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ABSTRACT

The domestic rabbit in Kenya is considered a nawentional livestock species
despite the country having many rabbits of botlal@nd pure exotic breeds and
their crossbreeds. The Government through the ®&ynisof Livestock
Development (MoLD) set up the National Rabbit Biagdand Multiplication
Unit situated at the Ngong Farmers Training Cei#TC) to supply farmers
with breeding stock of rabbits of high genetic dgyahnd also offer training and
extension services in rabbit husbandry. Howeveerethis little information
concerning the performance of the different gengticups of rabbits in the
country. This study was therefore carried out wille aim of assessing and
comparing the performance of doe genetic groupsfactdrs (season and parity)
affecting this performance of rabbits kept at thgphgy Farmers Training Center,
Nairobi, Kenya. Production records (n=862) of 92sl@f 6 genetic groups i.e.
New Zealand White (NW), Californian (CC) ,Flemisia@ (FG), Kenya White
(KW) and the crosses between NW and CC (NC) and &/ KW (NK) were
used in this study. Statistical analysis using @ankinear Model Procedure
(GLM PROC) under Restricted maximum likelihood (REMshowed that there
were significant (p>0.05) differences between the thbbit genetic groups in the
open days, age at first successful mating, liites at birth (LSB), and at weaning
(LSW). The respective estimated means for gestamhweaning periods were

31.3 £ 0.05 and 35.6 = 0.60 days while those famogays and kindling intervals



were 40.6:0.87 and 65.5 = 1.30 days respectively. The highesan age at first
successful mating was recorded in the FG at 6.60.54 months and was
significantly (p<0.05) different from the other DG&eproductive longevity was
highest in the KW at 32.2 £ 6.85 months followed thg NC at 27.2 + 10.2
months and both were significantly (p<0.05) diffardrom the other DGG
Season 1 had the highest kindling intervals at 21.89 and was significantly
(p<0.05) different from season 2 and 3 at &R(B7 days. The mean number of
matings per conception were 144.02, 1.2G: 0.02 and 1.1& 0.03 in season 1,
2 and 3 of mating respectively with no significgpt0.05) differences between
them. Litter size at birth (LSB) ranged from 7.19046 to 7.55+£0.16 with no
significant (p>0.05) differences observed betweka seasons. Litter size at
weaning (LSW) was lowest in season 1 at 4.76+0.48 was significantly
(p>0.05) different from seasons 2 and 3 at 5.24x@uid 5.45+0.18spectively.
LSB peaked at parities 3 and 6 at 7.86+x0.26 and+D.83 which were
significantly (p<0.05) different from parities 1,42, 5, 7, 8 and 9. Parities 3 and 5
had LSW at 6.21 + 0.31 and 5.88 + 0.34 which wegldr than and significantly
(p<0.05) different from parities 1, 2, 4, 6, 7,9 Parities 4 and 9 had the highest
open days at 49.1+2.35 and 47.7+ 1.46 days and wsigreficantly (p<0.05)
different from parities2, 3 and 8. The kindlingarval was high in parity 4, 9 and
6 at 80.5+2.38, 78.9+1.45 and 77.8+2.39 days résmde and they were

significantly (p<0.05) different from parities 2, 3 and 8.



The NZW performed better than the other DGG in teohLSB, LSW and doe
productivity (number of kits weaned per doe perryaa 33.4 while CC and NK
were lowest at 26.4 and 28.5 respectively. The @€the NK performed poorly
in comparison to the other DGG. Season of matimgveeaning did not adversely
affect LSB and LSW whereas Parities beyond pantyioer 6 had reduced LSB
and LSW. This indicates that any of these DGG aaisuxcessfully raised at the
center all year round and only those considerecetiysaily superior be reared
beyond parity 6. Studies involving litter sizes aheir weights at birth and at
weaning and the weights of the does at servicellikigp and weaning of the litter
need to be carried out. They will give more infotima and fair comparisons of

the DGG in terms of productivity.



CHAPTER ONE
1.0 INTRODUCTION
The domestic rabbit, a descendant of the Europeitoh nabbit Oryctolagus
cuniculus belongs to the order lagomorpha after it was resdoivom the order
rodentia because of physiological and anatomicardiSand Cooper, 2004)
differences like having two more incisor teeth thadents. It is closely related to

the hare and wombat.

Rabbits have several functions, the principle ofclvhs meat production. Rabbit
meat is a wholesome, tasty product, high in progid low in fat, cholesterol,
caloric content and sodium. The size of the caraadsthe wide range in methods
of preparation make it an excellent and economisaht for use during any
season of the year (Mcnitt et al., 1996). Raldbit ss important as a source of fur
or in some breeds like the Angora, wool. Its ecoicovalue is enhanced by its
variety in both size and color (Mcnitt et al., 198&d lebas et al., 1997). Rabbits’
droplets are a good source of manure mostly useddkyard farming (Nalugwa,
1994). In the research and pharmaceutical induRapbits are used in the
production of e.g. Thromboplastin, a blood antiadagt in addition to being used
as laboratory animals for testing new productstgdie released for use by man
or other animals (Mcnitt et al., 1996). Other raledude teaching where they are

used for demonstration in learning institutions aodith programs like the 4K



clubs that introduce the youth to animal husbanadirywhich rabbits are an
integral part and on the fun part rabbits are leppets and displayed in rabbit

shows by enthusiasts (Mcnitt et al., 1996).

Rabbits possess various attributes that are adyemia in comparison to other
livestock. They can be successfully raised on dieds are low in grain and high
in roughage (Mcnitt et al., 1996) without affectinigeir normal growth and
reproductive performance hence an advantage owdtryp@and swine that rely on
more grain therefore competing for food with mahey also convert forage into
meat more efficiently than ruminants, a speciailaite for developing countries,
where population pressures and food shortagesraategt. In many cases, there
is abundant local vegetation, which cannot be cmesldirectly by man but can
be fed to rabbits (Nalugwa, 1994). Few does carkdpt on a backyard scale
whereas this is not feasible for the larger domesérbivores like cattle which
need more space and food and take longer to attaimre weight (Nalugwa,
1994). In addition, the large amount of meat preduper animal necessitates

advanced storage like refrigeration.

Another characteristic of rabbits is their high neguctive performance, which
has a great potential. They attain sexually matemght at a rate 30% faster than

other animals (Ajayi et al., 2005). Age and bodyighie determine sexual



development, (Rommers et al., 2001) which is arol®do 12 weeks in medium
sized rabbits under normal body condition (Huloélet 1982, Deltoro and Lopez
1985). Ovulation occurs at this time and sexuatq@egy is well developed at four
to six months in small and medium sized doe bréikdsthe New zealand white
and five to eight months in the large breeds lilefish giant, by which time they
should have attained 80% of their adult weight @slet al., 1997). Another
attribute is their high reproductive performanceevdiy they are polytochous.
They have a short gestation length i.e. 30 days thed ability to rebreed
immediately after parturition resulting in a shgeneration interval in addition to

their rapid growth rate.

Despite all the uses and its advantages over dithestock species, the rabbit
industry in Kenya is still lagging behind. Therdask of information concerning
rabbit breeding and production in Kenya. Also bremdtability studies in

different parts of the country for different traitave not been carried out.

1.1 Justification
Kenya has many rabbits, both local, pure exotictiseand their crossbreeds
weighing over three kilograms at four months (MoldD06). With the perennial

food shortage in Kenya, a rapidly growing and nplying rabbit breed under



various management systems could go a long wajllewiating the problem by

being a source of food and livelihood.

However, despite all the benefits of rabbit prothrctand the government’s
efforts to set up demonstration multiplication cest (e.g. National rabbit
breeding and multiplication unit, Ngong Farmersiiiray Centre), rabbit farming
is neglected and left mainly in the hands of a feghly specialized small scale
farmers and Institutions eg International LivestdRksearch Institute and 4K
clubs in primary schools (MoLD, 2006). There isrtéfere a disjointed system in
rabbit production with non-uniform and sometimeslefmed breeding objectives
and plans hence lack of information to improve rabkeeding and production in
the country. This study is thus designed to provwdsic information for purposes

of up-scaling the rabbit industry for the benefifarmers.

1.2 Objectives
The general objective was to evaluate and comparerqmance of the different
doe genetic groups in the domestic rabbit keptlIGland the factors affecting

this performance

1.2.1 Specific Objectives

(). Establish the reproductive indices of the doe exdbmestic rabbit.



(i). Compare doe genetic groups for litter traits arutaduction intervals and
periods in the domestic rabbit at NFTC, Nairobi i{&n
(ii). Determine the effects of parity and season onrlittaits and doe

production and reproduction at NFTC.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 | Introduction
Kenya has many rabbits, weighing over 3kg at 4 tn®f age. The predominant
breeds include Kenya white, New Zealand white, fGalian and the Flemish
giant and a variety of their crossbreeds. Theypairgcipally reared for meat but
also as a source of income when sold live. Thedyre skins and wool, manure,
are used in teaching and research and as petsgidalu1994). However, rabbit
farming is considered as a sideline enterpriseitaiscevident at the national level
where rabbits were not considered for countingrauthe last population census
(KNBS., 2010). Among some communities, rabbit meatonsidered as a boy’s
snack and not food for adults (Nalugwa., 1994)rdoent years, the domestic
rabbit has gained prominence among commercial farimeing to its advantages
over the larger domestic species. Central to tbeidopmance is the doe, whose

performance determines the success of the enterpris

Doe production (and reproduction) is affected byesal factors. Of great

importance in doe production is litter size whishobserved both at birth and at
weaning and longevity of the doe. Some of the facteported to affect these
traits are the age and weight at first serviceetrépure, cross or inbred),

age/parity and management (feeding, housing, sgasemvironment (Lebas et



al., 1997). Litter size and weights at birth andwataning are therefore an
indication of mothering ability of the doe hencs ible in rabbit production

(Lebas et al., 1997).

Other important traits in reproduction are the agérst service; inter estrus and
kindling intervals and conception and kindling sat&he heritability of growth
and carcass traits is high and rapid improvemerthede traits through selection
(Falconer and Mackay 1996) can be made. The hdityabf litter traits and
longevity are however low. Generally, there hasnbeamparatively little genetic
selection of rabbits of important commercial trdike the carcass quality. Again,
there is little commercial development of high pernfing hybrids, use of well
designed crossbreeding schemes or other technilgaieare routine in other types

of livestock enterprises (Mcnitt et al., 2000).

2.2 Doe performance traits

2.2.1 Litter size

The doe in rabbits is known to be polytochous drmrtumber of kits born and
raised to weaning is an indicator of doe perforneagMcnitt et al., 1996). Litter
size at birth and at weaning has been the objeofi\gelection in several studies
involving rabbit populations (Baselga et al., 19892; Rochambeau et al., 1994,

1998; Gomez et al., 1996). However, response &cgeh, when estimated, has



been slow (de Rochambeau et al., 1994; Garcia asdl§a, 2002a, b) because of
their low heritability (Baselga et al., 1992). Eittsize at birth is highly dependent
on ovulation rate, uterine capacity and embryonmdetal survival in the doe
(Christenson et al 2000., Blasco, 1996 and Argeht., 2003), while litter size
at weaning depends on litter size at birth, nestityuand survival rates of the
litter (Lebas et al., 1997). Khalil (1993) reporte8B and LSW as 7.1 and 5.3
respectively for NW and 6.7 and 4.99 kits for thé.Elsewhere Laxmi et al.,
(2009) reported 5.76 and 4 for the NW and 6.08 a8b for the FG. These

results and those from other studies vary from g¢kiersame genetic group

2.2.2 Reproductive Longevity

Longevity, a non-traditionally studied trait, isfoed as the age at which a doe
either dies or is culled from the production hdrdkefahr and Hamilton, 2000).
Long living animals able to maintain a high ratereproductive performance
during successive lactations are of great intaresinimal production to reduce
the replacement cost of the animals and in termenwhal welfare (Theilgaard et
al., 2007) Piles et al., (2006) described reproductive loniyeas the period
between the age at first successful mating, asségspregnancy diagnosis and at
first kindling to the time the doe is culled or slier the ability of the female to
delay involuntary culling. Other studies were aadriout involving number of

litters/ parturitions or length of life (Youssef al., 2000 and Sanchez et al.,



2008) or number of matings or age at culling (Lakefand Hamilton, 2000).
Breed differences in doe reproductive longevity ldoaffect cumulative litter
production and replacement costs that impact heofitgbility. In meat rabbit
production, the doe replacement rate is about 1gR8%el et al., 2001) with about
50% of the dead or culled does replaced during tiiest 3 production cycles
(Rosell, 2003) or at between 1 to 2 years to biacegd by a new generation (Piles
et al., 2006). At this age, the quality of the eacis deemed to be of good
quality. The main problems associated with highlaegment rate are the
replacement cost of the does, the greater frequehiess mature females (young
does are still growing and are less immunologicaigture at parturition, showing
lower litter size and more health problems), anchetimes the management and
pathological problems related to introduction oinaals from other farms (Piles
et al., 2006). All of these considerations leadatstrong interest in increasing
reproductive longevity, defined as the ability bétfemale to delay involuntary
culling. Despite its importance, longevity has heéen included in rabbit selection
programs. Theilgaard et al (2007) reported theib® &f the NW to attain parities

of above 25 and suggested its use in breeding amgyto harness this trait.

The difficulty in improving longevity through conmgonal breeding methods is
mainly due to its low heritability and the time dee to obtain relevant

information. However, in mice, it has been showat theproductive life and



number of parities can be improved by selectionpbenotypic performance

(Farid et al., 2002).

2.3 Factors affecting doe performance

2.3.1 Parity

Studies concerning parity i.e. previous exposurétter, have been carried out
and they show that experience with the young m#yence subsequent parental
behavior and development of the litter through acpss that involves learning
and or hormonal priming. Wang and Novak (1994) stubwhat parity seems to
have qualitative and quantitative influences onemal behavior. Multiparous
mothers exhibit increased maternal responsivemetfgetyoung, and this behavior
is relatively stable across the pre-weaning stagesompared to the primiparous
mothers (Carlier and Noirot 1965; Bridges 1978 a&vidght; Bell 1978). Litter
development is also affected by the history of elgpee of the parent where
litters from the multiparous does are usually heaand develop faster than those
from primiparous does (Wright and Bell, 1978; Myeasd Master, 1983;

Ostermeyer and Elwood, 1984).

2.3.2 Breed/genetic group
Several studies have shown breed or genetic groififereshces in doe
performance in terms of age at first successfulingatlongevity and litter

survival rates from birth to weaning (Mcnitt andKefiahr, 1990., Ozimba and



Lukefahr, 1991., Hamilton et al., 1997). Large biee.g. FG take longer to attain
sexual maturity at between 6 to 8 months (Mcnitalet 1996 and Lebas et al.,
1997) compared to small and medium sized breedsthik NW. Khalil (1993)

found the NW to raise more and heavier kits fromhbio weaning compared to

the CC.

2.3.3 External environmental factors

There are limited genetic studies in the tropicemehclimate, diet management
and stock sources differ markedly from the temgeuntries (Mcnitt et al.

1996). Rabbit populations in tropical environmehgs/e heterogeneous history
involving multiple breed introduction and crossirtgat might explain the higher

heritabilities observed in the various doe produrctraits (Lebas et al., 1997).

Seasonal variation in conception rates, totalrlgize at birth and kits born alive
were reported in the USA (Ross et al., 1961, Siitregal., 1964). Mcnitt and
Lukefahr, (1983) also noted seasonal effects orodeetion in rabbits in Oregon,
USA and Malawi. Abdel-Samee (1995) and Marai et @001) reported the

effects of heat stress on reproductive performanfcabbits in Egypt.



CHAPTER THREE
3.0 MATERIALS AND METHODS

3.1 The study site

The national rabbit breeding and multiplicationtusilocated within the Ngong

farmers training center, an agricultural trainimgtitution set up by the ministry
of livestock development on the southern outskofsNairobi. The center

produces suitable breeds for meat production, $eeding stock to interested
farmers and trains farmers and extension officersrabbit management. It is
located in an area that receives annual rainfaiediveen 900mm - 1400mm per
year and ambient temperatures of between 10°CGgat and 28°C during the day

in the warm seasons.

3.2 Rabbit population

The New Zealand White (NW), Californian (CC), theiossbreed (NC), Flemish
giant (FG), Improved local (NK) and Kenya white (K\Wjenetic groups were
kept at the center between the years 1984 and db@Kenya white is the most
common rabbit breed in Kenya that assembled gewes the European breeds
introduced in Kenya in the early 2@entury (Nalugwa, 1994). It is a small breed
(adults weigh about 3kg) with various colors thotigda most common is white.
They have black eyes and pointed ears. The bugktsdtehe center during this
study were CC, FG, NZW and KW genetic groups. Bldte 2 and 3 show

Californian, Flemish giant and New Zealand whitedals.



PLATE 1. The Californians are white rabbits with black aratkdbrown ears,
nose, feet, legs and tail. Adults weigh about fand a half and five kilograms. It

is suitable for commercial rabbit meat production.

PLATE 2. The Flemish Giants vary from dark steel grey tddgn brown in
color. Their underside and tips of their feet at@te: This is a giant breed with
adults weighing over 6.5 kilograms.



PLATE 3.The New Zealand whites are easily distinguishethkby white fur and

pink eyes with a relatively large and solid bodyey have erect ears and adults

weigh about 5 to 5.5 kilograms

Table 1 shows the number of each doe genetic grotlps study

Table 1.Number of does per genetic group in the period<l198

2004 at NFTC,Kenya.

Doe Genetic Group Total
New Zealand white 39
Californian 19
Flemish Giant 13
Kenya white 7
New Zealand white x Californian cross 2
New Zealand white x Kenya white cross 12
Total 92




3.3 Management of the rabbits

3.3.1 Housing

The rabbits were kept indoors in a shed made ofreda floor and dwarf wooden
walls. The upper half of the wall was covered witire netting to facilitate

ventilation and natural lighting whereas the rogfwas done by iron sheets.
Bucks were penned individually in wire cages raisbdve the floor and each
cage was fitted with a metal feeder and semi auiondainkers. Weaners were
penned in group cages of 5 to 7 to which was pexvidn extra feeder. Each
breeding doe was allocated a cage like the buaksinbaddition a kindling box

was attached to the cage. Grass straw lined tlmesflof the kindling boxes to

facilitate nesting and keep the kits warm, (MoLDDg0D

3.3.2 Feeding

The does were fed on a pelleted commercial didgtithplaced in metal feeders.
The chemical composition of the diet is shown ibl€&2. The feeders could hold
up to a kilogram of feed and the does were alloweldnited access to the feed.
Occasionally, the rabbits were given a mixture lahfs like Black JackBidens
bidens), Mexican marigold Tagetes minuta), Pig weed Amaranthus spp), Chick
weed @ellaria media), Kale Brassica oleracea), Lucerne Kledicago sativa) and

sweet potato vinedgomoea batatas) to supplement the concentrates. The cages



were also fitted with nippled semi automatic drirskeand the does were allowed

free access to clean drinking water (Nalugwa, 1994)

Table 2 shows Chemical composition of the pellet@shmercial diet for rabbits

at NFTC.

Table 2.Proximate composition of the commercial pelletest tkd to the does at NFTC

Nutrient Crude Fiber Crude Protein Ether Extract IclDan Phosphorus

% Composition 11 18 4.8 0.7 0.4

Source: MoLD (1994).

3.3.3 Reproduction management

At most 20 breeding does of different genetic geoupe. NW, CC, FG, KW, NC
and NK (Table 1) were kept at the center at anytone and were bred the whole
year round. At mating the doe was taken to the suc&ge and natural service
was preferred to Artificial Insemination which wasly used when there were an
insufficient number of bucks. Heat detection wasealby checking for redness
and swelling of the vulva while pregnancy diagnos@s done by abdominal
palpation and those found not pregnant after 2 weskre mated again at
between 28-31 days after the initial mating. The kiere weaned at 5-6 weeks of

age after which the does were mated 2 days lat@u@wa, 1994).



3.4 Data processing and analysis

3.4.1 Doe records.

Doe information obtained from the record cards weméered into an Ms excel
worksheet. It included; Doe identity, her sire afamn, parity number, date of
service, buck used in that service, date of kirglkits born alive, kits born dead,

number of kits weaned and date of weaning.

There were six doe genetic groups viz NW, CC, F®B/,iNC and NK and they
were assigned codes 1, 2, 3, 4, 5 and 6 respectiale the bucks were of NW,

CC, FG and KW genetic groups and were assignedscaidelar to the does.

Parities numbers ranged from 2 in some does toigis ds 22 in others. Each
parity was assigned a code corresponding to itsbeuarme. parity 1 was assigned
code 1with the rest following. However, few doetiaied parities beyond parity
9. To avoid confounding the effects of the does Hrebse parities, any parity

beyond the parity 9 were absorbed into code 9.

Production and Reproduction periods and intergblhe doe were derived from
the data usingSCSTATS an Ms Exc@® statistical add-in and they included;

age at first successful mating and at each payégtation, weaning, total number

of parities and those weaned successfully, reptodudongevity in months



(period from first kindling to final culling of thdoe) and kindling interval. Litter
traits obtained were litter size at birth (LSB) atdveaning (LSW) in each parity,
number of kits weaned per doe per year (a year mga865 days) and pre

weaning litter survival.

3.4.2 Climatic condition

Weather records affecting the center between 18842804 were obtained from
Kenya Meteorological Department headquarters (Detjarorner meteorological

sub-station). They included minimum and maximum thiyrainfall and ambient

temperature and monthly relative humidity (RH) megad at 0600h and 1200h

GMT.

The months that had temperatures below the 18°@r{rfa the period of study)
were considered cold (June, July and August). Bs¢ were considered warm.
Likewise, months that recorded average monthlyfadiof below 88.9mm were
considered to be dry (January, February, June, JAugust, September and
October) while those above it wet. The Coefficiesttvariation (CV) calculated
for temperature and RH constituted less than 30%af respective values, an
indication of their stability within the months dog this period. However,
rainfall had very high CV, with some being more rthavice their respective

values hence this showed high variation within ¢h@®nths across the years. Dry



months usually have CVs greater than their respestalues as opposed to wet

months.

Table 3 shows average rainfall, temperature, R&dtumidity and their CV for

the months in a year.

TABLE 3: Temperature, Rainfall, Relative humidity (RH %) ahdir Coefficients of variation (CV%
for the months in a yeat NFTC Nairobi, Kenya.

Months Mean Jan | Feb| Mar Apr | May | Jun | Jul | Aug Sep | Oct | Nov | Dec

Temperature°q 18.7 | 19.4/ 20.0| 20.4| 19.7| 18.8| 17.3 16.5| 16.8| 18.7| 19.3| 18.9 | 18.8

CV% 4.20 | 5.00 6.00| 4.50| 3.50| 3.50| 4.00, 5.50| 4.50| 4.00| 4.00| 2.00 | 4.00

Rainfall mm 88.9 | 77.644.9|109 | 231| 170| 35.817.2|22.4|22.9|52.7|177 | 106

CV% 90.5 | 150, 107 79.059.0|/59.0| 84.0 131 | 96.0| 103 | 77.0] 59.0 | 103
RH % 65.6 | 60.6 53.1|61.3| 70.2| 72.8| 71.9 71.8| 69.6| 62.3| 61.8| 72.5 | 68.1
CV% 11.2 | 14.516.5| 13.5| 11.5| 8.50| 9.50, 8.50| 10.0| 13.0| 12.5| 6.50 | 10.0

Definitive seasons were found to be 3 after comigimverage monthly rainfall
amounts and calculating the Temperature-Humiditlices using the formula of
LPHSI, (1990).

THI = td — (0.55 — 0.0055 RH) x (td — 58),

Where;

N—r



THI = Temperature-Humidity Index,

Td = Dry bulb temperaturéeR)

RH = Relative Humidity, (RH%/100)

Therefore, January, February, September and Octodrer considered warm and
dry and assigned code 1 while March, April, May,vBimber and December,
warm and wet and assigned code 2. June, July agdisAwere cold and dry
months and were assigned code 3.

Figure 3 illustrates the seasons as classifiedyusimfall and THI values.
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FIGURE 1: Average Rainfall amount and THI values betweannfonths in a

year at NFTC Nairobi, Kenya.



3.4.3 Data analysis

The litter traits obtained and doe production (aeg@roduction) periods and
intervals derived were subjected to ANOVA under tReed Maximum
likelihood (ReML) using GENSTAT with the fixed efftss model;-

Yikmn =H + § + G + B+ Sen+ Ejum,

Where

Yikm = observation on the ijkftdoe.

p= underlying constant in all observations value¥igmn

D; = effect of the'! doe genetic group (i = 1 (NW), 2 (CC), 3 (FG),Ka\(), 5
(NC), 6 (NK))

S = effect of the'J'buck genetic group (j = 1 (NZW), 2 (CC), 3 (FG)KW)

P, = effect of the K parity (k = 1, 2, 3, 4...9)

Sen~= effect of the M season of mating, kindling or weaning (m = 1 (Jeeb,

Sep, Oct), 2 (Jun, Jul Aug), 3 (Mar, Apr, May, N®&c)
Eijkm = random residual error N ®g)

Interactions from factors found significant (p<®).Owere considered in a
subsequent final model after the first successfal tun without interactions of

these factors.



CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Doe genetic groups

4.1.1 Reproductive performance

The means and standard errors of gestation, weaopen days and kindling

interval in days according to the doe genetic gsoang shown in Table 4.

Table 4.Production andReproduction) intervals and periods of the, dodags, at NFTC

Nairobi Kenya.

Doe Genetic Group Gestation (days Weaning Open days Kindling Interval
(days) (days)
New Zealand white | 31.5+0.08 36.7+0.85 | 37.0+1.48 | 63.9+1.98
Californian 31.2+0.13 32.2+1.37 |41.8+2.67 | 68.8+3.27
Flemish giant 30.7 +0.13 37.7+158 |41.3+2.68|67.5+3.47
Kenya white 31.3+0.74 39.7+1.931 | 33.3+2.80 | 60.6 + 3.87
Newzeand white x32.5+0.43 40.6 +3.07 | 40.7 + 6.334| 69.1 + 8.36
Californian cross
New Zealand white x31.4 + 0.14 31.7+1.94 |375+2.49 | 65.2 +3.28
Kenya white cross
Overall mean 31.3+0.05 35.6 £0.6 38.5+1.00 .56851.30

Means with similar superscripts in the same column do not differ significantly (P<0.05)




The overall mean gestation period was 31.3 = 0&dit ranged from 30.7 +
0.13 in the FG 32.5 + 0.43 days in the NC with ngniicant (P>0.05)
differences observed between the DGG. The NK haddwest weaning period
followed by the CC and both were significantly (p3%®) different from the other
DGG as shown in Table 4. The average kindling waewas 65.5 + 1.30 days
and was not significantly (p>0.05) different betwake DGG. The open days viz
the number of days between kindling and the nextesssful mating were highest
in the CC at 41.8 £ 2.67 days) followed by the F@ &IC respectively and these
three DGG were significantly (p<0.05) different fiothe remaining genetic
groups that had the KW (33.3 £ 2.80 days) as theesd. Gestation is a
physiological state and constant. It is not depahda the breed and management
but rather by the species in this case the rablhich ranged between 28 to 30
days (Chineke, 2006 and Fayeye and Aroninde, 20@08aning period and open
days (a component of kindling interval) are normpalkétermined by management
e.g. 5 to 6 week weaning period, after which doesewtaken to the buck for
mating (2 days later). Pregnancy diagnosis at 2ksveend remating of non-
pregnant does 4 weeks after initial mating couldehéed to these extended
periods. Also, the long weaning periods meant thetiation was extended and
this might have led to lower sexual receptivityéBehia et al., 2008) in the does.
Other studies, (Rafel et al., 2001 and Rosell 208B8prted weaning periods of 3

to 4 weeks and 10 open days in the NW under interrgiproduction rates. Lebas



et al. (1997) described values in this study a®resive reproduction rates in
which open days ranged between 28 to 34 days, wgaeriod of between 35

and 42 days and kindling intervals of between 4@5alays.

Table 5 shows mean age at first successful matiddangevity in months for the

doe genetic groups.

Table 5. Age at first successful mating and reproductivegenty of the doe geneti

groups in months at the NFTC

(@)

Doe Genetic Group Age at first successfubngevity
mating

New Zealand white 5.60 + 0.24 20.16 +1.94

Californian 5.95 + 0.41 19.5+1.91

Flemish giant 6.69 + 0.51 17.7 + 2.97

Kenya white 5.29 + 0.20 32.2+.6.88

New Zealand x Californian | 5.02 +0.02 27.2+10.18

Cross

New Zealand white x Kenyp6.05 + 0.40 23.7 +3.97

white cross

Overall mean 5.85+0.16 21.4+1.28

Means with similar superscripts in the same column do not differ significantly
(P<0.05)




The overall means for the age to first successhting and longevity were 5.85 *
0.16 and 21.4 £ 1.28 months respectively (TableThe age to first successful
mating ranged from 5.02 + 0.02 in the NC, the lawes5.69 = 0.51 in the FG.
The age at first successful mating in the FG wgaifstantly (p<0.05) different

from the other DGG. The FG is considered a largedbrof rabbits and good for
commercial meat production. Large breeds of ralibke a longer period (6 to 8
months) to reach sexual maturity (Mcnitt et al.98%nd Lebas et al., 1997)
compared to small and medium sized breeds lik&iWeand CC at 4 to 6 months

(Lebas et al., 1997).

Lukefahr et al (1983) had the NZW and Xiccato et(E#99) had a hybrid
maternal line being bred earlier than the 168 ¢&y&+0.24 months) for the same
breed in this study. Reproductive longevity i.e ttumber of months between the
first successful kindling and the day the doe etkigsrabbitery, was highest in the
KW at 32.2 + 6.85 months followed by the NC at 2#.20.18 and they were
significantly (p<0.05) different from the other DGat had the lowest, the FG,
at 17.7 £ 2.97 months (Table 5). The reproductoregévity of the Kenya white
could be attributed to the fact that it is well potl to the local climatic
conditions and moderate standards of managemehe atenter compared to the
other pure exotic breeds. On the other hand the $tragevity observed in the

purebreds could be attributed to management sethiegh while they still had



good quality meat or preference of buyers over tti@sses and KW. The values
for KW and NC approximate those reported by Barkokl Jaouzi (2000) of 31
months for Zemmouri rabbits but much higher thaoséhreported by Rosell

(2003) of 12 months for NW

4.1.2 Litter size

The average litter size at birth and at weaningthechumber of kits weaned per

doe per year are presented in Table 6.

Table 6. Average litter size at birth and at weaning and Kenweaned per doe per
year at the NFTC

Doe Genetic Group litter size atitter size at| Parities pern Number

birth weaning year weaned/doe/yr
New Zealand white | 7.68 +0.18|5.78+0.18 [5.90+0.22 | 34.1+0.18
Californian 6.70+0.21| 478 +0.28 |5.52+0.34 | 26.4+0.28
Flemish giant 8.24+0.25587+0.30 [547+0.17 |32.1+0.28
Kenya white 7.20+0.259 5.87 +0.34 |551+0.24|32.3+0.26
New Zealand white x8.81 +0.47 | 6.69+0.60 |5.04+0.16 | 33.7 +3.3%
Californian cross
New Zealand white x7.48 +0.28|5.10+0.38 [5.58+0.3%[28.5+0.53
Kenya white cross
Overall mean 7.52+0.10 5.52%0.11 5.67 £ 0.13 .4330.41
Means with similar superscripts in the same column do not differ significantly
(P<0.05)




From Table 6, total LSB (number of alive and stlib kits) was highest in the
NC at 8.81 = 0.47 followed by the FG and these 2ewsgnificantly (p<0.05)
different from the other DGG which had the CC at $.0.21 being the lowest.
LSW was lowest in the CC at 4.78 £ 0.26 whose valas significantly (p<0.05)
different from the other genetic groups. The pesitper year (derived from a 365
day year divided by the average kindling interval €ach genetic group) was
lowest in the NC at 5.04 £ 0.10 and was signifiba(t<0.05) different from the
other DGG. The number of kits weaned per doe par (@& product of average
litter size at weaning and average parities per y@aeach doe genetic group)
was lowest in the CC followed by the NK and thase DGG were significantly
(p<0.05) different from the others led by the NZ¥\34.1 + 0.18 followed by the
NC, KW and FG at 33.7+ 3.31, 32.3+ 0.26 and 32.250espectively. The low
LSB in the CC could be due to low ovulation ratealier uterine capacity or that
few embryos or fetuses survived in the uterus dupregnancy. The subsequent
low LSW could be attributed to low LSB, inferioriof the CC in maternal ability
(lactation, maternal behavior and nesting) anddowvival rates of the litter. As a
consequence, the number of kits weaned per dogegaerwas low in the CC. In
rabbit breeding, does are selected with the main of focus being LSB and
LSW (Sanchez et al 2006). From Table 6, on avergemeans of LSB and

LSW were significantly (p<0.05) different betwedmetDGG and were higher



than those reported by Iraqgi et al (2006) of 618 kiorn and 5.8 kits weaned by
the NW and gaballi rabbits. Laxmi et al (2009) nép0d a figure of 5.52 and 3.81
for LSB and LSW respectively for the FG and NW. ¥iveere however lower

(8.7 and 6.09 for LSB and LSW) as reported by Yelis$ al (2008) in the NW.

The number of kits weaned per doe year (produglidpproximates the figures
(20 to 32 kits) suggested for the tropics by Lebaml (1997). Lukefahr and

Cheeke (1990) reported 4 crops per year of 6 lkasheand El Raffa (2004)

reported an estimate of 24 kits per doe per year.

Figure 2 shows the pre-weaning litter survival andrtality rates of the doe

genetic groups at NFTC.
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FIGURE 2: Pre weaning Litter Survival and Mortality Rates



Pre-weaning litter survival viz the total numberkds weaned over the number of
kits born at the rabbitery during the study expedsas a percentage ranged from
65.6% in the NK to 74.8% in the KW, though sigraint (p>0.05) differences
were not observed between the doe genetic groups. pfe weaning litter
survival is lower than those reported in other ®sid Zerouki et al (2005)
reported pre weaning survival rates of between &% 89%. Other studies
(Bonnano et al., 2008; Brecchia et al., 2008; Ma#éital 2008) recorded survival
rates of above 80%. These low values can be adbto the semi intensive
system of production adopted by NFTC as comparethdointensive systems
cited. Here, the weaning periods of between 5 we6ks at NFTC were longer
than those of 4 weeks used in most studies (Itagji,e2006; Youssef et al., 2008;
Sanchez et al., 2006) in intensive systems. Alsantethod of estimation used in
this study where litters with complete mortalitesweaning and total number of

kits born (alive and dead) could be a contributexgor to the lower estimates.

4.2 Effects of seasons on doe performance

4.2.1 Litter size

Table 7 shows means and their standard errors dingsaper conception
(Number of times the doe is taken to the buck eémnceiving), Lsb and Lsw as

per the three seasons of mating.



Table 7: Matings per conception, litter size at birth (LSB)d at weaning (LSW,

of the doe per season of mating at NFTC

Season Matings per LSB LSW
conception

1 (warm and dry) 1.14+0.02 7.12+0.15 4.76+0.18

2 (warm and wet) 1.20+0.02 7.20+0.14 5.24+0.16

3 (cold and dry) 1.18+0.03 7.55+0.16 5.45+0.18

Overall mean 1.17+0.03 7.28+0.14 5.15+0.16

Means with similar superscripts in the same row do not differ significantly
(P<0.05)

Results in Table 7 show that Seasons had no effentatings per conception and
LSB. Season 3 had the highest LSW, followed by@easand 1 at 5.45, 5.24 and
4.76 kits respectively. There was a significant q®8) difference in LSW
between season 1 and seasons 2 and 3. This colddchese of the kits being
born in season 2 (warm and wet) but being rearetiencold and dry season 3
(Figure 2). Fayeye and Ayorinde (2008) reportedsgeanot to affect litter size at
birth and percent survival of the kits whereas Mataal (2001) reported that
rabbits exposed to heat stress had reduced cooceies and LSW. Abdel-
Samee (1995) noted the comfort zone of rabbitetbdiween the temperatures of

13-20° C and THI values of below 82 which is retiéelin this study.



4.2.2 Reproductive performance

Table 8 shows effect of the seasons on the praztu@teproduction) intervals and

periods of the doe during different seasons.

Table & Mean values of production and reproduction pararseiethe doe, in

days, during different seasons at NFTC, Kenya.

Season Gestation Weaning Open days Kindling
(days) (days) interval

1 (warm and dry) | 31.2+0.69 32.3+1.00 42.3+1.48 71.4+1.7%

2 (warm and wet)| 31.2+0.87 35.3+0.96 40.9+1.36 69.4+1.66

3 (cold and dry) 31.3+0.09 37.3+0.90 38.3+1.77 64.0+2.37

Overall mean 31.3+0.05 34.8+0.55 40.6+0.87 68.621.0

Means with similar

(P<0.05)

superscripts in the same row do not differ significantly

Gestation period ranged from 31.2 days in seastm 21.3 days in season 3.

There were however no significant (P>0.05) diffees) observed between the

seasons. Weaning period was highest in season 3¥.a#+0.90 and this was

significantly (P<0.05) different from seasons 1 d@despectively at 32.3£1.00

and 35.3+0.90. Open days ranged from 38.3+1.77 28+4.45 daysbut

Significant (P>0.05) differences were not observetiveen the seasons. Since the

open days have a high co-linearity with kindlingenval, kindling interval was



longer when open days were long and shorter whean agays were short.
Gestation is a physiological stage and is consteedpective of the season. The
long weaning period in season 3(cold and dry) cdidddue to management
allowing the young kits to nurse longer and keeprtlwarm with their does thus
increasing their chances of survival. Akpo et 2008)reported season not to
affect production intervals in a local rabbit pagidn. Other studies (Abdel-
Samee, 1995, Marai 2002 and El raffa 2004) reponeat stress (THI>82) to
affect rabbits while Lebas et al., (1997) attrilbut®asing of reproduction in the

doe to the cold winter in temperate countries.

Table 9 shows the LSB and LSW in the differenttpesiat NFTC.

Table 9. Mean Litter size at birth (LSB) and at Weaning (LW
different parities of the doe at NFTC.

Parity Number LSB LSW

1 92 7.16+0.21 5.21+0.28
2 92 7.46+0.24 5.46+0.27
3 84 7.86+0.26 6.29+0.31
4 83 7.45+0.31 5.25+0.33
5 72 7.61+0.34 5.88+0.34
6 66 7.80+0.33 5.34+0.41
7 64 7.25+0.31 5.27+0.36
8 57 7.58+0.34 5.53+0.42
9 251 6.78:0.16 4.26+0.42




Overall mean 7.28+0.28 5.15+0.35

Means with similar superscriptsin the same column do not differ
significantly (P<0.05)

LSB had an increasing trend from parities 1 to ¥.40+0.21, 7.40+0.24 and
7.86x0.26 kits respectively before dropping attyatito rise again in parity 5 and
6. Parities beyond 7 had a decreasing trend. $gnif (P<0.05) differences in
LSB were observed between parities 3 and 5 andtimer parities. LSW first

peaked in parity 3 at 6.21 kits and at parity 5.88 kits. There were significant
(P<0.05) differences in LSW between these pariied the other parities. The
lower LSB at first and second parity as comparedubbsequent parities in this
study could be because the does were still groamnmghad not attained their adult
sizes and weights. This combined with additionamdeds for maintaining

gestation and lactation could have lowered praldic and ovulation potential in
the growing rabbits. Rabbits are known to attainltageight at parity number 3

(Lebas et al 1997). Akpo et al (2008) and Das aaday (2007) reported the
same trend in the first three parities though wdatver figures. Fayeye and
Aroninde (2008) however had lower estimates aneéd@t decreasing trend in
LSB from parity 1 to 4. Fluctuations in LSB in selsient parities could have
been due to body condition as affected by amongrsthReproduction rates,
previous LSW and nutrition. The increase in LSWhirparity 1 to 3 could be due

to learning or experience of the doe in the prewgdiiters, LSB, viability of the



kits and lactation (Wang and Novak 1994; Ostermeyet Elwood 1984). The
low values seen in parity 4 and beyond could bebse of the ageing of the does
and depressed lactation. This could be attribudgeduced inability of these does
to mobilize body reserves towards lactation (Threalgl et al., 2007) in the latter
parities and replacement of glandular tissue whhotis tissue in the mammary
glands (Lebas et al., 1997).

Table 10 shows the average reproduction paramefetise does for the three

seasons.
Table 1C: Reproduction parameters in different parities of thoe at NFTC
Nairobi, Kenya

Parity Gestation Weaning Open days Kindling inter
1 31.05+0.17 | 36.081.71 | O 0

2 31.27+0.16 | 37.04:1.45 | 43.48t2.15 | 74.60+2.15

3 31.3%+0.17 | 40.06t1.49 | 40.78:2.07 | 72.00+2.04

4 31.3%+0.17 | 34.48+1.79 | 49.18+2.35 | 80.50+2.38

5 31.50+0.14 | 37.8%+1.50 | 43.3G+2.88 | 74.80+2.89

6 31.28+0.18 | 31.78+2.11 | 46.542.00 | 77.80+2.39

7 31.57+0.15 | 33.13+1.97 | 45.18+3.06 | 76.76t3.06

8 31.24+0.15 | 33.42+2.29 | 42.9&+3.17 | 74.16:3.21

9 31.18+0.09 | 32.43t1.11 | 47.76t1.46 | 78.96t1.45
Overall 31.3+0.40 34.0+0.01 4549).04 76.8+0.05

mean

Means with similar superscriptsin the same column do not differ significantly
(P<0.05)




Gestation length ranged from 31.05+0.17 to 31.51%0with no significant
(P>0.05) differences observed between the parié=aning period ranged from
31.8 days in parity 6 to 40.0 days in parity 3.ifRes 1, 2, 3, 4, and 5 had weaning
periods of 36.09+1.71, 37.04+1.45, 40.00+1.49, 341479 and 37.81+1.50 and
were significantly (P<0.05) different from thattbe remaining parities. The open
days were lowest in parities 3, 8, 5 and 2 respelgtiat 40.70+£2.07, 42.90+3.17,
43.30+2.88 and 43.40+2.15. They were significaffy0.05) different from the
remaining parities. The kindling interval was highim parity 4 followed by 9 and
6 respectively at 80.5, 78.9 and 77.8 days respdygti They were significantly
(P<0.05) different from parities 2, 3, 5 and 8 4t6/ 72.0, 74.8 and 78.9 days

respectively.

As with season and genetic group, gestation wasffextted by parity since it is a
physiological state and varies from species toisgedhe short weaning periods
observed in parities beyond 5 could be attributethe management since from
Table 9 the LSW diminished in parities beyond 4tlas doe aged. This was
maybe to reduce the pressure of lactation to jiratify and allow the doe to
rebreed hence maximize on more litter. In geneta®, doe production and
reproduction intervals had an undulating trend wprity, strengthening the
effect of management eg weaning at 21 or 28 pdsipafMcnitt and Lukefahr.,

1990 and Ozimba 2006) and mating does at betweea 14 days post kindling



(Piles et al, 2006) among others. Khalil (1993)orégd parity not to affect doe

reproduction intervals and was inconsistent fraat to trait.
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CHAPTER 5
5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

(). Reproduction and production parameters of the Hos established were
age at first successful mating, gestation, weanopgn days, kindling
interval and reproductive longevity while litteraits include Litter size at
birth and at weaning, pre-weaning litter survivatlanumber of kits weaned
per doe per year.

(i). The NZW performed better than the other DGG in teahdoe productivity
and LSB and LSW. The NC, KW and the FG followedsely and therefore
this indicates that any of these genetic groupsbeasuccessfully raised at
the center. The CC and the NK performed poorlyampgarison to the other
genetic groups.

(ii). Does at the NFTC can be bred all year round regssdbf the season
without adverse effects to Litter size at birth @dveaning hence emphasis
should be on the management aspects like nut@iehhousing. Only does
considered to be genetically superior should bd birece litter sizes in latter

parities (beyond parity 6) have fewer litter siaébirth and at weaning.
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5.2 Recommendations

(). Since gestation is a component of Kindling interaall it is constant, the
option of accelerating reproduction rates and kgmesion the number of kits
weaned per doe per year is by reducing the opers ddych can be
manipulated hence improve the number weaned per e year.
Furthermore, the weaning period should be shortem8do 4 weeks.

(if). Studies involving litter sizes and their weightsbath and at weaning and
the weights of the does at service, kindling andmigg of the litter need to
be carried out. They will give more information afiait comparisons of the

DGG in terms of productivity.
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APPENDIX 1: Doe Record Card

Doe.....cccoverviinnnne. DATE OF BIRTH...ccooiiiciiiiiceiii SIRE/BREED.......cceirmnrieererienne.
DAM/BREED......coovtrieieercrenerceeeece e
SERVICE | DATEOF [ BUCK | DATE OF ALIVE |DEAD [WEANED | DATE OF WEIGHT AT [ 2WEEKS | 4 WEEKS | REMARKS

SERVICE KINDLING WEANING BIRTH




