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ABSTRACT

The objectives of this study were to estimate response to selection after
five generations of selection for egg production to 280 days and to estimate the
genetic and phenotypic parameters for egg production traits in layer type
chickens under selection.

Data on part year egg production of chickens were used in this study.
The chickens were grouped into selected and control within each strain of male
and female lines. Response to selection in five generations was calculated for
male and female lines. Effective parents for both lines were also calculated
using two methods of estimation. The traits considered in the estimation of
response to selection and genetic parameters were egg number, age at sexual
maturity, average egg weight, body weight at 40 weeks, eggmass to 280 days
and rate of lay.

Direct genetic response to selection in part year egg humber was higher
in the female line than in the male line. There was little or no genetic response
in the male line population. This was only 0.41 egg per generation. The value
for the female line was 3.4 eggs for the genetic response. From these results,
it could be concluded that selection had teen effective in improving the part year
egg production in the female line but not in the male line.

Correlated responses in age at sexual maturity, egg weight, egg mass,
rate of lay and body weight at 40 weeks were also calculated. In the female line,

the correlated response in age at sexual maturity as a result of direct selection
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for egg production to 280 days was negative. This was however positive in the
male line. Similarly, the correlated response in the rate of lay was positive in the
female line and negative in the male line. In fact, in the male line except the body
weight at 40 weeks, which showed a positive correlated response of 349 per year,
all other traits considered in this study showed a negative correlated response to
selection for egg number to 280days. However, in the female line, there was a
negative correlated response in the body weight due to selection for increased egg
number to 280days. There was a reduction of 0.89g per year in egg weight due to
selection for increase in egg number. The correlated genotypic responses in
eggmass and rate of lay were very low.

Genetic parameters were pooled over the five-year study period and also
estimated after correcting the data for hatch effects. The estimates of heritability
and correlations varied from low to high depending on the traits under
consideration. The pooled heritability estimates were 0.18, 0.15, 0.24, 0.16, 0.09
and for age at sexual maturity (ASM), egg number (EGGNO), egg weight (EWTAV),
body weight at 40 weeks (BWT40), rate of lay (RATE) and egg mass (EGGMASYS)
respectively among the male line under selection. The corresponding values were
0.20, 0.16, 0.29, 0.21, 0.10 and 0.17 for the female line. The standard errors
associated with these estimates were very low which is an indication of their
reliability.

The pooled genotypic correlations were also computed. Age at sexual
maturity was highly negatively correlated with egg production to 280 days in both

lines. The pooled genotypic correlation of egg production with eggmass and rate
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CHAPTER 1
INTRODUCTION

Poultry production in Nigeria has been very popular since the early 1970s’.
Poultry were hitherto kept in small flocks as backyard farm enterprise. For
example, in the villages of West Africa, the wife may keep a dozen or so ¢l
However, commercial poultry production has been on the increase in recent times
Initially, the commercial egg and broiler producer depended mostly on the
importation from overseas of exotic commercial day old chicks for most of their
production. An improvement over the importation of commercial day old chicks was

the establishment of franchised hatchery

Apart from the economy of importation, there is the danger of the
introduction of foreign diseases, which may later become endemic. Most of the
researches conducted in Nigeria have been nutritional experiments using imported
commercial chicks. It is a well known fact that the production of an animal depends
on its environment and its genotype. Thus, stocks bred and developed in the
country will be more adapted to the environment than the imported stocks. From
the point mentioned above, the importance: of establishing national breeding stocks
that will serve as basis for producing commercial egg type chicks is obvious. One
of two options can be adopted for this purpose,

A Nigerian local chickens can be usedi as the parent stocks on which selection

can be carried out for improved productivity.
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v & Importation of four or more strains of egg type chickens from overseas and

reciprocal mating before embarking on selection.

Franchised hatchery industry is involved in the importation of parent stock
into the country as day old chicks. The parent stocks are used for the production
of commercial day old chicks of the egg and broiler strains. Unfortunately,
importation of day old chicks of either commercial or parent stock constitutes a
drain on the scarce foreign exchange. Coupled with the depreciating value of naira

the price of imported day old chick has become prohibitive.

Oluyemi (1979) has exhaustively discussed the potentialities of indigenous
fowls. Akinokun (1976) reviewed the performance of local chickens vis-a-vis

imported exotic breeds and crosses bestween them. He reported annual egg
production of 91 eggs to 12 months of lay after one generation of selection

increasing to 114 eggs after two generations.

Generally their average performance was very much below the average
performance of the imported breeds and the crosses between the imported and the
local breeds. Hence, Buvanendran (1979) observed that the production of the local
indigenous poultry may be so low that genetic improvement by selection will take
many generations before the gap between exotic and indigenous local stock is

halved, even though the local poultry may possess some valuable characteristics



such as resistance to diseases as in Egyptian Fayoumi.

Most world-known exotic chickens are available in Nigeria. Their sources
of importation include Europe, America, Israel. Nigeria could minimize importation
in the future if she begins to practice selective breeding among local and exotic
breeds and strains of chickens. On this note a poultry breeding policy was defined
for Nigeria in which the long term objective is the establishment of foundation stock
for the attainment of self sufficiency (Buvanendran, 1979). Abplanalp and Menzi
(1961) have indicated that there is genctype environment interaction between
breeds of chickens and their environment. Most breeds of chickens are imported
as commercial day old parents or in very few instances as grand parents. Thus, a
poultry breeding project for the development of layer foundation stock was
established at NAPRI Shika in 1985. The present work will examine the genetic
and phenotypic parameters of egg production traits and short term response to
selection in the selected lines.

The specific objectives are:
1. To estimate response to selection after five generations

- To estimate the genetic and phenolypic parameters for egg production traits



CHAPTER 2
LITERATURE REVIEW

2.0 THE DOMESTIC CHICKENS: AN OVERVIEW.

2.1 Origin of Domestic Chickens

Domestic chickens may have originated from four different groups of wild
species namely, Gallus gallus, the red jungle fowl of South East Asia; Gallus
Laffayettei the Sri Lanka jungle fowl, Gallus sonnerati, the great jungle fowl found
in South West Indies and Gallus varius the Javan jungle fowl with green plumage.
Two theories have been proposed, namely, the monophylectic and the

polyphylectic, to explain the origin of the domestic fowl Gallus domesticus.

Oluyemi and Roberts (1979) support the theory that the sole ancestor of the
domestic fowl is known as Galius gallus as proposed by the monophylectic theory
adherents. Monophylectic theory was supported by the fact that the domestic fom
most resembles the red jungle fowl and readily breeds with it to produce fertile
hybrids. Hence the adherent of this thecry believes that Gallus gallus was the sole

ancestor of the domestic fowl.

The second theary and that is the polyphylectic believes that all of the wild

species interbred with Gallus gallus anc domestic stock as known today owe some

of its inheritance to all of these species Oluyemi and Roberts (1979) support this
theory.
2.2 Distribution
Man domesticated the wild specias of domestic fowl. This may be supported

by the fact that the domestic fowl is capable of reverting to the feral state. Mutation
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has also been involved in domestication. Such mutations may have been
responsible for reduced capacity of the fowl for flight, aggressiveness and
hardiness. They might also be responsible for enhanced economic values of the
birds. All of the wild species are confined to the Orient specifically South Asia.

Oluyemi and Roberts (1979) suggested that the worldwide distribution of the fowl
probably followed domestication and probably began when man carried it along
with him on his migrations. They opined that the poultry keeping spread rapidly
during the first millenium BC i.e. from India and migrated to Persia, Mesopotamia,

Asia Minor and appear in the West in about 488 BC.

In addition to migration and mutation, breed differentiation in poultry might
have resulted from random drift and selection, which may be natural, in that
environmental condition may favour the survival of some genotypes but not th-
others; or from artificial selection applied to improve some traits of poultry. Toda,
two very different types of G. domesticus are exploited, one for egg production and
one for meat production. In the past, the light breed was used for egg production
while the heavy breeds were used for meat production. The use of pure breeds for
commercial table bird or egg production has become old fashioned. It has now
been replaced by the use of strains and hybrids. Dual-purpose chickens are widely
distributed in developing countries, For example in Nigeria, the cocks are kept for
meat production and hens for eggs and meat. Both are considerably older when
slaughtered than broilers and therefore have better flavor. Older birds are more
suitable than broilers for boiling which is a common form of meat preparation in the

developing countries.



Example of Gallus domesticus are New Hampshire, Plymouth Rock,
Wyandotte, Jersey Giant (all Amerizan); Orpington, Australorp, Light Sussex

(Dutch); Fayoumi (Egyptian), Campine (French).

2.3 History of breeding

Individual farmers, who set their own standards for their stock and selected
birds that exhibited what were seen to be desirable characteristics, historically,
developed breeding policies in the Western Hemisphere. Birds that show
undesirable characteristics were prevented from contributing to future generation.
The selected birds were mated together in the hope that they would also show
these desired characteristics. The success that they achieved depended to a large
extent on characters for which selection was carried out. This type of selection
often involved selection for characters controlled by one gene or a few genes e.g.

comb shape and plumage colour.

The use of trap nesting in the early part of the 20th century has definitely
enhanced breeding in poultry industry. It should be noted that the breeding
technique applicable in any particular situation is determined largely by heritability
of the trait, which is being improved. The process of genetic improvement based
on choasing as parent the best within a population (breed, sfrain, herd etc) is
sometimes regarded as too slow for use in developing countries compared to rapid

result that could be obtained by crcssing local chicken with the exotic breeds.



2.4 Basis of selection

Attributes of animals have been changed by nature and by man through
selection. Since in the process of selection some animals are chosen in preference
to others, it follows that frequency of particular gene change between parent and
offspring and in this way change performance. Response o selection is directly

Ve

P

proportional to the heritability estimate, h’ while 4’ Vi, which is the

—

variance component due to additive genetic effects and is the chief component of
resemblance between relatives. When additive variance Va is high, h’ will be high
and when V, is low, h? will be low. In consequence h? will give more response
where h? is high since R = h* * SD where R is response to selection and SD,
selection differential which is the superiority of the selected parent over the mean
of their group. The smaller the proportion selected the higher the selection

differential.

Accuracy of information obtained on individual is very important. If the trait
is of low heritability, it may be essential to obtain many records from relatives.
Generation interval is very important in the determination of the rate of genetic gain
over generations. Dempster and Lernar (1947) proposed the use of earlier partial
egg records as a selection criterion for improving egg production. This proposal
was aimed at reducing the generation interval, which will increase the genetic gain
per unit time. This idea was theoretically confirmed by Lerner and Cruden (1948)
and Morris (1964) based on parameter estimates in different populations. Erasmus
(1962) and VanVleck and Doolittle (1964) provided additional support for this

theory from what appear to be phenotypic correlation effects and genetic parameter



estimates respectively in a Cornell control population. Oliver et al. (1957) provided

further support.

Dempster and Lermner’s hypothesis is not without opponents. Kraszewska-
Domanska (1959, 1962a,b, 1963) consistently opposed the use of early partial
records on the basis of small positive phenotypic correlations between early part
annual records and a high frequency of negative phenotypic correlations between
the initial part records and production in the residual period. However, the result
of analysis of four breeds over years (Kraszewska-Domamanska, 1964) showed
that selection on only part records should be 26% more effective per year in
improving the annual records than selzction on the annual record. Bohren (1970)
concluded that selection on early partial records either in number of eggs or
percent production should be more efficient in increasing annual egg production.

Lerner and Dempster (1956) also showed that part year selection was more
efficient in improving the annual record. Morris (1963, 1964) and Gowe and Strain
(1963) raised serious doubt as to the validity of this hypothesis. They concluded
that while gains were made when selection was based on part record, no
appreciable improvement was made in residual egg production. It followed
therefore that egg production declined in the residual period in proportion to the
gains made in early partial record. For this to happen the genetic regression of
residual period number of egg on the partial record will have to be -1.0 and genetic

correlation between the two traits wil be negative.

Bohren et al.,, (1966, 1970) have indeed shown that theoretically, genetic
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correlation between partial and residual egg record could change from positive to
negative in the course of selection. Howaver there is no evidence that such change
has taken place in practice. Hale and Clayton (1965) reported an average of 0.45
as genetic correlation between partial and residual egg number from Light Sussex
and brown Leghorn populations. Abplanalp (1957) reported 0.55 from a
commercial White Leghorn population. Andrews (1966) reported positive genetic
correlation between part and residual period percentages of production. Morris
(1964) and Bohren ef al., (1970) reported genetic correlation of 0.92 and 0.58,
respectively, while Bohren ef a/,, (1970) reported 0.38 between numbers of eggs

in the two periods.

Caceres (1967) reported that there was consistent gain in part period
residual and annual number of eggs in a population where selection was strictly for
number of eggs in part period. Both age at sexual maturity and egg weight
declined. The estimate of the realized genetic correlation between partial and
residual records over eighteen generat.ons was 0.57 while that between partial and
annual egg records was 0.85. Bohren (1970) therefore concluded that the
selection based on partial egg record to improve the annual egg record will be valid
for some populations when selection is only on number on eggs in the part period.

But response may be erratic when selection for other traits is included. Under this
situation the responses will be dependant upon the genetic correlations of the traits
with egg production and the amount of selection applied to the secondary traits.
Bohren (1970) again concluded that s2lection on part record percent production is

more efficient in some populations than selection on annual percent production.



Low genetic correlation may result from data not corrected for hatch effect
as observed in the report of Oliver (1957) who observed 0.22 genetic correlation
between short term egg numbers and percent production. When estimate was
however made within hatches Bohren et al, (1970) observed a correlation of 0.79

while Morris (1964) obtained a value of 0.74 from data corrected for hatch effect.

2.5 Principle for the construction of the selection indexes.

For traits of low heritability, selection of complete families of full or half sibs
without regard to individual performance is more efficient than selection on
individual phenotypes. However for higher values of heritability the situation may
be reversed but in all cases maximur efficiency can be obtained by selecting on

the basis of combination of family average and individual record.

Lush (1947) described the relative merits of individual selection and family
selection in breeding for traits of low heritability while Lerner (1950) did the same
with particular reference to poultry brezding. Based on these works, for traits of low
heritability, selection of complete families of full or half sibs without regard to
individual is more efficient than selection on the basis of individual phenotypes.

Maximum efficiency can be obtained by selecting on the basis of a
combination of family average and individual record. This is because there is no
fine distinction between when to apply individual or family selection. This is known

as selection index. Such indexes have been constructed and used by Hazel (1943)
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and Osborne (1957a,b). The prediction of a female breeding value is obtained
from her own performance (phenotype) and the means of her full sisters and half
sisters. However, in egg production studies, virtually all the traits studied are
manifested in females only. Therefore, the prediction of the male breeding values

is obtained from the means of his full sisters and half sister (Liljedahl et al., 1979).

2.6 Selection methods

The success of any breeding work and indeed its efficiency is dependent
upon three factors that include the intensity of selection, the accuracy of selection
and the generation interval (Dickerson and Hazel, 1944). The first factor, intensity
of selection is that proportion of the population that is allowed to be parents of the
following generation. It may also be measured as the average superiority of the
selected individuals above the average of the whole group. This is referred to as

selection differential.

The second factor, and that is the accuracy of selection, depends on some
factors. It should be noted that characters being selected for can only be
measured on phenotypic term since there is no possibility of measuring such a
character based on the genotype. Phenotypic value of any trait is made up of
portion due to genetic constitution for the trait and the environmental factor. Only
part of the total variation between anirals in a given character is directly due to
genetic differences between animals. Therefore the phenotypic identification of
genetic superiority of an individual with respect to a given character is subject to
errors proportional in magnitude to the degree to which non-genetic sources of

variation affect it. In other words the accuracy of selection of genotypes by
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of a character. Since only the fraction of variation determined by heritability of a
character will contribute to improvement then the rate of change in genetic
composition of a population will be dependent on that fraction as well as on the
intensity of selection. Better estimate of the genotype of an animal can be obtained
if information about the phenotype of animals related to it is available. Such
information is obtainable from full-sibs and half-sibs of a given animal or from its

offspring. This will enable the breeder increase the accuracy of selection.

The last factor, which affects the efficiency of selection, is the interval
between generations. When the average age of parents of a given generation is
lower, less information about the animal is available to the breeder consequent
upon which the accuracy of selection decreases. For larger animals, Dickerson and
Hazel (1944) showed that the reduction in the age of parent would more than
compensate for the advantage of the increase in accuracy of selection by progeny
testing, when the progeny tested information is not available early in the life of an
animal even when reproductive rates are relatively high and individual heritability
is low. Dempster and Lerner (1947) showed that greater efficiency is obtained by
more widespread use of younger birds. They suggested that the use of pullets not
only leads to more rapid improvement tut also results in a considerable saving in
the cost of breeding operation. Lerner and Cruden (1948) suggested that selection
might be done based on a part record thereby reducing considerably the interval

between generations. Their estimate of genetic correlation between part period



production and total production on & survivor basis was 0.74.

2.7 Primary trait of economic importance

Since the principal objective of a poultry breéder is to produde a .strain of
poultry that will lay the maximum number of eggs within one year from sexual
maturity, the primary trait normauy selected for is egg number. In order to reduce
the generation ihterv;al from two years to one year, egg production to certain fixed
age has been taken as the norm in poultry breeding and selection work (Bohren
1970). Secondary fraits include age at sexual maturity, Iegg weight a;1d body

weight. Egg production is the major index of performance of the layer's productivity.

A chicken will lay for close to 365 days, which can be divided into three
phases according to Oluyemi and Roberts (1979). Phase one inciude the first 3
month of laying. It starts from about point of lay to about the peak at about 2 - 3
months after point of lay. During the period egg size and body weight increase.
This first phase end§ at about the twenty-seﬁ:ond week in some strains. This is
followed by phase i that is characterized by a gradual fall ;n produc;tion but not in
eqgq size or body size. This phase lasts till about forty-sec!ond wee.k from.lpdiﬁt of

lay. Phase Il is made up of the remaining pullet year and terminate in the moulting.

In order to réduce the generation interval by half, when selecting for egg
production, record of egg production to about 40 to 42 weeks of birds are normatly
used. Correlations of egg production to 40 to 42 weeké, referred to, as partial egg

production with residual egg production is high. Correlation of partial egg
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reviewed correlation of partial egg production, with full year production. Oluyemi
and Roberts (1979) reported that hers produce eggs in about 26.5 hours under

normal photoperiod of about 12 hours as found in Nigeria.

2.8 Response to Selection
2.8.1 Direct response.

Using 4 strains of White Leghorn, Srivastava et al,, (1989) reported genetic
response per generation after 4 generations of selection ranging from 2.48 to 3.23
eggs per generation or per year. They observed close agreement betweer
predicted and realised response for strain while in the remaining 3
realised response was approximately 1.5 times that of the predicted response.
Such disparity in responses could be caused, among other factors, by genetic drift,
error of measurement, genotype-environment interactions, time trend and natural
selection (Hill, 1972a,b).

In the work reported by Srivastava (1989), the only possible reason for
variable re~~~nses among the four strains could either be genotype-environment
interaction or due to correlated responses. Kinney and Shoffner (1967) suggested
that the nature of genetic variance present in each strain may also contribute to
estimated response. Poggenpoel and Erasmus (1978), Ayyagari ef al (1980) and
Barua (1983) reported variable results between realized and predicted response,
Gowe et al. (1959) reported significant regression of 3.71 eggs per generation
without correction for environmental effects. After correction for environmental

effects using random bred control line regression reduced to 1.26 eggs per

generation which was not significant Poggenpoel and Erasmus (1978) reported
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control corrected rcgression coefficient of 3.04 eggs. Morris (1963), Mohapatra
and Srivastava (1871) reported gain of 3.0, 3.1 and 2.01 eggs per generation
respectively. Johari' ef al. (1989) reported positive and signiﬁc:ant e.'.esponse to'.
selection for part period egg production ranging from 1.44 to 2.21. Gowe and
Faiffﬁl (1988), Poggenpoel (1986) and Lie (1988) supported these results in their
reports on White Leghorn. Brah et a/. (1986) reported gains ranging from 2.60 to
3.40 eggs per generation. Liliedahl and Weyde (1980) reported ggin ranging from
4.4 to 6.2 per generation 0\:'er 4 years of selection. Nordskorg et .a!. (1974) found
no appreciable response inl their White Leghorn line seiected for part record rate

of lay until 8th of the altdgether 11 generations of selection for which the realized

heritability was estimated to be 0.07.

Kolstad (1980) reported highly significant response for egg number. This he
attributed to two factors, which were reduced age at sexual maturity and higher

intensity of lay.

2.8.2 Correlated ReSponsés '

Age at sexual maturity. Liljedahl and Weyde (1980) reported that age at |
sexual maturity is one of the two components that contribute to selection respense
in population of chickens selected for egg number to 280 days. They reported that
the contribution at sexual maturity to response to selection range from 50 10 80% -
over four generations of selection. They also demonstrated a linear decline in ASM
by about 5 days per generaﬁon during the first three generations and increased in
the fourth generation. Ko!étad (1980) showed that age at sexhal maturity as

correlation response to high egg production was significantly lowered by 4.2 days



per year. Age at sexual maturity and rate of lay he concluded contributed equally

to the gain achieved in egg number.

Brah et al (1987) noted that correlated response in ASM ranged from -2.29
to -3.61days in four populations of chickens consisting of two purelines and their
reciprocal crosses. They also noted that the bulk of improvement in egg number

was due to reduction in age at sexual maturity, which declined significantly in the

B purelines and crosses. Their results were in agreement in with Saadeh ef &/,

(1968), Kalstad {1980), Liliedahl and We'yde (1980) and Ayyagari et al. {1982).
Srivastava et al {1989} reported correlated changes per generation at sexual
maturity ranging from -2.9 to -3.7 days par year. They concluded that reduction in
.age at 'ﬁfst égg in different strains might have contributed posi_;ively to improved
egg number because of the increase in number of production ciays. |
2.8.3 Egg weight

Liliedah! and Weyde (1980) roted a rapid decline in egg weight in
population selected for egg number. Thay reported the cumulative response to
selection to be -3.2 grams. Kolstad (1980) reported a decrease in egg weight of
0.29g per generation as a result of seleclion on egg pumber. His result also
indicated that total egg mass estimated by egg number muitiplied by egg weight,
showed considerable improvement per year inspite of drop in egg weight. Johari
et al. (1989) reported decline in egg weight ranging from -0.172 t0 -0.44g per year
in four strains of White;.- Legharn selected for part period egg number over 11

generations. Brah et al., (1986) reported a decline in egg weight of -0.12 g per

year for one of the two purelines which had under gone selection. However, for
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both strains in his study the change in weight were not significant. Srivastava et
al, (1989) in the analyses of populations cf four strains of White Leghorn breed

over five generations of selection reported carrelated response to selection of -0.27

to -0.47g in egg weight per generation.

2.8.4 Body weight

Koistad (1980) reported gain of 11.8 g per year in body weight at 40 weeks.
This increase in body weight aver year wzs not statistically significant. This was
because there was a corresponding change in the control population. This atso

showed that the increased body weight was more as a result of environmenta!

factors than genetic effect.
2.9 GENETIC PARAMETERS

2.9.1 Egg Number

In describing egg production in the domestic fowl, the criteria used inCluds
number of eggs produced to 280 days also known as part period egg production |
and egg number to 500 days which may be referred to as full year egg production,
These two measures are defined as tha number of eggs that a hen lays after
placement in the laying house. Wheén ihsase methods are used, zero egg is a valid
cbservation for an individual hen. Of these two methods, the more used criterion
in most poultry selection work is the part year egg production, which has the

characteristic of reducing the generation interval by half consequent upon
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which the rate of genetic gain is increased. Part year eqgg 'producﬁon is a
combination of three compenent traits: age at first egg, rate of egg production ana

L

viability. These three traits are highly correlated with part year egg production.

Another measure of egg production is Hen day rate of lay which is the
number of eggs laid divided by number of days a hen was alive in the peridd.

Calculation normally starts from age at first egg.

Heritability of egg production is génerally tow. This is an indication that
variability due to additive gene action is probably small. Low heritability could also
be an indication that non-additive gene action such as overdominiance, dominance
and epistasis may be important. Heritability estimate of egg number determined
from dam component of variance is generally higher than that determined from sire
compbnent. This may imply that there is a large maternal effect and/or dominance
deviations. This view is supportad by Brah & Dev (1987), Jerome et a/.{1956). They
all indicated maternal effects for rate of lay. Kinney (1969) reported that average
h® for short, intermediate and long term did not vary much from one another being
0.22,'0,19 and 0.22., resbectively based on sire variance component. Due to
maternal effect and dominant deviation the h* esti_maltes from d_am component aof
variance were reported to be more than 30% highef .than those fronﬁ sire
component of variance. They were 0.32, 0.35 and 0.30, respectlively. However,
Osborne {1953} attributed these to sex linked effects. These views were howsver

not supported by Roberts et al,{1952) and King and Henderson (1954).
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- 292 Egg weight:

Egg weight is a .very impartant corelated trait in any population of chickens
selected for egg production. Eggs, which are too small, will not receive the premiﬁm
price. On the other hand, eggs, which are too Iérge, wiil require excess feed to
produce thém for which the poultry man will not be compensated when he sells his
eggs. In addition such large eggs are more apt fo be broken oﬁ the way to market
and hatching. Egg weight and size are usuaily influenced by the productivity level
as well as the age of the pullet at point of lay. Egg weight seems to have fairly high
degree of heritability. This is an indication that heredity rather than environmental
factors affect this trait. However, selection for high rate of lay results in a decreaée
in egg weight. From the point of lay when egg weight is 38-43g, there is & linear
increase of 1g per week up to 6-7 morths when the size levels off. On the average,

- eggs weight of chicken range between 50 and 60g.

Although the heritability estimates of egg weight have been shown to L
high, wide variations have been reported in literature. This was so for both light
and heavy breeds. The values of beritability estimates for pullets and matured |
weight were not different for both light and heav.y breeds. This indicates that pullet
and matured egg weights are inherited in the same fashion. In the report of
Kinney (1969) maternal and or dominant effect have been shown to affect puliet
egg weight. This wés due to a 15% difference between variance component
estimates from maternal half sibs and paternal half sibs in favour of maternal half-

sib estimate.
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2.9.3 Age at sexual maturity |

The age at se;cual rinaturity is an important factor in determining the number
of eggs laid to a fixed agé. It is defined as thé. .a.ge at which a pullet laid her first
egg. Hens that laid their first egg at an sarly age are more preferred than those that
lay theirs at a later age. The heritability estimates for this trait are moderate being
approximately 0.38 in botH heavy and light I;:reeds. This shows that environmental
factors have a very important role to play in the phenotypic expression of this trait.

Such factors include lighting and feedirg programs.  In addition to these factors, |
bird's physiological thresholds essential to start egg production are dependent on
age, body weight and carcass compaosition. In support of these views Brah and Dev
(1987) indicated positive skewness in two strains of White Leghorn chickens over
six generations. Since age at sexual maturity has moderately high heritability
estimates, it was showed that it could easily be decreased by direct selection and
alsa by selection for increased egg number (Srivastava et al.,, 1989, Kolstad 1980,
and Sorensen et al., 1980). It has been observed that age at sexual maturity may
be affected by sex linked genes. This ‘was supported by work done on a fiock of
Rhode island Red birds and demonstraled by higher heritability estimates from sire
vari.a.ncle component (0.30 £0.12) than that from dam component {0.1810.11).

Jerome et a/.(1956) and Saadeh et al. (1968) had earlier reported similar situations

for New Hampshires and Rhode Island Red chickens, respeactively.

2.9.4 Body Weight
Body weight at particular age is an important trait in breeding for layer type
chickens. Ayorinde et al.{1988) reported that body weight ranging from 1728 -

1814g is required for satisfactory performance in layers generally. Small-hndios |



layers are known to be efficient utilizers of feedstuffs than large bodied layers.
Body weight is highly heritable. These estimates are fairly high when measuréd
at any given age. The size of heritability estimate is independent on whether they

are of small body or targe body Body welghts have been shown to be mﬂuenced

, . X |
L 5

by maternal effect or dommance or both effects up to maturtty as |nd|cated by
consistently higher heritability estimates from dam variance components as
opposed to those from sire components. Se;; Jl..tnl‘(\;d eftet:t ha;s a;so bet;tt teported
by Jerome et al. (1956). Heritability estimates of body weight vary from one study
to another (Kinney 1969). Kolstad (1980) reported heritability estimate of 0.68.

In developed oountrles the tendency has been to select for stralns that have
small body weight since thIS ensure a lower maintenance and food requ:rement and
therefore more efficient production of eggs. This approach can be justiﬁed I;)t_afause
in the developed countries, market for ald layer carcasses is very small. Thiet- ié
different from what obtain in many developing countries as old or spent layers are
preferred to broilers. The spent layer is therefore more valuable than broilers. In
addition to the fact that eglg tweight is positively correlated wath body weight, there
I8 an indication that somewhat heavier laying birds are more destrable in

developing countries.

2.10 CORRELATIONS
Correlations can be phenotypic, genotypic or environmental. Phenotypic

correlations among traits can be defined as the gross correlation that includes both

I B,
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correlations were respectively -0.004 and -0.09. These estimates are similar to

those reported by Craig et al.,, (1969) but at variance with estimates of Poggenpoel
and Erasmus (1978) and Srivastava (1985). They reported that egg production to
280 days was to a large extent independent of 40-week body weight. Atkare and
Khan (1988) reported moderate to high genetic correlation between body weight

at 40 weeks and egg weight at 40 weeks which was in agreement with Friars et al.,

(1962).

VanVleck, King and Doolittle (1963) demonstrated that when there is large
maternal effect the genetic correlations between two traits might carry opposite
signs. For example, they reported that genetic correlation between egg production
and 32 week egg weight were -0.28 and 0.01 from sire and dam component
respectively. The opposite signs exhibited by the sire and dam components
estimates for the correlation between egg production and 32 week egg weight are
an indication that maternal effect need to be reckoned with when designing
programme for such population. Tha report of VanVleck, King and Doolittle (1963)
also show that phenotypic correlations were generally of lesser magnitude than
corresponding genetic correlation regardiess of signs. Therefore, if only
phenotypic correlation is considered in a selection programme, one could be
tempted into a false security and thereby give less weight to correlated responses.
They also reported correlation 0.32 and 0.18 between 32-week body weight and
egg weight at 32 week as well as between sexual maturity and egg weight

respectively. These estimates agreed very well with earlier estimates of King
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(1961). Hogset and Nordskorg (1958) reported phenotypic correlations of +0.37,

-0.06 and -0.04 between egg weight and body weight, egg weight and egy

production and body weight and egg production, respectively.

Negative genetic correlation between body weight and egg production could
arise through the positive association of body weight with egg size. Liljedahl et al.,
(1979) reported that egg number and age at sexual maturity were strongly
negatively correlated. They reported -0.18 and 0.05 for genetic and phenotypic
correlations respectively between egg number and egg weight. Higher genetic

correlations are often obtained for populations that have been selected over a

number of generations.

The present study involves estimating short-term response to selection and
multi-locational performance of commercial layer resulting from the crossing of the
male and female line. Since this is a long-term project, various aspects of it have
been analysed and the results reported (Omeje, 1987, Oyedepo, 1989; Oni et al.,
1991; Abubakar et al., 1992; Ajeighe, 1992, Oni et al., 1992 Mshelia, 1993;

Abubakar et al., 1994, Abubakar et al.; 1995).
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CHAPTER 3

MATERIALSS AND METHODS

3.1 The location of the project

The poultry Breeding Project is located at the National Animal Production
Research Institute, Shika, Zaria, Nigeria. The station is geographically located
between latitude 11 and 12° N and longitude 7 and 8° E at altitude 640 m above
sea level. This area is vegetationally in the Northern Guinea Savanna Zone. The
average annual precipitation is 1100mm. Rainfall normally start in late April or early
May, peaked between June and Septemter and lasts to October. The Harmattan,
which lasts from Mid October to January, is immediately followed by dry hot
weather from February to May. Tempera:ure during the harmattan season ranges
from 14°C to 30°C and 21 to 36°C during the hot season. Relative humidity varies
from approximately 21% during the harmattan to 37% during the hot season. The
average temperature and humidity during the wet season are 24.8°C and 77%

respectively.

3.2 Synthesis of Common base population

a) Description of the original stock

Omeje (1987) gave a complete description of the foundation stock and the
breeding activities prior to the commencement of the selection activities. A total of
1411 day-old grandparent chicks were imported between February and April 1985.
They belonged to two strains of egg type chickens. Both sire line and dam-line

were present within each strain. The sire-line was golden or brown in colour while
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dam-line has white or silvery plumage.

For the formation of Fy generaiion the parental strains were crossed
according to a polyallelic system. For this purpose, mating was arranged among
the surviving 994 and 200 hens of dam-line and sire-line respectively and their
matching 129 and 37 cocks to produce the F, generation chicks of 4 different

genotypes each in both sire-line and darn-line (Table 1).

Table 1 Mating arrangement between cocks and hens of the two strains of
grandparent stock'
Sire line Dam line
Hens Hens
Cocks | A1(71) |B;(129) | Cocks | A2(490) B2(504)
A1(22) | A1 A1 A1.B1 A2(76) A2 . A2 A2 B2
(11).(35) | (11). (66) (38) . (250) | (38) . (260)
B1(15) B1.A1 B1. B1 B2(53) B2 . A2 B2 . B2
(7). (36) | (8).(63) (26) . (240) | (27) . (244)
' Omeje (1987)

A total of 2555 hens and 256 cocks from 8 genotypes produced from above

1986 using a 4 X 4 diallel system (Table 2).

mating arrangement which are referred to as F, were mated at about 4th November
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Table 2: A diazllel cross arrangement of Fy cocks and hens within sire and dam
lines
Sire line Dam line
Hen Hen
Cock | A1A1 | B1A1 | A1B1 | B1B1 | Cock | A2A2 | B2A2 | A2B2 | B2B2
(286) | (317) | (334) | (263) (368) | (375) 1|(303)|(318)
A1A1 |1 2 3 4 A2A2 | 1 z 3 4
(31) | 880° |879 |879 |7:70 |(35) 994 |[10:100 | 877 | 8:84
B1A1 | 5 6 7 8 B2A2 | 5 6 7 8
(30) |766 |882 |878 |765 |[(34) 992 |993 8:78 | 877
A1B1 | 9 10 11 12 A2B2 | 9 10 11 12
(30) |7:72 (882 |881 |767 |(34) 990 992 8:76 | B.78
B1B1 [ 13 14 15 16 B2B2 | 13 14 15 16
(29) |768 |881 |879 |661 |[(33) 9:93 | 990 7.72 | 879
Omeje (1987)

*The male: female ratios for each mating are indicated within each square

Crossing was restricted to within lines since the aim was to develop strains

of each parent pair separately. There were, therefore, two sets of diallel crosses,

one on the male line and the other on tha female line. A general mating ratio in

both sire-line and dam-line of 1.10 was used.

The mating for the formation of F, generation were set up using a 4 X 4

diallelic crossing technique. After the formation of F, generation, the population

was randomly mated for one more generation to produce the Fi. The selection

work began with the F; generation. In the F; generation, the base population was

divided into four selection lines and two control lines as follows.

Population 1 Line to be selected for Egg number male line.
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Population 2 Line to be selected for Egg number female line.

Population 3 Line to be selected for Egg number and egg weight combined into an
index (male line).

Population 4 Line to be selected for Egg number and egg weight combined into an
index (female line).

Population 5§ Control line reproduced by Random mating (male line).

Population 6 Control line reproduced by Random mating (Female line).

b) Selection and mating procedure
i. Population | - IV Selection lines Generation 0.

At 18 weeks, 500 females were randomly selected from each line and
housed in individual cages. Records of production for each bird were kept from the
day of first egg to 120 days of production. One hundred and fifty birds were later
selected out of the 500 birds based on the number of eggs produced to 120 days
after laying the first egg (Populations | and Il) or index for egg number and egg

weight (Populations [l and IV).

Similarly 17 cocks were selected from each line of the F5 chicks based on
body conformation. Selected male and females were mated by trapnesting using
a mating ratio of 1:9. Egg collection started 2 weeks after introduction of the cocks.

Each egg was labeled with sire identification number, dam identification number

and population number.
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Generation 1

One thousand two hundred females and 200 cocks were pedigree hatched for
each line. Chicks were wing-banded at day old, brooded and reared to 18 weeks.
Five hundred females were transferred into individual laying cages and record of
production from point of lay to 120 days in lay was kept. At the end of the production
period, 150 females and 17 cocks were selected based on number of egg produced
to 120 days from point of lay for populations | and Il and egg number and egg weight
combined into an index for populations Il and IV. Breeding and selection in

subsequent generations were similar to generation 1.

ii. Populations V and VI Control lines
Generation 0

At 18 weeks, 150 hens from the base population were to be tagged. The
fagged pullets were moved to individual cages and record of egg production for each
bird was kept from age at sexual maturity 10 120 days in production. Seventeen cocks

were randomly selected from the base population. The chosen males and females

were mated by trapnesting.

Generation |

Six hundred females and 100 males were to be pedigree hatched for each line.
Chicks were wing-banded at day old. At 18 weeks 400 females were moved in to
individual laying cages and record of egg production kept for each chicken from age
at first egg to 120 days in lay. At the end of the monitoring period, 120 hens and 13
cocks were randomly selected, leg banded and mated together in mating pens that

contain trapnest. Breeding of subsequent generation was as in generation |.
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At the beginning of the selection experiment, selection was based on egg
production from point of lay to 120 days in lay for each hen. This procedure was very
clumsy as analysis of data could not be done until all hens have laid for 120 days.
This procedure was later changed and selection has since been based on egg

production to a fixed age of 280 days for each of the hens housed in individual cage.

Another modification to the initial plan was the fact that 1000 and 250 hens
were monitored for individual production fcr selection and control lines, respectively.
At the end of the monitoring period, 252 hens were selected out of the survivals

among each of the selection lines. The top 28 cocks were also selected.

3.3 Mating procedure

Within each line, 9 hens were placed in each mating pen. Each mating pen
was equipped with trapnest, conical feeder and drinkers. One cock of the 28 selected
cocks was allocated to each pen. The cock was located such that half-sib or full sib

mating is totally avoided.

3.4 Data.

The data consisted of over 4000 records of hens from about 180 cocks mated

to about 1,500 dams. These records were collected over five generations of

selection.
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Basis of selection
On an annuai basis, selection indexes were constructed for the purpose of estimating
the breeding value of each breeding animal. This selection index constructed was
based on the conventional type developed by Hazel (1943); Osborne, (1957a,b);
Henderson (1963). The female's breeding value was predicted from her own
phenotype (Performance) and the average (means) of full sisters and half sisters.
However, since virtually all of the traits studied were manifested in females only the
male's breeding value was predicted from means of his full sisters and half sistei .
In notational form, the indexes can be written thus.
ly=(P-X)+b(D-X)+b(S-X)
I = ba(D' - X) + bs (S' - X)
Where X = population mean for the trait
P = afemale breeding cancidate's phenotypic value for the trait.
Dand D'= average phenotypic values for the trait of full sisters of a female and
male breeding candidate, respectively.
Sand S'= average phenotypic values for the trait of half sisters of a female and
male breeding candidate, respectively.

bi, by, bsand by = regression coefficients of the trait on the index for females and

males
oy oo p?
by = 2MI-W) gy Ad(-R)2-W)
A (-2 ( 1(m=2)0 )+ ' ufd ' 1)-2)k
4 2 ; 22_ 7
3. nh and », - ndh'(2-h")

(4+(n-2) -2 [nd - D)-2]K)



 Where d Is the number of dam§ - 5

nis the number of offspring per dam |

h? is the heritability estimate

Birds within generation were hatched over more than 3 hatches. Data wéré’ |
usually corrected for hatch effect using Least Squares procedgres descriped by
Harvey (1966) whe.n. hétch to which a bird belongs has a .sigﬁiﬁcant. effect on fhe tréit
being evaluated. The hatch—qorrected data is then used for subsequent genstic
analysis. Heritability estimate so obtained is then used to obtain the weights by, b,

+ b3 @nd by used in the construction of the selection indices.

This procedure gives unbiased predictions of the sefection response:, as inhe

index values are unbiased estimates of the animal’s additive -genetic values.

3..5 Numbers of Experimeﬁtal animals.

The aim was to monitor 1000 and 250 hens individually up to 2au aay«
ea.ch line of selection and controls, respectively. The actual numbers of hen
monitored vary from this idealized number from year to year depending on factcre
such as fertility, mortality, feed availabtlity and economic situation of the institute. .. -
3.6 Hatching Procedure |

New geﬁérations of chicks were hatched at thé institute's hatchery Qsing the
Western incubator of 19,000-egg capacity over 3 to 8 hatches hatched at one-week
interval. This was made possible by collection of fertile eggs marked with sire and

dam identification over seven-day period and on the 8th day the egg were set in the
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incubator. Fertile eggs are stored in a Dublino 3 TN Tropic cabinet egg cooler with

refrigerating power of - 10°C.

After hatching, the chicks were identified using wing band and vaccinatec
against New Castle dlsease using New (Castle Disease Vaccme administer intra-
ocularly. After the procedure has been completed the chlcks were moved from the
hatchery to the brooding and rearing house about 2 km from NAPRI hatchery. =

i .
BE
3.7 Environment of selection lines and control

Blrds were brooded and reared on the floor in the restncted Grandparent
sectlon of NAPRI Poultry Farms The broodlng equtpment mcluded C. 51 x 2.44m (2ft
x 8ft) ply wood sheets that serve as heat breaks for kerosene stoves, elecjrlc_ DU
{100 watts), and small plastic flat feed containers and metallic drinkers were osed.

Chicks were brooded from day old to 6 weeks and were evacuated as soon as
possible to the rearing house. Sexing was done at about 8-12 weeks. At 18 weeks,
birds were moved to cage House where the females were housed in single hen cage

(900 cm®bird). The cocks were housecd on the deep_litter until the end of the

monitoring period.

3.7.1 Housing

| Two types of h: using systems were used for this project. Birds were raised on
the deep litter from day old to about point of lay when they were transferred to
individual laying cages Deep litter houses included grower and mating houses. The

brooder house was made of sidewalls raised almost to the roof to enable the pens
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_retain heat during the cold and wet weather. The house was partitioned into brooci

pens each of 2.3m x 3.1m (7t x 10ft) dimension and surrounded by wire nettiriy.
There were 8 houses in all, and each house measured 65 5m x 7.6m (215ft by 25t).

Each house was made up of two wings each measuring 30.48m (100ft) in length. The

two wings were separated by holding room measuring 4.6m x 7.6m (15ft x 25ft). The =

houses except the cage house were partitioned into smaller pens. The house

earmarked for mating was partitioned into 40 pens per wing. Each pen measured

1.502 x :3.05m (5ft x 10ft). The bther buildings were partiﬁoned into bigger pens meant '

for rearing during the growing stage. All buildings had low side walls that were
| finished to the roof with wire netting. The end of each building had complete walls to

the roof {Omeje, 1987).

3.7.2 Nutriton
Chick ration containing 20% CP and 2722kcalME/Kg was given to the chizlc .
“up to 8 weeks (Table 3). The ration was changed to grower ration containing 16%

CP and 2737kcal ME/kg from 8 weeks to point of lay.



Table 3: Experimental chick, grower, layer and breeder rations

Chick mash Grower Layer Breeder

Mash Mash Mash

Crude Protein 20.01 15.66 16.60 16.60
Energy 2722 2737.0 2594.00 2594.00
Maize (%) 45.00 34.45 43.45 4345
Maize offal (%) 10.00 10.00 10.00 10.00
Groundnut Cake (%) 13.05 10.00 13.50 13.50
Soya bean cake (%) 20.90 10.50 13.00 13.00
Wheat offal (%) 6.00 15.00 09.00 9.00
Rice offal (%) 0.00 15.00 0.00 0.00
Bone Meal (%) 3.00 3.00 3.00 3.00
Limestone (%) 1.50 1.50 7.50 7.50
Salt (%) 0.30 0.30 0.30 0.30
Premix (%) 0.25 0.25 0.25 0.25
Total 100 1C0 100 100

3.7.3 Recording of Data
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Trained recorders collected data. £Eggs collected were recorded in daily egg

record book, which was summarized at the end of every month. Egg weights were

| taken using electronic balance located in the certral laboratory at weeks 35, 36, 37

and 38. Hens were also weighed at 40 weeks.

3.7.4 Traits Used

The traits considered in this project included number of eggs, egg weight, age

at sexual malturity, body weight at 40 wesks.

Egg number:

days.

Eggs laid were recorded and coilected on a daily basis up to 280

Egg weight (gm):  This was obtained by taking the average weight of eggs at 35,

36, 37 and 38 weeks.
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Where i = Population mean
h = Effect of " Hatch
e; =random error (Error terms were assumed to be
randomly and normally distributed with expectation
equals to zero
Where hatch is found to have a significart effect, the data was transformed by

adding or subtracting a certain constant s per Harvey (1966) method.

3.8.2 Estimation of genetic parameter
Genetic parameter was estimated using the full model whereby the variance
component was partitioned into those due to sire, dam or environment. The model
fitted was of the nested or hierarchical design (Henderson, 1953).
In this design, each sire was mated to several dams and each mating
produced several progeny.
Statistical model
Yy =mu+a +b, +e,
Where Yj is the record of the k™ progeny of | dam mated to the " sire.
i is the common mean.
a, is the effect of the i"" sire
by is the effect of the " dam matad to the i" sire
e is the uncontrolied environmental and genetic deviations attributable to
the individuals (All error terms were random, normal and independent

with expectation equal to zero).
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Analysis of variance

Source of Variation df  Sum of Squares Means Squares Expected Sum o1

Squares
Between Sires S-1 SSs MSs ow + Kaop+ Kyoy
Between dams within D-8  8S, MSp ow'+ Kaop®
sires

2

Progeny within sires N.-D SSw MSw Ow
S = Number of sires
D - Number of dams
n = Number of individuals within i" sire
n. = Total number of individuals
Ko = Number of offspring per dam
Ks = Number of offspring per sire

The variance component o,_ is due to the fact that the sire groups differ. The
groups are made up of half sibs, and therefore the variance component is equivalent
to the variance between half sibs. The variance component op’ is derived from
differences between dam groups. These groups are made up of full sibs, and therefore
the variance component is equivalent to the covariance between full sibs minus the
covariance of the sire half-sib groups because the sire effect is removed in the analysis
of variance.

The variance component o contains the remainder of genetic variance and the
environmental variance. The variance components estimates 1/4 of the additive genetic
variance, 1/16 of the additive X additive geretic variance and various amount of sex
linkage variance depending upon the sex and species. The ow estimates the

remainder of the genetic variance plus all ervironmental variance.
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Estimating variance components.

Gw - MSW

0 MLS:\-‘- M*S"w + k‘-; * MSID
ks

Sr=6g +0p +0,

heritability,
2
4 J*UQ
h,‘,’ A 2
Cr
2 A 0'.0:
hy ~ P
agr
4% 52
7 T s+p
Ko Z
o7

Where k, = Average number of progeny per dam

and ki = Average number of progeny per sire

Alternatively, genetic parameters was also estimated usirg the reduced moda| whereby
the variance component was partitioned into thase due to sire or environment. In this
design, the slatistical model is
Yy=.+a+eg
Where Y; is the record of the |" progeny of i" sire.

i is the common mearn.

a, is the effect of the i sire

g; 1S the uncontrolled environmental and genatic deviations attributable to the
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individuais (All errar terms were random, narmal and independent with

expectation equal to zero).

3.8.3 Estimation of correlations
The genetic, environmental and phenotypic correlations between two traits will
be obtained by a method similar to those usecl to estimate heritabilities.
1. Single parent design, one way layout. |
The modeis and procedure for analysis were the same as for estimation of
heritabilities. Each trait X or Y should be analysed as given for heritability estimate.

In addition the analysis of covariance between X and Y should be carried out.

Analysis of covariance

Source of Variation  df Sum of Cross Mean Sum of Cross Expected Sum of

Products Products Cross Progucts
Between Sires S-1 SCPs MCPs Covw + kcov,
Progeny within sires n-S SCPw MCPw Covi
S = number of sires
ny = number of individuals within the ith sire.
n. = total number of individuals.

Estimating covy, and covs
covyy = MCPw

covs = (MCPs - MCPw)/k
Estimating correlation.

General formula for estimating correlation was



cov,,

= ——
yoiol,

Estimating genetic correlation from sire component of variance
fcov,,

re :
2var,* ars,

I-p?, |SE p, X SE p,
V2 Kea Wy
Estimating environmental correlation from sire component of variance

Sk Qf re =

3 €OV T 3COVs,
Var.. - 3(Vars X Vars,)-Vars,

L

Estimating phenotypic correlation from sire component of variance

B COVwyy ¥ COVsyy
, =
Vat v t(Vars, ) Vars,) + Vars,

r

3.8.4 Estimating expected and realized response to selection

Expected genetic progress in one generation of selection was estimated by:

G=h*X8D
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Where h’ is the heritability estimate calculated using variance companent

analysis.

SD is the selection differential which refers to the superiority or

inferiority of those selected for parent, P. as compared to the average

of the population, P from vhich the breeding animals were selected.

SD = (Ps~P)SD=(Ps-P)
Where  P;was the average of the selected individuals

P is the average of the popuilation before selection
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3.8.5 Estimation of expected and realized response to selection for primary trait
under selection
Expected response to selection for egy productior; to 280 days was calculated
as per Falconer (1960) using the formula
Response (R) = ih’g,
Where
i = intensity of selection
h? = heritability

o, = phenotypic standard deviation of the trait under selzction

Realised phenotypic response per generation was calculated for the selected

trait by the regression of generation means on generation number.

The estimation of genetic response (G) were estimated in a manner similar to
phenotypic response after correction of selected line means for contro) deviation, the
mean of selected line from mean of control line using the following formula:;

G ={Sn- Cn)-(So0 - Co)
Where S and C represent selected and conlrol lines, respectively and the subscripts
represent the generations. In this manner, environmental effects between generation
were corrected since it is assumed that an environment has simiiar effects on selected
and control lines within generation.
Realized responses were estimated using the formula below:

For phenotypic response

Rp = St'SD



— g



b
~ SE)

!

with n-2 degree of freedom where there were n bair:s of chservation
Selection Differential

Selection differential is the difference between the mean performance of selected
individual (Pxs) and the mean of the population before selection from which the
individuals were selected (Py). When selection differential is divided by phenotypic
standard deviation (o,) of the frait under selection, the standardized selection
differential or selection intensity (i} is obtained.

Thus

A S

op Op
The effective selection differentials were calculated by weighting each parent according
to the number of offspring they produced which survived and contributed o the

sampling variance of the next generation.

The effect of natural selection over artificial selection was calculated from the

ratio of effective selection differential to expected selection differential (Falconer 1860).

Effective popuiation size and rate of inbreeding
Effective population size N, in each parental generation for the selected group
was computed as per the formula described by Wright (1931).

NN,
N = ——
© NN,
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Where

Nm = number of male parents and N; = number of female parents

However, because of the possibility of each p:areht contributing unequal number
of progeny Gowe et. al. (1959) suggested a modiﬁed fprmula which included a term for
variance of family size. This was achigved by weighting the number of male and
female parents with their respective variance in family size. By this formula, the
effective number of individuals in each parental generation was calculated for the

selected group as follows.-

and

1 1 Jpz_ﬁr]
— = I+

F, r‘( .t
where

7,, =mean number of progeny per sire

i1, = mean number of progeny per dam

a® u = the variance in number of progeny per sire
o’ F = the variance in number of progeny per dam

For the contro! line N, was estimated as

16NN,
N, = ——%
* 3N, 4N,

Where Ny and N are the numbers of male and female breeders
respectively, o P,

The increase in coefficient of inbreeding per generation due to finite
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population size was calculated as per Wright (1931) using the following formula.

1 1 Ny +N;

Mﬂ = —+ -
SNM SNF‘ BNM NF

For the controi fine, inbreeding coefficient per generation was computed
as per formula suggested by Gowe gt al. ,{1959) as

3, 1
32N, 32N,

AF =

3.8.6 MULTILOCATIONAL TESTING OF THE COMMERCIAL LAYER RESULTING
FROM THE SELECTION EXPERIMENT

After the fifth generation of selection, the cornmercial layers resulting from the
selection experiment were tested in various ecological zones of Nigeria using the
following procedures.
Choice of Location:
Nine institutions were selected in such a way as to cover all the ecological zones of
Nigeria. The following institutions were finally used to test the commercial layers:
University of Agriculture, Abeokuta, University of Ibadan, Obafemi Awolowo University
lle-lfe, Federal university of Agriculture Umudike, Abubakar Tafawa Balewa University,
Bauchi, University of Maiduguri, University of ilorin, University of Nigeria, Nsukka.
Meetings were held with the representatives of these institutions and memorandum of
understanding (MQOU) were prepared and signed by NAPRI and the institutions. This
MQU contained detailed management of the commercial chicks to be given to various
institutions. In addition to the commercial chicks being given to them, money was
disbursed to the institution to raise the chicks up to point of lay. The record expected
to be kept by each institution include age at first egg, age at 5% production, age at
50% production, livability, hen housed production, hen day production, body weight at

20 wks and at 40 weeks , body weight at 72 weeks . The institutions were expected to
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submit their reports quarterly and one final reports each. The result of this commercial

test was then summarized.
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CHAPTER 4

RESULTS .

4.1 Effective Population size and Inbreeding.

The number of pullets housed at about 18 weeks per population ranged between
323 and 1000 per generation for each of the population (Table 4.) The effective
number of parents in each generation averaged 174 and 187 for male and female line
populations, respectively. The increase in cogfficient of inbreeding per generation due
to finite population size was calculated as averaging 0.005 and 0.005 for male and
female line, respectively (Table 4). This is an indication that inbreeding could not have

depressed the economic performance of the populations under selection.

4.2 Variance components

The basis of selection is variation, which is measured by variance. The total
variation observed within a population can be partitioned into various components
depending on whether full model (whereby sire and dam were considered as potential
source of variation) or reduced model {whereby only sire was considered as potential
source of variation) is used in the analysis of variance. For the purpose of this work,
both full and reduced models were used to determine the contribution of sire, dam and

maternal effects.

Tables 7 and 13 showed the variance components obtained using full model
(hierarchical) for male and female line populations, respectively. These are absolute

values. Along side with these tables are Tatles 11 and 14 showing the percent of the



variance components from sire, dam and sire+dam as percentages of total variance.
These tables set the unit of measurement for all traits to the same basis. Where the
calculated variance compenent is negative, the compoﬁént is set at zero. Hence the
dam components for female line were set to zero in 1992, 1993 and 1994 (Tables 13)
for ASM. In the male line, the sire component of variance for ASM was set at C for 1994
{Table 7). Other variance components set to 0 in the male line population are dam
components of variance for egg number in 1995 and dam components for rate of lay in

1991 and 1995 (Table 7).

When the variance component was estimated using one way analysis of
variance model with resemblance based on sire, negative variance (i.e. 0 variance

components) was virtually eliminated (Tables 10, 11, 17 and 18).

4.3 Maternal effects

Tables 8, 9, 15 and 16 showed the degree of maternal effect or sex linkage
effect. In the female line, egg weight, and body weight at 40 weeks were affected by
joint maternal environment during the first 3 generation of selection after which the two
traits were mainly affected by sex linkage. The age at sexual maturity (ASM), egg

numbers, rate of lay and egg mass were not affected by joint maternal environment in
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the female line. For the male line, there was no indication of maternal effect in any of

the traits.

In the male line population, egg weight was highly affected by sex iinkage, which
gradually reduced until during 5™ generation {1995} (Tables 8 and 9} when maternal
effect was observed. In the female line the opposite was the case (Tables 15 and 16).

Except for 1993, maternal environments and other gene effects such as
overdominance, dominance and epistasis mainly affected expression of age at sexual
maturity. In the female line, egg weight and body weighis were affected by maternal
environment up to the third generation of selection after which they ceased 1o be
affected. However, a trend was noticed in thz case of the egg mass, the sex linkage
effect reduced to almost 0% in fourth generation. By fifth generation, maternal effect

was noticed.

4.4 Heritability Estimates

Tables 19 and 20 show the heritability estimates of male and femate lines
respectively chtained from sire, dam and sire+dam components of variance. Tabiles 28
and 30 showed the heritability estimates obtained using one model from sire
compenents of variance. In the female line, heritability estimate could not be
determined for ASM in 1995. This is due to an outbreak of Newcastle disease that killed

a large number of the birds being monitored.

Heritability estimates were lower in 1894 and 1995 for most traits than the

estimated values for the garlier generation of the selection experiment.
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The raesults also showed that the standard error associated with heritability
estimated from dam component of variance were consistently higher than those

estimated from sire component.

When only sire information was used to for genetic parameter estimation, there
were tremendous improvements in the values of heritability estimates. Tables 28 and
30 shows the heritability estimates obtained using only sire information for analysis of
variance. Except for body weight and ASM in 1994, standard error associated with
heritability estimates were considerably lower than the heritability. Pooled heritability

estimates were also computed as shown in the heritability tables.



Table: 4. Effective Number of sires, dams and parents and expected inbreeding for
birds reaching breeding age

Line Gen Nf:;s_)tfei Sires (Nm)  Dams (Ne) - Effective Parents !nbrze:ing
Ne  Ne
(Wright) (Gowe)

Male 1 696 34 148 1106 1850 0.0045
2 979 27 180 939 1820 0.0053

3 917 28 188 97.5 194.9 0.0051
4 803 27 142 90.7 181.6 0.0055
5 941 28 121 81.0 1376 0.0055
Average 29 W 957 1742 0.0052
Cumulative F 0.0258

Female 1 845 35 | 234 121.8 2430 0.0041
2 1000 31 235 109.5 256.9 0.0048
3 1000 31 224 1089 2029 0.0046

4 998 28 206 88.6 82.3 0.0051
5 1000 33 | 209 1140 150.2 0.0044
Average 32 222 1106 187.8 0.0046

Cumulative F 0.0228
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Table 5. Average performance by generation, population and traits of male line selected for improved egg production
1991 1992 1993 1994 1995
Trait Group Mean Std Dev Mean  Std dev Mean Std Dev Mean Std Dev Mean Std Dev _....u|[]_w,
Egg280D° Whole' 3534 1543 3525 1672 2799 1265 315 1419 3467 1474 019
Selected” 4806  10.87 50.74 115 3838  10.16 50.94 8.53 4147 1178 -0.42
Control® 3418 14.38 3556 1663 2638 1337 3949 1583 3563 135 -10.8
ASM® Whole 20313 1855  207.73 2209 22234 1857 21408  17.29 21233 2258 285
Selected 10442 1297 19544 1662 21233 18585 20772 1082 207.21 14.12 -0.21
Control 20055 156 20577 2006  221.31 206 21254 14.39 210.61 1374 7865
Eggwt’  Whole 55.99 4.24 54.88 3.65 55.97 4.08 55.92 464 48.29 369 113
Selected 5561 4.09 54.39 3.25 55.93 3.92 55.66 42 48.16 3.64 -0.4:
Controf 5561 4.43 54 .65 3.82 54.45 4.76 56.25 3.94 50.8 243 088
BWT40°  Whole 15596  183.01 1726 2133 16592 22064 17084 22329 1466 200 20
Selecisd 16015 18832 17548 21665 16875 22987 17238 22199 1600 228 -34 .45
Control 16657 22386 16976 18955 17049 177.14 16588 25256 1430 192.63 -54
Eggmass® Whole 20394 79527 20251 83833 16289 €484 2308 692 17322 65876  -21.8
Selected ~ 26636 59383 27636  608.58 2148 53891 28376 51763 19966  557.12 46 7€
Control 19096  747.86 19964 82436 14728 68487 22914 600 182815 64272
Rate' Whole 4662 1535 50.13 202 50  16.79 8187  17.15 5242 1568 19
Selected 56.72  10.13 61.06 137 576 1182 71.08 11 5785  11.22 0.5¢
Control 4383 1335 4826  19.56 45.47 216 80.21 17.68 518 16.09 -6.98

E:o_m Population before outstanding producers were selected;,
mm_onﬁa Population of the selected group
*Control = Population of the control group.

a Egg number to 280 days
b Age at sexual maturity

¢ Matured egg weight
d Bedy weight at 40 weeks of age

& Rate of (ay
f Egg mass
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Table 6. Average performance by generation, population and traits of female line selected for improved Egg production
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1991 1982 1993 1994 1985

Trait Group fean Sid Dev Mean  Stddev Mean Std Dev Mean Std Dev Mean Std Dev by e

Egg280D Whole' 3079 14.96 30.74 16.31 2534 13.12 40.74 14.73 317 13.51 1.67
Selected” 44 31 9.77 47.41 1019 703 968 51.25 10.37 37.37 102 3.1¢
Control® 38.31 13.33 2837 17.02 1994 11.13 34.39 14.87 25.52 112 0.68

ASM Vithole 20849 28.64 218.26 21.01 224 14 16.8 21223 10.78 21741 19.93 1.01
Selected 197 56 12.91 203.58 12.78 21452 17.24 206.98 8852 207,22 9.12 -3.92
Control 201438 14.74 20284 19.25 237.35 2003 2154 1315 220.74 10.64 7.7

Egg wit Whole 4335 17.27 53.73 3N 55 64 428 54.85 4.36 48.86 3.46 -1.21
Selected 54 17 877 5511 3.57 5487 384 5463 48 48 91 3.18 0.8¢
Control 4372 12.77 54.83 5,66 54.8 592 §5.03 373 4924 3.42 0.03

BWT4C  Whole 16035 19266 17772 218.81 1834.3  300.38 17032 28848 141473 24863 -286
Selected 1607.7 18272 16086  209.87 19088  282.08 17228  266.14 1440 228 6.1z
Conirol 18145 16R O1 1667.9 20963 1687  194.56 18147  256.37 1445 180 -0.52

Eggmass Whole 18287 7683 1833 82428 1485 88249 23762 72282 162905 59514 47 61
Selected 24515  540.81 2618.3 54148 20448 53125 28089 604.14 1826.76 501.4 121.74
Control 21047 €98.27 16447  917.24 1177.5 85511 21688 73244 13053 52274 14.44

Rate Whole 4335 17.27 50.38 19.83 45,86 16.5¢ 626 17.24 53.83 16.46 2.34
Selected 5417 8.77 62.25 1053 5855 11.87 70.35 12.05 5847 13.36 1.5z
Control 4872 13.77 36.83 19.89 469 21.81 5941 17.29 46 41 18.63 0.83

wﬁjo_m = Population before outstanding producers were selected;
wmm_mnﬁa = Population of the selected group
Control = Population of the control group.
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Traits
Year Source ; 4 s
ASM Egg280d EWTAV: BWT40 Rate  of Eggmass
2 Lays
Sire 19.75 10.58 1.26 173487  7.22 24570.58
Dam 2513 7.37 0.40 3320 0.00 - 15957
1991 Sire+Dam 44.88 17.96 1.68 5055 722 40528
Within 25577 174686  15.19 26541 183.05 549525
Total 300.65 19262  16.38 31597 190.27 590052
Sire 15.73 13.47 1.42 5730 10.44 34713
Dam 35.17 11.25 0.63 3065 0.67 34969
1992 Sire+Dam  50.91 24.71 2.05 8796 20.11 69681
Within 64566  208.41  11.32 20874 273.84 614724
Total 696.56  233.12 1337 38670 293,95 684408
Sire 27.62 3.77 2.06 865 7.40 16189
Dam 14.54 9.26 1.38 1294 3.04 29782
1993  Sire+Dam 42.13 13.03 3.44 2160 10.44 45971
Within 280.64 13896 1229 41333 269.57 418893
Total 32276 151.98 1573 43493 280.01 464864
Sire 0.00 B.11 0.87 43 3.1 25385
Dam 203.28 15.65 0.71 1613 38.17 48973
1994  SiretDam 203.28 23.76 1.57 1656 41.28 74358
Within 71843  161.62  15.54 40572 289.45 521084
Total 92171 18538  17.12 42228 330.73 595441
Sire 5.18 14.48 0.81 2205 17.78 52009
Dam 18.96 0.00 1.36 782 0.00 7455
1995  Sire+Dam 24.14 14.46 2.7 2986 17.78 39465
Within 19346 16352  10.94 36297 239.55 367505
Totaf 21761 17798  13.11 39283 257.34 406970

1 Egg' number to 280 days 2 Age at sexual maturity '3 Matured egg weight 4 Body weight at 40 weeks of age
5 Rale of fay 6§ Egg mass
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Table 8. Maternal effect (+) or sex linkage (-) in Male line

Year  asm' Egg280d’ ewtav’  Bwid0' Layrate® eggmass®
1991 5.39 -3.22 -0.88 15856.3 -7.22 -8613.6

1992 18.44 -2.22 -0.79 -2666.09 -0.78 256.03
1993 -13.11 5.5 -0.67 428.92 -4.36  13593.42
1994 203.28 7.54 -0.16  1569.62 35056  23588.35

1985  13.78 -14.46 0.65 142324 -17.78 -24553.9

1 Egg number te 280 days 2 Age at sexual maturity 3 Matured egy weight 4 Body weight at 40 weeks of age
5 Rate of lay 6 Egg mass

Table 9. Maternal effect (+) or sex linkage {-) as % of total variance in
the Male line

Year  Asm’_ egg280d° ewtav’ bwtd0® (ay Rate® eggmass®

1991 179 -1.67 524 5.02 -3.8 -1.46
1992 279 095 589 689 -0.26 0.04
1993 406 362 429 0.99 -1.56 292
1694 2205 407 092 3.72 108 3.96
1995  6.33 813 417  -3.62 -6.91 -6.03

1 Egg number to 280 days 2 Age at sexual maturity 3 Matured egg weight 4 Body weight at 40 weeks of age
5 Rate of lay 6 Egg mass



Table 10. Variance Com

ponents by traits and generation from using sire informa
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tion only in

the Male line
Year
Source 1991 1992 1993 1994 995
Among sire 257 16.6 315 7.4 7.1
Asm' Within 268.6 694.7 295.2 857.5 202.8
Total 294.3 711.4 326.7 864.9 209.9
Among sire 11.3 13.7 51 8.8 15.9
Egg280d®  Within 178.8 219.5 1451 169.2 161.6
Total 190.1 233.2 150.2 178.1 177.5
Among sire 1.6 1.7 2.3 11 1.0
Ewtav’ Within 15.6 11.8 136 16.5 11.7
Total 17.2 13.5 15.9 17.5 12.7
Among sire 22518 67696 1217 .2 4083 35987
Bwt40* Within 578867 2312023 431850 426068 349153
Total 30138.4 379719 444022 43105.1 38514.0
Among sire 6.8 11.3 6.3 77 25.1
Lay rate®  Within 1815 2822 269.7 305.9 2336
Total 188.3 2935 276.0 313.6 258.7
Among sire  27314.8 35169.0 5{745.4 282851 401203
Eggmass®  Within 5644080 649067.7 4397913 546827 8 60889.2
Total 501722.9 684236.7 461536.4 575112.9 101009.5

1 Egg number to 280 days
2 Age at sexual maturity

3 Matured egg weight

4 Body weight at 40 weeks of age

5 Rate of lay
6 Egg mass

Y



1 Egg number to 280 days
2 Age at sexual maturity
3 Matured eqq weight

4 Body weight at 40 weeks of age

5 Rate of lay
6 Egg mass
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Table 11 Variance Components by traits and generation from using sire information only in
the female line :
. Year
Traits  Source 1691 1992 1993 1994 199
ASM'  Among sire 25.7 16.6 3t.5 7.4 7.1
Within 268.6 694.7 2952 857.5 202.8
Total 2943 711.4 326.7 864.9 209.9
Eggno® Among sire 11.3 13.7 5.1 88 15.9
Within 178.8 219.5 1451 169.2 161.6
Total 190.1 2332 150.2 178.1 177.5
EWTAV® Among sire 1.6 1.7 2.3 1.1 1.0
Within 15.6 11.8 136 16.5 11.7
Total 17.2 13.5 15.9 17.5 12.7
BWT40* Among sire 2251.8 67696 1247.2 498.3 35987
Within 27886.7 312023 431850 42606.8 349153
Total 301384 378719 444022 43105.1 38514.0
Rate®  Among sire 6.8 11.3 €.3 7.7 25.1
Within 181.5 2822 269.7 305.9 2336
Total 188.3 2935 276.0 3136 258.7
Mass®  Among sire 27314.9 35169.0 217451 28285.1 40120.3
Within 564408.0 849067.7 439791.3 5468278  60889.2
Total 591722.©0 684236.7 4615364 575112.9 401009.5
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Table 12.  Variance component as % of total variance due to sire group in the Male Line
. Year
rait

Traits Source 1991 1992 1993 _ 1994 1995

ASM' Among Sire 8.7 2.3 96 0.9 3.4
Within 913 977 90.4 99.1 96.6
Total 100.0 100.0 100.0 1000 100.0

Eggno’ Among Sire 5.9 5.9 3.4 5.0 8.9
Within 041 941 96.6 95.0 91.1
Total 100.0 1000 1000 1000 100.0

EWTAV®  Among Sire 92 126 1486 6.1 7.5
Within 908  87.4 85.4 93.9 92.5
Total 100.0 100.0 100.0  100.0 100.0

BWT40"  Among Sire 75 178 2.7 1.2 93
Within 822 973 08.8 90.7 92.5
Total 100.0 100.0 100.0  100.0 100.0

Lay Rate® Among Sire 36 38 2.3 2.5 97
Within 6.4 962 97.7 976 90.3
Total 100.0 1000 100.0 1000 100.0

Eggmass® Among Sire 46 5.1 47 4.9 10.0
Within 954 949 95.3 95.1 90.0
Total 100.0 100.0 1000  100.0 100.0

1 Egg numbey to 280 days
2 Age at sexual maturity
3 Matured egg weight

4 Body weight at 40 weeks of age

5 Rate of lay
6 Egg mass
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Table 13. Variance components by year of female line selected for improved egg
production

Traits
Year source  ASM' EGG280D° EWTAV' BWT40' LAY EGG-
... RATE®  MASS’
sire 18.36 2065 1 0 11.96 56928
dam 10.12 0 1.51 55755 815 0
1991 sire+dam 28 .48 2065 2.51 5575.5 20.11 56928
within 386.28 203.59 12.55 27731 288.93 627075.81
total 414.76 224 23 15.06 33307.15 309.04 684003.81
sire 16.39 18.37 0.79 28559 19.39 5463369
dam 0 872 1.62 6897.89 2.2 2473411
1992 sire+dam 16.39 27.09 241 9753.79 21.59 79367.79
within 37763 181.69 10.74 31773.77 332 4 550254 .88
total 394 .02 208.78 13.15 41527.57 353.99 629622.67
sire 14.49 10.04 1.57 3349.13 997 3157435
dam 32.51 6.01 1.53 5694 .17 11.57 12671.98
1993 sire+dam 47 16.05 3.1 9043.3 2154 44246 33
within 234 89 121.19 12.46 70739.83 264.33 385960.65
total 281.89 137.24 1556 79783.13 285.87
sire 8056 86 1.19 2930.21 7.83 2215374
dam 0 2.33 0.32 307.87 332 18970.09
1994 sire+dam 8.05 10.93 1.51 323808 11.14 4112383
within 109.02 180.18 16.83 72569.02 291.38 545905.46
total 117.06 191.12 18.34 75807 .1 302.52 587029.28
sire 0 4.97 0.77 228124 981 10980.17
dam 0 29 0.04 672.96 0 1675057
1995 sire+dam 0 7.87 0.81 2954 .2 981 27730.74
within 483.41 129.28 10.47 46735.41 285.79 307965.32
total 483 41 137.15 11.28 49689 61 2956 335696.06
1 Egg number to 280 days
2 Age at sexual maturity
3 Matured egg weight
4 Body weight at 40 weeks of age
5 Rate of lay

6 Egg mass
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Table 14.  Variance components as % of total vartance by year in the female line
selected for improved egg production

Traits
Year Source  “sm'  egg280F _ Ewtav' bwtd0'_lay rate® egamass’
sire 4.4 9.2 6.6 0.0 3.9 8.3
dam 2.4 00 100 16.7 26 0.0
1991 sire+dam 6.9 92 16.7 16.7 6.5 8.3
within 931 90.8 833 83.3 93.5 g91.7
total 100.0 1000 1000 100.0 100.0 100.0
sire 42 8.8 6.0 6.9 55 8.7
dam 00 42 123 16.6 06 3.9
1992 sire+dam 42 12.1 18.3 23.5 6.1 12.6
within 95.8 81.0 B81.7 76.5 93.9 87 4
total 100.0 100.1 1000 100.0 1000 100.0
sire 51 7.3 101 4.2 35 7.3
dam 11.5 44 9.8 7.1 4.1
1993 sire+dam 16.7 11.7 19.9 11.3 7.5
within 83.3 868.3 801 88.7 925 89.7
total 100.0 1000 1000 1000 100.0 100.0
sire 6.9 4.5 6.5 39 26 ag
dam 0.0 1.2 1.7 0.4 1.1 a2
1984 sire+dam 6.9 57 8.2 43 3.7 7.0
within 3.1 943 918 957 96.3 93.0
total 100.0 100.0 100.0 100.0 100.0 100.0
sire 0.0 36 6.8 46 3.3 3.3
dam 0.0 21 0.4 1.4 0.0 5.0
1995 sire+dam Q.0 57 7.2 6.0 33 8.3
within 10C.0 94 3 978 941 957 81.7
total 100.0 100.0 100.0 100.0 100.0 100.0

1 Egg number to 280 days

2 Age at sexual maturity

3 Matured egg weight

4 Body weight at 40 weeks of age
5 Rate of lay

6 Egg mass



Table 15 Maternal effect(+) or sex linkage(-) of Female Line selected for improved egg
number

Year ASM' EGG280D° EWTAV® BWT40' LAY RATE® EGGMASS®

1991 -8.24 2065 051 55755 -3.82 56928
1992 -16.39 965  0.83 4041.99 1719 -29899.6
1993 18.02 -4.02 -0.04 234505 16 -18902 4
1994 -805 627  -0.88 -2622.34 451  -318365
1995 0 207 -0.72 -1608.28 -9.81 5770.4

1 Egg number to 280 days 2 Age at sexual maturity 3 Matured egg weight
4 Body weight at 40 weeks of age 5 Rate of lay 6 Egg mass

Table 16. Maternal effect (+) or sex linkage (-) as % of total variance in
the female line selected for improved egg number

Year ASM' EGG280D° EWTAV® WT40" LAY RATE® EGGMASS®

1991 -1.99 -9.21 339 1674 1.24 -8.32
1992 -2.09 989 388 1343 -1.08 -9.04
1993 -5.81 703 533 507 6.01 6.95
1994 -6.88 -3.28 48 -346 -1.49 -0.54
1995 0  -151 638 -3.24 -3.32 1.72

1 Egg number to 280 days 2 Age at sexual maturity 3 Matured egg weight
4 Body weight at 40 weeks of age 5 Rate of lay 6 Egg mass



64

Table 17 Variance Component by traits, genaration from paternal half sib model, in the
Femaie Line selected for improved egg production
Year
Traits Source v -
1981 1992 1993 | 1994 - 1995
Among 19.89 16.45 18.93 8.10 0.00
ASM' Within 394.87 376.90 262.97 107.35 380.58
Total 414.76 392.36 281.90 115.45 390.58
Among 20.85 19.39 10.86 8.91 5.30
Eagno®  Within 199.59 189.39 126.38 182.20 131.86
Total 220.45 208.78 137.24 191.12 137.15
Among 1.23 0.98 1.78 1.24 0.77
EWTAV?  Within 13.83 12.17 13.78 17.11 10.51
Total 15.06 13.15 15.56 18.34 11.28
Among 505 47 3660.75 4127.23 2971.17 2356.49
BWT40° Within 32466.00 37867.04 /75658.34 72835.97 47.28
Total 32971.46  41527.79 7978557  75807.14 49689.77
Among 13.20 19.65 11.585 8.27 11.99
f:;? of Within 295.85 334.35 274.32 29425 256.47
¢ Total 309.04 353.99 285.87 302.52 268.46
Among 57283.30 57519.66  33305.96 24677.73 12853.21
Eggmass® Within  620175.49 572103.61 396906.45 562354.07 322846.70
Total 677458.79 62962347 43021241 587031.81  335669.90

1 Egg number to 280 days

2 Age at sexual maturity
3 Matured egg weight
4 Body weight at 40 weeks of age

5 Rate of lay
6 Egg mass

CF DO 4o



Table 18.  Variance component as % of tota! variance due to sire group in the Feméle
Line selected for improvec egg preduction

Traits Source vear
1991 1992 1993 1994 1995
Among 4.80 4.19 6.72 7.01 0.00
ASM' Within 95.20 95.31 93.28 92.99 100.00
Total 100.00 100.00 100.00 100.00 100.00
Among 9.46 9.29 761 466 386
Eggno’ Within 90.54 90.71 92.09 95.34 96 14
Total 100.00 100.00 100.00 100.00 100.00
Among 8.17 7.42 11.42 6.74 6.84
EWTAV®  Within 91.83 92 56 88.56 93.26 93 16
Total 100.00 100.00 100.00 100.00 100.00
Among 1.53 832 SAT 3.92 474
BWT40'  Within 08.47 91.18 94.53 96.08 95.26
Total 100.00 100.00 100.00 100.00 100.00
Among 427 5.55 4.04 2.73 4.47
?:;‘3 °f \within 9573 9445 9596  97.27 9553
Total 100.00 100.20 100.00 100.00 100.00
Among 8.46 9.14 7.74 420 3.83
Eggmass®  Within 91.54 90.86 92.26 95.80 96.17
Total 100.00 100.00 100.00 100.00 100.00
1 Egg number to 280 days
2 Age at sexual maturity
3 Matured egg weight
4 Body weight at 40 weeks of age
5 Rate of lay

6 Egg mass
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Table 19 Heritability estimate from sire, dam and sire+dam components by year and trait in the Male line selected for improved
egg production

: 1991 1992 1093 1994 1995 pooled
Trals  souce p;  Tse  h2  se  h2  se h2 se h2 se h2 SE
S 026 014 009 007 034 0.13 NA 01 013 015 005
ASM' D 033 015 = 02 012 018 013 088 017 035 026 02 007
S+D 03 009 015 006 026 0.07 044 009 022 011 018 004
S 0.22 013 023 0.1 0.1 0.07 018 01 033 018 013 005
EGGNO’ D 0.15 0.2 0.19 0.12 0.24 0.13 034 015 O 0 016 007
S+D 019 009 021 006 017 006 026 008 016 011 015 0.03
S 0.3 015 043 015 052 018 02 011 025 017 024 006
EWTAV D 0.1 02 019  0.12 0.35 013 017 015 042 026 02 007
S5+D 0.2 009 031 0.07 0.44 0.08 0.i8 0.07 033 012 024 0.04
S 0.22 013 059 019 008 006 0 005022 016 007 004
BWT40* D 0.42 02 032 013 012 012 015 015 008 026 018  0.07
S+D 0.32 009 046 0.08 0.1 0.05 008 006 015 011 016  0.03
S 015  0.11 0.14 0.08 0.11 0.07 004 006 028 018 009 0.04
RATE® D 0 0 013 0.12 004 012 046 026 O 0O 008 Q08
S+D 0.08 008 014 0.05 008 005 025 008 014 011 009  0.03
S 0.17 0.12 0.2 0.1 014 008 017 01 032 019 014  0.05
EGGMASS® D 0.11 02 0.2 0.12 026 013 033 0.15 007 026 016  0.07
$+D 0.14 0.08 0.2 0.05 0.2 008 025 00B 019 011 018 003

1 Egg number to 280 days

2 Age at sexual maturity

3 Matured egg weight

4 Body weight at 40 weeks of age
S Rate of lay

& Egg mass



Table 20 Heritability estimate from components of variance by year and traits in the
B Female line selected for improvec egg production
coure 1991 1992 1993 1994 1995 Pooled
Traits " h2 sa h2 se h2 Se h2 se h2 se h2 SE
ASM' [ 018 011 008 006 021 010 028 0.12 na 0.15 0.04
D 010 017 017 009 046 0.14 na na 023 007
S+D 0.14 0.07 na 0.33 007 014 006 na 020 003
EGGNO’® s 018 011 026 007 029 012 0.18 009 015 015 023 004
D Na 035 014 018 013 005 012 009 028 018 008
S+D 018 008 017 014 023 007 011 005 012 011 0.16 0.03
EwTAV ° s 027 013 037 007 040 015 026 011 027 0.18 034 0.05
D 040 017 024 011 039 014 007 012 002 028 025 0.06
S+D 033 008 049 015 040 008 017 006 014 011 029 0.04
BWT40" S na 047 0.08 017 009 016 008 018 0.16 027 0.04
D 067 018 028 012 029 014 002 012 005 028 025 0.07
S+D 034 008 066 015 023 007 009 005 012 0.11 021 0.03
LAY_RATE® S 016 010 012 0.06 014 008 010 007 013 0.15 012 0.03
D 0.11 017 022 0.1C 016 0.13 004 0.12 na 0.14 0.086
S+D 013 007 003 012 015 006 007 005 007 0.11 010 003
EGGMASS® s 033 014 025 007 029 012 015 008 013 015 023 0.04
D na 035 014 012 013 013 012 020 028 019 0.8
s+D 017 007 016 014 021 006 014 006 017 0.12 017 0.03

1 Egg number to 280 days

2 Age at sexual maturity
3 Matured egg weight
4 Body weight at 40 weeks of age

5 Rate of lay
6 Egg mass



Table: 21

selection (from sire+dam components of variance)

Year Asm' ewtay’  bwid0’  rate’ ‘mass®
1991 -0.7340.43 -0.77£0.38 0284024 0.57+0.27 0.99+0.02
1992-0.70:029 -023:019 010+)17 0.8240.10 0.98+0.01
1993 -0.85+0.32 0.1940.19 -0.14+D29 0.51+0.23 0.97+0.01
1994 0.08+0.19 -0.1840.25 0.30+).34 0.86+0.06 0.98+0.01
1995 -0.911+0.71 0.37#0.37 0.91+).50 0.47+0.33 0.9410.04

Pooled  -0.36t013 -0.0840.11 017+D11 0.82¢0.05 098+0005

68

Yearly genetic correlation between egg number and other traits in female line under

1 Age at sexual maturity

2 Matured egg weight

3 Body weight at 40 weeks of age
4 Rate of lay

5 Egg mass

Table: 22 Yearly genetic correlation between egg number and other traits in male line under

selection (from sire component of va-iance)

Year  asm' ewtav’  bwt40’ rate’ mass” N
1991 -0.77¢0.42 -0.57+0.31 0.27+0.33 0.72¢0.19 0.98+0.02
1992 -0.99+0.35 -0.38+025 -002+026 0.78+0.14 0.98+0.01
1993 -081+0.36 0.1330.32 0.19+045 001+0.45 0.95+004
1994 NA -0.16x0.36 -0.32+2.41 1.1210.33 0.96+0.03
1995 -0.73+068 -0.22+0.36 0.46+0.33 1.06+0.05 1.00+0.01
Pooled -0.86+0.21 -0.27+0.14 0.19+0.16 1.00+0.05 0.99+001

1 Age at sexual maturity

2 Matured egg weight

3 Body weight at 40 weeks of age
4 Rate of lay

5 Egg mass
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Yearly genetic correlation between egg number and other traits in male line under

Table: 23.
. selection (from dam component of variance)

Year Asm' ewtav’ bwt40’  rate’ mass’

1991 -0.70£1.36 -1.23+2.31 0.31+0.58 NA 1.00+0.06

1992 -053+065 0024049 0294037 0.88+0.25 0.98+0.02

> 1993 -1.01£1.00 025+037 -0.31+0.54 1.1241.01 0.98+0.01
1994 0.09+025 -0.21+0.52 0411055 0.87+0.09 0.99+0.01

1995 NA NA NA NA NA

Pooled -031:051 008:029 0.20:024 0.87:0.08  0.99+0.01

1 Age at sexual maturity 2 Matured egg weight 3 Body weight at 40 weeks of age
4 Rate of lay 5 Egg mass

Tabie: 24 Yearly genetic correlation between egg number and other traits in female line under
selection (from sire component of variance)

Year “asm'’ ~ewtay’  bwtd0’ rate’ Mass®

1991 0471046  -0.13x024 0.39+0.23 05802 0.83+007
1992 -0.724050 -041+0.18 -04340.15 1.21+0.16 0.98+0.01
1993 -0.714024  -0.37+0.17 030+0.20 0.72+0.11 0.9810.01
1994 -0.75+0.47 0.15+0.29 049+0.37 089+0.08 0.97+0.02
1995 NA 0.90+0.7'1 0.87+0.67 -0.36+0.67 1.00+0.03
Pooled -0.6840.18  -0.25+0.10 0.01+0.10 0854+0.06 0.98+0.01

1 Age at sexual maturity 2 Matured egg weight 3 Body weight at 40 weeks of age
4 Rate of lay 5 Egg mass

Table: 25  Yearly genetic correlation between egg number and other traits in female line under
selection (from dam component of variance)

Year asm'  ewtaV’ bwt40’  rate’ mass®
1991 -0.9410.34 -0.5410.25 NA 0.85+0.12 1.03+0.01
1992 0.91+028 -0.37#0.26 -0.40+0.23 069+0.16 0.9940.00
1993 -0.98+0.25 -0.14+025 062+023 0774013 0.98+0.01
1994 -0.77+028 -043+028 0.08+0.33 0761014 0.95+0.03
1995 NA -0.13+044 050+1.70 0.13% 0.9610.04

Pooled -090014 -0.35¢012 0.10:0.14  0.85:0.06 1.00£0.01

1 Age at sexual maturity 2 Matured egg weight 3 Body weight at 40 weeks of age

4 Rate of lay 5 Egg mass
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,Table: 26 Yearly genetic correlation between egg number and other traits in female line under
selection (from sire+dam component of variance)

Year asm'  ewta’  bwid0’ rate’ = mass®
1991 NA NA NA NA NA
> 1992 NA -0.52+0.48 -0.52-0.34 3.71x9.75 0.95+0.05
1993 -056+062 -068+050 -0.01-=0.47 0.68+0.30 0.98+0.03
1994 NA 2.31+4.01 2.944°11.83 1.30+0.84 1.12+40.42
1995 NA NA 2979860 NA 1.09+0.48
Pooled -0.56#062 -0.58+0.34  -0.34+028 0.75+028  1.3240.03

1 Age at sexual maturity 2 Matured egg weight 2 Body weight at 40 weeks of age
4 Rate of lay 5 Egg mass

Table 27 Yearly genetic, phenotypic and environmental correlations by trait in the male
line using sire information of other traits with egg number

Year
Trait 1991 1992 1993 1994 1995
ASM’ g 078 -093 -085 01 -056
p° -065 033 -066 001 -056
e -061 023 -063 -001 -059
Ewtav’ g -05 -041 028 -0.13 0.2
p -011 013 -012 -004 -0.18
e 008 001 -033 -001 -036
bwt40’ g 018 001 026 -0.01 069
p 018 016 019 004 007
e 018 033 017 005 -028
rate* aQ 065 0.78 0.03 0.88 0.96
p 076 068 069 083 082
e 079 066 077 083 074
Mass’ g 098 097 09 096 099

b 098 099 09 097 098
e 098 099 09¢ 098 097

a G =genetic correlation
b P =phenotypic correlation

¢ E =environmental correlation
1 Age at sexual maturity

2 Matured egg weight

3 Body weight at 40 weeks of age

4 Rate of lay

5 Egg mass




Table 28 Yearly heritability estimates in male line based on sire information only

Year Pooled
Trait 1991 1992 1993 1994 1995

ASM ' 035£0.14 0.09=006 039+0.13 0.03x006 0.1440.12 0.12+0.04
Eggno2 0.24£0,12 0.24£0.09 0144007 0.20+£0.10 0.36+0.16 0.31+0.05
EWTAV® 037£0.14 0.50+0.15 059+0.16 025011 0.30+0.15 0.43+0.07
BWT40" 0.30x0. 0.71£0.19 0.11£0.06  0.05+0.06 0.37+£0.17 0.2320.05
RATE®  0.14£0.10 0.15+0.07 0.09+0.06 0.10+0.07 0.39+0.17 0.19£0.04

MASS®  0.19+0.11 0212009 0.19£0.08 0.20+0.10 0.40+0.17 0.30+0.03

1 Age at sexual maturity

2 Matured egg weight

3 Body weight at 40 weeks of age
4 Rate of lay

5 Egg mass




Table 29. Yearly genetic, phenotypic and environmental correlation of other traits with
egg number in female line using sire information

~ Year

Trait 1991 1992 1993 1994 1995
ASM' G* 085 088 -090 -076 NA
p® 059 -066 -055 -056 -024

E® 050 -062 -040 -051
ewtav’ G -044 037 -019 -033 0.02
P 011 016 005 -008 -0.01
= 007 -005 004 -001 -001
bwt40® G -048 -040 0.54 0.14 0.14
P 0.02 0.17 0.19 0.03 0.12
E 007 0.49 0.08 0.01 0.12
rate* G 0.79 0.77 0.76 0.78 0.81
P 0.73 0.51 0.76 0.88 082
i 0.73 0.41 0.78 0.91 0.82
mass® G 0.99 099 0.98 0.95 0.97
P 0.99 0.99 0.9& 0.97 0.98
tE 0.99 0.98 0.9¢ 0.98 0.98

a G =genetic correlation

b P =phenotypic correlation

¢ E =environmental correlation
1 Age at sexual maturity

2 Matured egg weight

3 Body weight at 40 weeks of age

4 Rate of lay

5 Egg mass
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Table 30. Yearly heritability estimates in female line based on sire information

only

Year

Trait 1991 1992 1993 1994 1995  Pooled
ASM’ 0194009 0.17+008 027+0.08 0.28+0.10 ND 0.31£0.05
Eggno® 0.38+0.13 0.37:0.12 0.3210.11 0.19+0.08 0.15:0.11 0.3110.05
EWTAV® 0332012 0.30+0.11 0.46+0.14 0274010 0.27¢0.13 0.36+0.06
BWT40* 0.06+£0.07 0.35#0.12 0.21#0.09 0.16+0.07 0.19x0.12 0.1920.04
RATE® 0174009 0.22¢0.08 0.16+0.08 0.11£0.06 0.18+0.11 0.1920.04
MASS®  0.34+0.12 0371012 0.31+0.11 0.17+0.08 0.15:0.11 0.29+0.05
1 Age at sexual maturity
2 Egg number to 280 days
3 Matured egg weight
4 Body weight at 40 weeks of age
5 Rate of lay
€ Egg mass
Table 31.  Correlation of egg number:SE with other traits in Male line selected

for improved egg production
Year ASM' EWTAV.  BWT4( LAY RATE'  EGGMASS®
1991 -0.7810.41 0.20£0.37 0.69+0.33 0.65+0.23 0.98+0.02
1992 093+035 -041+024 -041+026 0.781£0.14 0.9710.02
1993 -0.8510.29 0.2810.29 0.26+0.37 0.03£0.44 0.9610.03
1994 -0.10+066 -0.13+034 -001+0.58 08&0.12 0.9610.03
1995 -0.56+0.37 0.20+0.37 0.69+0.28 0.9610.06 0.9910.01
Poocled -0.7520.17 -0.04x0.14 0.23#0.15 0.90+0.05 0.98+0.01

1 Age at sexual maturity
2 Matured egg weight
3 Body weight at 40 weeks of age

4 Rate of iay
5 Eggmass
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Table 32 Correfation of egg number with other traits in Female line selected for
improved egg production
Year Traits
ASM’ EWTAV- BWT40° LAY RATE' EGGMASS®

1991 -0.85+0.32 -0.44+0.24 -0.48+0.45 0.7910.13 0.99+0.01
1892 -0.88+0.28 -0.3710.24 -040+022 0.77+0.13 0.99+0.01
1993 -0.901+0.22 -0.1910.24 0.56420.23 0.7610.13 0.98+0.01
1994 -0.7610.27 -0.3310.28 0.1410.32 0.78+0.13 0.951£0.03
1995 NA 0.02+0.43 0.1410.47 0.8110.16 0.97£0.03

Pooled 085013 -0330.12 0.020.13 0.780.06 0.99+0.01

1 Age at sexual maturity
2 Matured egg weight

3 Body weight at 40 weeks of age

4 Rate of lay
5 Egg mass
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Table 34. Estimated genetic and phenotypic change per generation

Male line Female line
Trait by bp bg ba
Eggno’ -0.43 0.19 3.14 1.67
ASM? -0.21 295 393 1.01
BWT40® 34.45 -12.18 Q.06 -28.60
EWTAV? -0.64 -1.13 0.89 -1.21
EGGMASS® 4676 -21.81 0.01 47 61
Rate of lay® -0.50 1.90 0.01 2.34
1 Age at sexual maturity
2 Matured egg weight
3Body weight at 40 weeks of age
4Rate of lay
5Egg mass

Table 35. Realised response and predicted gain for egg production up to 280 days

Line Gen Genetic  Predicted Gain Realised/Predicted
Response ratio
Maleline 1 1.16 3.05 0.38
2 -0.31 3.71 -0.08
3 2.61 1.45 -1.79
4 -0.34 2.36 -0.14
L5 0.96 245 0.3¢
Femaleline 1 -7.52 514 -1.46
2 2.37 6.17 0.38
3 5.30 3.77 1.40
4 6.35 2.00 3.18
5 b.18 0.85 7.27




Table 36. The Expected correlated Response per generation E(CR), in trait i from selection for improved-egg

production to 280 days

Correlated Line hy h’ Iy hehilg 5 °  E(CRN
ASM, d Sire 0.15 0.27 -0.75 -0.13 0.78 19.82 -2.33
Dam 0.16 0.17 -0.85 0.14 0.80 19.43 217

Eggwt, g Sire 0.15 0.29 -0.04 -0.07 0.78 4,06 022
Dam 0.16 0.28 0.33 0.00 0.80 6.61 0.01

Body wt, g Sire Q.15 0.25 0.23 0.04 0.78 269.85 823
Dam 0.16 0.25 0.02 0.07 0.80 298.07 1661

Rate of lay Sire .15 0.14 0.20 0.16 0.78 17.03 2.10
Dam 0.16 0.11 0.78 0.09 0.80 17.48 1.21

Egg mass, Sire Q.15 0.20 0.98 0.20 0.78 718.03 108.95
Dam 0.16 0.19 0.9% 0.18 0.80 718.56 102.01

5 = Intensity of selection
¢ = Standard deviation
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4.5 Average performance of the commercial layer resulting from the selection
experiment

Table 37. The average performance of the commercial layer from the selection

experiments.

Traits ' - Value
Rearing period livability 0-20wks, % - w4
Age at first egg, days 136
Age at 50% production, days 168
Age at peak production, days 189
Percent at peak production, 88
Laying period livability (20-72 wks), % S0
Hen-housed egg production to 72 weeks, No. 278
Hen-day egg production to 72 weeks, No. 290
No. of weeks above 80% production 9
Body weight at maturity (40 wks), Kg 1.9
Average egg weight at maturity (40 wks), g 58.2
Body weight at 72 wks, kg 1.8

Table 37 showed the performance of the commercial hybrid averaged over many
ecological zones in Nigeria. Age at first egg, 50% production and peak production reduced
from 145, 170 and 200 days reported by Abubakar et al. (1995) to 136, 168 and 189 days,

respectively. Hen housed and hen day egg production also increased from 233 and 240
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eqgs, respectively to 278 and 290 eggs. The rearing mortality and laying house mortality

were similar in magnitude to thase earlier reported.

Fig. 1: Egg production in selected and control lines
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Fig. 2. Age at sexual maturity for selected and control lines.
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. 3. Average egg weight for selected and control lines
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Fig. 4 Body weight at maturity for selected and control lines
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Fig 5. Egg mass to 280days for selected and control lines
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Fig. 6. Rate of lay (%) to 280days for selected and control lines
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4.5 Genetic correlation

Tables 21 to 23 and 24 to 27 show the genetic correlation of egg number with
other traits for male line and female line, respectively. Egg number was consistently
negatively highly correlated with age at sexual maturity. The value of rg were mostly
higher than ~0.60. the value of genetic correlations obtained from 1994 in male line

was mostly unreliable as this could not be determined.

Egg number was highly and negatively correlated with mature egg weight when
ry was obtained from sire component of variance for both male and female fines.
However, the standard errors associated with the estimates were higher than the
actual estimates during the last two generations. The standard error associated with
the genetic correlation of egg number with body weight at forty weeks was very high.

Therefore less impartance should be attached to the values.

Egg number was highly correlated with both rate of lay and egg mass to 280
days. This is expected because egg number is one of the two components that
determined rates of lay and egg mass. Rate of lay is determined by age at first egg
and number of egg laid to 280 days. Similarly egg mass was obtained by multiplying
@gg number with average mature egg weight. Hence improving egg number will be

expected to lead to improvement of rate and mass.
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4.6 Genetic parameter estimation using one way analysis of variance models

Tables 27 and 29 showed genetic, phenotypic and environmental correlations
of various traits with egg number using sire component of variance. The ry, fp and r,
between egg number and ASM were negative and high throughout the period of the

selection experiment for both male and female lines.

The rg and r, of egg number with egg weight were negative during the first two
generations. Phenotypic correlations were consistently nagative and low throughout
for both male and female lines. The r, was initially positive and later became negative

after 2 and 3 generations of selection in male line and female line, respectively.

Genetic correlation of egg number with body weight was high and negative
during the first 2 generations but became positive subsequently. Although r, was
negative in the first generation, it became positive from second generation onward in
the female line. In the male line, ry with egg number was positive except in 1994 while
rp remained positive throughout. The r, increased from first generation to second
generation after which it started reducing until it became negative in the fifth
generation. In both male and femaie lings egg number was consistently highly
correlated genotypically, phenotypically and environmentaily.

Table 28 and 30 show the heritability estimates for male line and femaie line,
respectively with the associated standard errors. The resuits indicate that on the

average, ASM, egg number, rate of lay and egg mass have medium to low heritability
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while egg weight and body weight have medium to high heritability. Low standard errors

associated with these values could be indicative of their reliability.

4.7 Variance components

This is a measure of the variation within a particular population. The total variance

|
i

was partitioned into that contributed by sire and that which cannot be accounted for and
thereby treated as being due to genéral environmental variation. Tables 10 and 17 show
the absolute value of the variance components by traits and by year. However, Tables 11
and 18 showed the percent of the total variance component attributable to sire and error.

In the male line the proportion of the total variance contributed by the sire was
generally low being less than 10% for all traits except far average egg weight where the
values were above 10% in 1892 and 1993. In the female ling, the sire component of

variance was actually negative and it was set to zero.

4.8 Selection differential

Selection differential is the differenze between the average egg number of the
population before candidates for selection were removed and average production of those
hens that have been selected as candidates for breeding. The higher the selection
differential, the higher is the expected response to selection. Table 33 showed the

selection differential, standard deviation and selection intensity. Selection differential of
!

|
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6.80 and 5.67 for male and female lines, respectively were obtained in 1995 because of

an outbreak of new castle disease which killed many of the hens being monitored thereby
reducing the number of birds from which selection was made. The average of the
selection differential over five generations were 11.44 and 11.63 eggs for male and female

lines, respectively.

Standard deviation for egg production in both male and female line was between
10.51 and 16.72. The avefage standard deviation over the five-year period was 14.73 and
14.53 for male and female lines, respectively. Standardized selection differential is
calculated by dividing selection differential with corresponding standard deviation. This
value is an estimate of the amount of selection pressure applied. TPe values were low for
1995 in both male and female lines being 0.46 and 0.42, respectivelly. The year 1995 was
the generation when the flocks under monitoring were drastically reduced as a result of

New Castle disease outbreak, On the whole, the average standardized selection

differential were 0.78 and 0.80 for male line and femaije line, respectively.

4.9 Response of egg number (primary trait) to selection

|
There was little or no response (genotypically or phenotypically) to selection in the

male line as shown in Tables 5 and 34 and figure 1. The phenotypic response was



89
only 0.41 per generation while the genoctypic response was negative but not

significantly different from zero. The female line population showed a much higher
positive response to selection. The phenotypic response was close to 1.7 eggs per
generation while the genotypic response was 3.1 eggs per generation (Table 34).

This value of the actual response could be compared with predicted or expected

response as can be observed in Table 35.

4.10 Correlated Responses

Table 36 and figure 2 showed the expected response to selection in age at
sexual maturity as a result direct selection on increase in egg production to 280 days.
There was a decrease of about 2 days per generation in age at sexual maturity.
Figures 3 and 4 showed the expected response in egg weight and body weight as a
resuit of selection carried out on egg number to 280 days. The expected improvement
in egg weight was higher than zero in bath lines (also shawn in tabkl-'s 33 and figure 3).
Bady weight was also expected to increase in both lines, the e#pected gains per
generation being 8.23 and 16.61 in both male line and female line, respectively (figure
4). The rate of lay was expected to improve by 2% and 1% for male and female lines,
respectively. The expected increase in egg mass per generation was calculated to be

109 and 102 g, respectively for male and female lines.
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CHAPTER 5

DISCUSSION

5.0 Effective Population and Inbreeding

The effective number of parents in each generation which averaged about
174 caused an average inbreeding of about 0.5% per generation. The limited
population size undoubtedly is major cause of inbreeding depression in
performance of this population. Nordskorg et al, {1974) reported an inbreeding
coefficient of 0.13 on the average over 7 generation of selection, which is higher
than the value reported in the present study. Their effective number however, was
considerably lower than those obtained in the population being considered in this
siudy. The effective number in this the population under consideration was
therefore considered to be large enough to ensure that rate of inbreeding is

reduced to the barest minimum.

Burrow (199I3) stated that in the absence of inbreediné, selection is an
effective tool in the improvement of mos! traits of economic importance to livestock
breeder. However, it is possible that in closed population, inbreeding depression
may overwhelm the positive response from selection resulting in a net Joss or a zero
gain in performance. The higher the effective population size, the lower the

expected inbreeding depression. Studies conducted in beef cattie (McNeil et al.,
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1892}, in dairy cattle (Ahmad et al., 1974) and in sheep (Erasmus et al., 1991) have

concluded that inbreeding has no appreciable effect on responses to selection. In
fact, Burrow (1993) concluded that under mild levels and rates of inbreeding,
selection is an effective tool in Improving performance in heritable traits.

5.1 Selection Response

Selection was effective in improving the egg number in the female line but
not in the male line. There was an increase of 1.67 and 0.19 egg per year in both
female and male line, respectively. These values are similar to the one reported by
Gowe et al. (1959) which was 1.26 eggs per generation. The values of response
to selection in this study are also similar in magnitude to those reported by Johari
et al. (1988), Gowe and Fairful (1986), Poggenpoel (1986) and Lie (1988).
However, when the mean of the selected line was adjusted by subtracting the
mean of the appropriate control within a generation, the resulting genetic response
was high and significant (P>C0.05) in the ferale line but not in the male line. Low
actual egg number was as a resulit of the deiay in sexual maturity especially during
the later years of the selection experiment due o unfavourable economic
circumstances. Another factor that may have contributed to the variable response
achieved from generation to generation may also be due to varying season of
hatching across generation.

The selection response in egg number to a fixed age of 40 weeks is a

function of rate of lay and age at first egg. However since the age at first egg was
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mostly delayed due to an unfavourable economic condition the negative correlation

expected with age at first egg contributed negatively to genetic gain in egg number
to 280 days while rate of lay was the major pasitive contributor. Itjshould be noted

that the genetic response in the male line is very close to zero.

From the population parameter estimates, the expected increases in egd
number per generation were calculatec. The actual genetic gain in the female line
was far higher than predicted. The opposite was the case in the male line. 1t could
pe clearly seen that the realized genetic gain in both lines is different from
predicted. Dickerson (1955, 1961, 1963) discussed the issues of variable response

to continued selection for €gg production and reached the following conclusion.

a. Genetic 'slippage’ was due 10 fluctuating yearly environmental trend
b. Negative genetic correlations were between components of performance
C. Random loss of useful genes was by inbreeding

Genetic slippage according to Dickerson was as a result of selection being
mainly directed towards non additive genetic effects or over dominance which
dissipate in the next generation. However slippage was not a problem in this work
as selection was directed towards a single trait of €gg number to 280 days.
Inbreeding may possibly have reduced the actual genetic gains but it is expected
that this would be offset by increase in selecticn efficiency using Osborne's index

selection over mass selection.



‘93
Nordskog et. al., (1974) suggesied other causes of ineffectiveness of

selection in the present study which include the following:

1. Inadequacy of control population
2 High experimental error
3. Ineffective selection criterion

Inadequate control - The control that was used to correct for environmental

trend was derived from a population that has been selected.

The lack of response observed in the male line population selected over five
generations is not unusual. Nordskog gt al., (1974) reported a non statistically
detectable response in egg production in two breeds of chicken selected for
increase in rate of egg production. They found no appreciable response in their

White Leghorn selected for part year rate of lay until the 8th generation.

In both male and female line populations, there was positive regression of
egg number over five generation. These values represented the phenotypic
response of egg number to four generation of selection. After correction for
environmental effect by using random bred control population, the regression
became negative for the male line while the magnitude of the regression coefficient

was increased in the female line. The value of 3.1 eggs reported for the femaile line
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population in this study was higher than those reported by Johari et. al., (1989) and

Lie (1988) for White Leghorn popuiation. Liljedahl gt. al, (1979) however reported
higher response of 4.4 - 6.2 eggs per generation in a selection exﬁeriment covering
a similar period,

The positive response in the female line population could be attributable to
both reduced age at sexual maturity and improved rate of lay. This could be
supported by the findings of Liljedahl and Weyde (1980) who reported that
contribution at sexual maturity to response to selection lies between 50 and 80%

over 4 generations of selection.

5.2 Correlated Responses

The actual responses in age at first egg in the male line and female line
were -0.21 and -3.93 days, respectively. This can be compared to the expectation
of -2.68 and -2.36 days, respectively. These values are as expected because age
at first egg and egg numbers to 280 days are highly negatively correlated. The
genes thét are responsible for ilncrease in egg production are likely to cause a
reduction in age at first egg. Therefore as the frequency of genes responsible for
improved egg production is increased, thare is corresponding increase in those that
cause reduction in age at first egg. The value of -3.93 days per generation
obtained in this study is similar to that reported by Brah and Dev (1987) in four

populations of chickens. It could be concluded that the reduction in the age at






