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ABSTRACT

SELECTION METHODS FOR GENETIC IMPROVEMENT
OF INDONESIAN FOWL COMPARED BY SIMULATION

By

Maria Astuti
Effectiveness of four methods of selection, mass selection,

selection index, restricted selection index and independent culling

levels, was studied for each of nine simulated native chicken popula-

.3,

<;/OQ;<2 ?:f

tions.
The nine populations were chosen arbitrarily out of the possible
.1),

combinations of three levels of heritability of body weight (.4,
.2, .1), heritability of egg weight

heritability of egg production (.3,
.1l), genetic correlation between body weight and egg production

(05, 03'
(-.6, -.4, -.2) and genetic correlation between body weight and egg

weight (.5, .3, .2).
Nine generations of selection were performed by truncation,

where upper 1.25% males and 12.5% females were saved for breeding.

The economic value per unit of body weight was 25 times the
economic value per unit of egg production.

Mass selection showed that predictions of direct responses were
When negative

more accurate than those for correlated responses.
genetic correlation and heritabilities were low, the correlated
responses were predicted more accurately than when both were high.
Selection index showed that within the same combination of heri-
tabilities, mean genetic change of body weight was highest when genetic
correlation between body weight and egg production was lowest, but on

the contrary the smallest negative change in egg production occurred
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in the population with the lowest negative genetic correlation. Aas in
selection index, restricted selection index and independent culling
levels also showed that the magnitude of negative genetic correlation
affected the mean genetic change of the two traits in opposite ways.

Mean body weight response was largest when mass selection was
used, and was about doubled at generation ten when heritability was .4,
but egg production was decreased 1.7% per generation.

Comparable responses on mean body weight were obtained by
selection index and restricted selection index, and independent culling
levels showed slightly smaller responses.

Selection index showed no decrease in egg production in popula-
tions with genetic correlation equal to -.2.

Restricted selection index produced decreases in egg production
40%-50% less than mass selection when genetic correlation was strong
(-.6 or -.4) regardless of heritabilities.

When selection index was considered 100% efficient, mass
selection was 20% less efficient and independent culling levels were 10%
less efficient, especially when genetic correlation was strong.

Examination of genetic correlations showed that during selection
experiments in all populations and for all methods of selection the
initial genetic correlation was maintained.

Mass selection and independent culling levels produced genetic
correlation in the selected offspring somewhat weaker than in the
unselected offspring, but the difference was clear only when the genetic
correlation was strong. Selection index and restricted selection index

maintained genetic correlation in all cases.
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INTRODUCTION

Nature has provided that animals will reproduce, but if we
let them reproduce naturally, we arrive at the problem of lack of
nutritious food from animals. This problem we observe now in part of
the world (underdeveloped and developing countries) where men haven't
interfered much in the life pattern of animals. On the other hand, in
developed countries lack of production from animals is not a problem
since for many decades men with science and knowledge have been able to
improve and change animal production and reproduction to suit their
needs.

Improvement in animal production is brought about primarily
by the change in genetic composition of animals through careful
selection of breeding stock. So it's obvious if developing countries
want to solve their food problem, an effort toward the increase of
animal production should be put forward.

Ideas to increase production by crossbreeding, upgrading,
linebreeding and entire replacement with exotic breeds have been
suggested, but all of these can't be justified and wholly adapted
without first conducting a study of the genetic potential of the
existing populations.

The author is interested in planning and working toward the

improvement of the native chickens in Indonesia. The native chicken



population is a good example of producing and reproducing as nature
provided. They are raised widely in the traditional way, well adapted
to local conditions and characterized by low production of meat and
eggs. Yet they provide nearly 90% of chicken meat supply for the
nation.

An extensive and intensive study of the population of chickens
by survey and experiment is necessary for estimation of genetic
parameters. The author is interested in improving body weight of
chickens at market age (sexual maturity). Most studies with other
breeds of chickens have indicated that body weight has a moderate to
high heritability and the variability of body weight is due primarily
to additive genetic variance. Therefore the author believes that
selection within the native chicken population should give a good
response.

As the practical studies can't be conducted for the time being,
a Monte Carlo simulation process may be used to mimic the native
chicken population. In this study three different levels of heri-
tability of body weight, egg production and egg weight, and three
different levels of genetic correlation between body weight and egg
production, and between body weight and egg weight are used in
combinations to simulate potential progress.

The objectives of this study are:

1. To design an optimal breeding plan to improve body weight at
sexual maturity.
2. To compare effectiveness of four different methods of selection:

(a) Selection on body weight by truncation on phenotypic



value and monitoring the change of egg production and egg
weight as correlated response.

(b) Selection on body weight and on egg production
simultaneously.

(c) Selection on body weight with the imposed restriction of no
change in egg production.

(d) Selection at two stages, first on body weight then on egg
production.

To predict direct response to selection under different combi-

nations of parameter values and selection methods.

To examine correlated responses under different combinations of

parameter values and selection methods.



LITERATURE REVIEW

Improvement of native stock

Recently there has been considerable interest and effort in
improving animal production in developing countries.

From the genetic standpoint animal improvement can be achieved
through selection and breeding.

Although suggestions have been made for genetic improvement
via crossbreeding, upgrading, replacement of native stock by imported
animals or selection within the native populations, they do not lead
to an easy decision. However McDowell (1972) cited a recommendation
from an expert on animal breeding and climatology of F.A.0O. who
recommended the following procedures:

1. Objectively evaluate presently available animals and the
environments to which they are exposed.
2. Experimental work should be conducted to assess the merits

of indigenous animals, and their ability to respond to improved

environments. When sufficient merit exists, then programs of

improvement through selection should be implemented.
3. When evaluation indicates the need for grading up, then
animals that will be likely to contribute the desired end

result should be chosen.



From this recommendation it is obvious that a careful study of
genetic potential of native animals is a prerequisite for a plan for
further improvement.

Most improvements of native stock have been done by cross-
breeding or upgrading, primarily in dairy cattle and in swine. However,
a number of native stocks that have been improved without infusion of
foreign blood are Arabian horses, Brahman and Boran beef cattle,
Karakul sheep, Angora goats, several Chinese breeds of pig and the
Awassi sheep in Israel.

The improvement of Awassi sheep as dairy animals is interesting.
The program was initiated 50 years ago with local stock. Epstein
(1977) reported that the improvement in the course of 30 years from
1943 to 1973 was reflected by the number of ewes with actual lactation
yields of more than 400 kg. In 1943 only 0.08% of all milk recorded
animals yielded more than 400 kg but by 1973 the percentage had
increased to 18.9%. Some important things to note from this report
are:

1. milk yield is an additive trait

2. selection was practiced within the native flock by selecting
the additive genetic variation

3. improvement was achieved without introducing outside

genetic material.

In chickens it has been reported that the variance of body
weight is mainly due to additive genetic variance and the heritability
is quite high (Martin et al., 1953; Brunson et al., 1956; Kan et al.,

1959 and Siegel, 1962).



Varieties of native chickens are found in developing countries,
and dominate the chicken populations in the rural areas.

Uddin (1962) and McArdle (1972) suggested the improvement of
native chickens for egg production by crossbreeding or upgrading.

El-Issawi (1973) reported that in Egypt, Baladi, Fayoumi and
Dandarawi were developed as layers from indigenous breeds.

No reports were noted on selecting native chickens for meat
production.

Genetically there is a similarity between body weight in
chickens and milk production in Awassi sheep. Although the heritability
of milk production in Awassi sheep was not reported, the author
believes that the heritability is moderate because of the long term
response to selection. If the improvement of native chickens is con-
centrated on body weight instead of egg production, then selection on
additive genetic variation of body weight within the native population

seems very promising.

Monte Carlo studies in genetics

Monte Carlo technique has been introduced in genetic and
selection studies to confirm genetic theories and to predict results.
Monte Carlo methods comprise that branch of experimental mathematics
which is concerned with problems using random numbers. As the
genetic systems obey the laws of probability, they can be investigated

using probabilistic Monte Carlo methods.

Fraser (1957a) introduced the first techniques for the simu-
lation of genetic systems by high speed electronic digital computers.

The genetic framework was presented as a binary system in which the



symbols O and 1 were regarded as identifying the two alleles of a
single locus. An array of alleles in the chromosome was generated by
adopting the binary representation of the generated random numbers.

Fraser (1957b) studied the effects of linkage on the rate of
advance under selection. His results indicated that linkage in large
populations caused a correlation of rate of advance with degree of
linkage when the recombination is less than .5%. However, in small
populations the effect of linkage is considerably exaggerated. 1In his
next three papers on the subject Fraser (1960, a, b, c) discussed
the effects of linkage, dominance and epistasis. The study on epistasis
was extended by considering the effects of reproductive rate and
intensity of selection. Fraser also simulated selection against pheno-
typic extremes.

Since the works by Fraser, many simulation studies have been
reported, which primarily were concerned with artificial selection
theory. These studies contributed to the understanding of some of the
operating genetic mechanisms.

A detailed review of these studies is not warranted, but
examples of types of studies may serve to summarize.

Barker (1958a, b) investigated selection between alleles
at an autosomal locus and at a sex linked locus.

Martin and Cockerham (1960) reported the effect of linkage
on the progress from mass selection in small populations.

Gill (1965a, b, c) studied the effects of population size,
linkage, selection intensity and environmental variation upon genetic

change in simulated populations. In other studies Gill and Clemmer



(1966) reported the effect of selection and linkage on degree of
inbreeding. And a similar study was reported by Bogyo and Ting (1968).

Young (1966) presented the results from simulation studies on
the rate of decay of the additive genetic variance due to selection
and the resulting change in heritability.

Hill and Robertson (1966) studied the effect of linkage on
limits to artificial selection.

Parker et al. (1969, 1970a, b) examined selection response and
genetic correlation in simulated populations.

Bereskin (1969, 1972) reported the effect of inbreeding on
genetic and phenotypic trends and selection response.

Bulmer (1976) studied the effect of selection on genetic
variability.

Sather et al. (1977) reported the effects of population size,
selection intensity, mating system and selection method in simulated
populations.

Data for those studies were generated on the assumption of
known initial gene frequencies and number of loci affecting the traits.

However in other studies Monte Carlo methods were used to
generate data for metric traits for which realistic specification of
gene frequencies and number of loci can't be made. The generation of
data was based on a specified biological model and statistical
. estimates of biological parameters. Several studies using this
procedure have been reported.

Magee (1965) studied the estimation of response to selection

when selection was applied for two traits.



Everett et al. (1967) used simulated records of milk pro-
duction to estimate the genetic and environmental trends.

Strohbehn (1974) evaluated response to selection and mating
systems with different levels of heritability, selection intensity
and progeny testing.

Bruns and Harvey (1976) studied the effects of varying selection
intensity for two traits on estimation of realized genetic parameters.

These studies show that when data can't be made available from
a real experiment, then Monte Carlo methods for generation of biolo-
gical data make possible selection studies, which can serve as guides
for establishing long term experiments that will have optimal chance

of success.

Genetic correlation and correlated response

Genetic correlation between traits is important when dealing
with metric traits, as selection applied to one trait generally results
in correlated response in other traits not under selection.

The most important underlying cause of genetic correlation
appears to be pleiotropy, i.e., some genes affect two or more traits.
Other possible causes of genetic correlation are usually considered
to be minor or transient such as linkage (Falconer, 1960).

Two traits can be correlated genetically either positively or
negatively and theoretically in selection experiment the correlated
response can be predicted if the genetic correlation and the herita-
bilities of the two traits are known.

Many studies on genetic correlation and correlated response

have been reported, with considerable emphasis on
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1. whether the theoretical treatment of correlated response to
selection in terms of the genetic correlation is adequate to
explain the responses realized in experiments
2. asymmetrical correlated response
3. the effect of selection on genetic correlation
4. negative genetic correlation between traits
Falconer (1954) experimented with mice to check the validity
of the theory of genetic correlation. Two way selection was made for
body weight in one pair of lines and for tail length in another pair.
The results showed an agreement between the two independent estimates
of the genetic correlation between weight and tail length, one from
each pair of lines. This agreement showed that the theoretical
treatment of the genetic correlation between two traits adequately
accounts for the observed correlated responses.

Reeve and Robertson (1953), selected for wing and thorax

length in Drosophila melanogaster for fifty generations. The genetic

correlation between traits is .7. A good agreement was found between
estimates of the genetic correlation between the two characters in
their base population and the correlated responses when either of the
two were selected separately.

Clayton et al. (1957), working with Drosophila melanogaster,

observed the correlated response on number of sternopleural bristles,
when selection was practiced on number of abdominal bristles. The
genetic correlation between abdominal bristles and sternopleural
bristles in the base population was small but slightly positive

(.05 to .10). They reported that a moderate agreement with predicted
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correlated response was observed in earlier generations but the
correlated response became entirely unpredictable with further
selection in later generations. They suggested that the magnitude of
genetic correlation affects the accuracy of the expected response and
the effect of random drift in the correlated trait causes the response
somehow to deviate from the expectation when the genetic correlation
is weak.

Asymmetrical correlated response in selection experiments have
been reported, where discordance of the pattern of correlated response
with the expectation was observed.

Falconer and Latyszewski (1952) experimented with mice, where
mice were selected for growth rate on high and low planes of nutrition.
They considered the same measurement made under two different environ-
ments as two separate traits. Genetic correlations observed were equal
in early generations but were markedly different in later generations.
They attributed this asymmetry to changes in the basic parameters due
to selection applied.

Bell and McNary (1963) and Yamada and Bell (1963) also
observed asymmetry of genetic correlations when selection was applied

to Tribolium castaneum under two different environments.

Clayton et al. (1957) reported asymmetry in correlated
response of sternopleural bristle number in Drosophila melanogaster
when selection was practiced to increase or decrease abdominal
bristle number.

Siegel (1962) reported results of a double selection
experiment which provided a comparison of the genetic correlations

obtained between body weight and breast angle at eight weeks of age
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in white Plymouth Rock chickens. The results showed that selection for
body weight apparently resulted in greater changes in breast angle than
selection for breast angle did for body weight. The relative efficiency
of changing breast angle through selection on body weight as compared
to direct selection for breast angle was 71% in males and 94% in
females, but, the percentage efficiency for changing body weight
through selection for breast angle as compared to direct selection for
body weight was 33% for males and 29% for females. He concluded that
the asymmetrical response could be due to unequal heritabilities, where
the realized heritability of eight week body weight (.31 for males and
.28 for females) was approximately one third larger than the respective
value for breast angle (.24 for males and .21 for females).

Nordskog and Festing (1962), also experimenting with chickens,
reported an asymmetry of the realized genetic correlation between body
weight and egg weight when selection was applied for both high and low
directions for body weight and egg weight.

Bohren et al. (1966) and Parker et al. (1970a) reported asym-
metrical correlated response from simulation selection experiments.

Bohren et al. (1966) suggested that in experiments it is
unlikely and more surprising to find symmetrical than asymmetrical
correlated response.

Parker et al. (1970a) reported asymmetrical response in later
generations although the response was symmetrical in early genera-
tions.

The effect of selection on genetic correlation has been of

considerable interest to research workers. Falconer (1960) theorized
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that if selection has been applied to two traits simultaneously the
genetic correlation between them should be expected eventually to
become negative, because those pleiotropic genes that affect both
traits in the desired direction will be strongly acted on by selection
and brought rapidly toward fixation. They will then contribute little
to the variances or covariances of the two characters. The pleiotropic
genes that affect the traits in opposite ways are less strongly
influenced by selection and will contribute most of remaining covari-
ances of the two traits, and the resulting genetic correlation will be
negative.

Friars et al. (1962), Lentz and Gowe (1974), Emsley et al.
(1977), from selection experiment with poultry, reported a decline over
time in estimates of genetic correlation for traits related to
egg production.

Parker et al. (1969, 1270a, b) examined the effect of truncation
selection of a primary trait upon the genetic correlation and the
correlated response in a secondary trait in simulated populations.
Results from an additive model indicated that high selection intensity
resulted in a decline in genetic correlation while low selection inten-
sities maintained the genetic correlation. A model with complete
dominance showed that the change in genetic correlation where selection
was by upper truncation followed the same patterns as for the additive
model. Selection by lower truncation with high intensity of selection
showed a more rapid decrease in genetic correlation.

Cheung and Parker (1974) conducted an experiment with mice
over 14 generations. They reported that estimates of realized genetic

correlation between 6-week body weight and 6-week tail length showed
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that more intense selection led to some decrease in genetic correlation
between the two traits.

Knowledge of the magnitude of the genetic correlation and the
direction of the change of the correlated response in a secondary trait
upon selecting the primary trait is important. Breeders are more con-
cerned with the existence of negative genetic correlation as simulta-
neous selection for two traits with negative genetic correlation may
produce little progress and selection to improve one trait will cause
a decrease in the other trait.

Evidence of negative genetic correlation among economic
traits in livestock and poultry has been reported by research workers.

In dairy cows a negative genetic correlation between milk
yield and butterfat percentage was reported by Johansson (1950),
Freeman and Dunbar (1955), Tabler and Touchberry (1955), Farthing and
Legates (1957) and Johnson (1957). The values reported were in the
range of -.58 to -.20.

Fredeen and Jonsson (1957), as cited by Falconer (1960),
reported a genetic correlation of -.47 between body length and backfat
thickness and -.96 between growth rate and feed efficiency (lbs feed/
1b gain) in pigs.

In chickens, evidence of negative genetic correlation between
body weight and egg production has been reported. This means that
joint selection for body size and egg production in a given flock
reduces progress in each trait as compared to that made with the same
selection differential provided no selection pressure is placed on the

other trait. This has special importance in the poultry industry for
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broiler producers. The broiler strains have large body size but are
low in egg production, so it would be impossible for the broiler
breeders to improve both traits significantly by simultaneous selection.

A wide range of values of negative genetic correlation between
body weight and egg production has been reported.

When experimenting with New Hampshire chickens, Dillard et al.
(1953) reported genetic correlations of =-.17 and -.20, Jerome (1956)
obtained a correlation of -.59 and Shimizu et al. (1968) observed a
moderately negative genetic correlation.

Nordskog (1960) studied White Leghorns and reported a positive
correlation of +.08, not significantly different from zero. 1In the
heavy breeds he obtained a highly significant negative genetic
correlation of =-.35.

Siegel (1963), using White Plymouth Rocks in his study,
reported a range of negative correlation from -.0l1 to -.71.

Gowe et al. (1973), measuring the genetic correlation in
White Leghorns chickens, reported values in the range of -.17 to -.37.

Working with broiler chickens, Mehta et al. (1975) reported
a correlation of -.14.

These studies indicated that negative genetic correlation
between body weight and egg production is obvious and substantial.

To improve native chickens in developing countries for meat production,
attention should be given to the existence of the negative correlation,
especially because it is known that egg production in native chickens
is relatively low. Both traits should be considered when one formu-

lates selection schemes.
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Methods of selection

In plant or animal breeding three methods of selection can be

used if breeders are interested in selecting more than a single

character.

1.

studies

Tandem method.

Selection is practiced for only one trait at a time until
satisfactory improvement has been made in this trait.
Selection efforts for this trait are then relaxed, and efforts
are directed toward the improvement of a second trait, then a
third, and so on.

Independent culling method.

A certain level of merit is established for each trait and all
individuals below that level are discarded regardless of their
superiority or inferiority in other traits.

Selection Index method.

Extra merit in one trait may offset defects in another. Each
trait is weighted by its relative economic value and a linear
function of such values gives an index value for net merit
based on all the traits. Then animals with the highest index
value will be kept for breeding purposes.

The selection index method has been the subject of number of
either theoretical or experimental.

Smith (1937) developed an index designed for the selection of

plant lines, using Fisher's concept of discriminant functions to

derive a linear equation based on observable characteristics as the

best available guide to the genetic value of each line.
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Hazel (1943) by use of Wright's path coefficients, developed

a selection index which maximized the correlation between the index
and the aggregate genetic value of the traits selected for. Hazel's
selection index is defined as:

I=Dyx) #byxy+=-=-=--+bx
where the bi's are the derived optimum weighting coefficients for
the characters X, -
The aggregate genetic value of the index is defined as

H=ag) vag oo v a9 v - -t a9
where the a's are economic values corresponding to one unit of the
xi. The problem is to obtain a set of values for the bi's which
maximizes the correlation between I and H. The desired solution to
the bi's is obtained from a set of simultaneous linear equations
which can be presented in matrix notation as:

Pb= Ga
where b is a column matrix of unknown bi's

P is the phenotypic variance covariance matrix
G is the genotypic variance covariance matrix

a is the column matrix of economic weighting factors

Hazel and Lush (1942), Young (1961l) and Finney (1962) presented

theoretical papers comparing the three methods: tandem selection,
independent culling, and selection index. They theorized that
selection index is never inferior to tandem selection or independent
culling. However, Rasmuson (1964), found contrary to theoretical

expectations, that selection based on independent culling levels was

superior in two experiments to selection index for increasing the
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total number of bristles in Drosophila melanogaster. On the other hand,

Sen and Robertson (1964) compared index, independent culling levels, and
tandem methods for increasing both abdominal and sternopleural bristles,
and concluded from their results that the index method was superior as
predicted by selection theory.

In practice there are situations when we want to change the mean
of one trait while holding the mean of a second trait constant. For
this purpose the concept of a restricted selection index has been
derived mathematically by Kempthorne and Nordskog (1959). The idea is
that the usual index equations be solved subject to the simultaneous
conditions that the covariance between the index and a linear function
of the genotypes involved be zero, thus preventing selection on the
index from causing any genetic change in this function.

In solving for the index weighting factors, Kempthorne and
Nordskog (1959) did not retain the equations carrying the restriction
explicitly in the system.

The index weighting factor is obtained by solving the final
form of equation:

p=[r- 2l e e '19'9] P Ga

where: b is a column vector of index weighting factors

]

is identity matrix

|0

is phenotypic variance-covariance matrix

|®

is genotypic variance-covariance matrix

. . . .th _
is a column vector of zero's with a one in the i position,

10

.t A . . s
where the i h trait is the trait subject to the restriction

is a column vector of economic values

|
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The effect of restriction is to multiply the unrestricted
selection index by a matrix, obtained after performing a sequence of
matrix operations.

Cunningham et al. (1970) presented a paper on restricted
selection index and showed a different procedure for the solution of
index weighting factors. The procedure has proved to be very practical
and simple. A matrix equation taking the original form of unrestricted
selection index with a modification of rows and columns is used. 1In
this method the equation carrying the restriction is retained.

The equation is:

2 gf|e d
J = 2 or
L
siofl eyl |o
P*b* = G*a

where P is the phenotypic variance-covariance matrix
G is the genotypic variance-covariance matrix
gj is the jth column of the genetic variance-covariance
matrix for the jth trait, the trait subject to restriction
b is a column vector of index weighting factors
gd is a column vector of dummy weighting factors
a is column vector of economic values
Cunningham's method is equivalent to Kempthorne and Nordskog's as
the solution for b in Cunningham's equation is:
b=[r-2%; @ty '1931] P oy

. .th . . . .
where G. is the j column of the genetic variance-covariance matrix,

expressed as G C in Kempthorne and Nordskog's method.
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Several experiments have been devoted to verification of the
theory of the restricted selection index. Abplanalp et al. (1963)
selected Broad Breasted Bronze turkeys for seven generations using an
index calculated to produce maximum gains in 9-week weight while
holding 24-week body weight constant. The results were in fair agree-
ment with predicted values.

Scheinberg et al. (1967) compared relative efficiency of
restricted index selection and unistage tandem selection on three

traits in Tribolium castaneum. They reported that the results in

general confirm the biological validity of the restricted selection
index theory.

Okada and Hardin (1967) experimenting also with Tribolium
castaneum, reported results from 7 generations of selection.
Restricted selection index was effective for increasing 14-day larva
weight while holding 30-day adult weight constant, and when selection
was continued into 13 generations, the results showed the same trend.
They suggested that the restricted selection index is biologically
valid (Okada and Hardin, 1970).

Eisen (1977) conducted a study on bidirectional restricted
index selection for 10 generations in mice. His goal was to maximize
genetic change in postweaning weight gain from 3 to 6 weeks of age,
while keeping genetic response in feed intake at zero. The results
indicated that the first four generations of selection appeared to
verify the biological validity of the restricted selection index since
genetic gain in feed intake was essentially zero. The overall

regressions of feed intake on generation number or on index units
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were not significantly different from zero, but nevertheless subsequent
to generation four feed intake tended to change in the same direction
as post weaning gain in both index lines. He explained that the
failure of the intended complete genetic restriction on change in

feed intake may have been the result of a biological incompatibility
between the goals of the restricted index and the genetic correlation
between the traits in the index.

In summary, most studies have shown that, theoretically and
experimentally, index selection is superior to other methods of
selection, and that a restricted selection index is effective in
permitting genetic progress in one trait without substantial genetic
change in a correlated trait.

Most selection studies have involved two traits with positive
genetic correlation, but no studies have been noted in which the

genetic correlation between two traits under selection is negative.



METHODS AND PROCEDURES

Parameters used in simulated populations

Values of genetic parameters used in this simulation process
are based on reviews of literatures concerned with other populations
of chickens. 1It's been assumed that the genetic variability of body
weight is only due to the additive genetic variance, i.e., dominance
and epistasis play a trivial role.

Three levels of heritability for each trait and three levels
of genetic correlation between body weight and egg production and
between body weight and egg weight were selected. The selected
heritability parameters for body weight were .1, .3, .4, for egg
production .1, .2, .3, and for egg weight .1, .3, .5. The selected
genetic correlations for body weight and egg production were -.2,
-.4, -.6, and for body weight and egg weight .2, .3, .5.

The parameters used for mean body weight, 12 month egg
production and egg weight were 1.6 kg, 104 eggs, 38 g, respectively
and the standard deviations were .2 kg, 5 eggs, 4 g respectively,
based on recent studies reported by Wartomo et al. (1976). For each
trait the environmmental variances corresponding to different
heritability values were calculated easily, as the additive variance

was the only genetic variance.

22
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Simulated mating system

The size of breeding flock was kept constant through all
generations: 12 males and 120 females were divided into three groups,
I, II, and III, with 4 males and 40 females in each group. Within each
group, males and females were assigned randomly and equally to four
pens; therefore 1 male and 10 females were in each pen.

To simulate 4 rotations of mating in one year, within each
group the males were shifted from pen to pen, so each male mated with
40 females to make a sire's family. From each mating, each sire had 4
offspring, 2 males and 2 females, so the sire's family consisted of
80 males and 80 females. To continue the next generation 1 male and
10 females were selected from each sire's family, so that 1.25% males
and 12.5% females were saved for breeding. The next mating of the
selected parents in each generation was done by shifting the males in
group II to group I, selected males in group III to group II, and
selected males in group I to group III, while the females remained in
assigned groups.

With this mating system, inbreeding was assumed to be zero

or trivially small.

Generation of base parental population

A repetitive pseudo-random number generator was used to
simulate the probabilistic genetic mechanism. A library program,
RANF, was available in the MSU Computer system (CDC 6500) for the

generation of uniformly distributed random numbers in the range
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For the uniform distribution, variance is equal to the square of the
range divided by 12.

Therefore, V(ri) = (1)2/12 = 1/12

Twelve random uniform numbers (ri) were added together to form a random
sum in the range 0 to 12.

Then the variance of the sum equals 12 (1/12) = 1, so the standard
deviation of the sum also is 1.

By subtracting six from any sum of twelve . one obtains
random numbers in the range of -6 f_ej < + 6, and the ej are normally
distributed with a mean of zero and standard deviation of 1, providing
standard normal random deviates (RND). It is well known that the
deviates so produced do not conform well to the normal distribution in
the extreme tails, but that is of little consequence in studies of
this type.

The base populations were generated to provide genotypes of
the male and female parents from which to generate the progeny from
which selections were made. For convenience in notation, subscripts
1, 2 and 3 are used for body weight, egg production and egg weight
respectively on symbols for genetic and phenotypic parameters. Sub-
scripts on random normal deviates are consecutive as deviates are
introduced into simulation methodology. Similar numbering applies
to constants introduced.

Genetic deviation of body weight in an individual is

G1 = Gl(RNDH
where OGl = additive standard deviation of body weight and
RND = a random normal deviate
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The genetic deviation of egg production in the same individual

, where C, is a constant value and

must include a term 0Gl(RND)1 C 1

1

2
Cl = Cov G1G2/0 Gl.

Therefore the genetic covariance between body weight and egg

production is Cov G_.G

1827 which can be calculated for the required

genetic correlation. But the genetic deviation of egg production

cannot be generated simply as: G, = OGl(RND)l Cl
. . 2 2 . 2 2
From this expression O G2 =0 Gl' but in fact O G2 # O0G

2

1

. . 2 .
To restore the variance of egg production to O 62 another term is

then added to the expression so that

G, = 0G, (RND)_  C. + (RND)2 C

2 1 11 2

The variance of this expression is

02G2 = 0261 (Cl)2 + (C2)2, and the value of C2 can be calculated.

The phenotypic value of body weight is:

P. =y, +G

O
1 1 1 + (RND)3 E

1

where Ul = mean genetic value of body weight (1.6 Kg), and

OEl = environmental standard deviation of body weight

Phenotypic value of egg production is:

P_= UZ + G

+ o
) (RND) | OF

2 2

where u2 = mean genetic value of egg production (104 eggs), and

0E2 = environmental standard deviation of egg production

With the same procedure the genetic deviation of egg weight

can be obtained: G_ = OGl (RND)1 C3 + (RND)5 C

3 4
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The value of C4 can be calculated from

Pe - 2 2
6, = o6, (€% + (¢

The phenotypic value of egg weight is
P =1J3+G3+ (RND)60E

3

mean genetic value of egg weight (38 grams), and

g
o
0
i}
o
h=s
w
]

&

environmental standard deviation of egg weight
In this study the standard deviations used for body weight,

egg production and egg weight are .2 kg, 5 eggs, and 4 g, respectively.
Twelve males and 120 females were generated as the base

parental population.

Generation of offspring

The genotypic value of male and female parents was used to
generate the offspring.
The genetic deviation of body weight in an offspring is

generated as
Go, = k (GMl + GFl) + (Y .5) (ocl) (RND)

where symbols M and F stand for male and female.
Genetic deviation of egg production of the same individual

must include a term (v .5) «JGl) (RND)7 (CS) where C5 = Cov G1G2/02G

1

The genetic covariance between body weight and egg production is

Cov GlG2' and can be calculated for the required genetic correlation.
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But the generation of genetic deviation for egg production can't be
expressed simply as:

G02 = *:(GMz + GF2) + (V .5) (OGl) (RND)7 (c5)

. . . 2 2 .
The variance of this expression gives 0G2 = OGl, but in fact
2 2 . 2
oG2 # oGl, so another term is then added to restore 0G2, and the

genetic deviation for egg production is generated as:

GO2 = %(GM2 + GF2) + (/ .5) (OGl) (RND)7 (Cs) + (RND)8 (C6)

2 2 2 2
Further © G2 =k C G2 + X 02Gl (C_.)  + (C6) , so the value of C_ can be

5 6

calculated.
The phenotypic values for body weight of male and female
offspring and egg production of female offspring were generated as

PO1

+ +
Lll GOl (El (RND)9 and

+ .
PO H GO2 + O'E2 (RND)lo

2 2

With the same procedure the genetic deviations of egg weight for male
and female offspring were generated as

GO3 = E(GM3 + GF3) + (v .5) (GGl) (RND)ll (C7) + (RND)12 (C8)

Then the phenotypic deviation of egg weight for female offspring is:

= + +
PO3 U3 GO3 CE (RND)13

Based on the breeding scheme that was presented before, each
male was mated to 40 females during the four rotations of mating in
one year and each mating gave 2 male and 2 female offspring. The

contribution of each male parent to the offspring population is then,
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80 males and 80 females. Twelve males were used as parents, therefore

1920 offspring, 960 males and 960 females, were generated in each

generation.

Methods of selection

In every generation the size of breeding population was kept

constant at 12 males and 120 females. For this purpose 1.25% and

12.5% of males and females respectively were saved for breeding.

Four methods of selection were used and compared:

1.

Within each sire family individuals were ranked. Selection
of males and females was based on phenotypic value of body
weight. Then one top male and 10 top females were selected.
Therefore, 12 males and 120 females were selected from 12
sire families to be used as parents for the next generation.
Selection on body weight and egg production simultaneously,
where males were selected based on their own phenotypic value
and females based on Index value. For each parameter combi-

nation, an index equation was developed:

11 272
where X, = phenotypic value of body weight
X, = phenotypic value of egg production
bl = weighting factor for body weight
b2 = weighting factor for egg production

The values for b1 and b_ were obtained by solving the normal

2
equations Pb = Ga

where P = phenotypic variance-covariance matrix

&

genotypic variance-covariance matrix
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a = vector of economic values, where economic values for
body weight and egg production were set equal to 25
and 1 respectively.
In setting up the index an assumption was made that environ-
mental correlation equals zero. The top male based on own
phenotype and the top ten females based on index values were
selected from each sire family.
Selection on body weight where no change on egg production is
permitted. Males were selected on own phenotype and the top
male was selected from each sire family. Selection on females
was based on restricted index value. The restristed index was
adapted from Cunningham et al. (1970).
The index used for selection is: I = b.,x, + b_x

11 22

The index was calculated for each of the parameter

]

combinations. X phenotypic value of body weight

1
x, = phenotypic value of egg production
bl = weighting factor for body weight
b2 = weighting factor for egg production
The values for b1 and b2 were obtained by solving the equation:
P*b* = G*a
where P* = is a matrix obtained by adding a row and column to

the P (phenotypic variance-covariance matrix), the

(n + 1) column and row of the P* consists of the
column and row vector of genetic covariances between
the restricted trait (egg production) and body weight

and zero in the final position.
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G* = is a matrix obtained by adding a row of zeros to
G (genotypic variance-covariance matrix)
b* = is a column vector of b's and bd (dummy variate)

is a vector of economic values where economic

|
]

values for body weight and for egg production were
25 and 1 respectively
Using the index values, the best 10 females were then selected
from each sire family for breeding.

4. Selection at two stages, the first stage is selection on body
weight then at the second stage selection is on egg production.
Selection for males was based on own phenotypic value and the
top male was selected from each sire family. Selection for
females was done in two stages. Females were selected based
on their phenotypic value for body weight and from each sire
family 20 out of 80 females (25%) were saved at the first
stage, then at the second stage these females were selected
based on their egg production and 10 out of 20 females (50%)
were saved for breeding.

In all methods of selection egg weights were monitored
as the correlated response due to the positive genetic

correlation between body weight and egg weight.

The process of simulation

For all methods of selections, a FORTRAN program was made
general in generating the base populations and offspring populations,
and a variable "input" made it possible to simulate different parameter

combinations.
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The process of simulations can be summarized as follows:

The FORTRAN program was composed of the main program and
several subroutines.

Each run of the program started by reading the additive genetic
standard deviations, and environmental standard deviations
selected for study.

Generating males and females in the base population: The
library program RANF was called to generate a Random Normal
Deviate. Then 12 males and 120 females were generated in the
main program accofding to the formula as it was explained
previously.

Generating offspring: This generation program took place in the
subroutine. The parents were mated as described before, then
the offspring populations were generated according to the
formula described previously.

The next step was selection of offspring, leaving 12 males and
120 females to be parents for the next generation. Two
subroutines were used, one for selected males and the other
for selected females. From this point the program was a
little different for each method of selection. Males were
selected in the same manner based on own phenotypic value

of body weight, but selection of females was dependent on

the method of selection, explained in the previous part.

To obtain ten generations of offspring a "do loop" was made in

the main program following generation of the base population.
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Results were stored on magnetic tape to avoid excessive
printing and for statistical analysis.
The Stat-package program available in the MSU Computer system

was used for statistical analysis.



RESULTS AND DISCUSSION

Three levels of heritability of body weight, egg production and
egg weight and three levels of genetic correlation between body weight
and egg production and between body weight and egg weight make 81
possible parameter combinations. In this study, nine combinations were
selected arbitrarily to create nine different populations (Table 1).
Four different methods of selection were applied in each population.
For each method of selection, each population was permitted to pass
through 9 generations of selection and mating.

The printout of data was not obtained for each generation, but
data were stored on magnetic tape for the statistical analyses. Results
from the statistical analyses were printed out as means, variances-
covariances, and correlations of phenotype and genotype of body weight,
egg production and egg weight for the offspring population and for the
selected parents in each generation.

Replicated runs were considered unnecessary, as checking on
several replicated runs showed essentially the same results, because of
the large number of birds per run.

Mean genetic change under mass
selection (Method I)

The expected and observed genetic changes of body weight, egg
production and egg weight are presented in Table 2. The expected
genetic change on body weight was calculated by using the formula

33
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Table l.--Parameter Combinations Selected for Simulation Study.

1
. ! 2 2 r r
P . .
opulation h BW EP EW. GBW.EP GBW.EW
I -.6 .5
I1 .4 .3 .5 -.4 .3
III -.2 .2
v -.6 .5
\ .3 .2 .3 -.4 .3
VI -.2 .2
VII -.6 .5
VIII .1 .1 .1 -.4 .3
IX -.2 .2
presented by Falconer (1960): AGl =1 hi oPl, where i is selection

intensity, h2 is heritability for body weight and OP_ is phenotypic

1 1

standard deviation of body weight.
Genetic change on egg production:

AG2 =3ih, h_ r

2 . . Lo
1B G12 0P2, where h2 is the heritability for egg

production, rG is the genetic correlation between body weight and

12

egg production and OP_ is the standard deviation of egg production.

2

Genetic change on egg weight:

AG3 =i h, h_, xG, _ oP_, where n? is the heritability for egg

13 13 3 3

weight, rG is the genetic correlation between body weight and egg

13

weight and OP_. is the standard deviation of egg weight. From this

3
point subscripts 1, 2 and 3 will be used to indicate body weight, egg
production and egg weight respectively.

The selection intensity was obtained from the table presented

by Becker (1975). Selection intensity for males and females were
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2.589 and 1.647 respectively, where 1.25% males and 12.5% females were
selected for breeding.

The prediction of mean genetic change on body weight as a direct
response to selection was more precise than the prediction for egg
production and egg weight, both as correlated responses. This pro-
bably happened because the correlated responses.were affected more by
random chance than the direct response.

The prediction of mean genetic change for egg weight as
correlated response due to positive genetic correlation was more
accurate compared to the prediction of egg production as correlated
response due to negative genetic correlation.

Despite a larger random error that seemed to affect data of
population IV, when the genetic correlation between body weight and
egg weight was low (.2) the accuracy of prediction was somewhat less,
a result also indicated by Clayton et al. (1957).

The mean genetic change in egg production was predicted
accurately when the heritabilities were low and even more so when
genetic correlation was also low. Under high heritabilities the
prediction was poor, especially in combination with high negative
genetic correlation.

As expected, the mean genetic change in body weight increased
as the heritability increased from .1, .3 to .4. Within the same
levels of heritabilities of body weight, egg production and egg weight,
the observed correlated responses on egg production and egg weight
were increased as the magnitude of genetic correlation increased.

Under the same level of genetic correlation of body weight and egg
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production and body weight and egg weight, the correlated responses on
egg production and egg weight were increased as the heritability
increased.

The effect of the magnitude of the genetic correlation on the
correlated responses depends on the level of heritability of the two
traits. The effect is greater in combination with higher heritability.
Further, combination between the highest heritability and the highest
genetic correlation gave the highest mean genetic change on correlated
traits as was expected. However, the observed value of mean genetic
change on egg production in population I was somewhat deviate, probably
due to randam chance.

Mean genetic change when selection index
was used in females (Method II)

The expected and observed mean genetic change on body weight
and egg production are presented in Table 3.

In the offspring population the expected mean genetic change
on body weight and egg production was calculated as the average genetic

change contributed by male and female parents.
- AGM + AGF
2

AGO

Where subscripts 0, M and F stand for offspring, male and female
respectively, and AG is the expected genetic change.

Males were selected based on their own phenotypic value of
body weight, where 1.25% of males were saved for parents. The expected
genetic change of body weight in males was calculated as

. .2
AGMl =i hl OPl
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and the mean genetic change of egg production in males was calculated
as the correlated response, so
= i h
AG i hl 5 rG12 oP

M2 2

Selection on female parents was based on the non restricted
index value, which was calculated based on the method presented by
Hazel (1943). The expected genetic change on body weight and egg

production was then calculated according to VanVleck (1976).

AGpl _ Cov(Gl;I) i
o1
_ Cov(G,,I) i
AGFZ— 2

(01

2
where, Cov (G, ,I) b.o G, + b2CovG

1 1 1 12

2
+
b2 G2 blCovG12

"

Cov (G2 /1)

and b1 and b2 are the index weighting factors. The variance of index
. 2 2 2 2 2

: = + +
is calculated as: © b, o P, b2 o P, 2 bl b2 Cov P

I 1 12

Table 3 shows close agreement between the expected and observed
values of genetic change on body weight and egg production, due to the
fact that the genetic and phenotypic variances and covariances indicated
no.trends over times. However, random chance seems to affect more the
genetic change in egg production as a trait correlated to body weight,
and the prediction for body weight was more accurate.

Within the same heritabilities, the highest mean genetic change
on body weight was when the negative genetic correlation was the lowest.

But genetic change of egg production was highest but negative when the
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negative genetic correlation was the highest. And when the genetic
correlation was low (-.2), a positive genetic change on egg production
was observed. Apparently when a small negative correlation was the
case, the selection index was effective in preventing a negative genetic
change on one trait but also tended to decrease a positive change on

the other trait.

Table 3.--Expected and Observed of Mean Genetic Change on Body Weight
and Egg Production per Generation when Selection Index
Was Used in Females.

t
: AGl (Kg) AG2 (unit eggq)
Popula-
tion
Expected Observed Expected Observed
I .1469 .1721 -1.7083 -1.1053
II .1362 .1503 -.3875 -.7506
II1 .1516 .1766 .0683 .0627
v .1141 .1223 -1.1571 -.8502
\ .1140 .1311 -.5710 -.4621
VI .1160 .1379 -.0408 .1830
VII .0306 .0312 -.2658 -.2337
VIII .0330 .0393 -.0790 -.0734
IX .0353 .0373 .1066 .1979
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Mean genetic change when restricted
selection index was used in females
(Method III)

Restricted selection index was constructed to impose no
change in egg production while selecting for body weight.

The expected and observed mean genetic change in body weight
and egg production are presented in Table 4. To obtain the expected
value of genetic change the same formula as was applied when selection
index was used. The b value was the index weighting factor in the
restricted selection index equation. The observed and expected
values showed a close agreement. Only females were selected based on
the restricted index values. Selection on males were based on their
own phenotypic value of body weight which caused a correlated response
on egg production.

The theoretical expectation showed that the restricted
selection index was effective in holding the mean genetic change on
egg production in females close to zero (Table 5). An exact zero
value was not obtained, although a zero covariance between genetic
egg production and index was imposed, probably because of rounding
errors. Mean genetic change of egg production contributed by females
was trivial but males were selected in a different way. Males contri-
buted half of the genetic value of egg production and this caused the
change. The genetic contribution from males was large as the
selection intensity was high especially when the heritabilities of
two traits and the genetic correlation were high.

Data from the phenotypic mean in Tables (13, 14, 15) showed

that the restricted selection index was quite effective when the
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Table 4.--Expected and Observed of Mean Genetic Change on Body

Weight and Egg Production per Generation When Restricted

Selection Index was Used in Females.

AG. (Kqg) AG,_ (unit egg)
1 2
Popula-
tion
Expected Observed Expected Observed

I .1315 .1538 -1.3452 -.8821
II .1652 .1811 -1.2176 -1.0017
III .1661 .1858 -.4479 -.6032
v .1051 .1292 -.9501 -1.0060
\Y .1165 .1298 -.6339 -.4979
\'as .1243 .1506 -.3213 -.5210
VII .0352 .0374 -.3869 -.0459
VIII .0383 .0388 -.257¢9 -.4164
IX . 0415 .0395 -.1278 -.1586

Table 5.--Mean Genetic Change on Egg Production in Females under

Restricted Selection Index.

Population AG2l
I .0000
II .0000
ITI .0010
Iv .0023
\Y .0006
VI .0006
VII .0028
VIII .0021
IX .0034

AG2

1This expected value of AG

- Cov(Gz,I)i
g
I

2

was calculated by the formula



42

heritabilities of both traits were .1, especially when the genetic
correlation was -.2.

The values in Table 4 showed that within the same heritabi-
lities, the genetic change on body weight was the highest when combined
with the lowest negative genetic correlation. But the highest negative
genetic change in egg production was observed with the highest genetic
correlation.

Mean genetic change when two stage

selection was used in females
(Method 1IV)

The method of two stage selection or independent culling
level was used to select females for parents.

The expected and observed values of mean genetic change are
presented in Table 6. The observed values were in close agreement
with the expected values. This table shows that the genetic change
in body weight can be predicted more precisely than the genetic
change on egg production. The latter was affected more by random
chance as explained before.

The expected genetic changes in females were calculated

following the approach of Harvey and Bearden (1962).

2
0Gpy = (@) hy +a, G, h) h))oP)
AG.. = (a. h° + & rG.. h. h.) OP. and
F2 22 1 7712 1 2 2
= 17 P, 1,7tP) 00
%y 2 o, 2
1-rP 2 1-r'p

12 12



43

Table 6.--Expected and Observed Genetic Change of Body Weight and
Egg Production per Generation when Two Stage Selection
was Used in Females.

K AG it
Popula- AGl (Kg) 2 (unit egg)
tion
Expected Observed Expected Observed
I .1555 .1565 -1.7735 -1.0439
I1I .1461 .1474 -.6383 -.6015
III .1507 .1674 -.0099 -.0384
v . 0955 .1148 -.9529 -.7984
\Y .1156 .1204 -.5010 -.6750
VI .1128 .1241 -.0456 -.2791
VII .0338 .0405 -.3669 -.4019
VIII . 0355 .0423 -.1729 -.2008
IX .0371 .0389 -.0126 -.0878

Where, il and i2 are the selection intensities for body weight and egg

production, which are 1.27 and .80 respectively (Becker, 1975). And

rP12 is the phenotypic correlation between the two traits, calculated

according to the formula (Falconer, 1960)

= +
rP12 hl h2 rG12 e1 e2 rBl2
Assumption was made that the environmental correlation (rElz) was
equal to zero. So rP12 = hl h2 rG12

The genetic change of males was calculated with the same

procedure as already explained.
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The values in Table 6 showed that within the same levels of
heritabilities the mean genetic changes of body weight were more when
the genetic correlation was lowest. The negative change on egg
production was small when the correlation was low (-.2).

Harvey and Bearden (1962) also presented the formula to calcu-
late the expected correlated response for the unselected trait.

The correlated response on egg weight can be calculated as follows:

= +
AG3 al rG hl h3 a3 rG23 h2 h3

However as in this study, the value of rG__, correlation of egg

23
production and egg weight, was not known in the population so the
expected values of the correlated response can't be obtained,

Change of the phenotypic mean under
different method of selections

The changes of the phenotypic mean in different populations
under different method of selections are presented in Table 7 to
Table 15. From this point method I, II, III, or IV designates
how females were selected: mass selection (method I), selection
index (method II), restricted selection index (method III), independent
culling level (method 1IV).

Mass selection in all populations was very effective in
increasing the mean of body weight, obviously because selection was on
the additive genetic variation. The percent of improvement was nearly
double when the heritability of body weight was .4, and was about 75%
and 25% when heritability was .3 and .l respectively. The correlated
responses in egg production and egg weight were as expected. Egg pro-

duction was declining due to negative genetic correlation between body
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weight and egg production. And the positive genetic correlation
between body weight and egg weight caused a positive correlated
response on egg weight.

The percent decline of egg production at generation ten was
16.9%, 16.9%, 8.4%, 15.5%, 8.6%, 4.5%, 6.1%, 4.3% and 1.3% in
populations 1 to 9 respectively. The corresponding percent increase
of egg weight was 45.5%, 26.4%, 15.3%, 33.8%, 21.7%, 15.0%, 8.4%,

7.6% and 7.4%.

In some populations the percent decline in egg production
was noticeable when the heritability and the genetic correlation were
high, but the response to selection on body weight was also high.

For example in population I the average decline of egg production per
generation was about 1.7%. At generation 10, the mean body weight
was 3.26 kg and it seems that a good marketable size of livebird is
around 3 kg. If this method is going to be applied then, should
selection be continued after 10 generations on the same direction

if egg production continues to decline while body weight continues to
increase? Or, should selection be changed by keeping body weight
constant while improving egg production? To answer this question, one
needs to identify which of these nine simulated populations the native
chicken population is most likely to resemble.

Selection using selection index showed that mean body weight
was increased and egg production declined. Though egg weight was not
subjected to selection, mean egg weight was also increased as a cor-
related response due to positive genetic correlation with body weight.

The purpose of using selection index is to select body weight

and egg production simultaneously to get a maximum total economic



46

STaAST burTTno juspuadsput
X3pUT UOTIODTIS POIOTIISSAI
X9pPUT UOT3O9TSS

:AI DPOY3ISW
:III POYIawW
:II POYISH

UOT309T9S Ssew ] POY3ISH
TZET €S ¥9¢€8°SS SLYY°SS T19€°9S €0EP°€6 €609 °96 POET €6 €200°68 LYSO°E €100°€ £€6ZT°¢ 16SZ°¢ ot
S600° 1S 6SST°PS ELTIB ES 6890°SS 2606 °v6 €£85°96 168S €6 €289°06 y868°C 6S€E8°C 29L0°¢ 1 L1498 % 6
SBE6°6V [ 444" 2 € scov-zs £66T1°€S 98Z¢€ " 96 T1€09°L6 L129°56 vL6Z°26 €9€L"°T S8p9°C 0S88°C peET6°Z 8
zoez 8y 981€ "6¥ 6Z1Z°6V 090V °2ZS LEVZ L6 6929 °86 SPv0°96 688S°€£6 1009°2 L11:] Ak 4 S9EL"T 1 ¥4 788 4 L
T60L" LY €899°LY SOLS LY €LST°0S 6819°L6 88L9°86 Z198°L6 8L98 °v6 ovey ¢ T10€°2 90€5°C 108S°C 9
LOZ6°PY 8800° 9% z628°SP 0€ZS LY 6ELD 86 L80T°001 1529°66 82ZL"°96 [:1 %4 4 (1] 19 G4 oTveE T 9ZLE T S
6008°€b 6BET° VP CESS°EY 0869°S¥ 10T1Z°001 2S£9°001 1S0Z°00T LI9EP 86 182 84 £pZo°2 9Z91°¢ 19vz°2 14
899r "1V 9TIL TV 8681°ZYy 9819°tY T06L°T0T 9¥Z8 10T 8L1Y°00T STSZ "001 L186°1 9€06 "1 8zZ10°¢Z [X4{'hx4 €
6526 °6¢ ZS06°0% 1€68°6¢€ L9v6° 0P 86¥b 20T 6£56 €01 S09T° 20T 0e88 " 101 0008 °T 98sYL" 1 S6€8°1 z1Z8°1 4
6LSh "8E LS99°8€ 9269 °8¢ S6ZL "8t 9Zv6°€0T SOTT VOt S800 °t01 1289°€01 LYy9°1 1809°1 ZeL9°1 LLv9't 1
Al III II I Al III II 1 Al III II I uorie
~-13Ud9
(by) 3ybtemMm Apod Poy3a

(b) 3ybram 663

(bbe 3Tun) uotjonpoad bbd

“UOT3DITIS JO SPOYIIW U133 3Ta I3pun I uotrjzeyndod uy ybiom 663 pue uoylonpoad bbz ‘ybraM Apog JO sueay--°; ITqel



sToA9T burTTno juspuadsapuTr :AI POYISH
XOpUT UOT3D9T3S Pa3dTa3sax :III POYISKH
X9pUT UOT3OST3S :II POYISH

UOT3O3T3S Ssew :I  POYISK

47

06€S °0S 06TL LY 66v0°6V yoze-8y Z8LL L6 TT19L°S6 616b°L6 Ze10°98 6£56°C vevzZ- € 60v0°€ LB6Z € ot
09€T°6¥ 9680 "9V [ g:1 31 90LT LY 919S "86 18Z€°96 oL88 L6 SSEZ 88 6SSL°T 6680 "€ L188°2 9ZET'E 6
v1S9°LY 1434 A4 €2s6°LY 098¢t " Sb €126°86 £008°L6 0205°66 1605 °06 (4 ¢4° i 4 6668°C 1989 °2 pES6°T 8
¥889 "9v 1899°¢€d 9886 °Sb 6€0Z° Y 1Z88°66 020T°66 €549°001 y09¢€ “Z6 Teov°e €L69°2 88€S°T £9€8°2 L
ZhES VY L6BT"ZY 9ZS8 v TeLz ey 6LL9°001 0SLT°66 Z€91° 10T ZL60° D6 950¢ °T LLOS T 09€€ 2 vzeo e 9
SL6L EY 60PE " 1d Lz8Yzvy vzs8 1y pvEL" 00T 60LZ°00T €€£8°T01 S9¢£0°96 L9LI 2 vi9z-ez [1:1 484 LBEY°C S
9609°Zv v010° 0% qeze“CY 9ZL8 ob 6Zv9°10T 9Z8S " 101 9119°201 zZ0L"L6 6S£0°C 2580°2 Tweeo°e 90LZ T v
L66T 0V 8062 ° 8¢ €z v €619°0¢ €€0Z° 101 v6LE 20T 62sZ°20T 9Zv0°66 SLT16°T €826°1 y188°1 6290°C €
$999°8¢ 6T1€6°9¢ LS08°6¢ 966¢ °6€ 89T1°2Z0T 96L8° €01 €16Z°£0T 622€ 101 zoLL°tT | resLt SLSL'1 9898 °1 [4
1818 "8¢€ £598°9¢ 91eL 8¢ 661Z 8¢ 6£€8°Z01 €S8L° V0T 80Z1°vol 90FV° €01 €929°1 9819°T €679°T 6999°T1 1
Al III II I Al III I1 I AL I1I II I
(b) 3ybrom bbd (63 3TUn) uoT3lONpPOId HbF (bx) 3ybrem Apod

"UOT3II3[IS JO SPOYIIW IUSI3IITA I3pun II uorzerndod ur ybyam 663 pue uoyjonpoag bb3 ‘ybyam Apog suean--°g Iarqel



48

sToA9T BurTTno juspuadsputr :AI POYISW
X39pUT UOT3O9TOS PO3IOTIISOIT  :III POYISW
X9pUuT UOT3O9T3S :II POYISH
UOT3}OO9T9S Ssew T POY3ISW
€9L0° €Y vec6 LY SL89 by B8ET9°EPD €96S°v0T 1165 °86 20SS°S0T Z90T1°v6 98ET ‘€ osveE “¢ Z602°¢ 14 2730 3 ot
ETLOEY LesL Ly a8ssy vy zz08°¢y 6629 P01 €91£°66 9829°v01 650L°S6 €296°C T102°¢€ Z0S0°€ pozZ1°€ 6
v8SS° T 0680° LY LOET €Y 68ZL°CY S8€Z°S0T 8vv6°86 2926 °v0T QSP6°S6 LIbL ¢ SO0E0°€ 1198°2 1vz6°C 8
LYLE TV 1819°SV [ACI SRS 4 €0TY "1y ¥895°S0T 898 86 ST6L €01 9b0L " 96 2S09°2 LO6L"°T SyoL T 6IvL "2 L
009S° 0% L6EG VY OVLT €V 9LZ9° 0% 85S1°S0T $929°66 616S°¥0T 2250°L6 [£13 A4 €209°2 8529°C 8L85°2 9
8900°0% 9118 td 1€8S° 1Y 8c0oz°ob SETT°SOT 660Z°T0T 6TET V0T TLEL L6 g€162°2 800v°Z 6TeEE"T 194 Ak 4 S
Q9ZV°6€ 68S0°€EY L6ET 0P ZSET OV 90L9°p0T €zpz-zot 9v6€° V0T 1962 °66 [3°]1 2 G4 89¢cz ¢ TIST°C voze -z v
€9T12Z°6¢€ 8L9C TV TSLT°6E 0Z88°8¢€ S09¥°p01 T0T1Z°€0T TET6°P0T 0L6T°TOT osye°1 €6L0°C vss6°1 vs10°2 €
90L0 8¢ 0S99°0% (471 2401 0LSS "8¢€ 9sTv°voT ¥¥96 "€01 €062 °v01 Ze9z 10l 9818°1 6sL8°1 968L°1 €828°1 [4
€199 °LE €L28°8¢E LLTIL LE z62Z8°LE L08L P01 908T1°¥0T 6veE8 " YOT ogzL-zot 2z€9°1 Lv99°1 L919°1 1999° T 1
A III II I AL III II I Al III II I uorae
S C1IET)
(b) 3ybtsm bb3 (bba 3TUN) uot3zdNpoad bbI (by) 3ybTOM Apod PoyIBN

“UOT303[8S JO SPOYISW JIUII8JITA Iapun III uoyjzerndod uy ybyam 663 pue uorjzonpoad bba ‘ybrom Apog sueay--°g S1qel



49

ST9A3T burTTno juspuadsput
XSpUT UOT3IOI[IS Po3OTIISII
X9pUT UOT3O9TSS

:AI POYISH
:III POYISH
:II POYISH

UOT3O9TO9S ssew I  POYISH
OLEP (P | 68L0°TS | OETO'0S | ZBIZ'0S | 860696 685Y°56 0££9°56 £868°L8 6959°z | ceeecz | essLcz | ovee'e ot
1985°9% | 09zZ1°0S | 9906°8v | LL9T°8V | ZEBI"L6 €6L9°96 0Z91°96 €T1EV°06 9895z | S9L9°CT | ves9T | €zEL'e 6
L0ZS Sy | LOEEBY | ZBT6°LV | OLL6"9V | S9VV°86 1280°86 8 L6 6£29°26 ve9v'z | 9vIs-z | 881"z | §595°Z 8
8LVO°SY | 698L°9v | 0065°9v | 9909°Sy | 8£Z6°86 ££98°66 TT18°L6 6602°¥6 €89€°7 | szs8ez | es6e€°z | 9zsv°z L
9520°vy | BTLL WY | ZLIE"SP | SEEL°®Y | L2ZZS°OOT | 8ZPT'0OT | 6VTS°86 »11S5°96 £5€2°C | eoLz'z | resz T | voOE°Z 9
9TzE"Zy | OVIP'EY | LTSL by | ST9Z'€v | 9TPT 20T | SL6p"TOT | vZ80°66 9v88°L6 €£20T°C | TIET"Z | LTLT°z | v89T°Z S
O€zZLOv | zesEZy | OZLLTEV | €996°2¥ | 60SL°20T | 8128°TOT | L2ZBL'66 £909°66 88v6°T | 90z0°Z | t9v0°Z | 2ZUL0°Z v
0S9T°0v | LSTT'Tv | 8.82°ZF | 90TT'TP | SEBT'EOT | $ZIL°ZOT | LSLS°0OT | £0S9°00T | 69z8°T | 6806°T | Tve6'T | S2€6°T €
9v8Z°"6€ | TZ06°6E | 6VEL°OV | PVEZ'6€ | TZB6EOT | PELIEOT | L9pSTOT | 8LSL°TOT | 8669°T | 8v9L°T | Zz18°T | 9608°1 14
T00L°L€ | 6989°8E | BSOE'6E | 0LZS'LE | TOSB'€OT | ZOEZ'VOT | (9T19°Z0T | 6166°€0T | €TZ9°T | 6pT9°T | T999°T | 8629°T 1
AT 111 I I Al III II I Al 111 I I .uwwww
(b) 3ybtem bb3 (bba 3Tun) uoTjonpoad bbdA (by) aybtam Apog poy3d

“uOT3IO3T3S JO SPOYIIW JU31333ITQ Iapun AI uorjerndod utr ybram bb3g pue uoryonpoad 663 ‘Iybram Apod suesy--°Q1 @1qel



ST9A3T buTTINO jJuapuadapur :AI POUISKH
XOpUT UOT3IOSTSS Paj3dTIISaI  :III POYISW
XSpUT UOTIOD[S3S II POY3ISMW

UOT3O09[3S Ssew I  POYanW

50

€pTs 9 (14324 4 czsvvy EZET LY 8v26°86 1969°66 SSv1°66 19¢2°S6 osvLZ LvoL-e 6€6L°Z €298°C o1
6SL6°SY ze60°ZY LSLY VY T826° 9% SVS6°66 9v€£9°001 91TL " 86 €262 °96 vo19°2 00¥9°2 LTL9°C SEvL T 6
156S°S¥ 9sv6 " 1V 1065 "€V 89T¢E "9V Z9Z¥ 00T 110 °00T 8616 °86 979S°L6 T61S°C 662S°¢C zees e $686 °Z 8
cEPT SY 1592 1% bvéey-zv 8919° vy T€58°66 S9LS 10T 0ZZ0°66 TILL 66 9zov 2 z88¢°C 9L8€ "2 | X4:] Ax4 L
8zs0°"sy TsLe 1Y 8609°1v Z61Z° vy €L99°001 816S " TOT TIT1L 66 YSLL 66 Ly8e- Z892°C [4 414 T129¢°C 9
VETZO6°EY 6€69°0V €ECT 1Y 981IL°EY 9ZsT 101 8821°2Z01 S8€L°00T 8v88°66 88S1°¢ 6SET"Z LETT T 9LET " S
vLvTCEY 9¥Z6° 8¢ S6L9° 6t vesz Ty ey 10T LETL 20T 8z€TZo1 0Z81°T0T L6€0°2Z 0Tt10°¢ €286°1 9680°C v
LBLE"ZY LTTIS LE L6TT OV 6€£S0° TV €185 ° 101 09LS°201 119€ "Z01 STZE 10T L6€6°T Z€68° 1 T698°1 1L86°1 €
ZELO TP LyZY LE cLEY 6t SZ6v°6¢ 6506°201 166€°€0T THT1- €01 vveL-zotl 0€08° T [2TTA €2SL°T T9LL°T 4
LEBIY 6E Tv09°LE 0665 "8¢ 9LeL 8t 8Z6Z° 901 LETT pOT S8LT €01 89zZ°vo1 6599°1 L565°1 €609°1T T1099°1 1
Al III II I Al III II I Al IIT II I
(b) 3ybram bba (65 3Tun) uoT3lONpPOId HbI (b) 3ybtem Apog

TUOTIIBTIS JO SPOYIAW IUIIBIITQ I9pun A uorzerndod ut 3Iybram H6I pue uoT3Idnpoxd bb3 ‘Iybram Apog suean--1T ITqel



51

sSTeAaT burTIno juapuadaput
X9pUT UOT3O9TOS Paj3oTIISa
X39pPUT UOT3OOTSS

:AI POYISKW
:III POYISW
:II POYISW

uoT3oaT9sS Ssew :I  POYIOW
BzsL' Ty | Toe9'zv | esss'ec | €soewy | zoez'tor | 6z09'66 | ocoe'sor | ooto'ee | 6oLz | zs96°z | czes'z | ewiecz o1
oseo'ov | e6st9-zv | zzzetee | seoctey | osov-tor | Lie6°66 | svez-9or | srzotoor | sevorz | eccerz | s9sLcz | oswe-z 6
zetw-6e | secz'ey | €v0T'6€ | 8659°Z¢ | 606L°TOT | €96¥°00T | 9T9p'90T | cTIt0°ToT | €1ss°z | €sTe'z | c299°z | 9069°2 8
66,6°8€ | vLvo-zy | ssce-se | 6stz-zy | esTr-zor | eter-tot | wecvroor | evezetor | 9ewv-z | ecescz | weos'z | ousscz L
seez-ee | T.06°Tv | 9es9 e | vete'ov | soze'zor | ceosttor | worr-9or | sewiczotr | wweztz | cveecz | evoccz | ostvz 9
2eetee | 9s61°1v | tsoc'se | €8cotor | ovoeczor | otos-tor | 9s9steor | coos-tor | svstz | ewz'z | zeozrz | seeoz-z s
ccLo'6c | 695T°0v | Lvzeoe | 68zoop | 6Lse €Ol | 99v9-zoT | eovsisor | zecetzor | seso'z | esco'z | 2scotz | wettcz v
2009°8¢ | 6669°6€ | Tsvz'se | sooetov | coe'eor | 96co'vor | ozee'sor | c9e69-cor | sctert | vese't | evze'r | zzee't €
tsoese | szze'se | vewv'se | e6zL6€ | €9TL €0l | osseteor | zett'sot | oseeteor | ooo T | Toec't | weor't | serect ¢
1908°2€ | v8LT'8E | zevi'ec | BsLs-ec | eewp-col | Tszi-por | wrierwor | szisceor | zzsor | wetetr | cce9r | zesert 1
AL III II I AL III II I AL III II I uorae
-23Ua39
(b) ubTSM BbI (ba 3Tun) uoT3loNpPoad bbI (b3) 3ybroM Apod POYIBN

UOT3DI[3S JO SPOYI3W JUAI3IJTA Iapun IA uorjerndod ur ybiam HH3 pue uorjonpoad bb3 ‘3ybroam Apog suean--°z1 o1qel



52

sToA9T burlTino juspuadeput
X9pPUT UOT3OSTOS pPajzdTII3sax
X9pUT UOT3DIT3S

:AI POY3ISH
:III POYISKW
:II POYISH

UOT]O9TdS Ssew :] POU3ISH
€589 °Ch L690°TY €190° TV LE6TE TPV ZSSZ 00T €v60°001 Z1es 101 990T 86 Zv96°1 S9v6°1 SoT6°1 6800°C oT1
86L6° 1Y »608°0¥ »98S5° 0% F4-14 A14 LZT19°00T1 6S0T°00T 28S6° 10T €0T1Z°66 mwes8"°1 9€88°1 68.8°T £€0S6°T 6
8veE9 "IV €SZL" 6E Sves-ov €£280°0V 6L66°001 SZLv 001 85Ty z0o1 Z€96°66 0568°T p1s8°1 €9v8° 1 TL68°T 8
z891°1v 00€L "8€ 661V° 0V 1996 °6¢€ 90Z8° 101 9¥69 " 10T £998° 10T LL19°00T1 99181 poT8°1 2z28°1 0998° 1 L
Z8€EL° 0P Z8TL"8E ZeT10°0v 988F " 6€ L89¢°Z0T 8801°20T 1724 Ak 4i)s 106S "T101 [ 74T 80LL"T 9s88L "1 SEI8° 1 9
€250°0% 8L0¢E “8¢E $98L°6¢ Z7S0°6€ 8y1L°201 L818°20T §916°201 pTLE "TOT [ X4 7 6969°1 SLsLt 009¢L°T S
606G °6¢€ B8ETB°LE ZLEL"6E 08Z€ °"6€ 6STEE0T S69T1°€0T T0LE "2ZO0T 006S “Z0T €v69°1 0L99°T G9€EL"T 90€L°T 4
0620 °6€ 6SL9°LE 6905 °6€ £6S8°8€ 2960°£01 €TT1Z°€0T TZZZ €01 SEPS "€0T 9€69° 1 Zre9°1 S989°T ZL69°T €
G20§°8¢ L89€ " 8E v00¢t “6¢€ 6SPZ- 8¢t LL9Z €01 6TLY €01 2G2S E0T 0€zZo POt 2929°1 €2€9°1 2059 °1 61€9°1 4
180 ° 8¢ T98S°LE TTZL" 8L 9peET "8¢C 9825 €01 ¥L9S €01 LG9E€ "€0T SE6Y YOI LE6S T €L09°T €629°1 T16S°1 1

Al III II I Al III II I Al III II I
(b) 3ybram bba (b3 3Tun) uor3zonpoad bbI (b)) 3ybtem Apod

“UOT3D9[3S JO SPOY3ISdW 3U3I3FITQ 13pun IIA uorjerndod ur 3ybram bb63 pue uorizonpoad bb3 ‘Iybrom Apog sueay--°g¢1 ITqel



53

STaAST BUTTINO juspuadaput
X9pUT UOTIOD[SS PajdTIISaX

XOpUT UOT3O8[dS

:AT POY3ISW
:III POY3IaN
:II POYISKH

UOT3O09T9S ssew :I POY3ISKW
¥8LT TV 14440014 L6PE OV €ZEO" TV o6v8 10T 8886 °001 1vs8 €01 Z115°66 2296°1 €296°T 6vL6°T LY00°T ot
[ ¥ 249114 bovL 6€ 1213014 1€9v -0V 9681 201 Z868°001 0LL8 " ¢01 6106°66 8126°1 88161 G8Z6°T1 SSL6°1 6
LOBE OV 82Z9°6¢ 9€L8°6€ 8v10° 0V L660°€0T ovLO°TOT vTlT1Z° P01 €956 00T 6LLB"1 9zL8" 1 TEL8 T S0T6°1 8
9Zro-ovy LT90°6€ TOEL"6€E €€55°6€ €986 ° 20T 61¢6° 10T S8SL°YOT L8Z° 101 86Z8°1 1s28°1 Z918°1 €8(8°T L
ozI0°0d 6v08° 8¢ 0€S6°8¢ T6ET°6€E 09sT €01 6L£6°T0T LTIP P01 €9v0°20T1 SS6L°1 0008°T 9¢SL°T LS28°1 9
6929°6¢€ €Z€Z°8E TT6T1°6¢ v08¢€ "6¢€ 69L0°¢0T 6L15°20T 9peEE"VOT 60T€ "2Z0T [ 21781 909L T 8EZL T 8veL 1 S
€080 °6€ YOEY " 8¢ 8¢08° 8¢ LOP0°6¢€ $826°701 8£95°201 L6LT YOI 05£6°20T SLIL T 414 90TL"T €L "1 14
6889 ° 8¢ LBE0 "8t [1: T4 3 : 13 08v9 8¢t 1802 "€01 TLL8°zot LoZL €01 9160 €01 S6L9°T L9 1 €6L(9°1 SL69°1 €
L080 *8€E 198¢ " 8¢ 61S¥°8€ L967 " 8¢ SLOE"E0T 80€€ " €0T Z120°pOT [ 243 SR A0 D ¢ €619° 1 1229°1 1229°1 9069°T 4
t44 t4:1 00Z6°LE T€1E 8¢ 6821 8¢ 8bSL €01 L9ZL €01 G886 °€0T S£66 " £0T v09°1 0LT19°T €619°T 9pZ9°1 T
Al III II 1 Al III II I Al III II I |”M..MWM
(b) 3ybtem bba (bbe 3Tun) uor3lonpoad 663 (631) aybTeMm Apod PoYIan

"UOT3IDI[IS JO SPOYIdW JUSIFJITA IapuNl IIIA uorjerndod ur 3ybram bbz pue uoyjonpoxd bbbz ‘ybyam Apog sueal--"pT OTqEl



54

SToAST burTTno juapuadspurt
X9puT UOT3O9T8S PajzdTIISaT

XOpUT UOT3OITSS

:AI POYISW
:III POYISW
:II POYISKW

UOT309T9S Sseul I POYJIONW
LSGh 6€ 1528°8¢ 6€ESb 6€ STIZ 1Y S9€9 €01 9ZZ9°2Z01 956 °S0T 2€98°201 2856°1 0296 °T SvLe°t ovzo°z (0]
980€ *6€ €£pS€°8E vZve- 6t 98E1° TV 0889°¢0T €1€S 20T 0oLY9°SO1 7288°201 SL06°T LST6°1 €996 ' 1 75996 "1 6
SSTTI"6€ 9¢£ES "8t 60€£Z°6¢ 2069°0v 6v8€ €01 ZEpSZoT 029801 S60€ "£0T 6288 °1 6998°1 vees8 1 zzZv6°1 8
€£L89°8€ 0€€9° 8¢ 0LS0°6€ LSST OY 6LPT €01 2€99°201 pZ19°v01 6TLT €01 1414: M 8 9668°T 89.8°1 81061 L
£6£8°8¢€ LZSY " 8E y0oZT1°6¢t STTIT 0P 98v8° €01 6Zvy €01 £6S0° P01 oeeB8 €01 868L°T 996L° 1 8yre 1 0oEp8°1 9
99.6°8¢ 0Lz1°8¢ 0S6L°8¢ LTT16°6€ Z6S8°€0T1 Z910°v01 S02ZZ°v01 Z6vS €01 98G6L° 1 S9S6L°T 2908°1 6108°1T S
09ve "8¢ Ly81 "8t Z6LS " 8E Z185°6¢ G1S8°¢0T 0018°€0T 8568° €01 LEVD"EOT €T1ZL"T 982ZL"1 SGLL°1 visL'1 v
9Z9¢ "8¢ 9602 " 8¢ OTTYy - 8¢t SS9Z "6€ $829°¢0T 1506 " €0T y129°v0T ¥SB8Z €01 9899°1 oLt €6TL°T Tz 1 €
L9ZT "8t PETT " 8E 8Z01°8¢ 08Z8°8¢€ 69p6°€0T ETLE POT LLYZ vo1 B8SBE €01 8529°1 6€EV9°1 8£99°1 9589°1 [4
L680°8¢ LE9B"LE 8158°LE zZLe 8t 099L° €01 ovvs "voT Tv90 "vOT 0¢Z8T "pOT 8609°1 1219°1 18€9°1 6819°1 1
AL III 1I I AL III II I AL III II I
(b) 3ybtem bbI (bb3 3TUn) uoT3ONpPOId bHI (b3) 3ybtem Apog

*uOT3}I8T3S JO SPOYIAW IUIIBJFT@ I8pun XI uoTIerndod uT 3Iybram BbI pue uoy3IoNpoid bbI ‘IybramM Apog suesn--°GT STqel



55

response, and it was theorized that this method is never inferior
compared to other methods (Lush, 1942; Young, 1961; Finney, 1962).
Discussion on total economic response will be presented in later
part of this section.

At generation ten, the means body weight was improved by 92.9%,
87.8%, 98.5%, 65.4%, 73.6%, 76.0%, 17.3%, 22.0%, 20.5% in populations
1 to 10 respectively, and the corresponding decreased on egg production
in the same population was 9.6%, 6.4%, 0.0%, 6.8%, 4.0%, 0.0%, 1.8%,
0.0%, 0.0%. The mean egg weight was increased by 43.3%, 26.6%,
18.5%, 27.2%, 15.2%, 4.6%, 6.0%, 5.3%, 4.2% in populations 1 to 9
respectively.

In all populations the response on body weight was greater
under mass selection than selection index. The decline of mean egg
production and the increase of mean egg weight also were greater for
mass selection. These results were really obvious , as mass
selection was concentrated only on body weight but in
selection index method egg production was accounted for, which in
turn caused less decrease in egg production.

Further the results also indicated that the percent response
was dependent on the level of the heritabilities, the higher the
heritability the higher the response. The percent decrease and the
percent increase in egg production and egg weight, respectively,
showed a consistent pattern that within the same levels of herita-
bility the magnitude of percent response was ranked directly with the
magnitude of genetic correlation. However this pattern was not

clearly observed on percent response on body weight. In populations
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where the genetic correlation of body weight and egg production was
low (-.2) the percent decrease of egg production was equal to zero,
although the observed phenotypic means showed slight increase. It
seems that the effect of low negative genetic correlation in this
study is trivial and even selection using selection index eliminates
the effect to some extent.

The results from selection using restricted selection index
showed that mean body weight and egg weight were increased
although egg weight was not selected directly. Previously it was
shown that when the genetic change on egg production was calculated
using the theoretical expectation, this method should be successful
in preventing genetic change in egg production. However, the observed
phenotype showed that mean egg production was declining slightly.

The reason for this decline can be explained. Although restricted
selection index was successful in imposing no change on the mean
genetic egg production in female parents the index was not used in
selecting male parents. Thus it may be concluded that the genetic
change was contributed by male parents.

The percent decline of mean egg production at generation ten
was 7.2%, 8.6%, 5.4%, 8.4%, 4.2%, 4.3%, 3.4%, 2.6%, 1.8% in popu-
lations 1 to 9 respectively. The question whether the restricted
index selection in this study has been successful can't be answered by
experimental evidence.

In restricted selection index studies that have been reported
both males and females were selected the same way, as the traits were

expressed in both sexes. To improve this study males should also be
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selected using restricted selection index, where the necessary informa-
tion may come from family or progeny. All the information used to
construct the selection index for females come from individual data
but as the information in males did not, another restricted selection
index is needed.

The mean of body weight at generation ten was increased by
86.6%, 100.8%, 100.9%, 72.0%, 73.3%, 83.9%, 21.1%, 21.4%, 21.7% in
populations 1 to 9 respectively. The percent increase of mean egg
weight at generation ten was 44.9%, 29.4%, 23.5%, 32.0%, 13.4%, 11.8%,
9.3%, 6.7%, 2.5% in populations 1 to 9 respectively. Populations with
the higher heritability combinations showed more percent increase
on either body weight or egg weight. The magnitude of genetic corre-
lation between body and egg weight played a role in determining the
percent increase of egg weight. In populations with the same heri-
tability combinations, the higher the genetic correlation the higher
the percent increase.

For selection using independent culling levels, the results
showed that mean body weight and egg weight were increased, accom-
panied by a decrease in mean egg production. Mean body weight at
generation ten was increased by 85.7%, 81.7%, 92.3%, 63.9%, 64.8%,
67.5%, 23.2%, 22.3%, 21.6% in populations 1 to 9 respectively. The
mean egg production was decreased by 10.1%, 4.9%, 0.2%, 6.7%, 5.1%,
2.1%, 3.2%, 1.8%, 0.1% in populations 1 to 9 respectively. The
percent increase of mean egg weight was 38.4%, 30.2%, 14.7%, 25.8%,
17.2%, 10.4%, 11.7%, 7.8%, 3.6% in populations 1 to 9 respectively.

The method seems good in reducing the decline of egg pro-

duction to some extent, as egg production was also subjected to
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selection. The percent of decline was somewhat less than the

percent decline under mass selection. When genetic correlation between

body weight and egg production was low the decline was trivial,

especially in populations where low genetic correlation was combined

with low heritabilities. Obviously the percent increase in mean body

weight was a little less compared to what was obtained by mass

selection. Mean egg weight was increased due to correlated response.
Figures 1.1 to 1.9 show the changes of mean body weight and

egg production in populations 1 to 9 respectively. Figures 2.1 to

2.9 show the changes of egg weight and body weight.

Relative percent efficiencies of

different selection methods for
total economic response

The relative percent efficiency was calculated followed the
approach presented by Young (1961). For each method the total
econamic response was calculated as: Hi = al AGl + a, AG2
Where subscript i can be I, II, III, or IV indicated which method of
selections is considered. Here a; and a, are the economic value of
body weight and egg production respectively and AGl and AG2 are
genetic change of body weight and egg production.

Table 16 shows the expected and observed total response per
generation in economic units, where 1 unit equal to $.10. There was
close agreement between the expected and observed values in most cases.
Both the expected and observed value showed that combination of

heritabilities and magnitude of genetic correlation affected the

total economic response. This was true for all method of selection.
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Table 16.--The Expected and Observed of Total Response Per Generation
in Economic Unit. (1 unit = $.10)

ethod !
: II III Iv
Population
I 2.0339 1.9642 1.9423 2.114
o] 2.8768 3.1972 2.9629 2.8686
11 2.7677 3.0175 2.1874 3.0142
o] 2.6363 3.0069 3.5258 3.0835
III 3.5013 3.7217 3.5493 3.7576
o] 3.7558 4.3523 4.0418 4.1466
v 1.6211 1.6954 1.6774 1.4346
o) 1.5923 2.2073 2.2240 2.0716
Vv 2.1399 2.2790 2.2786 2.3890
o] 2.2901 2.8154 2.7471 2.3350
VI 2.6587 2.8592 2.7862 2.7744
o] 2.9984 2.8592 3.4437 2.8234
VII .4246 .4992 .4931 .4781
o] .4382 .5463 .8891 .6106
VIII E .6364 .7460 .6996 .7146
.5877 .9091 .5536 .8567
IX .8482 .9891 .9097 .9401
o] . 9600 1.1304 .8289 .8847
METHOD I Mass Selection
METHOD II : Selection Index
METHOD III Restricted Selection Index
METHOD IV Independent Culling Levels
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Within the same levels of heritabilities, the larger the genetic cor-
relation, the less the total economic response.

Table 17 shows the expected and observed relative percent
efficiency for total economic response for different selection methods.
Each value in the table was calculated as: (Hi/HII) X 100%

Where subscript i can be either I, II, III, or IV. Thus, selection
index was considered to be 100% efficient.

On the average the expected values and observed values indi-
cated that selection index method was better than the other three
methods. When the results from mass selection and selection index
were compared, the observed values showed that except in population VI
mass selection was about 20% less efficient. Here, in comparing
percent efficiency there was no indication of the effect of different
parameter combinations. Random error might be the cause for observed
value in population VI a little over 100%.

Is 20% less efficiency for mass selection too much to pay
for the simplicity and conveniences of the method? Selection index
requires genetic parameters such as heritabilities, genetic and
phenotypic correlations, and economic value of traits which have to be
made available before the index can be constructed. Further, experts
suggested that the index should be recalculated each cycle of
selection as the required genetic parameters might change due to
selection. Another thing to note is characteristic of selection
index, i.e., it has its greatest value only for a particular
population with particular economic values of traits which the index

is intended for.
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Table 17.--Relative Percent Efficiency of Different Selection Methods.

Method
I II 111 IV
Population
I E* 103.55 100 98.88 107.63
o* ' 89.98 100 92.67 89.72
II E ~91.72 100 72.49 99.89
0 ' 87.68 100 117.25 102.55
III E | 94.08 100 95.37 100.96
]
l .
) 86.29 100 92.86 95.27
|
v | 95.62 100 98.94 84.62
o) i 72.14 100 100.75 93.85
\% ! 93.89 100 99.98 104.83
0 ! 81. 34 100 97.57 82.93
l
VI ' 92.99 100 97.45 97.03
|
| 104.87 100 120.44 98.75
|
ViI ! 85.06 100 98.78 95.77
)
| 80.21 100 162.75 111.77
|
VIII E | 85.31 100 93.78 95.79
o} l 64.65 100 60.89 94.24
IX ! 85.75 100 91.97 95.05
{ 84.92 100 73.33 78.26
*E = Expected
*O = Observed
METHOD I : Mass Selection
METHOD I1I : Selection Index
METHOD III : Restricted Selection Index

METHOD IV : Independent Culling Levels
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The observed percent efficiency of restricted selection index
showed that this method was almost as efficient as when selection index
was used. However, in the populations where genetic correlation was
low the observed value seems subjected to larger random error which
made further interpretation difficult.

Independent culling method was somewhat less efficient than
selection index method. On the average this method was about 10% less
efficient. Using independent culling method the population size was
reduced after the first stage of selection where females were selected
for body weight at sexual maturity. At this stage only 25% females
were saved until the second stage where females were then selected for
egg production. From the number of females that entered the second
stage selection, 50% were saved for parents producing the same size
of breeding flock as when other methods were used. This means that
with this method the cost to maintain the flock was reduced 75%
compared to when selection index was used. The reduction of cost and
avoidance of the known complexity of constructing a selection index
seems more than enough to pay for the 10% loss in efficiency from
use of this method. 1In practice independent culling is as simple as
mass selection but the results in this study also indicated it's more
efficient than mass selection.

Genetic correlations during
selection study

The required genetic correlations, rG and G (subscript

12 13

1, 2 and 3 is for body weight, egg production and egg weight,

respectively) were first introduced when the base populations were
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generated, according to the simulation method presented in a previous
section. A separate run was made to check the sample values of

rGl2 and rGl3 for different parametric values of rG12 and rG13 required.
Table 18 shows the range of rG and rG for 30 sample populations with

12 13
sample size equal 132 individuals. These values indicated that the
simulation technique used to build up the required correlation was
successful, as the parametric values fall within the range of values
observed.

The second time the required genetic correlations were forced
in when the offspring populations were generated, with the procedure
already explained.

The genetic correlations in unselected offspring and selected
offspring in each generation were calculated as the product moment
correlation of genotypic values. For different selection methods the
genetic correlations in the unselected and selected offspring were
plotted together for every two generations and are presented in
figures 3.1 to 6.3. In all populations the genetic correlation was
maintained regardless of the method of selection, because the geno-
typic and phenotypic variances and covariances did not change
substantially.

Results from mass selection indicated that in all levels of
heritability used in this study truncation selection decreased the gene-
tic correlations in the selected offspring, except when the genetic
correlations were low (rG12 = -.2 and rGl3 = .2). Thus both the
positive or negative genetic correlation showed the same results.

The decrease of 1G and rG in the selected offspring were observed

12 13

more clearly when heritability of body weight = .4, rG12 = -.6 and
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Table 18.--Range of Sample Values of Genetic Correlation of Body
Weight and Egg Production and Body Weight and Egg Weight
in Base Population.*

2 2 2 Parametric Values Range of Sample Values
h h h
1 2 3
P 63 G2 63
-.6 .5 -.67 to -.41 .27 to .53
.4 .3 .5 -.4 .3 -.55 to -.25 .16 to .43
-.2 .2 -.31 to .01 .04 to .40
-.6 .5 -.69 to -.42 .31 to .66
.3 .2 3 -.4 .3 -.58 to -.26 .12 to .44
-.2 .2 -.39 to -.08 .03 to .38
-.6 .5 -.71 to -.52 .34 to .64
.1 1 .1 -.4 3 -.49 to -.23 .16 to .43
-.2 .2 -.36 to -.02 .08 to .37

132 individuals

* Range of 30 samples and sample size
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rGl3 = .5. Further, examination on the genetic variances and covari-

ances indicated that the covariances were decreased slightly more than
the variances. The same evidence was reported by Parker et al. (1969)
and Cheung and Parker (1974).

When either selection index or restricted selection index was
used, the results didn't indicate that the genetic correlations in
the selected offspring were decreased but it appeared that the genetic
correlations in the unselected offspring were maintained after trun-
cation (Figures 4.1 to 4.3 and figures 5.1 to 5.3). This evidence
was seen more clearly when the genetic correlations were high.
Probably this can be explained by the fact that when the index was
used, the truncation was applied not directly on the phenotypic
distribution of traits but rather on the index values.

Results from independent culling seem to indicate that the
genetic correlations in the selected offspring were reduced only when
the genetic correlations were high (rGlz = -.6 t6o -.4 and rG13 = .5 or
.3), and this applied for all levels of heritabilities used in this
study (Figures 6.1 to 6.3). When the genetic correlations were low,
the interpretation of results became difficult.

Possibly if more generations were added, the effect of trun-
cation on the genetic correlations in the selected offspring could

be examined more clearly as was done by Parker et al. (1969) who

carried the selection for 30 generations.



IMPLICATIONS FOR THE NATIVE CHICKEN

POPULATION IN INDONESIA

The results from this simulation study indicate that improve-
ment of body weight in native chicken populations is possible by
selection within the populations. Although the exact genetic para-
meters are unknown, it seems reasonable to assume that the parameters
are within the range of parameter values used in this study.

Selection index showed the best result but the method
can't be recommended at this time because of its complexity and
impracticality.

Mass selection and independent culling levels are simple and
practical and have proved effective in improving body weight in other
populations. The applications of these two methods are straightforward,
understandable, and little difficulty should be encountered in
beginning and continuing such selection for several generations.
However, egg production may be decreased as much as 1.7% per gener-
ation by mass selection and somewhat less by independent culling levels.
If one may not worry for a while about the decrease in egg production
and if mass selection should be the first choice, then the opera-
tional cost should be reduced even more than when independent culling
levels are used. Although in this study mass selection was simulated

for a designed breeding experiment, extensive application of this

%6
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method in the native chicken populations in the rural areas is not
impractical. The method may be combined with random mating, then
progress per generation will depend primarily on the selection inten-
sity. The selection intensity to be practiced should be based on
judgments about each local area regarding acceptable culling
percentages.

Some have suggested improving the native chicken populations by
crossbreeding because of the promising results from heterosis in the
first generation following the crossing. But, after the first
generation, there is confusion about planning for further improvement.
It is not justifiable to continue to breed the first cross as the
effect of heterosis will disappear. Furthermore in a crossbreeding
program there is uncertainty about which breeds will be appropriate
for crossing with the native chickens. Also, it is questionable if
the chosen breed will adapt well to the local conditions.

Others may think to replace the native chicken populations with
imported broiler strains as they see the results in developed
countries. However, one should not forget the conditions of the rural
areas and how those differ from environments that the broiler strains
have been developed in and intended for.

The broiler industry is growing in Indonesian urban areas.
Urbanization might make possible changes in existing conditions for
poultry husbandry, leading to a decision to discard the native
chicken populations, which at present still provide nearly 90% of

chicken meat for the nation. But, again urbanization is a relatively
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slow process, affecting only minor portions of the land, and decisions
concerning ways to improve poultry production are urgently needed.
Given the results of this study concerning the near optimal
efficiency of mass selection and its practicality compared to other
selection schemes, it appears to be the method of choice for short-
term progress in native chickens. Modifications may be required in the

future if egg production declines to unacceptable levels.



SUMMARY AND CONCLUSIONS

A simulation study was performed to examine the effectiveness
of four different methods of selection: mass selection, selection index,
restricted selection index, and independent culling levels (two stage
selection). These methods were compared for each of nine simulated
native chicken populations. The populations were distinguished by
different genetic parameter values of heritabilities of body weight, egg
production, and egg weight, and genetic correlations of body weight with
egg production and egg weight. Respective values for the nine popula-
tions are: I1: .4, .3, .5, -.6, .5
I1: .4, .3, .5, -.4, .3
Irr: .4, .3, .5, -.2, .2
v: .3, .2, .3, -.6, .5
v: .3, .2, .3, -.4, .3
vi: .3, .2, .3, -.2, .2
vir: .1, .1, .1, -.6, .5
virr: .1, .1, .1, -.4, .3
Ix: .1, .1, .1, -.2, .2
Simulation continued for ten generations with selection
beginning at generation one. Size of breeding flock was kept constant
through generations (12 males and 120 females) by saving the upper

1.25% males and 12.5% females to become parents for the next

99
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generation. The economic value per unit of body weight was 25 times
the economic value per unit of egg production.

Method of selection differed for females but the same selection
was applied to all males, phenotypic mass selection for high body
weight.

Examination of mean genotypic values showed that in all
methods, selection theory was relatively accurate in predicting the
response. For mass selection, predictions of direct response were more
precise than those for correlated responses, and prediction was more
accurate for positively than for negatively correlated responses.

When the negative genetic correlation and heritabilities were low,

the correlated responses were predicted more precisely than when both
were high. Direct responses increased as heritability increased and
the amount of correlated response depended on the magnitude of genetic
correlation, as expected.

For the selection index method, within the same combina-
tion of heritabilities, mean genetic change of body weight
was highest when genetic correlation between body weight and egg
production was lowest, but on the contrary the smallest negative
genetic change in egg production occurred. In populations with
negative genetic correlation equal -.2, this method prevented negative
genetic change on one trait but also tended to decrease positive
change on the other trait.

Restricted selection index showed much the same results as for
selection index: that the magnitude of negative genetic correlation

affected the mean genetic change of the two traits in opposite ways.
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The same evidence also was found when independent culling levels
were used.

Mean body weight response was largest when mass selection was
used. At generation ten, mean body weight had almost doubled, or
increased 75% and 25% when heritability was .4, .3 and .1
respectively. This was accompanied by decrease of egg production and
increase of egg weight, the magnitudes depending on the heritabilities
and genetic correlations. Populations with the combination of highest
heritabilities and genetic correlation showed that egg production was
decreased 1.7% per generation.

In most populations selection index and restricted selection
index showed comparable responses of mean body weight. Independent
culling levels produced slightly smaller responses. Selection index
showed no decrease in egg production in populations with genetic
correlation equal to -.2.

Restricted selection index produced decreases in egg
production 40-50% less than mass selection when the genetic corre-
lation between body weight and egg production was either -.6 or
-.4, regardless of the heritabilities.

The relative efficiency for total economic response showed
that in all populations when the selection index was considered 100%
efficient then, mass selection was about 20% less efficient, inde-
pendent culling levels was 10% less efficient and restricted
selection index was almost as efficient, especially when genetic
correlation was high.

During the selection process, in all populations and for all

methods of selection, the initial genetic correlations were maintained
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and the genetic and phenotypic variances and covariances did not
change more than trivially. Mass selection and independent culling
levels reduced genetic correlations in selected offspring but those
differences were clear only when the genetic correlation was high.
Selection index and restricted selection index maintained genetic
correlations in all cases.

Selection index method showed higher total economic response
than either mass selection or independent culling levels, but
because of the complexity and impracticality of the index for
Indonesian conditions, it shouldn't be the first choice. Genetic
parameters needed to construct an index should be made available
from the population where the selection is going to be applied, but
values of the genetic parameters are still unknown for the native
chickens. Furthermore selection index requires identification of
individuals along with the record for each measurement used in the
index. Present conditions would not permit such identification without
major changes in current practices. However, mass selection and
independent culling levels are simple and could easily be practiced
under present conditions.

If selection is for the improvement of body weight per se then
mass selection gives the highest response, but when total economic
response is considered, then independent culling levels provide
better results. But when independent culling levels are used, after
the first stage of selection, at sexual maturity, 25% of the offspring
are saved to enter the second stage of selection and later only half

of them will be selected for breeding. In mass selection at sexual
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maturity only 12.5% of individuals are saved for breeding. It is
questionable if the additional cost of keeping 12%% more individuals
would be paid for by the additional economic return from independent
culling. The decrease in egg production is somewhat smaller for
independent culling than for mass selection. If the decrease in egg
production is considered to be an important problem then, it is
questionable if as much as 1.7% decrease per generation by mass
selection could be accepted.

When a negative genetic correlation exists and effort is made
to prevent negative change of a secondary trait (but not to obtain
positive change), then results of this study indicate that application
of restricted index selection is not effective when practiced on only

one sex.
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