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ABSTRACT

Lactation records on 163 Yankasa ewes, with either
complete or in complete lacration records, under semi
intensive management system in sheep project of NAPRI were
used in this study. The ewes were hand milked at weekly
intervals after thorough disinfection of the udder. The daily
milk yield was estimated from the weekly milk yield curve.

Least squares analysis showed that milk yield was significantly
(P< 0.001) affected by birth type, parity and month of birth.

Base class adjustment of data to twin birth, 4th parity

and July lambing dam was done prior to regressions to obtain

the lactation curve using Wood, ;i model:

Y, = 270p0 g0 29en
(R* = 0.71; P<0.001)

Peak vyield was observed in the 2nd to 3rd week of lactation

and the total 90-d milk yield of 13.45kg with an average daily

yield of 149.40qg.

Correlation analysis was carried out beween lamb weight
gain and dam milk yield using rhe weight records from lambs
weighed at weekly intervals corrvesponding to milking dates of
their dams. The result obtained indicated a high and
positive relationship in the early lactation which decreased
in intensity as the lactation advanced.

The effect of type cof birth, parity, season of lambing
and lactation 1length (cof below and equal to 84 days) on the
components of lactation curve(a, b, ¢ and s) were also analysed

X



by least-squares procedures. The goodness of fit of the function
did not differ between the lower lactation of below 84 days and
complete lactation 1length of H4 days; lower lactation of below
84 days however in addition to « lower persistency also showed
a low general level of production.

Genetic and phenctypic correlation estimates were
obtained for both lactation parameters and weight records of
lamb using 143 dams sired by 16 rams and 134 lambs sired by
10 rams respectively.

Heritability estimates by half-sib analysis were 0.3 and
0.7 for birthweight (BWT) and 90 -day weaning weight (WWT) while
the genetic and phenotypic corr«lations between these traits
were 0.7 and 0.3 respectively. For the lactation parameters,
estimates of 1.4, 0.3, 0.2 and 1.5 were obtained for a, b, ¢
and total lactation(T) respecrively. Phenotypic correlations
between a and b, aand ¢, aand T, bandc, band T, a and T
were 0.2, 0.2, 0.5, 0.6, -0.1 and -0.06 while the corresponding
genetic correlations were -0.4, 0.3, 0.8, 0.0, -0.2, and -0.1
respectively.

From this study, Yankasa sheep seem to be a poor milk
producer, however concerted effort need to be made to
intensively select them for milk production traits to ascertain
their potentiality. For more or better precision, a larger
data set has to be generated orer many years. Moreover, milk
production from dam is related 'o the growth of lamb most especial!
in the early stage of growth.

X1



CHAPTER ONE

1.0. INTRODUCTION

The survey of the national sheep distribution in Nigeria
ghowed that the majority are Kkept under traditional system of
management in household throughout the various ecological zones.
Presently, the indigenous sheep population stands at about 22.3
million (FDLPCS, 1991) amcng which are 4 major breeds, namely;
Weat African Dwarf (WAD), Yankasa, Balamli and Uda. Within the
indigenous sheep breeds, the Yankasa is the most numerous and is
widely distributed throughout the Guinea and Sudan Savanna
Vegetaticnal Zones. It ig estimated to constitute 60% of the total
national herd. Being a wmedium-sized breed in addition toc its
hardiness, it seems to be very popular among sheep farmers most
especially in Northern Nigeria.

Sheep like other livestock such as cattie and goats are
reared basically for meat while unlike others they are rarely
milked for human consumption. Other sheep products of economic
importance include skin for the leather industry, manure for soil
improvement and beone, hooves, horns and blood used in the
preparation of feed. Sheep milk, even though rarely consumed by man
has tremendous influence on the growth rate of the lamb.
Preweaning survival of the lambs is also significantly affected by
the milk producing ability of the ewe.

To increase the productivity of the indigenous sheep breed,
efforts have to be made to establish their current potentials for

economic traits, Thus, genetic Improvement through proper

o= TR 'I\



selection and breeding programmes could then be evolved. The
traits of importance in sheep enterprises are reproduction and
milk production in the ewe and growth rate/viability in the lamb.
The potential of local breeds of animals for improvement is
enormous, but a painstaking process of upgrading through selection
and good management is required.

The performance of animals for any production purpose has been
known to be greatly influenced by different environmental
(internal and external) factors. Thus, selection of genetically
superior animals as parents for subsequent generations could only
be facilitated if the influence of such hampering factors on the
actual breeding value could be removed through data adjustment. By
so doing, the adjusted data wonld reflect more closely the true
genetic capability of such animals. Some studies have shown
significant effects of sex, age and weight of dam, type and season
of birth and birth weight on preweaning growth in different
sheep breeds including Yankasa Sheep ( Marcof, et al., 1986;
Osinowo, et al., 1991). Moreover, the milk yield of tropical sheep
breeds have also been reported to be affected by these factors.

Correlation studies among =conomic traits provide a useful
tool for indirect selection. Certain traits are usually difficult
for direct selection either for or against and such traits might be
closely related tec others that raquire simple selection procedure.
Moreover, the relationship between ewe milk production and
preweaning growth rate of lamb determines the extent to which lamb

growth performance could be attributed to milk production from dam

&



most especially at the early age of lamb.

Heritability estimate, could serve as a basis for meaningful
selection of animals with potentials in economic and reproductive
traits. Large variability within a particular flock could warrant
quick improvement if selection differentials are large and
heritability of the character under investigation is high.
Substantial genetic esimates have been obtained for the growth
and reproductive traits in tropical sheep breeds including Yankasa
sheep. However, little or nothing has been done on the genetic
merit of tropical sheep breeds, most especially Yankasa sheep, in
terms of the milk production.

This study was therefore designed to: (1) Study the lactation
curve of Yankasa sheep, (2) Estimates the phenotypic correlations
between preweaning growth weights and milk yield and (3) Estimate

genetic parameters for body weights and lactation curve parameters.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1. Sheep Production in the Tropics

The tropical sheep breed are predominantly reared for meat and
rarely are they be milked for human consumption. Their skinsg are
also excellent material in the leather industry for making valuable
praoducts such as shoeg, bags, belt and even wears. Over two decades
ago the complimentary role of sheep milk te dairy production was
also realised. Williamson and Payne (1968) observed that sheep were
also being kept for milk and fiber production in the tropics. Sheep
can also serve as a source of; manure, ready cash incase of crop
failure, research animals, recreation, transportation, slaughter
animals at festivals and prestige,

In the developing countries, mostly to be found in the tropics
and sub-tropics there are over 600 million sheep or about 53% of
the total world population (FAO, 1988). According to the FAQ year
book for 15988, Africa has over 190 million or 32.2% on the average
while sheep in the developing countries produce about 48% of the
world mutton and lamb production, 58% of the world’'s sheep milk and
47% of the total world sheep hide and skin production came from the
same region. Invariably, more than half of the total sheep and
sheep milk are produced in the developing contries. One would then
expect that research 1into various aspect of improvement in both
production and economic traits to have been perfected. On rthe
centrary this is not so because conserted effort has not been made

to actually assess the potential of the indigenous sheep breed for



milk production.

The dairy potential of Awassi sheep in Israel has been
documented (Finci, 1957; Folman =t al., 1966a,b; Epstein, 1977). In
view of the large population of sheep in Nigeria most espe- cially
Yankasa breed, the complementary role of sheep to rural dairy
production in Nigeria should not be over-looked (Ehoche, 1990).
This review focused on milk production from sheep and the various
factors (Environmental and Genetics) militating against improved
productivity. The relationship of this economic trait to lamb

growth was also be assessed.

2.2. Indigenous Sheep Breeds and their Growth/Reproductive
Performance
There are four main indigenous sheep breeds in Nigeria. As

described by Adu and Ngere (197%), the Nigerian sheep breeds are:

2.2.1. Balami

The breed are predceminantly found in the North Eastern part of
Nigeria and the heaviest of all the indigenous breeds. The Balami
are fast growing and usually attain a weaning weight of 18 kg in 12
weeks. The yearling weights for both ewes and rams ranges from
35-40 kg and 45-60 kg, respectively. This breed has a range of
114-142%, 81-90% and 6-12% for rhe lambing, weaning and mortality
rate depending on the location (Adu, 1978a) while the birth weight
and average daily gain ranges between 3.1-3.5kg and 93.4-120.3qg

regardless of the type of birth and stage of growth. Buvanendran



and Adu (1987) observed that Balami ewe lambed at 18.&6 months of
age while Buvanendra and Adu (1987) and Forgorty (1972} reported

308 days lambing interval for this breed.

2.2.2. Uda

The breed could be tound throughout the Sahelo-Sudan
Vegetation Zone of Nigeria. This is yet another large and long -
legged breed, Mature weights range from 34 - 40 kg for ewes and 45
-55 kg for rams. The birth weight and average daily gain ranges
between 2.0 - 3.8 kg and &8.4 - 156.1 g depending on the location
and regardless of the time of birth and stage ©of growth (Adu
1978a) . Lambing, weaning and mortality percentages for uda sheep
ranges between 108 - 131, 68-79 and 11-16 respectively depending on
locations. Kuteyi et al. (1979) reported 290, 24, 13 and 19 for age
at first oestrus (days), live welight at first ocestrus (kg) and
cegtrus period duration in hours and ocestrus cycle length {(days)
for this breed concurrently. Buvanendran and Adu (1978) reported
270 days lambing interval for Uda sheep. Fogerty (1972) and Adu et
al. (1978b} reported a twinning rates of 17.0 and 24.1%

respectively for Uda breed.

2.2.3. Yankasa
The Yankasa sheep is perhaps the most numerous breed and is
widely distributed throughout the Sahel, Sudan and Ginuea Savanna

Vegetation Zones. It is a medium sized breed (intermediate between



Uda and the West African Dwarf Sheep) and very hardy, an attribute
which makes it a popular breed among sheep keepers in the North. It
is an hairy sheep with a predominantly white coat and black patches
around the eyes, muzzle and hooves. 1t has an estimated population
size of 13.62 million or 60% »f the total sheep population in
Nigeria. The major product and bhy-product obtained from the breed
are meat and skin respectively. The mature weights are 25-40 kg for
ewes and 35-50kg for rams. The birth weight and average daily gain
for Yankasa breed ranges between 2.9 - 3.6 kg and 72.8-116.2 g
depending on the location and regardless of the birth type and
stage of growth (Adu, 1978a). The same author gave the ranges for
the lambing, weaning and mortality rate as 110-113%, 70-79% and
12-14%, respectively while Osinowo and Abubakar (1988) reported an
average litter size of 1.31, weaning rate of 79%, lambing rate of
98%, average birth weight of ! 5kg and weanig weight of 10.2kg.
The age at first oestrus (days), liveweight at first oestrus (kg),
oestrus period duration (hrs) and oestrus cycle length (days) on
the average are 214.5, 21.8,15 and 18.5 (Kuteyi et al., 1978).
Molokwu and Umunna(1980) noted that Yankasa ewe lambed for the
first time at approximately 15.5 months of age and that the lambing
rate ranges between 139-148%. The lambing interval for these
breeds ranges from 236-291 days (Fogorty, 1972; Moclokwu and Umunna
1980) . The twinning rate as documented by Fogorty (1972), Molokwu
and Umunna (1980) and Adu et a. (1978) were 23 and 17.8 percent,

respectively.
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2.2.4. West African Dwarf (WAD) Sheep

In Nigeria the breed i:s variously called Southern forest
sheep (Orji et al., 1976) or Nigeria Dwarf Sheep (Adu, 1972). It is
widely distributed throughout the hot and Humid coast area south of
latitude 140 N. Within this wide geographical range, variation in
type are found. The West African Dwarf sheep is a small (almost
half the size of rthe northern breeds), and compact body and hardy
breed. Mature weights are 20 - 25 kq for ewes and 25 - 30 kg for
rams. The birth weights of WAD ranges between 1.5-2.5 kg while the
average daily liveweight gain ranges from 29.8 - 100g depending on
location and regardless of birth type and stage of growth (Ngere et
al., 1979; Ademosun, 1973; Adu, 1975). The ranges of lambing,
weaning and mortality rate reported for WAD sheep as a result of
locational changes are 119-126, 70 and 20-25 percent regpectively
(Ngere et al., 1979; Dettmers et al , 1976, Ademcosun, 1973). The
average age(month) and weight (kg) at first oestrus, oestrus
duration(days), oestrus cycle length(days), gestation period (days)
and age at first lambing (months) are 15, 15, 33, 18.5, 147 and
20.5 (Ngere et al., 1979; Adu, 1972; Dettmers et al., 1976).
Fogorty (1972) reported 148 dav lambing interval while twinning

rate which ranges from 37 to 63 % was recorded at various locations

(Fogorty, 1972; Ademosun, 1973, Oriji et al.,h 1976).

2.3. Milk Production in different Sheep Breeds
Milk production in sheep serves as an estimator of the

relative production efficiency of sheep. For example, economic



sheep production in most of the mediterranean countries is
largely based on the sheep milk sold commercially for the
production of cheese and associated milk products (Guirgis et al.,
1982) . Awassi sheep in Israel and Dorset sheep in Newzealand have
been recognised as breeds with dairy potentials (Folman et
al.,1966; Geenty, 1980).

According to Marcof et al (1986) survival and growth rate in
lambs which are two key areas to productivity in sheep depend
largely on the milk production from the ewes. In Egypt and many
other subtropical countries, effort 1is being geared towards
improving lamb production from non-dairy local breed. The potential
for milk production seems of special importance particularly with
the impracticability of artificial rearing of the lambs in these
regions. Thus every attempt to increase the supply of milk and at
the same time achieve satisfacrtorv rearing of lambs, is of
great importance.

Tropical sheep breeds differ in their milk preduction pattern
with reference to total yield, peak yield and persistency of milk

production.

a. Total Milk Yield

The total milk yield of different sheep breeds as reported by
many authors is determined by the lactation length period. Maroof
et al. (1986) obtained an average preweaning and lactation yields
of 62.2 kg and 77.3 kg in Hamdani sheep over a period 92.6 and

152.1 days, respectively. In Karadi sheep the average milk yields

G



reported were 59,21 kg during 112 days (Mohammed, 1982) and 91.62
kg during 105 days (Kutaibani, 1981) while in the Awassi sheep it
varies between 105.9 kg in 142 days (Eliya and Juma, 1970) and
115.7 kg in 135 days (Karam et al., 1971). Better yields have also
been obtained in some other breeds like Bast Friesian, Sardinian,
Tsigai, Valachian or Lancoune sheep and even the Awassi in Turkey
and Palestine. Lactation yield in these Dbreeds average 306.3
(Saliov and Tanev, 1967), 196.1 (Bonelli, 1969), 141.3 in 207 days
(Baia et al., 1966), 134.7 in 200 days (Horak, 1965), 121.5 (Lerocy,
1968), 184.6 in 189 days (Sonme: and Wassmuth, 1964) and 314.0kg in

201.3 days (Finci, 1957), respectively.

b. Peak Yield and Persistency

The peak milk yield as described by various authors ranges
between 1st to 3rd or at most 5th week of production {Peart et al.,
1975; Aboul-Nagal et al., 1981; Ehoche gt al,, 1990). Aboul-Nagal
et al. (1981) observed peak yield differences in three different
types of sub-tropical non-dairy sheep. While the milk of the
Barki ewes declined steadily atter peak at 2nd week and sharply
from the 6th week, peak lactarion of Rahamani and Ossimi ewes
extended till the 3rd week of lactation.

Karam, et al.(1971) and Marcof, et al.(1986) reported a
marked differences in periods c¢f peak yield attainment in twin and
single lambed ewes. The twin lambed ewes reached peak yield at the
third week compared with single lambed ewes which attained peak at

the fourth week postpartum. Milk yield usually decrease linearly as
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from 28 to 98 days. Regardless of breed type, Snowder and
Glimp(1990) indicated in his findings a 33% and 28% decline in milk
yield from 28 to 56 days in ewes with singles and twins,
respectively. Lactation curves usually decreases more rapidly as
from 10th week of production. This periocd conincides with two
factors; the lambs’ decreasing dependence on milk due to increased
grazing and forage intake of lambs and period of dryness due to
pregnancy. Peart (1967) concluded that the total milk yield and
shape of lactation curves may be considerably influenced by the

appetite of lambs for milk.

2.4. Factors affecting Milk Production in Sheep

Many factors have been reported to affect the amount of milk
produced by ewes and obtained by the lambs. Some relate to the ewe
performance itself i.e. breed of ewe, plane of nutrition and age
and weight of ewe. Others relate to the lambs suckled, i.e. number

of lambs suckled, lamb’s genotype and performance.

2.4.1. Breed of Sheep

The varied genetic composition of different breeds of sheep
might be the cause of the observed variation in them. Although
there are individual differences, such variation are less
pronounced within breed than between breeds, Karam et al., (1971)
observed in Awassi sheep subjected to a 12h milking interval an
average milk yield of 115.65 kg in 134.87 days compared to 116.05

kg in 90 days for Merino ewes with the same milking interval in
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Hungary. The milk yield of crosses between Yankasa and Suffolk or
Wenselydale breed is significantly (P<0.01) higher than the pure
breed Yankasa as reported by (Ehoche et al., 1990). Doney et
al. (1981) found that the milk yield of East Friesland and Scottish
Blackface (FFX) ewes was significanrly (P< 0.05) greater than that
of pure bred black face {(BF) e#wes when suckling single or twin
lambs.

It has also been shown that breed differences in lambs can
influence maternal milk yield (Moore, 1966; Langlands, 1972; Peart,
et al., 1975). Doney et al. (1931) reported that the Suffolk
cross lambs born to East Friesland x Blackface ewes induced a
higher milk output than pure b_..ackface lambs, irrespective of the
breed of ewe suckled. Thus, comp.arisons of milk output between ewes
of different breeds may be confounded by associated genetic

differences in the lambs that suckled them.

2.4.2. Type of Birth and Suckling Intensity

Lactation in sheep can be influenced by the type of birth and
by the suckling intensity which is a function of the number of
lambs reared. Many workers observed that the milk yields from ewes
that produced twins were higher than those ewes with single lambs
(Doney and Munro 1962; Karam et al., 1971; Peart, 1967). However,
other workers found that the milk yield was affected by the number
of lambs suckled but not by the numb2r of lambs born (Alexandra &
Davies, 1959; Doney and Munro, 1962; Peart, 1967; and Corbelt,

1968) . Thus the increase in nilk yield observed in the group
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rearing twins was obviously du« to increased stimulation of the
udder. There was no appreciable differences in milk yield of ewes
bearing twins but rearing singles to that of ewe rearing natural
singles (Doney & Munro, 1962).

Snowder and Glimp (1991) working with four different breeds of
sheep observed that within the Rambouillet, Columbia and Polypay
breeds, the total estimated milk yield of ewes with twins was 44%
to 47% significantly (P- 0.0% hicgher than that of ewes with
singles, whereas in the Suffolk breed, suckling twins significantly
(P< 0.05) increased total milk yield by 64% over that of ewes with
singles. Ehoche and Buvanendran (1933) also observed a 20% over
production in milk from does with ctwin kids compared to single
kidded does. Thus the number of nursing lambs or kids has a major
influence on milk yield. Ewaes suckling twins produced
significantly (P<0.05) more mi_k than those suckling single lambs
at each stage of lactation. However twin lambs induced a larger
differential in dam milk production in late lactation than in
earlier lactation.

The suckling period could also constitute a variation in milk
yield. The average milk producrion during the suckling period of
90 days was 100.42 kg in Awassi ~wes whereas in a 120- day suckling

period an average of 101.5 kg was obtained (Eliya and Juma, 1973).

2.4.3. Milking Interval
Regardless of the age of dam, milk production in sheep

increases with a decrease in the interval of milking. A decrease

13



in milking interval from 12 to + hr led to 40 and 60% increase in
milk production of both Merino and Awassi sheep (Karam et al.,
1971). The same author observed a significant correlation between
yield based on 12 and 4 hr ints:vals for both breeds at all ages.
Morag (1969) however reported rhat the secretion rates of milk
increased fecllowing milking intervals of 4 - 12hr and decreased

after intervals greater than 1. hr.

2.4.4. Age and Weight of Dam

The reports on the effect of age of ewe on milk yield are not
consistent. Eliya and Juma (1970) and Corbelt (1968) asserted that
milk production increases with advancing age of ewes up to 4 years.
Their findings was similar to that reported on the Awassi ewes in
Turkey (cited by Karam et al. 1971). However, Owen (1957) and
Torres-Hernandez and Hohenboken (1980) found little non significant
(P> 0.05) difference in milk y:+ld between 3 and 4 year old ewes.
Milk yields and lactation period increased after firgt lactation to
reach maximum at 5 years of age (Maroof et al., 1986). Milk yield
was also reported by Bonelli (1%69) to increase to the 3rd
lactation and to remain nearly steady with no statistically
significant variation till the “th lactation. In Awassi sheep in
Irag, age had been established to have nc significant effect on
milk production (Karam et al., 1971) after the first lactation,
whose yield was lower than that of subsequent lactations. Kutaibani
(1981) had similarly found no significant effect of age on milk

yield after first lactation.
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Al-saigh and Al-Khauzai (1991) reported a positive and highly
significant correlation (0.49) between lactation milk yield and ewe
weight at mating and weight at different periods of lactation for

Arabi sheep.

2.4.5. Lactation Length

There are breed differences in lactation length.
Consequently, breeds of sheep with prolonged lactation tend to
produce more milk than those with short lactation. Marcof et al.
(1986) observed in Hamdani sheep of Iraq an average lactation yield
of 62.2 kg in 92.6 days and 77. 1 kg in 152.1 days, respectvely. In
Karadi sheep the average varied between 59.21 kg during 112 days
(Mohammed, 1982) and 91.62 kg during 105 days (Kutaibani, 1981).
While in Awassi it varied betweon 105.9 kg in 142 days (Eliya and
Juma, 1970) and 115.7 kg in 135 days (Karam et al., 1971). As
reported by Karam et al. (1971), the duraticn of lactation had a
highly significant (P< 0.01) effect on total milk yield. The
correlation coefficient obtained was 0.49. Also, the work on three
indigenous breeds of sheep i1 Turkey, showed low and positive
correlations between length of lactation and milk production

(Sonmez and Wassmuth, 1964).

2.4.6. Stage of Lactation and milk yield
The milk yield at each stace of lactation which is a function
of ewes persistency is another «determinant cf total milk yield in

different sheep breeds. Varicus investigators agreed that the



maximum daily milk production in ewes is attained during the first
month of lactation, esgpecially between 15 and 20 days postpartum
(Peart, 196Ba, b; Corbelt, 1968; Ehoche et al., 1990) Roda et al.,
(1990) noted an increasing trend in milk production of Corriedale
and Polworth ewes up to the ‘rd week after which it declined
steadily. For the Polworth ewe:; the values were 0.48, 1.25, 1.32,
1.13, 1.05, 0.91, 0.74, 0.54, while that of Corriedale ewes were
0.98, 1.38, 1.49, 1.11, 1.01, 0.86, 0.72 and 0.42 kg at 7th, 14th,
21st, 28th, 35th, 42nd, 56th and 63rd day of lactation,

respectively.

2.4.7. Nutrition
Within genetical 1limits -mtrition during lactation is the
primary factor influencing milk production of ewes, though maximum
production 1is dependent on adequate nutrition in both late
pregnancy and early lactation. Reduced nutrient intake in early
lactation could lead to a decrease in quantity of milk produced by
lactating ewes. Peart (1968) h.ad shown that substantial decrease
in ewe live-weight and milk production occur when nutrient intake
is restricted. Indeed, lactation period is the period of highest
nutrient requirement in the ewe’s annual production cycle. Slight
restrictions of nutrient intake n lactating ewes in some instances
may result in the loss of body weight and body reserves of the ewe
which eventually lead to reducts: milk production (Peart, 1992).
Nutrition at pre- o1 immediately post-parturition and

type of birth had effects on persistency and period of maximum milk
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production in sheep. Peart (1768) observed early attainment of
maximum milk yield (2 weeks) which persisted more in better fed
ewes pre- and post-partum than poorly fed ewes (3 weeks). The same
author noted similar trend with ewes nursing twin and single lamb

respectively.

2.4.8. Season or Month of lambing

The season or month of lambing 1is another factor that
significantly affects the milk production of the ewe. Scardella
and Pilla (1989) noted that month of lambing together with other
environmental factors constituted about B0% of the variation in the
milk yield of Comisana sheep. Martini et al. (1990) reported that
for ewes lambing in January - June and July - December, milk yield

averaged 149.8 kg and 147.3 kg, respectively.

2.5. Genetic and Phenotypic correlations between Milk and Growth

Traits

In sheep, preweaning weight gain of the offspring is
influenced by milk production cf the dam (Burris and Baugus, 1955;
Barnicoat et al., 1956). Corre_.ation studies between milk yield of
dam and weight gain are required to determine the level of
dependency of lambs on their dams most especially in early age.
Al-saigh and Al-Khauzai (1991) obtained a correlation coefficient
of 0.53 between the dam lactation milk yield and average daily gain
of Arabi lambs. Torres-Hernandez and Hohenboken (1980) similarly

observed a large and significant phenotypic correlation between
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weight gain of lambs and milk +vield of their dams mostly at the
start of lactation and these tinded to decrease in magnitude as
lactation progressed. For the entire lactation, values of 0.64
(P<0.01) and 0.55 (P<0.01) were obtained for single and twin lambs,
respectively. Similar results had earlier been reported by some
authors {(Coombe et al., 1960; Munro, 1962, Slen et al., Folman et
al., 1966a, b; Peart, 1967, 1964, Butterworth et al., 1968; Acharya
and Bawa 1971; Peart et al., 19'5). However, these findings were
in contrast to those of Ehoche =2t al., (1990) who obtained larqge
and significant correlation coefficients between lamb weight gain
and milk yield of dam in all st.ges of lactation for both Yankasa
sheep alone and its crosses witlh Suffoik/Wenselydale breed.

Eliya and Juma (1970), Xaram et al.(1971) and Maroof et
al. (1986) also obtained highly significant correlation between
weaning weight and milk vyield ranging from 0.63 - 0.78 while Sada
(1980) and Kutaibani (1981) had :iimilar report on liveweight of ewe
and milk yield in different sheep breeds. However, Folman et al
(1966a; 1966b) had mild and ins:gnificant correlation coefficient

between body weight and milk yi.1d of ewes.
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2.6. Regresgssion of Lamb weight gain on dam milk yield

The regression studies wnvolved economics of production.
They tended to either evaluats o1 Jjustify the need to further
improve the performance of an animal for a particular trait. In
the study carried out by Torre:: Hernandez and Hohenboken (1980),
the regression coefficient of lamb weight gains on milk production
of dam tended to decrease as l.ictation progressed. In an entire
lactation, lamb weight gain incr«ased with 0.11 kg for single lambs
and 0.07 kg for twins for each additional litre of milk produced by
the ewe. Consequently, for each additional kilogram of weight gain
in single and twin lambs, 9.1 " he reciprocal of b=0.11) and 14.3
(the reciprocal of b=0.07) addit ional litres of milk respectively,
were required. For a more precis;o prediction of lamb weight gain on
milk production of dam, Scales (1968) suggested the inclusion of
either fat, protein or both components in the regression equation.
However, Torres-Hernandez and Hohenboken (1980), Slen et al. (1963)
and Moore ({1966) found little improvement in the relationship
between milk intake and growrh rate when milk production was

expressed in terms of component.: rather than whole milk.

2.7. Regression of milk Production of dam on weight gain of lamb
The regression of milk production of dam on weight gain of
their lamb is meant for predict ion of milk production from weight
gain. To regress milk prcduction on weight gain is really counter
to the expected biological caus¢ and effect relationship. However,

such findings could aid in est :mating milk production, which is



costly and difficult to measurr from lamb weight gain, but much
easier to measure using this relationship. It is worth mentioning
therefore that such estimate ould only be applicable locally
within a population or herd, management systems and a particular
environment .

For week 1 postpartum, the regression coefficients indicated
that single lambs and twin sets Jaining 1 kg more than average had
dams whose milk production were 5.06 and 4.98 litrers above
average, respectively (Torres-Hernandez and Hohenboken, 1980).
However, the regressions could only explain 65% and 69% of the
total variation in the week 1 milk production. The authors further
stressed that the magnitude ard significance of the regression
coefficients tended to decreas« as lactation progressed, but only
in the last week were they nega' ive (though not significant). For
the entire lactation, regression coefficients obtained were 3.74
liters/kg and 4.27 liters/kg, w~ith R* values of 0.41 and 0.30,
respectively.

The estimation of ewe milk production with information on lamb
growth has been investigated b Doney and Munro (1962). Other
investigators have also attempt~d using different approaches. Owen
(1957) included lamb birth weight as independent variables
influencing wmilk production, while, Robinson et al. ({(1969)
estimated daily milk consumpticin of the lamb as a function of lamb

body weight and lamb body weigh® change.
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2.8. Lamb Birth weight and body weights to 3 Months of Age
Different studies have shown that birth weight and preweaning
growth performance of sheep are «reatly influenced by many factors.
In order to enhance the efficielicy of selection, there is need to
identify and eliminate the effects due to these environmental
factors (Buvanendran et al., 1931; Hassan, 1987; Fayomi, 1988 ).
The most important among those factors include: sex of lamb, type
of birth (Litter size), age of dam at lambing or parity, month or
season of lambing, breed of lamh year of lambing and milk yield of
dam (Haide and Shah, 1974; Nger+ 2t al., 1983; Buvanendran et al.,

1981; Adu, et al., 1985; Negi, «t al., 1987; Torres-Hernandez and

Hohenboken, 1980; Snowder and (limp, 1990)

2.8.1. Effect of Sex lamb

The effect of sex of lambhh on birth weight and subsequent
preweaning and weaning weights .t 3 months of age have been shown
to be very important by several workers (Hassan, 1987; Fayomi,
1988; Iyeghe, 1991; Marocf et al., 19886).

Marcof et al, (1986) workina with Hamdani sheep, Hassan (1987)
and Iyeghe (1991) on Yankasa and Fayomi (1989) on Balami and Uda
sheep breeds have shown that th= ram lambs are significantly (P<
0.05) heavier than the ewe lambs at lambing. These authors have
also shown that the growth rate of male lambs from birth to weaning
was significantly greater than ®'hat of their female counterparts.
These differences in rate of growth were however partly attributed

to the initial birth weight advantage of 0.44 and 0.30 kg in favour
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of males in both Yankasa and Balami breeds. Kornal et al. (1979)
attributed the variation in birth weight of lambs caused by sex to
the genetic differences with ti= male foetus secreting androgens
which stimulate protein anaboliim, 1ncreased nitrogen and mineral
retention for growth and deve opment. Peter (1990) reported the
same for East Friesian sheep wh: e Tizikara and Chiboka (1980) gave
a contrary report that sex of lamb had a significant (P< 0.05)

effect on all other weights excopt the birth weight.

2.8.2. Effect of Type of Birth (Litter Size)

The mean weights of single and twin-born lambs at birth and
at subsequent growth phases have been reported to differ
significantly (P< 0.05) with s.ngle born lambs being heavier than
their twin-born counter-parts (MNotter et al., 1975) The advantage
in weights of single birth ove:r and above twin or multiple birth
could be attributed to the initial advantage in the uterus and
partly due to the extra nourishment single lambs receive from the
dam (Garicia et al., 1980; Josh and Delta, 1985; Iyeghe 1991).
Peter (1980) observed that the lLirth weight of twins, triplets and
quadruplets were 13.2, 21.3 and . 6.0% respectively lower than those
of single-born lambs. The p1e-weaning average daily gain and
weaning weight of single and twin-born lambs were also reported to
differ significantly (Ngere et .l., 1979; Tuah and Baah, 1985; Adu
et al., 1985; Osinowo et al., 1991b), with the single-born lambs
being superior in rate of growth than twin born lambs. Tizikara and

Chiboka (1990) working on pure West African Dwarf and its crosses



with other breeds chserved significant (P« 0.05}) effects of type
of birth on birth weight and subsequent weights. Single born lambs

were significantly heavier than twins in all the breed types.

2.8.3. Effect of Age/Parity of Dam

The information on performance of lamb in terms of birth
welght, pre-weaning average diily gain and weaning weight as
influenced by age/parity of dam were contradictory. While some
workers Dbelieved that the Jlambs born to older ewes were
significantly (P« 0.05) heavi=sr at weaning than those born to
primparous or younger ewes {(Vesely et al., 1970; Fourie and
Heydenrych, 1982; QOsinowo et al., 1%91Db]) others were of the view
that the differences were not statistically significant (Magid et
al., 1981; Maroof et al., 1986)., The effects of dam weight ¢on lamb
birth weight and weaning weight were also reported. Maroof et al.
({1986} observed a highly significant (P< 0.01) effect of dam weight
on birth weight in Hamdani sheep with a value of 0.033 + 0.0l kg 48

the reqression of birth weight on weigyht of dam. Similar report has

been given by Juma and Faray (1".&). However, the effect of weight
of dam on weaning weight was not significant (b = -0.133 + 0.122kg)
{(Maroof et al., 1986}). This was contrary to the significant

positive relationship reported by Haider and Shad (1974). Work on
Corriedale and Polworth sheep studied by Ehoche et al. (1990) showed
lambs born to ewe above 2yrs 18 being heavier than those from

younger ewes for both birth and weaning weight
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2.8.4, Effect of Month or Season of Lambing

The effects of month or se4ason on birthweight, pre-weaning
welght gain and weaning weight have also been widely reported.
Lambs born in the wet months/seanon are generally accepted as being
heavier than those born during - he dry months/season (Buvanendran

1., 1982; Osinowo et al., 1991).

et al., 1981; Taiwo et

Fayomi (1989} classified seasons into four and observed that
lambs born between May-June (early wet) season were heavier than
those born in the other sesasons of August-October (late wet),
November-January {(early dry) and February-April (late dry) in that
order. The trend was similar ar 3-month of age. This might be due
to the fact that the dams lambing in the wet season have access to
better pasture resulting in the production of more milk for their

lambs than those lambing in the dry season.

2.8.5, Effect of breed of lamb

Breed differences in birth weight, preweaning growth rate and
probably weaning weight are due to the difference in the genetic
make up or composition {(Combellas et al.,1980; Arora et al., 1386).
Negi et a1, (1987) however observed that the significance of breed
type of lamb on rate of growth resduces with age.

There are a contradictory 1eports on the breed of lamb effect
on weights. Fayomi (1989} reported that Balami lambs are heavier

than Uda lambs by 0.01 kg at birth and 0.%94 kg at 3 months,

24



regpectively. Geenty (1979) compared growth of Dorset, Corriedale
and Romney twin lambs from birth until weaning at 12 months of
age. The Dorset lambs were 6% h¢avier at weaning than Corriedales
and Romneys, respectively. Combellas et al. (1980) and Arora et al.
(1986) also observed a significant (P« 0.05) effect of breed type
on weaning weight. The differences however, represented both the
effects of differences among t 1 breeds in milk production and
differences among lamb breeds in growth potential. Negi et al.
(1987) on the other hand indicated no sigificant (P> 0.05)

differences due to breed type on body weight at weaning.

2.8.6. Effect of Year of Lambing

The differences between y=irs in the amount and distribution
of rainfall which determine the feed availability could be the
source of variation in lamb’s _ ve body weights between years.

Several findings have indi "ated the significant effect of year
of lambing on birth weight of lambs (Combellas et al., 1980;
Abouiheif and Alsobayel, 1983; legi =2t al., 1987). However, Raman
et al. (1979) observed no simificant effect due to year of
lambing. Combellas et al. (1980) and Negi et al.(1987) have also
reported a significnt (P< 0.05) «difference of the influence of year
of lambing on average daily ga. from birth up to weaning. Basset
et al. (1967) however, noted no significant effect of year as
source of variation in bedy we:iqht of lambs at weaning. ho et
al. (1989) analysed the effect o° year of birth on weights at birth

and weaning for Corriedale and Polworth sheep and observed a

4%
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highly significant (P< 0.01 relationship.

2.9. Milk Production Improvement Methods in Sheep

Milk production charact-- of sheep could be improved
genetically through selection. For selection for several
characters selection indices «an be constructed based on the
heritability and genetic variar on of the characters, the genetic
correlation between them and th ir relative economic values.

In Africa, as 1in the rest of the tropics, sheep are usually
exploited for meat, milk, skin:: and pelts. Other main characters
of importance for productivity include reproductive rate, body
weight, growth rate and milk production. In formulating selection
schemes, certain flock characteristics peculiar in the production
systems in the tropics need tc be recognised. Generally, while
flock sizes are large in bre:ds managed extensively and are
associated with poor recording, those kept semi intensively had
fewer flock size for effective s:lection procedure. Consequently,

breeding programme should give alequate consideration to selection

in a flock be it institutional ‘lock or group breeding schemes.
Prominent among the varicas improvement techniques in the
tropics, as in the temperate ar as, are:- selection within breeds
and crossing (including upgrad.nqg), development of new breeds and
exploitation of heterosis. All these methods have their merits and

demerits.
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2.9.1. Selection within Breed

This refers to selection among animals of the same breeds of
either same or different ages th.it were run in the same environment
for a particular trait e.g mill production traits. By so doing
both sire and dam line need t: be gelected for the trait under
consideration. For sex limite« trait, such as milk production,
sire breeding value or pctential are got through progeny testing.
In this case, the daughters to 'he same or different dams sire by
the same or different sires in milk production are studied in the
same or different generations. 5-ed stock will be developed in both
male and female lines in the institutional or government farm
through selective breeding. The:e flocks could in turn serve as a
reservior of stocks for upgrading the local population of the same
and/or different breeds. L«roy (1968) reported that milk
production of the lacaunne ewe: 1in the region of Rogquefort rose
from 86.4 kg in 1963 to 102.5 kg in 1966. For practical application
however, the environment has t:« be carefully considered for seed
stock formation.

The resolutions within —arious international meetings of
breeds and/or geneticist of re¢ ent revealed that a more closely
look at the indigenocus or th= local breeds could be highly
beneficial in a selection programme. The assumption was that this

category of stock are adapted 'o their local environment hence

working on them would afford e pain-staking importation of the
s0 called "improved" breed whici: can not probably survive under
the tropical environment. The harsh, arid tropical environment



exerts a profound influence on "he productivity of sheep. There is
restriction to production impo:e by nutritional deficiences and
climatic stresses during much of the year. Tropical breeds in ages
through natural selection have .cquired this characteristic hence

genetic improvement of any sort should rely on adapted breeds.

2.9.2. Crossing

This may involve crossing between indigenous breeds or between
indigenous and exotic breeds. Earlier assumption has been that
exotic breeds from temperate reqcion with high productivity crossed
with 1local breeds in the tropic will automatically improve

production. However, this might be said to be far from being the

truth. The problem might b connected to the much poorer
environmental condition (i.e. untavourable nutritional and
management conditions). Mo! 2over, there might be natural

difficulty in mating between the two categories of breeds has seen
between thin-tailed foreign rams and fat - tailed native ewes.
However, Ehoche et al. (1990) h.d shown that crossing Yankasa ewe
with Suffolk x Wenselydale : ires improved milk production
substantially. On the average, the daily milk production of the
former (348.1 g) was significantly lower than that of the latter
(505.7 q). Doney et al. (1781) found similar results with
Blackface ewes and their cross+s with East Friesland ewes. The
latter had a higher peak and a more sustained level of production
than the former.

In general, Ademosun (19#') noted that cross-breeding most



especially with exotic breeds 1as not been beneficial and thus
suggested that we perhaps shoi1ld be more in ward looking by
improving our local breeds -hrough selection for desirable
characters within them and if ¢»oss breeding was to be explore at
all it should be between adapted local breeds.

Grading up is another .spect of crossing involving the

replacement of one breed by another with continual
back-crossing while development »f a new breed involved crossing of
two (or more) breeds, then at . desired stage there would be an

inter-se mating within the sele~ted animals. The cross breeding
programme commonly practised her » in the tropics are usually in the
form of either grading-up or formation of a new breed.

The system of heterosis as . method is extensively utilized in
Europe and North America mo:s! especially on cattle. It is
benefical when a cross between rwo (or more) breeds in a particular
trait has higher production thin rhe superior parents. This is
sometimes the case, and the technique (heterosis) is widely used in
Australia for lamb production For the autilization of such a
system there must be a centinual supply of the parent breeds. In
the tropics, little or nothing his been done on the crossing of two
adapted breeds to exploit the good in either hybrid vigour or
develop a new breed through heterosis, In Iran the Shal breed had
been improved by crossing with the Isreal Awassi. Heterosis was
exhibited in lambing rate, litt+r size, milk yield and growth rate

(Yalcin, 1979) .



2.10. Heritability of Traits

The heritability of a trair in a breed concept is the fraction
of the observed phenotypic variance which results from differences
in heredity-among the genes and gene combination for such trait,
In this sence the heriditary variance is considered as the sum of
the additive genetic, the domin.nce, and the epistatic variances.
The narrower definition which s more useful in most aspect of
animal improvement however, defines heritability as the fraction of
the observed phenotypic variance which is additively genetic or
which is associated with differvnces in average breeding values.

Heritability expresses the reliability of phenotypic value as
a guide to breeding value. Thi: 1s the reason why Falconer (1989)
defined heritability as the rat o of additive genetic variance to
phenotypic variance which equa’ |y means that it is the regression
of breeding value on phenotypic value. h' = V. /V, = b,, V, is the
additive genetic variance and Vv 1is the phenotypic variance while
b,, is the regression of breedin| value on phenotypic value.

In theory, the value of heritability ranges from 0 to 1, but
these extreme values are rarely rncountered in practice. The reason
being that heritability is descriptive of a trait in a particular
population and of the enviroamental circumstance to which the

individuals are subjected within such population.

0° represents the non-genetic variance. Since the value of the

10



heritability depends on the macnitude of all the components of
variance, its value can be va:ied by changes in the additively
genetic variance of the numerat r or by changes in any one or all
of the components of variance n the donominator. It should be
noted however that the addit:ely genetic variance is closely
associated with the gene frequ:ncy of the genes influencing the
trait in question.

The heritability estimates for birth weight, weaning weight
and average daily gain range from 0.12 - 0.34, 0.41-0.52 and
0.33-0.56, respectivley (El-ka:im and Owen, 1988; Boujenane and
Kerfal 1990; Osinowo et al., 1791). Bonelli (1969) estimated the
heritability of 180-day milk ield of the first lacration of
Sardinian ewes at 0.41 while Boylan and Sakul (1990) obtained an

average value of 0.30 as heritab ility for milk production of sheep

in the temperate region. For me temperate cattles,heritability
estimates for milk production range from 0.12 - 0.59 (Abubakar et
al.,1987; Camoens et al.,1976; lMacdonald et al.,1976; Maijala and
Hanna,1970) . While Sonmez et al. (1991) reported a range of between

0-0.51 and 0-0.12 as heritability =stimates for both lactation

yield and length within breed tvie for 3 different breeds of sheep.

2.11. Estimation of heritability

Numerous procedures for computing heritability are used in
research studies. The underlying basis for determining
heritability depends on evaluat ing how much more alike individuals

with similar genotypes are then unrelated or less closely related
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individuals. Different kinds f relatives are used to estimate
either the additive genetic wvariance from covariance, or the
heritability from the regression or correlation cocefficient. The
parent-offspring and the paternal half-sib relatiohships are the
most widely used to determine heritability in farm animals. The
full-sib correlation which is t1e only relatiohship for which an
environment component of covari ance is well known is the least
reliable of all. In all, 1t should be noted that due to
statistical sampling and wvarration, rather large bodies of

information are required to pro-ide meaningful estimates.

2.11.1. Parent - Offgpring

The regression of offspring on parent is most commonly used
in heritability estimation. The more precise statistical
procedure involve obtaining mea:surements of the traits in question
on both the parents and thei) offspring. Cianci, Martini and
Taccini (1989) reported an ectimate of 0.39 for milk vyield
heritability of Messese sheep i1 Pistoia province through analysis
of data on 95 dam-daughter pai:s. These measurements are usually
corrected for environmental eft!ects that are likely to influence
the measurement. The sum of products for the paired observations
for parent and for offspring is obtained which is divided by the
degrees of freedom to give an <stimate of the covariance between
parent and offspring. Since the offspring receive a sample half of
the genes of the parent, th+ covariance between parent and

offspring is expected to includ: one-half of the additive genetic
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variance for such trait. The variance of the parents’ measurement
is obtained and the reqression of offspring on parent represents

one - half of heritability

The regression must be multiplied by 2 to compute

heritability.

2.11.2. Paternal Half-sibs

Half-sibs on the average h.ve only one-quarter of their gene
in common rater than one-halt as with parent and offspring.
Usually paternal half-sibs are 1sed since there are few maternal
half-sibs in a set, and their sinilarity may even be influenced by
maternal effects. The heritability 1is determined through an
analysis of variance. The intra class correlation between paternal
half-sibs can be computed as a 1 tio of the components of variance.
Since half-sibs have only one - fourth of their gene in common, the
heritability is computed by multiplying the paternal half-sibs
correlation by four. Osinowo e! al. (1991a) reported an half-sib
heritability estimates of 0.27 0.45 and 0.45 for birthweight,

weaning weight and average dai " gain for Yankasa sheep.

2.13. Repeatability of traits
Repeatability is a concept *losely allied to heritability and
is useful for traits which are =xpressed several times during an

animal’s life time. Since neith:r the genes nor gene combination

i3
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influencing the successive expressions of a trait change,
repeatability could be as large s heritability in the broad sence.
Repeatability can be def ned as the ratio of the variance

due to the animal effects to th« total phenotypic variance,

0%, + 07 e

It can also be comput--d as the regression of future
performance on past perfocrmance In addition to being computed as
a regression it may be derived ‘rom an analysis of variance as an
intra-class correlation among < cords or observations of traits on
the same animal or individual. loylan and Sakul (1990) obtained an
average estimate of 0.53 for milk yield in 10 breeds of sheep in
the USA while for Massese sheep in the Pistoia province the value
ranges between 0.47-0.61 (Cianc., Martini and Tallini, 1989) for
pairs of lactations. Pagnacco et al. (1989) however had
repeatability for milk yield and litter size as low as 0.27 and
0.10, respectively. For the indienous strains of African goats and
sheep, Wilson, Murayi and Roha (1989) reported a range of

0.03-0.19 respectively, for lit'er size.
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CHAPTER THREE

3.0 MATERIAL AND METHODS
3.1 Description of environment

This study was conducted at the National Animal
Production Research Institute (NAPRI), Shika. This region
lies 640m (2100ft) above sea level and falls within latitude
11013/N and longitude 7033/E. The climate is sub-humid and it
is located in the Northern Guinea Savannah Zone. It receives
a mean precipitation of 1107mm per annum, streching over
120-170 days from late April ro early september. Seasonal
distribution of rainfall is approximately 0.1% in the late
dry (January - March), 25.8% in early wet (April - June),
69.6% in late wet (June - September) and 4.5% in the early
dry (October - December) season, respectively. Mean annual
temperature at Samaru, 10km from Shika is 24.4"C with a range
of about 8°C (during harmattan) to 317'C (during the hottest
season) depending on year. The mean relative humidity during
dry and wet seasons are 21 and 72% respectively. Good quality
forage is more abundant in the late wet and early dry seasons
while forages are generally scarce and very low in quality

during late dry and early wet scasons.

3.2 Population and Management
A total of one hundred and sixty eight Yankasa ewes of
varying parities were used in this experiment. These sheep

were part of the experimenta. flock kept for the Nucleus



Breeding Project. The sheep were under semi-intensive system
of feeding and management. They were allowed to graze on
improved pastures for 6-8 hours daily, and were given 0.3-0.5
kg/day of a 15-20% crude protein concentrate supplement
consisting of cotton seed cake, maize grain (ground) or
maize offals, bone meal and salt throughout the year. The
concentrate supplement offered depends on season (feed
availability) and the physiological status, whether pregnant,
nursing or dry. Animals were housed in cross ventilated pens
and have free access to water and mineral salt licks. Routine
health management system involves regqular deworming and
deticking. The ewes were routinely bred to ram through
controlled natural matings following heat detection using
apron fitted rams in a twice yearly accelerated lambing
programme. Mating ratio is 1 ram to 10 ewes.
3.3 Procedure

The breeding and pedigre« records for the ewes were
obtained from the herd boocks. Following parturition, ewes with
their lambs were separated in‘o a nursing pen. The birth
weights of the lambs were recorded. Daily milk yield of the
ewes were determined at weekly intervals from about one week
after lambing till the 14™ week of lactation. For each
collection day, lambs were separated from their dams
over-night and milked 24 hour:s later to obtain the day’s
total milk yield. The dams were milked dry by hand milking

after thorough disinfection of 'he udder. The milk collected
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for each ewe was weighed and then fed to the lambs. The
lambs were also weighed on weekly basis on days corresponding
to the milking dates. All lambs were allowed free access to
both grazing and concentrate supplement feed given to their

dams except on milking days.

3.4 Data correction

Before any analysis for a specific information required
as regards the traits under con:iideration, proper data editing
as specified below were carried out:

For the weight traits in the lambs, twin born lambs
that were raised as singles as . result of the death of others
were assumed to be single. In the genetic analyses for both
weight and lactation traits, all the records that were
incomplete due to loss of lamb .and dryness of dam were deleted.

In determining the least :iquare means of milk yield of
the ewes, the total ewes(168) used at the on-set of the
experiment were used cn one hand while thogse with the
complete 84 days(143) lactation were also used on the other
hand (Tables 1 and 2). The basis for the comparison was to
determine the average flock unit milk yield when the
estimation 1is based on either ewes with complete 84 days
lactation or those without reqgard to lactation length. A
total of 24 ewes were excluded due to 1incomplete lactation
records of 84 days caused by sudden dryness.

The total 168 ewes were 1nvolved in the estimation of
the lactation curve parameters (Tables 3 and 4). This was ¢to
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determine the effect of lactation length on the shape of the
curve at different phases.

For the least-square mean: estimation of the lamb weight
at different stages of growth only 136 out of the total 186
lambs were used. These were lambs with complete weight
records to 90 days(Tables 5 and 6). A total of 50 lambs weight
records were excluded due to death.

In the correlation analys::: analysis between preweaning
gains of lamb and milk yield of dam, only ewes with the
complete lactation(143) records were used with their
lambs (Tables 7, B and 9)

For the genetic analysis, heritability and correlation
esimates for weight of lambs were based on 136 lambs with
weight gain to 90-days while corrected curve parameter values
obtained from ewes with complet« lactation records(143) were

used (Tables 10 and 11).

3.5 Statistical Analysis

The least-square procedur«s (SYSTAT, 198%) were used in
determining the effects of type of birth, parity and month of
birth on milk yield with age of lamb(A) as a covariate. The
statistical model used was:
Yo = U + T, + P, + M, + bA + E,,
Where: Y, was the milk yield ot dam with i*" type of birth,
i*"  parity and k'™ wmonth of birth. By is the
error due to uncontrollled, ramdom environmental and genetic
deviation attributed to the ijk'" dam. The partial regression
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coefficient 1is represented by i». Base class adjustment of
milk yield data to that of a4 twin birth, 4" parity dam
lambing in July was done using "he least square constants.

The lactation curve was derived by regression using the
gamma function of Wood (1969):

Y - 4nbecl\

n

Where: Coefficients a, b and c¢ define the curve of milk
production Y, at week n and e stands for the base of natural
logarithm. The parameters Ln A{.), b and c were estimated for
lactation by fitting multiple rogressions of Ln Y on Ln n and
n. The estimation of peak yie.d, total yield and mean daily
yield was by the use of Wood’s «quation.

The effect of sex and type of birth of lamb, parity of
dam and season of lambing on weight at birth and at 6, 24, 48,
72 and 84 days post-partum were studied using the model
below:

Wiy =U + S, +T + P+ A + E;,,

Where W, was weight at birth oHr at 12,30,54,78 and 90 days
post-partum, S was the fixed rffect of i'" lamb sex, T was
the fixed effect of "™ type of birth, P was the fixed
effect of the k™ parity of dam ind A was the fixed effect of
the 1" season of birth. E was = ror due to the random effect
term associated with each record. Least square procedures for
unbalanced data (Harvey, 1990) were used for the analysis due
to unequal subclass numbers.

Consequent upon data adjusitment for the effects due to
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environmental factors, phenotvpic correlations were computed
between preweaning weight gains and milk yield using the
Pearson correlation module wh:le test of significance at 5%
was carried out using Bonferron: probabilities in accordance
with the procedures of Wilkinson (1988) using SYSTAT,

The effects of type of birth of lamb, parity of dam,
season of lambing and lactation length class on each of the
components of the lactation curve (a, b, ¢ and s) were
examined by least-squares analysis (Harvey, 1960). The
constants a, b and ¢ are parame'ers which determine the shape
of the curve. While a is the general level of production, b
was the parameter of pre-peak curvature, c¢ was the parameter
of post-peak curvature and s w.as the measure of persistency
obtained as -b/a. The curve par.ameters were estimated through
multiple regression for each ewr’s milk production throughout
the lactation period. The typ+ of birth classification was
either single or twin birth. Parity was classified into five
classes of 1%, 2™, 3™, 4" and -4'" parity. The seasons
considered were early wet <April-June) and late wet
(July-September). Lactation length were classified into two,
of below and equal to 84 days The statistical model used
was as follows;

Yijklm = U + T, + P, + S, + L, + E .

Where Y, ., was the observation of the m'"" animal with i"™
type of birth of the j™ parity 'n the k** season of lambing

and 1" lactation length class. U was the overall mean, T,
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was the effect due to type of birth (i=1,2), P  was the
effect due to parity of dam(j:=l,....,5}, Sy was the effect
due to season of lambing(k=1l,2) and L, was the effect due to
lactation length class{1=1,2).

After data adjustment ftor significant environmental
effects, genetic parameters for birth (BWT), weights at 30, 60
and 84 days and lactation curve parameters (a, b, c and s)
were estimated by paternal half sib analysis using the mixed
model least-squares and maximun likelihood computer
program (Harvey, 1990). Heritahility estimates of the traits
were estimated by one way variance componernt
analysis{unbalanced design) using correlation.

The model used was as given below:

Piy = U + by + wy,
Where
U = mean common to all records
b; = an effect in common to members of the i genetic
group
W, = is a random effect associated with the 3" member

of the ith group
The assumptions are:

The b’s and w's were 1irlentical and independently
distributed with means equal to zero and b’'s and w’'s are
uncorrelated.

Variance components were:

Sire variance {¢g°s) estimates genetic variance and
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environmental variance(o"w) which estimates remainder of
genetic plus all environmental ‘rariance.
These are esgstimated as fcllows

0’b = GRPSS - CT- (B-1) o'w

n. 1/n.Eni’
where
GRPSS = Genetic group sum of squares
CT = Correlation term
o’w = - GRPSS
n. - B

B = Number of animals w:' hin sire group

n. = Overall total numbe: of animals

n, = Number of animals within the i-th sires
h’s = 1/a,,_ad’b

o’b + o'w

since it is by half-sib correla® ion,

a,, = 1/4
a,, = Genetic level of relationship between animals
Therefore, h's = _4¢°b

0’b+o'w
Genetic and phenotypic correlations were also computed by
variance and covariance (cov! component analysis, using
Harvey's Least-squares and Maximum Likelihood computer
program (Harvey, 1990) . ‘‘ovariance for estimating
correlations between traits i .nd j were obtained from the

variances (var) through the re..ationships:
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0y = 1/2 ( 0*{(i+j) - o' (1) - @*{3) )

Genetic correlation (r )= 08,8,

/ (0°8,) (¢°S,)

08,5, + OE,E,

Phenotypic correlation (r,)=

" 0°S + 0°E,) (0°S, + 0°E,)

13



CHAPTER FOUR

4.0. RESULTS AND DISCUSSION

4.1. RESULTS

4.1.1. Milk yield
The result of the least-squares analysis for milk vyield
are shown in Tables 1 and 2. All factors under consideration

except parity very highly significantly (P<0.001) influenced

the B4-day milk yield. The overall least squares mean for
the 84-day lactation was 12.3+0.3 kg, Dams with twin lambs
produced more milk than those with single lambs. There was

an increase in milk production as the parity progressed upto

the 4th parity before a decline. However, this observed
trend was not significant (P>0.05), Ewes that lambed within
July to September (season 2) had very highly significantly

better yield (P<0.001) compared to those within April to June
(season 1). Ewes with lower lactation length expectedly
yielded lower milk per day compared with those that lactated

to 84 days (Table 2).
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Table 1. Least-squares analysis of variance for milk yield of
Yankasa ewes

Source 84-day Lactation only <#4-day Lactation inclusive
DF MS DF MS

mee of birh 1 enese 1 aoleast

Parity 4 3.63% 4 3.140"

Season of birth 1 251.801""" | 254 .510"™

Lactation length 1 764.095""

Error 136 7.426 160 7.425

NS - Non-Significant
**%* - P<c0.001



Table 2. Least-square means for effects of birth type, Parity, Season and
lactation length on dam milk yield

« Classification 84-day lactation only <84-day lactation inclusive

No. Milk Yield (kg) No. Milk Yield(kq)
Overall Mean 143 12.63+0.36 168 9.68:0.43
Type of bhirth

Single 126 11.49"+0.28 150 8.47"+0.33
Twin 17 13.78°£0.69 18 10.89"+0.72
Parity
1 48 12.39+0 .47 59 89.42+0.49
2 30 12.42+0.60 35 9.6210.62
3 18 12.9240.69 21 9.72+0.69
4 24 13.151+0.63 27 10.2140.66
>4 23 12.27+0.62 26 9.44+0 .64

Season of birth
» 1(April-June} 50 11.11%*+0 .44 58 B.27°+0.48
2{July-Sept.) 83 14.15"+0.45 110 11.,09%+0.49
Lactation length
84-day 143 12.70"+0.64

>84-day 25 6€.66"1+0.64




4.1.2. Lactation curve

The daily milk yield increased to reach a peak in the
second to third week of lactation and then declined gradually
to the end of lactation (Fig. 1). The pattern was similar
for both adjusted and unadjusred data. The Wood’'s gamma
function was fitted after regression for the lactation curve
and the parameters of the equat ion were:

Y, 248.887n"?*%e %% (R* = 0.67;P<0.001)

Y, 270.697n" e " =" (R = 0,71;P<0.001)
for unadjusted and adjusted data, regpectively. The
adjustment increased the goodness of fit. The total yield
estimates using the Wood’s gamm. function for both unadjusted
and adjusted lactation curve: were 11.62 and 13.44 kg,
respectively with corresponding average daily yields of
129.08 and 149.39 g in 84 days lactation. The peak yield of
250g/day was attained between the 2nd and 3rd weeks of
lactation for the adjusted dat ..

Figure 2 gives a comparison of lactation patterns
between dams with twin lambs and those with singles. Dams
with twins had better general production level with higher
persistency compared with tho:ie with singles. Dams with
single lambs, however, had hiher rate of rise and decline

from peak production.
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4.1.3. Lactation curve Parameters

Tables 3 and 4 provide the result of the analysis of
variance and the least-squares means for the curve parameters
a, b, c¢ and s. As earlier sta'ed while A(a) stands for the
general level of production, I is the rate of rise to peak
and ¢ and s are the rate of decline from peak and persistency
in peak production, respectively., The type of birth effect
was not significant for a amnd s while for b and c¢ a
significant (P< 0.05) effect were observed. Likewise, the
parity of dam effect was not significant for any of the
traits examined while the effec' due to season of lambing was
significant in all the traits Lactation length class had
significant effect on all the curve parameters.

From Tables 3 and 4, it could be seen that dams with
single lambs had significant!y higher rates of rise and
decline compared to the dam w. 'h twin lambs. However, the
general level of production secmed better in dams with twins
but the difference compared t« dams with singles was not
significant. Moreover, ewes that lambed within July to
September (season 2) as compd'ed to those within April to
June (season 1) had higher geneiral level of production, lower
rate of rise and decline from peak and higher persistency.
The correlation coefficient (R) between actual yield and the
lactation curve parameters was :ignificantly (P< 0.05) higher
in season 1 than season 2. Th: general level of production

and persistency of ewes with complete lactation of 84 days



was significantly (P< 0.01) h:gher compared with those with
lower lactation days. Howeve: . the reverse was the case for
the rate of rise to and decline from the peak producticn.
The function used gives as good a fit to lower lactation
length (<B84-day lactation; R'=0.81) as for complete lactation

(84-day lactation; R*=0.83)
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Table 3, Least-square analysis of variance for the functions of the
lactation curve

Source of variance DF a b o s
Type of birth 1 0.246  0.12a°  ©0.063*  2.0a8
Parity 4 0.022 0.075 0.010 0.691

Seascn of lambing 1 1.076% 0.185Y 0.049% 2.746%
Lactation length

class 1 1.274" 6.603Y 1.0597 49.258Y

Error 158 0.184 0.087 0.010 0.834
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4.1.4. Weight of lamb

The least-squares analysi: of variance and least-squares
means for the weight traits ar+« presented in both Tables 5
and 6. Birth weight and the :bsequent weights were very
significant (P<0.001) affected only by the season of birth.
The overall means for the bir'h and 90-day weights were

2.74+0.06 and 10.00+0.18, respectively.
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4.1.5. Phenotypic Correlations

The phenotypic correlation:: (r,) between weight gains of
lambs at various stages of growth ranges between 0.48-0.95
(Table 7). These values wers generally positive and very
highly significant (P<0.001). 7he lower correlations between
weight gains were observed at 'he sarlier stages of growth
and these increased as the staq+ progressed.

The estimates of the correlations (r,) for milk yield at
different stages of lactation were represented in Table 8.
The value obtained were very sumificantly (P<0.001) positive
and it ranges between 0.49-0.9- . The highest correlation
occured between stages 2 and 5 .nd the lowest between 1 and 4.

Weight gains of lambs 'o 20, 54, 78 and 90 days
post-partum were correlated to 'he dam milk yield at various
stages of lactation. The highe:! and highly significant (P<0.01)
relationship of 0.31 was obt.ined between the 3'Y stage of

lactation and weight gain to '+ days of growth (Table 9).



Table 7. Phenotypic correlations be'ween weight gains of lamb at different

1 2 3 4
WTG1 1.00
WTG2 0.58 1.00
WTG3 053 0.86 ] (
WTG4 0.48 0.80 Q.95 1.00

WTG1l- Weight gain of lamb to 30-day
WTG2- Weight gain of lamb to 54-day
WTG3- Weight gain of lamb to 78-day
WTG4- Weight gain of lamb to 90-day

y ()




Table 8. Phenotypic correlation berween dam milk production at different
stages( P< 0.001 ) cf lact.tion

_______________________________________________________________________

1 2 i - 5
1 1.00
2 0.78 1.00
3 0.61 0.81 1.0
4 0.49 0.67 0.7 1.00
5 0.91 0.94 0.8 0.72 1.00

- Milk production between 6th and .4th day postpartum
- Milk production between 25th and 48th day postpartum
Milk production between 49th and 72th day postpartum
- Milk production between 73th and 84th day postpartum
- Milk production between 6th and ' 4th day postpartum

S e S
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Table 9. Phenotypic correlations be!ween weight gains of lamb and milk
yield of dam at different :tages of lactation

Stages of lactation We-ight gains
1 2 3 4
6--24 days 0.16 8.1 0.17 0.16
25--48 days 0.17 0 0.16 0.12
49--72 days 0.25 .31 0.28° 0.23
73--84 days 0.07 0.0 0.07 0.05
6--84 days 0.20 0'.2 0.:2% 0.18

1 - Lamb weight gain to 30 days
2 - Lamb weight gain to 54 days
3 - Lamb weight gain to 78 days
4 - Lamb weight gain to 90 days
* Pc 0.05; ** Pc 0.01

Wi
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4.1.6. Heritability Estimates

a) Weight of lamb

The paternal half-sib her tability estimates (h*) for
birth weight (BW) and body weiqghts of lamb at 30, 60, and 90
days are presented in Table 10. Positive estimates were
obtained for all the traits. The BW and 30-day weight had a
similar h' of 0.30 which, howsver, was lower than those
obtained for either 60-or 90 ray weight. Standard errors
were large and almost the same s the heritability estimates

for many of the traits consider«d.

b) Lactation Parameters

The heritability estimate:: using the paternal half-sib
relationships for the lactation parameters (a, b, ¢ and T)
are shown in Table 11. There were generally positive and
highly significant (P< 0.01) est' imates obtained for all the
traits. Very high estimate w.s obtained for the general
level of production (a) while others were within the range of

0.3-0.5.
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Table 10. Estimates of heritability. genetic, phenotypic and environmental
correlations between birth BWT}, 30, 60 and 84-day weights of
Yankasa lambs

Traits Variance or covariance
compoenents
Among Within h*+S.E xS .E r, r.

BWT 0.0103 0D.1267 0.301x0 35

Weights

30 days 0.0497 0.6054 0.30x0.35

60 days 0.1175 1.082% 0.40+0 .37

90 days 0.2826 1.2687 0.73+0 43

BWT and:

30-day

weight 0.0324 0.0847 1.43+0.68 0.3% -0.06
BWT and:

60-day

welght 0.0419 0.0776 1.20+£0.59 0.30 -0.18
BWT and:

90 -day

weight 0.0390 0.0972 0.72£0.50 0.30 -0.10
30 and &0
days
welght 0.0958 0.6125 1.2540.30 0.80 0.56
30 and 90
days
weight 0.1348 0.5063 1.14+0.30 (.64 0.23
60 and 90
days
weight 0.1500 0.9963 0.82+x0.19 0.84 0.99

64




Table 11. Estimate of heritability, renetic, phenotypic and evironmental
correlations between lacta' ion parameters and 84 days
lactation_in Yankasa ewes

Variance
or covariance components

Traits Among within h*$+S.E. T ,+S.E. 2
a 0.0537 0.0980 1.42+0.4
b 0.0038 0.0473 0.30+0..
[ &4 0.0003 0.0043 0.28+0..0
T 1.1898 8.3989 0.50+0. 3.
a and b

-0.0061 -0.0116 -0.43+0.48 D.20 -0.14
a and c

-0.0016 0.0051 0.3920.42 0.26 -0.02
aand T

0.2042 0.3447 0.81+0.21 0.46 0.49
b and c

0.0080 0.0087 0.72+0.37 0.62 0.58
band T

0.0325 -0.1051 -0.29+0.38 -0.10 -0.49
cand T

0.0273 -0.0399 -0.11+0.47 -0.06 -0.96

T* - Total lactation yield at 84 da's

35



4.1.7. Genetic covariances

a) Weight of lamb

Estimated values of genet ¢ covariance for weights of
lambs are presented in Table 1. Positive covariances were
estimated for all the combinat ons and such include BWT amd
90-day weight, 30 and 60-day we i ght, 30 and 90-day weight and

60 and B4-day welight.

b) Lactation Parameters

The genetic covariances stimated for the lactation
parameters are shown in Table 1/ . Mostly negative estimates
were obtained. Positive cov.riances were estimated for
combinations like general leve! of production (a) and total
84-day lactation (T), rate of rise to peak (b) and rate of
decline from peak (c). Negat ve estimates were recorded

between a and b, b and T and ¢ and T.

4.1.8. Genetic Correlations

a) Weight of lamb

Estimated genetic ccrrelat:on (r,) between weight traits
under consideration are given on Table 10. High and positive
estimates were obtained for 'l the traits. Positive and
high genetic correlation were ol tained between BWT and 90, 60-
and 90-day weights, while very high r, estimates with some
outside the parameter space were obtained for all other

combinations for the productive traits.
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b) Lactation Parameters

The genetic correlations letween lactation parameters
are presented in Table 11. Both positive and negative
estimates were obtained. Posrtive and high estimates were
recorded between a and T, and b and c. Negative but moderate
correlations obtained were bitween a and b while the
estimates for b and T, and c .nd T were both negative and

low.

4.1.9. Phenotypic Covariances

a) Weight of lamb

Table 10 shows estimate: of phenotypic covariances
between the productive traits. From the table, positive but
weak covariances were observed hetween BWT and 30-day weight,
BWT and 60-day weight while positive and moderate
covariances were between BWT and 90-day weight, 30 and 60-day
weight, 30 and 90-day and positive and high covariance was

obtained between 60 and 90-day weight.

b) Lactation Parameters

Estimated values of phenotvpic covariances are presented
in Table 11. A range of positi''e to negative estimates were
obtained from the traits inve:st igated. Positive but weak
covariance were recorded betwern a and ¢ and b and ¢, while
that between a and T was moderate and positive. Negative and
weak covariances were observed 'or combinations like a and b,

b and T and ¢ and T.
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