composition
of the diet and the feed intake level of the doe. Milk composition could also be relevant for

the development of the kits during the pre-weaning period (Maertens, 1992).
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2.11.2 Litter size

The number of suckling kits affects the individual milk intake of the kits and influences body
growth (Lebas, 1969). Babile et al.(1982) observe that litter size in the pre-weaning period not
only affected body growth but also influenced subsequent reproduction performance. Kits
reared in litters of five were significantly heavier at 120 days of age than kits raised in litters

of 11 kits (3442 vs 3097 g, respectively).
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CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1  Description of experimental site

The research was carried out at the Rabbit Unit of Teaching and Research Farm, Federal
University Oye-Ekiti, Ekiti State, Nigeria. The University is located within the South-western
Nigeria at latitude 7° 10° N, and longitude 3° 2’ at altitude 76mm above sea level. The annual
mean rainfall in this location is 1037mm, with average temperature of 27.6°Ce, and relative

humidity of 80% (Google map, 2018).

3.2. Experimental Animals

Twenty (20) matured does and five (5) matured bucks were used for this experiment. The
does were either local breeds (mixed breed) or exotic breeds (Hyla breed). The mating was
designedsuchmatalocﬂbmedhmkwasmssedwﬁhaloéalheeddoemdmumicbeed

buck with an exotic breed doe. There were ten does in each breed.

3.3. Housing and Environment

The experimental animals were individually caged in partitions measuring 0.9m x 0.6m x
0.45m. Cages made of wooden frames with wire netting on the sides and the base in a flat-
deck system were used for this experiment. Feed and water were provided in earthen pots
secured to prevent spillage. Cages were kept indoors in a closed building roofed with iron
sheet with cross ventilation. Natural ventilation with no thermal insulation or cooling system
was employed for the purpose of this experiment. Does were kept under natural lighting

throughout the period of the experiment.
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3.4. Breeding System

Mating was done using mature bucks (mating ratio of 1 buck to 5 does). A doe was presented
for mating for 24 hours. Presentation for mating was done once and after 15-18 days, the does
were checked if they were pregnant by palpating their abdomen. The body weight of each doe
was taken and recorded before mating, at 2 and 3 weeks after mating. After three matings,
does that showed no sign of pregnancy were culled from the population.

3.5. Management of the Experimental Stock

» Tagging: each of the experimental animals was properly tagged for proper
identification, adequate record taking, and error free documentation of data.

= Feeds and feeding: The experimental rabbits were fed compounded feed of 2550
Kcal/kg metabolisable energy, 18% crude protein, and 15% crude fibre. Fresh fibrous
forages also were presented to the rabbits once in a day to maintain the gut integrity.
Clean and fresh water was supplied to the rabbits on a daily basis throughout the
research period. The table below shows the various feed ingredients that was
compounded for the experimental rabbits and the proportion each of the ingredients in

the overall feed.
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Table 3.1: Feed formulation formula of the feed used for the experiment.

Ingredients Percentage composition (%)
Maize 45

Soya bean meal 10
Groundnut Cake 10

Palm kernel Cake 10
Wheat Offal 19.5
Bone meal 2
Oyster Shell 1.5
Premix 025

Salt 025

3.6. Data Collection
The following data were recorded and computed during the experiment:

& Conception rate: The number of does that accepted mating that tested positive to
pregnancy diagnosis by abdominal palpation on the 12th day after mating relative to
the number that were mated expressed as a percentage.

© Pregnancy rate: The number of does that kindled relative to number of does mated
expressed as a percentage.

© Kindling rate: The number of does that kindled relative to the number of does in
each experimental grouping expressed as percentage.

© Gestation length: The number of days from mating to kindling.

2 Litter size: These comprise litter size (total and alive) at birth and weekly litter size

until weaning at four weeks of age. Litters were not standardized after birth.
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© Re-breeding interval: The actual number of days after parturition when the doe was
remated.
€ Parturition interval: The number of days between parturitions.

£ Mortality: Kit mortality was recorded on a weekly basis across treatment and season.

3.7. Statistical Analysis

Measurements were analyzed with breeds of dam as factor of variation. All data collected
were subjected to analysis of variance using the GLM procedure of SAS (1999),
employing the model: doe

breed, teat number, fur score and parity

Yir= pt DTt HPy g5

where

Yiur= individual observation;
p= general population mean;
Di= effect of breed ;
Ti=effect of teat number;
Fy-effect of fur score;
Pieffect of parity

eiu=Significant means were separated using the Tukey’s option of the same package.
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CHAPTER FOUR

40 RESULTS

Table 1 shows the effect of doe breed on reproductive performance of rabbits. The results
showed that there was significant difference in the number of kits born dead,(P<0.001)
between the local and the exotic does. The highest number of mortality at birth was recorded
for local breed (1.39) against (0.21) for the exotic breed. However, the result also showed no

significant differences in all other parameters observed.
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Tablel: Effect of doe breed on reproductive performance

PARAMETERS Doe breed Doe breed SEM LOS
1(exotic) 2(L.ocal)

DW AT 207 1.92 0.05 NS

MATING(kg)

DW 14 DAYS 226 2.06 0.06 NS

AFTER

MATING(kg)

DW 21 DAYS 233 2.15 0.05 NS

AFTER

MATING(kg)

DW 28 DAYS 2.40 2.23 0.03 NS

AFTER

MATING(kg)

GESTATION 32.79 32.15 16.38 NS

LENGHT

NO KITS BORN 4.86 5.38 1.13 NS

NOBORN ALIVE 464 4.00 1.13 NS

NO BORN DEAD 0.21° 1.39* 0 o

LITTER WEIGHT 024 022 0.00 NS

AT BIRTH(kg)

DOE WEIGHT AT  2.14 2.01 0.03 NS

BIRTH(kg)

KT WEIGHTAT7 008 0.06 0.01 NS

DAYS(kg)

KT WEIGHT AT 14 0.12 0.08 0.02 NS

DAYS(kg)

KT WEIGHT AT21 0.15 0.10 0.03 NS

DAYS(kg)

KT WEIGHT AT28 0.18 0.14 0.03 NS

DAYS(kg)

Note: Means with different superscript on the same row are significantly different

NB. DW=DOEWEIGHT; KT=KIT.

EMS=Standard Error of Mean LOS=Level of significant; NS=Not significant.
*= significant at P< 0.05

**= very significant at P< 0.01
***=highly significant at P<0.001
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Table 2 shows the effect of teat number on reproductive performance of rabbit, from the table,

the weight of does at mating showed significant differences between teat number 7and teat no.
9.(P<0.05), However, teat no 7 and 8 were not significantly different. Also, does with 8 and 9
teats were similar in weight .Highest value was recorded for doe with nine teats (2.22g) and
the lowest for seven teats (1.84g). For the number of kits born dead, there were significant
differences (P<0.001), between does with seven teats and does with eight teats. Highest value

was observed in doe with seven teats (1.25) and the lowest in does with eight teats (0.46).

Doe Weight at birth, showed significant difference between animals with seven and nine teats
(P<0.05), however, there were no significant difference between those with seven and eight
teats while those with eight and nine teats had similar weights. The highest value was
recorded for doe with nine teats (2.20g) and the lowest for doe with seven teats (1.94g). Other

parameters in the table showed no significant differences.
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Table .2 Effect of Teat Number on Reproductive Performance

PARAMETERS TEATNO.7 TEATNOS TEATNOS SEM LOS
DW AT 1.84° 1.88%® 2.22° 0.05 *
MATING(kg)

DW 14 DAYS 2.11 2.06 2.33 0.06 NS
AFTER

MATING(kg)

DW 21 DAYS 2.14 2.16 2.40 0.05 NS
AFTER

MATNG(kg)

DW 28 DAYS 221 224 2.47 0.03 NS
AFTER

MATING(kg)

GESTATION 31.75 33.00 32.10 16.38 NS
LENGHT

NO OF KITS 6.00 4.62 5.40 1.13 NS
BORN

NO BORN 475 415 4.40 1.13 NS
ALIVE

NO BORN DEAD 1.25* 0.46° 1.00° 0 ¥
LT WT AT 0.23 0.24 0.22 0.00 NS
BIRTH(kg)

DW AT 1.94° 2.03% 2.20 0.03 *
BIRTH(kg)

KT WT AT 7 0.04 0.10 0.05 0.01 NS
DAYS(kg)

KTWTAT14 005 0.14 0.07 0.02 NS
DAYS(kg)

KTWTAT21 006 0.17 0.09 0.03 NS
DAYS(kg)

KT WTAT28 008 0.23 0.10 0.03 NS
DAYS(kg)

Note: Means with the same superscripts on the same row are not significantly different.

NB: DW=DOE WEIGHT; KTWT=KIT WEIGHT; LT WT=LITTER WEIGHT.
EMS=Standard Emror of Mean  LOS=level of significant; NS=Not significant.

*= significant at P< 0.05

**= very significant at P< 0.01

a%+= highly significant at P<8.001
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Table 3 shows the effect of fur score on reproductive performance of rabbit does., It was

observed that the number born were significantly influenced by the quantity of fur removed
by the doe., Number of kittens born, number born alive, litter weight at birth and doe weigth
at birth all favoured the does that had score 3 in fur pulling. However, number of kittens born
dead was highest with those with lowest fur score. Other parameters did not show significant

difference.
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TABLE 3 Effect of Fur score on reproductive performance

¢ ]

PARAMETERS FURSCORE FURSCORE FURSCORE SEM LOS
(0] @ )

DW AT 1.85 1.83 2.09 0.05 NS

MATING(kg)

DW 14 DAYS 1.94 1.99 2.28 0.06 NS

AFTER

MATING(kg)

DW 21 DAYS 2.04 2.02 2.37 0.05 NS

AFTER

MATING(kg)

DW 28 DAYS 2.08 2.06 2.47 0.03 NS

AFTER

MATING(kg)

GESTATION 31.33 31.86 32.94 16.38 NS

LENGHT

NO BORN 6.33° 4.14° 5.29%® 1.13 *

NO BORN 3.33® 3.14° 5.00° 1.13 *

ALIVE

NO BORN DEAD 3.00° 1.00° 0.29° 0 ¥

LT WT AT 0.18® 0.16 027" 0.00 *

BIRTH(KG)

DW AT 2.04% 1.84° 218" 0.03 *

BIRTH(kg)

KT WT AT 7 0.00 0.07 0.08 0.01 NS

DAYS(kg)

KT WT AT 14 0.00 0.09 0.12 0.02 NS

DAYS(kg)

KT WT AT 21 0.00 0.10 0.15 0.03 NS

DAYS(kg)

KT WT AT 28 0.00 0.11 0.21 0.03 NS

DAYS(kg)

Note: Means with the same superscript on the same row are not significantly different.
NB: KT WT=KIT WEIGHT. DW=DOE WEIGHT.

EMS=Standard Error of Mean; LOS=Level of Significant; NS=Not significant.
*= significant at P< 0.05 |

*+= very significant at P< 0.01

*++= highly significant at P<8.001
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Table 4 shows the effect of parity on doe reproductive performance of rabbit. Doe weight at
mating and at 28 days after mating showed significant differences between parities (P<0.05),.

There was an increase from parity one to four and started reducing,.

Highest number bomn was observed in Parity 4 and parity two (5.75) respectively. Parity one,
parity three and parity five were not significantly different. Number born alive was highest at
parity four (5.00) and lowest number born alive was recorded for parity three (2.00). Parities

one, two and five were statistically similar.

Number of kits born dead also showed significant differences between parities .(P<0.001),

Parity two had the highest value (1.25) and lowest value was recorded for Parity five (0.00).

Doe weight at birth also showed significant differences between parity one and parity four
(P<0.05), highest value was observed in parity four (2.37g) and lowest for parity one.
(1.92g).Parities two, three and four were not significantly different from each other . From the
results, it can be observed that there were no significant differences in kits weight, litter

weight at births, gestation period, doe weight at 14 and 21 days respectively.
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Table 4 Effect of parity on dam reproductive performance

PARAMETERS P1 P2 P3 P4 P5 SEM
DW AT 1.75° 2.06® 2.13*® 2.34* 2.25% 0.05
MATING(kg)

DW 14 DAYS 1.92 222 2.20 2.53 2.45 0.06
AFTERMATING(kg)

DW 21 DAYS 2.03 2.29 2.28 2.57 2.50 0.05
AFTERMATING(kg)

DW 28 DAYS 2.10° 2.36% 2.34% 2.69° 2.55® 0.03
AFTERMATING(kg)

GESTATION 31.91 33.38 32.00 32.40 33.00 16.38
LENGHT

NO BORN 5.18% 5.75° 2.50° 5.75* 4.00%® 1.13

NO BORN ALIVE 436% 4.50% 2.00° 5.00° 4.00% 1.13

NO BORN DEAD 0.82° 1.25* 0.50° 0.20* 0.00° 0
LIT. WEIGHT AT 0.22 024 0.23 0.25 0.15 0.00
BIRTH(kg)

DW AT BIRTH(kg) 1.92° 2.08% 2.13* 237 2.25% 0.03

KT WT AT7 0.06 0.06 0.08 0.09 0.18 0.01
DAYS(kg)
KT WT. AT 14 0.07 0.08 0.12 0.15 0.25 0.02
DAYS(kg)
KT WT AT 21 0.09 0.08 0.20 0.20 0.30 0.03
DAYS(kg)
KT WT.AT 28 0.10 0.12 033 0.26 0.32 0.03
DAYS(kg)

Note: Means with the same superscript the same row are not significantly different.

KT WT, KIT WEIGHT; DW, DOE WEIGHT; LT WT, LITTER WEIGHT: P, PARITY.
SEM: Standard error of mean. LOS: Level of significant; NS, Not significant

*= significant at P< 0.05

**= very significant at P< 0.01

***= highly significant at P<9.001




CHAPTER FIVE

5.0 DISCUSSION
5.1 Breed Effect
Analytical results from this study showed differences in doe weight at mating, doe weight

after mating, doe weight at birth, gestation length, number of kit born, number of kits born
alive, number of kit born dead, individual kit weight, litter weight and average litter weight at
birth. These differences were as a result of the genetic make-up of the doe and the
environment suitable for the gene expression. However, Ozimba and Lukefahr (1991)
attributed differences noticed in individual performance to strong maternal effects of doe and
milk production more than genetic effects.

From Table 1 it can be observed that the exotic breed had better performance than the local
breeds, although the values observed had no significant differences. Observation made by
Odubote and Somade (1992) revealed that the performance of exotic breed were significantly
higher than local breed. Fadare and Fatoba (2018) also reported breed differences in
performance of does. The significant effect of breed on number born dead could be attributed
to genetic make-up which made the exotic breed superior to the local breed.

5.2 Teat Namber

The significant effect of teat number on doe weight at mating, number of kits born dead and
doe weight at birth support the reports of Ferguson et al. (1997) who reported a large
negative correlation (— 0.51) between litter size and milk consumption by individual kits, and

they found that kits in smaller lifters were more uniform.

5.3 Parity
The significant effects of parity reported in this study contradicted the report by Hassanien
and Baiomy (2011) and Chineke (2006) who reported that parity effects were of no significant

effects on litter size at birth but was in line with reports by Das and Yadav (2007), Chineke
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(2005) and Khalil (1993) who reported significant parity effects. The increase in number of
kitsbornatparityfomcowdbeduetorelatedfactomsuchasincreasednmnbetofova
released as the doe advanced in age and body size, but the same figure was observed in parity
two. The disparity in results could have been influenced by residual maternal effects of parity.
The introduction of exotic and locally adapted breeds in this study could also have led to
significant effects of parity. This is consistent with the results of Yamani et al. (1991),
Vasquez— Martinez ef al. (1999) and Prayaga and Eady (2002) who found that litters from
primiparous does had lower birth weights. Although traits measured at days 7 to 28 did not
differ statistically across parities, but highest value was recorded for parity five. Advantage in
litter growth in higher parities might be due to higher physiological efficiency of the older
does in terms of milk secretion and mothering ability from more kindlings and higher
maturity. Khalil (1994) and Vasquez-Martinez ef al. (1999) reported lower milk production

from primiparous does compared with multiparous does.
Far score

Fur score affected number of kits born, number of kits bomn alive, litter weight at birth and
doe weight at birth significantly. Does that pulled higher Fur score had the highest number of
kits born alive and highest number of kits that survived till weaning. Numbers of kits born
dead were recorded for Does that pulled few or no fur. This could be as a result of maternal

behaviour such as nest preparation and genetic make-up of the doe.
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CHAPTER SIX

6.0 CONCLUSION AND RECOMMENDATION

6.1 CONCLUSION

Exotic breed does have a better reproductive performance than local breed does.
Higher weights was noticed in kits of exotic breed does

Teat number had an effect on number of kits born and number of kits born dead and weight of
doe at birth, in which does with seven teats had a higher number of kits born dead while does
with nine teats had higher weights at parturition.

Fur score has an effect on number of kits born, number of kits born alive, litter weight at birth
and doe weight at birth.

6.2 RECOMMENDATION

e Since breed, parity, teat number and fur score were major factors in this study, doe
reproductive performance should be improved through breed manipulation such as
cross-breeding and selection for good traits.

e Breeders need to exploit the preponderance of additive genes in the rabbit population
to bring about improvement in the reproductive and growth traits.

37




-

REFERENCES

Abd Ei-Moty, A. K. I, Abd El-Hakeam, A. A. and Abd El-Rahman, M. A. Z. (1991).
Physiological response of rabbits to high air temperature. Egyptian Journal Rabbit
Science, 1: 146 - 158.

Abdel-Azeem, A. S., Abdel-Azim, A. M., Darwish, A. A. and Omar, E. M. (2007).Litter
Traits In Four Pure Breeds Of Rabbits And Their Crosses Under Prevailing
Environmental Conditions Of Egypt. The 5th Inter. Con. on Rabbit Production. In Hot
Climate. Hurghada, Egypt, 39 — 51.

Abdel-Samee, A. M. (1995). Using Some Antibiotics and Probiotics in Alleviating Heat
Stress on Growing and Doe Rabbits in Egypt. World Rabbit Science, 3(3): 107-
111,

Ajala, M. K. and Balogun, J. K. (2004). Economics of rabbit production in Zaria, Kaduna
State. Tropical Journal of Animal Science. 7(1): 1-10

Argente, M., Santacreu, M. A., Climent, A. and Blasco, A. (2003). Relationships Between
Uterine and Fetal Traits in Rabbits Selected on Uterine Capacity. Journal of Animal
Science 81:1265-1273. http://jas.fass.org/cgi/content/full/81/5/1265.

Arthur C. P. (1989). Les operations de repeuplementhivernalenlapins de garenne. Bull. Mens.
O.N.C, 139: 15-28.

Awojobi, H. A., Awojobi, E. A, Adejumo, D. O., Eniolorunda, O. O. and Aluko, F. A.
(2011). Effects of Reducing Postpartum Re-Mating Timeperiod on Reproductive
Performance of the Doe. Archaelogy. Zootecnia. 60 (231): 501-512.

Awojobi, H. A_, Odutayo, O. O. and Awojobi, E. A. (2005). Knowledge of reproduction
management practices among rabbit farmers. African Journal of Livestock Extension.

4: 78-83.

38




g

Ayyat, M. S_, Marai, L. F. M. and El-Sayiad, Gh. A. (1995).Genetic and non genetic factors
affecting milk production and pre-weaning litter traits of New Zealand White does
under Egyptian conditions. World Rabbit Science, 3:119-124

Babile, R, Candau, M., Auvergne, A. and Frahi, R. (1982). Effect de I’environment post-
natal sur la reproduction des lapines. jurnees de la recherché cunicole, paris 8-9
decembre 1982, communication no. 30.

Baiomy, A.A. and Hassanien, HH.M. (2011) Effects of Breed and Sex on Carcass
Characteristics and Meat Chemical Composition of New Zealand White and Californian

Rabbits Under Upper Egyptian Environment. EgyptPoult. Sci. Vol. (31) (II): 275 - 284

Baselga, M., Gémez, E., Cifre, P. and Camacho, J. (1992). Genetic Diversity of Litter Size
Traits Between Parities in Rabbits. Journal of Applied Rabbit Research 15:198-205.

Bhasin, V. and Singh, D. (1995).Pre-weaning mortality in rabbits. International Journal
Animal Science, 10:77 —79.

Biobaku, W. O. and Dosumo, E. O. (2003). Effects of Supplementing a Diet Based Maize and
Rice Bran with 3 Different Improved Forages on Feed Intake, Digestibility and
Growth in Rabbits. NSAP. 22:179-184.

Biobaku, W. Q. and Oguntona, E. B. (1997). The effects of feeding multi nutrient mini blocks
and pelleted diet on the growth of rabbits. Nigerian Journal of Animal Production,
24(2): 147-149.

Biobaku, W. O., Bamgbose, A. M. and Achike, C. U. (2003). Utilization of Different
Protein Sources for Growing Rabbits. Pertanika. Jowrnal of Tropical
Agriculture,26:73-77.

Blasco, A. (1996).Genetics of Litter Size and Does Fertility in The Rabbit. In Proceedings of
6th World Rabbit Congress, France. Association Frangaise De Cuniculture (AFC),

Lempdes, France. Pages 219-227.




Bridges, R. S. (1978). Retention of Rapid Onset of Maternal Behavior During Pregnancy in

Primiparous Rats. Behavioral Biology, 24:113-117.

Brun, JM. (1990).Variabilitegenetiqueeteffet de la selection dans le croisement de
troissouches de lapin. 1. Caracteres des portees a la naissance et au sevrage. In Proc.:
SemesJournees de la rechercheCunicole, 12-13 Decembre, Paris, INRA-ITAVI

Carlier, C. and Noirot, E. (1963). Effects of Pregnancy Experience on Maternal Retrieving by
Rats. Animal Behavior, 13: 423-426.

Castellini, B., Dal Bosco, A. and Mugnai, C. (2003). Comparison of different reproduction
protocols for rabbit does: effect of litter size and mating interval. Livestock.

Production. Science.,60; 229-241.

Cheeke P. R. (1983). Summary of a United Kingdom Rabbit Research Conference. Journal of

Applied Rabbit Ressearch, 6: 86-87.

Cheeke, P.R. (1986). Potential of rabbit production in tropical and sub-tropical agricultural
system. Journal of Animal Science, 63: 1581-1586.
Chineke, C. A. (2005). The relationship among body weights and linear dimensions in rabbit

breeds and crosses. Journal of Animal and Veterinary Advances 4 (9): 775-784.

Chineke, C.A (2006). Evaluation of Rabbit Breeds and Crosses for Pre-weaning Reproductive

Performance in Humid Tropics. Journal of Animal and Veterinary Advances 5 (7): 528-537.

Chineke, C_A (2006). Evaluation of Rabbit Breeds and Crosses for Pre-weaning Reproductive
Performance in Humid Tropics. Journal of Animal and Veterinary Advances 5 (7):
528-537.

Chineke, C.A., Ikeobi, C.ON. and Ologun A.G. (2001). Repeatability of body measurements

in domestic rabbit. In: Strategies for Poverty Alleviation: Animal Production Option.

Malam-Aduli, A.E.O and Adeyinka, 1. A. Ahmadu Bello University, Zaria. Proceedings

40



of the 26th Annual Conference of the Nigerian Society for Animal Production, 21st —

26th March, 26:25-26.

Christenson, R K. and Leymanster, K.A. (2000). Effects of Selection for Ovulation Rate or

Uterine Capacity on Gravid Uterine, Farrowing, and Weaning Traits in Swine. Journal
of Animal Science Volume 78(Suppl. 1):202. (Abstract.)

http://www .asas.org/jas/00meet/abstracts. htmi

Clutton-Brock, J. (1999).A natural history of domesticated mammals, rd edition. Cambridge

University Press, London, UK. pp 180-182.
Das, SK. and Yadav, B.P.S. (2007).Effect of mating system, parity and breed on the

reproductive performances of broiler rabbits under the agro - climatic condition of

Meghalaya.Livestock Research for Rural Development.Volume 19, Article #25. Retrieved

May 25, 2015, from http://www.lrrd . org/lrrd19/2/das 19025 .htm

De Rochambeau, H., Bolet, G. and Tudela, F. (1994). Long Term Selection and Comparison

of Two Rabbit Strains. Proceedings of 5th World Congress Genetics of Applied

Livestock Production 19:257-260.

Dolberg, F. (2001).A livestock development approach that contributes to poverty alleviation

and widespread improvement nutrition among the poor. Paper presented at the
workshop "Malnutrition in Developing Countries: Generating Capabilities for
Effective Community Action”, IFAD September 19-20, 2001). Livestock Resources
For Rural Development, 13:5. . Accessed 15th July, 2018 at

http://www.cipay.org.co/lrrd/lrrd13/5

El-Deghadi, A.S. (1996). Genetic and phenotypic analysis for four traits in rabbits. Master of

Science Thesis, Faculty of Agriculture, MoshtohorZagazig University, Banha Branch,

Egypt.

41



El-Maghawry, A. M. (1993).Post weaning daily gain and mortality rate in New Zealand
White and Californian rabbits, as affected by some genetic and environment factors,
under Egyptian conditions. Egyptian Journal Rabbit Science, 3: 91 — 102,

El-Raffa, A. M. (2004).Rabbit Production in Hot Climates. In: Becerril, C.M. and Pro, A.
(Eds) Proc. Proc., 8th World Rabbit Congress, and Sept. 7-10, 2004. Mexico. Pp: 719-
720.

emerging issues and ways forward. In: Xiccato G., Trocino A. and Lukefahr S. D. (Eds.) Proc.
9th World Rabbit Congress, 2008 June, Verona, Italy, 1597-1602.

FAO (1997).Nations discuss utilization and conservation of genetic resources. /n FAOQ,
Global Programme for Management of Farm Animal Genetic Resources, Rome.
(Available at http://dad.fao.org/dad-is/liabrary/programme/index.html). Retrieved 15th
July, 2018.

Farid A., Crober D.C.,, Van der Steen H. Patterson D.L. andSabour M.P. (2002).

Reproductive performance of mice selected for reproductive longevity. CD-ROM
communication no. 8-13 in Proc. 7th World Congr. Appl. Livest. Prod., Montpellier,

France. Universidad Polite“cnica de Valencia, Valencia, Spain.

Farid, A., Crober, D. C., Vander Steen, H., Patterson, D. L. and Sabour, M.P. (2002).
Reproductive Performance of Mice Selected for Reproductive Longevity. CD-ROM
Communication no. 8-13 in Proceedings of 7th World Congress of Applied Livestock
Production, Montpellier, France. Universidad Polite’cnica de Valencia, Valencia,
Spain.

Ferguson, F.A.; Lukefahr, S.D. and McNitt, J.1. (1997): Preweaning variables’ influence on

market traits in rabbits. J. Anim. Sci., 75: 611-621.

Ferraz, J.B.S. and Eler, J.P. (1994). Use of different animal models in prediction of genetic

parameters of 23 traits of Californian and New Zealand White rabbits raised in tropics
42



and suggestion of selection criteria. Proceedings of the 5Sth World Congress. Genetics of
Applied Livestock Production, 20:348-351.

Fielding, D. and Matheron, G. (1991).TheTropical Agriculture (Rabbit) CTA, Wageningen.
The Neitherland, Pp. 28.

Fuller, S. J., Wilson, J. C. and Mather, P. B. (1997).Patterns of differentiation among wild
rabbit populations Orycrolaguscuniculusl.. arid and semiarid ecosystems of north-
eastern Australia. Molecular Ecology, 2: 145-53.

Garcia, M. L. and Baselga, M. (2002a). Genetic Response to Selection for Reproductive
Performance in a Maternal Line of Rabbits. World Rabbit Science 10:71-76.

Garcia, M. L. and Baselga, M. (2002b). Estimation of Genetic Response to Selection in Litter
Size of Rabbits Using a Cryopreserved Control Population. Livestock Production
Science 74:45-53.

Goémez, E. Rafel, A., Ramon, J. and Baselga, M. (1996). A Genetic study of a Line Selected
on Litter Size at Weaning. Pages 289-292.In Proceedings of 6th World Rabbit
Congress, Toulouse, France. Association Frangaise De Cuniculture (AFC), Lempdes,
France.

Gonzalez-Redondo P. (2006).Criaencautividad de conejos de monte. Cunicultura, 181: 151-
161.

Hardy, C., Callon, C., Vigne, J.D., Casane, D., Deennebouy, N., Mounolou, J. C. and
Monnerot, M. (1995).Rabbit mitochondrial DNA diversity from prehistoric to modern
times. Journal of molecular evolution, 3: 227-237.

Herbert, U. (1992). Growth and Reproductive Characteristics of Rabbits Fed on Leucaena

(Leucaenaleucocephala) and (GliricidiaSepium) Foliage. Phd.

43




Herbert, U., Ozoje, M. O., Adejumo, D. O. (2005). Effect of LeucaenaandGliricidia Leaf
Meals on the Seminal Characteristics, Testis Weights and Seminiferous Tubule

Diameters of Rabbits. Animal Research 54:173-178.

Husein, A. S. M. (2015).Phenotypic and Morphological Characterization of Indigenous
Ghanaian Rabbit (OryctolagusCuniculus) Resources in Northern Ghana. A thesis

submitted to the Department of Animal Science, Faculty of Agriculture, University for

Development studies. Acceseed 22™ July, 2018 on www.udsspace.uds.edu.gh
Iraqi, M.M. (2008). Estimation of genetic parameters for post weaning traits of Gabali rabbits
in Egypt. Livestock Research for Rural Development, 20(5). Article

http://www.cipav.org.co/irrd20/5/irag 20069 .htm.

Iyeghe-Erakpotobor GT, Oyedipe EO, Eduvie LO, Ogwu D (2005). Effect of rebreeding
interval on reproductive performance and body weight changes of does during
pregnancy. Nigerian Journal of Animal Production, 32: 142-152.

Iyeghe-Erakpotobor, G.T., Balogun, R.O., Abdul-Malik, M.E. and Adeyinka, L.A. (2001).
Influence of breed and environmental factors on litter parameters of rabbits raised in a semi-

Humid environment. Nigerian I. Anim. Prod., 28: 14-19

Jadwiga T., Anna R. and Leszek A. G. (2013). The Effect of Breed on Reproductive
Performance in Commodity Rabbit Production. Jowrnal of Central European
Agriculture, 14(2), p.350-357

Jenny K. and Julie M. (2014). Eat Rabbit; a Global Source of Protein. Assessed 27/09/2018 at
https://rucore.libraries.rutgers.edu/rutgers-lib/48045/PDF/1

Khalil (1994): Lactational performance of Giza White rabbits and its relation with preweaning

litter traits. Anim. Prod., 59: 141-145.




@

Khalil, M. H. and Khalil, H. H. (1991).Genetic and phenotypic parameters for weaning and
preweaning body weights and gain in Bouscat and Giza White rabbits. Journal of
Applied Rabbit Research, 14: 44-51.

Khalil, M.H. (1993). Diversity of repeatability between parities for litter traits and

reproduvtive intervals in doe rabbits. World Rabbit Science 1(4): 147-154
Khalil, M.H. (1993). Genetic evaluation of the lactation performance in Giza White rabbits

and its relation with pre-weaning litter rabbits. Egyptian J. Rabbit Sci., 3; 113-128.

Laxmi J P, Gupta B R, Prakash M G, Ekamabaram B and Amareswari P (2009). A study on
the performance of fryer rabbits under different systems of rearing. Livestock research
for rural development 21 (8) 2009.http://Irrd.cipav.org.co/lrrd21/3/laxm21118htm

Lebas, F. (1969).Alimentation lacteeetcroissanceponderale du Lapin avantsevrage. Ann.
Zootech., 18: 197-208.

Linnaeus, C. (1735).Systemanaturaesive Regna trianaturae. Systematiceproposita per Classes,
Ordines, Genera, and Species.

Lukefahr S.D. and Hamilton H.H. (2000). Longevity and cumulative litter productivity in
straightbred and crossbred Californian and New Zealand white does. Pages 463-468
in Proc. 7th World Rabbit Congr, Vol. A, Valencia, Spain. Universidad Polite cnica de
Valencia, Valencia, Spain.

Lukefahr, S. D. (1999).Teaching international animal agriculture. Journal of Animal Science,
77: 3106-3113.

Lukefahr, S. D. and Cheeke, P. R. (1990).Rabbit project development strategies in subsistence
farming systems. World Animal. Review, 68:60-70

Lukefahr, S. D. and Cheeke, P. R. (1991).Rabbit project development strategies in subsistence

farming systems. World Animal. Review, 68:60-70

45




Lukefahr, S.D. and Hamilton, HH. (1997). Heritability and repeatability estimates of
maternal performance traits in purebred and crossbred does. World Rabbit Science,
3(5): 99-105.

Maertens L., (1992). Rabbit nutrition and feeding: a review of some recent development.

Journal. Apply. Rabbit. Research.,15, 899-913.

Mailafia, S., Onakpa, M. M. and Owoleke O. E. (2010). Problems and Prospects of Rabbit

Production in Nigeria — A Review. Bayero Journal of Pure and Applied Sciences, 3(2): 20 —

25

Marai, I. F. M., Ayyat, M. S. and Abd El-Monem, S. A. (2001). Growth Performance and

Reproductive Traits of New Zealand White as Affected by Heat Stress and its
Alleviation under Egyptian Conditions. Tropical Animal Production And Health, 33
:451-462,

McNitt J. L, Patton N. M., Cheeke P. R., Lukefahr S. D. (1996). Rabbit production, 7th

Edition, Inter State Publishers Inc. Danville, Hllinois. P. 45.
Mcnitt J.I. and Lukefahr S.D. (1990). Effects of breed, parity, day of lactation and number of

kits on milk production in rabbits. J. Anim. Sci. 69: 15051512,

Mcnitt, J. L. and Lukefahr, S. D. (1983). The Effect of Environment on Conception Rate and
Litter Size of Domestic Rabbits in Oregon and Malawi. Jowrnal of Applied
Rabbit Research 6(1)18-20.

Mcnitt, J. 1. and Lukefahr, S. D. (1990). Effect of Breed, Parity, Day of Lactation and Number
of kits on Milk Production of Rabbits. Journal. Animal. Science., 68(2), 1505-1512.

Monnerot, M., Loreille, O., Mougel, F., Vachot, A. M., Dennebouy, N., Callon, C., Vigne, J.
D. and Mounolou, J. C. (1996).The European rabbit: wild population evolution and
domestication. In: Lebas, F. (Ed) Proccedings of the 6th World Rabbit Congress of
the World Rabbit Science Association, 9-12 July 1996, Toulouse, France, 2: 331-4.

46




Myers, P. and Master, L. L. (1983). Reproduction byPeromyscusManiculatus, Size and
Compromise. Journal of Mammalogy. 64:1-18

NAFIS (2012).National Farmers Information Service, Kenya. Available at
http://www nafis.go.ke/wp (Accessed 16th July, 2018).

Ndjon, M.N. and Nwakalor, L.N. (1998). Estimates of genetic parameters in a mixed
population of purebred and crossbred rabbits.]I: Repeatability. Proceedings of Silver
Anniversary Conference of the Nigeria Society for Animal production, Abeokuta.
24:498-499.

Nworgu, F. C., Egbunike, G.N. and Osayomi, O. J. (2001). Performance of Growing Rabbit
Fed a Mixture of Leaf Meals and Concentrates. Tropical Animal Production
Investigation 4:37-48.

Obike, O.M. and Ibe, S.N. (2010). Effects of Genotype on Pre-Weaning Growth Performance
of the Domestic Rabbit in a Humid Tropical Environment. Global Veterinaria 4 (4):
388-393.

Odubote, J K. and Somade, B. (1992) Genetic analysis of rabbit litter traits at birth and

weaning. Nig. J. Anim. Prod., 19: 64-68.

Ogbuewn, L. P., Umesiobi, D. O., Okoro, V. M. O. and Okoli, I. C. (2007). Validation of Poly
semen Admixture on Viability and Acrosomal Morphology of Boar Spermatozoa.

Online Journal of Health and Allied Sciencel:3 http://www.ojhas.org/issue21/2007-1-

3.htm

Omoikhoje, S. O., Bamgbose, A. M. Aruna, M. B. and Anishashahu, R. A.
(2006).Leucaenaleucocephala) as Green Feeds for Growing Rabbits. Journal of
Animal Feeds Science Technology 51:153-163.

Onwudike, O. C. (1995).Uses of the Legume Tree Crops (Gliricidiasepium And

47




Oseni, S. O;, Ajayi, B. A., Komolafe, S. O., Siyanbola, O., Ishola, M. and Madamidola, G.
(2008). Smallholder rabbit production in Southwestern Nigeria: current status,
Response of Weaner Rabbits to Concentrate Supplemented with Varying Levels of
SyndrellaNodiflora Forage. Pakistan Journal of Nutrition5 (6):577-163.

Ostermeyer, M. C. and Elwood, R. W. (1984). Helpers in the Nest Mongolian Gerbil,
MerionesUnguiculatus. Behaviour, 91:61-77.

Owen, E., Kitalyi, A., Jayasuriya, N. and Smith, T. (2005). Livestock and Wealth Creation.
DFID, LPP. Nottingham University Press.

Ozimba, C.E. and Lukefahr, S.D. (1991). Comparison of rabbit types for post weaning litter

growth, feed efficiency and survival performance traits. J. Anim. Sci., 69: 3494-3500.

Parigi-Bini, R., Xiccato, G. and Gnetto, M. (1989). Influenza dell’intervalloparto-
accopiamentosulleprestazioniriproduttivedelleconigliefattrici. Riv. Coniglicolt., 26:
51-57.
Philip, J.S. (1990). Poultry feeds and nutrition. West Port Connecticut. The Avi Publishing
Co, USA
Piles M, Garreau H, Rafel O, Larzul C, Ramon J and Ducrocq V (2006). Survival analysis in
two lines of rabbits selected for reproductive traits. Journal of Animal science volume

84 1658-1655. http://jas.fass.org/cgi/reprint/84/6/1658.

Piles, M., Garreau, H., Rafel, O., Larzul, C., Ramon, J. and Ducrocq, V. (2006). Survival
Analysis in Two Lines of Rabbits Selected for Reproductive Traits. Jownal of Animal

Science Volume 84 1658-1655 http://jas.fass.org/cgi/reprint/84/6/1658.

Prayaga and Eady (2002): Performance of purebred and crossbred rabbits in Australia: Doe

reproductive and pre—weaning litter traits. Aust. J. Agric. Res., 53(9): 993-1001.



Rafel O., Piles M. and Ramon J. (2001). GTEespagnole 1999: Uneanne’e en suspens.

Cuniculture. 158:79-82.

Rafel, O., Piles, M. and Ramon, J. (2001). GTE Espagnole 1999: Uneanne eensuspens.
Cuniculture. 158:79-82.

Randi, E. and Scossiroli, R. E. (1980). Genetic analysis of production traits in Italian,
NewZealand White and Californian pure-breed populations. 2nd World Rabbit
Congress., April (1980), Barcelona, Spain.

Redmond, W. A (2009). Rabbits and Hares. Microsoft Corporation, 2009.

Robert, S., Lynn, F. K. and Jayson, K. H. (2008): Agricultural Alternatives; Rabbit

Production. Available at agaltanatives.aers.psu.edu (Accessed 16th July, 2018).

Rosell, J. (2003). Health status of commercial rabbits in the Iberian Peninsula. A

practitioner’s study. World Rabbit Sci. 11:157-169.

Rosell, J. (2003). Health Status of Commercial Rabbits in Theiberian Peninsula. A
Practitioner’s Study. World Rabbit Science 11:157-169.
Ross, S., Sawin, P. B, Deneberg, V. H. and Zarrow, M. X. (1961). Maternal Behavior in the

Rabbit: Yearly and Seasonal Variation in Nest Building Behavior 18:154.

Saha B. K., Sarker M. B., Alam M. H., Kabir M. E., Amin M. R. and Moniruzzaman M.
(2011). Effect of re-mating intervals on growth and reproductive performance of

rabbits. Bangladesh Journal of Animal Scence. 42 (2): 143-147

Sanchez J P, Theilgaard P, Minguez C and Baselga M (2008). Constitution and evaluation of
a long-lived productive rabbit line. Journal of Animal science volume 86:515-525,

http://jas.fass.org/cgi/content/full/86/3/515.

49



Sanchez, JP., Theilgaard, P., Minguez, C. and Baselga, M. (2008). Constitution and
Evaluation of a Long-Lived Productive Rabbit Line. Journal of Animal Science

Volume 86:515-525, http://jas.fass.org/cgi/content/full/86/3/515.

Sanford, J. C. (1996). The domestic rabbit. Fifth edition, Blackwell Science, United Kingdom.
p 1-12.

Sanni, S. A., Iyeghe-Erakpotobor, G. 1. and Ajala, M. K. (2005). Economic Evaluation of
Growing Rabbit Production Fed Different Combination of Concentrates and
Stylosanthes. Proceedings of 1 0™ Annual Conference of ASAN. Sept. 12-15, University
Of Ado EKkiti, Nigeria, 260-263.

SAS Institute. (1999). SAS/STAT Users guide. Version 6.11. 5th ed. Statistical Analysis
System Institute Inc. Cary. N.C.

Sittman, D. B., Rollins, W. C., Sittman, K. and Casady, R.B. (1964). Seasonal Variation in
Reproductive Traits of New Zealand White Rabbits. Journal of Reproduction
Fertility .8:29.

Smith O. B. and Somade B.(1994). Interaction between nutrition and reproduction in farm
animals. Animal Reproduction proceedings of a Regional Seminar held by the
International Foundation of Science (IFS)Niamey, Niger, 17: 7-26.

Stephen, W. D. (2006). Introduction to Animal Science; Global, Biological, Social and
IndustryPerspectives 3rd Edition. Upper Saddle River, N. J. Pearson Prentice Hall,
New Jersey, USA. Pp.659-663.

Taiwo, A. A., Adejuyigbe, A. D., Adebowale, E. A., Oshotan, J. S. and David, O. O.
(2004) Performance and Nutrient Digestibility of Weaned Rabbits Fed Forage

Supplemented with Concentrate. Nigerian Journal of Animal Production. 32(1):74-78.

50




Umesiobi, D. O. and Hoeje, M. U., Anyanwu, G. A., Herbert, U. and Okeudo, N. J. (2000).
Relationship between sow. Fecundity and Sexual Repertoire of Boar. Jowrnal of
Agriculture and Rural Development 1(1):114-118.

Umesiobi, D. O, lloeje, M. U. and Berepubo, N. A. (1999). Influence of Sperm Dose and
Time of the Time of Insemination on the Conception Rate of Sows. Delta
Agric.6; 206-212.

Umesiobi, D. O,, lloeje, M. U., Berepubo, N. A. (1998). A. L in Southern Nigeria 2.Locally
Extended Boar Semen Improves its Fertility Study. Journal of Agriculture and Rural
Development.21 (2); 98-106.

Vasquez—Martinez, R_; Petersen, J. and Mennicken, L. (1999): Maternal effects on
development and performance of young rabbits. Ztichtungskunde, 71(5): 392 403. Anim.

Breed. Abst., 1999: 67(12): 1134, Abst. No. 8594.

Wilson, T. R. (1995). Livestock Production system. In: The Tropical Agriculturist. Published
by CTA Macmillan publication, London.
Wright, L. L. and Bell, R. (1978). Interactive Effects of Parityand Early Pup Stress on the
Open FieldBehavior of Laboratory Rats. Developmental Psychobiology, 11:413-
418.
Yamani, K.A ; Gabr, HA ; Tawfeek, M.L; Ibrahim, Z 1. and Sedki, A.A. (1991): Performance
of breeding doe and their interrelationship with litter traits in rabbits. Egypt. J. Rabbit Sci.,

1(2): 106-123

Youssef, Y. M. K., Khalil, M. H, Afifi, E. A., El-Raffa, A. M. E. and Zaheds, M. (2000).
Heritability and Non Genetic Factors for Lifetime Production Traits in New Zealand
White Rabbits Raised in Intensive System of Production. In Proceedings of 7th World

Rabbit Congress Volume A, Valencia, Spain. Pages 497-503.

51




Zerrouki, N., Kadi, S.A., Lebas, F. and Bolet, G. (2007). Characterisation of a Kabylian
population of rabbits in Algeria: Birth to weaning growth performance. World Rabbit

Science, 15: 111 —114.

52




