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rity improved also as a correlated response to selection on
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better than that in some of the commercial control samples.
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population was compared to the initial unselected one.

The heritability estimates for egg production index,
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THE GENETIC PARAMETERS ASSOCIATED WITH EGG
PRODUCTION AND RELATED TRAITS IN A

SEX-LINKED DWARF STRAIN CF SINGLE COMB
WHITE LEGHORNS `CALLUS DOMESTICUS)

INTRODUCTION AND OBJECTIVES

The application of genetics to animal breeding has so

far been more successful in poultry than in any of the other

domesticated animal species. The high reproduction rate, the

short generation interval, and the easier control of environ-

mental variables have contributed to obtaining empirical veri-

fication of complicated breeding schemes within a relatively

short time. The verification and implementation of genetic

pirnciples for improvement have resulted in important genetic

changes in the desired direction. Besides being an excellent

experimental animal, poultry is one of the most efficient ani-

mal species in transforming feed into high quality protein for

human consumption (Reid and White, 1978). Notwithstanding the

comparatively high economic efficiency now obtained in poultry,

the geneticist and nutritionist are in a continuous search for

genotypes, breeding methods, and nutrient levels that will

further enhance the level of efficiency already achieved.

The rapid rate of human population growth and the

pressure for an increasing standard of living necessitate

efficiency in the utilization of all available resources.

The world population by 1935 is projected at 4.7 billion
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(United Nations Report, 1966, 1974; Bean, 1978) and the amount

of protein and energy recuired to feed the human population is

estimated to be 168,139 metric tons of protein and 11,118 bil-

lion kilocalories of energy (Food and Agricultural Organiza-

tion Report, 1971; Economic Research Service, 1974). The cost

of egg production using normal size genotypes and the increased

demand of quality food by man would necessitate breeding strat-

egies that can lead to substantial reduction in feed consump-

tion with little or no adverse effects on production in ani-

mals that compete directly with man for the same feedstuffs.

The energetic efficiency achieved through breeding for spe-

cific functions is evident in the poultry and dairy industries

and particularly in the broiler sector of the poultry industry.

The development of broad-breasted meat production types

of chickens has resulted in a shift from the heavier dual

purpose, but less efficient, breeds used for both egg and

meat production to the smaller, earlier maturing strains

used principally for egg Production. This development of

genotypes for specific production functions has resulted in

better feed efficiency for meat as well as for egg produc-

tion. However, Kearl (1957) indicated that there had been

little or no improvement in the energetic efficiency of egg

production for the preceding two decades. He noted that the

increased efficiency in egg production was mainly due to

increased labor efficiency and increased cutout per hen.

housed. There is sufficient evidence (Bird and Sinclair,
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1939; Byerly, 1941, 1979; Brody, 1945; Morris, 1972) that

the gross energetic efficiency of egg production improves

with increasing egg number but with decreasing body weight.

Since maintenance costs account for about two-thirds of the

feed cost for egg production and neither egg production nor

egg weight has a linear relationship with body weight, a

breeding strategy that optimizes body weight relative to

egg production should result in better feed efficiency than

one that maximizes egg production without regard to body

weight and egg weight.

The fortuitous advent of a sex-linked recessive muta-

tion for dwarfism in the Single Comb White Leghorn at the

Oregon State University Agricultural Experiment Station

(Bernier and Arscott, 1972) has provided the opportunity to

investigate the influence of a major gene on body size and

its repercussions on egg production, egg size and other

related economic traits. The genetic parameters of the

dwarf layers and an assessment of their economic potential

will in turn allow an estimation of the potential advantages

of a possible substitution of dwarfs for normal size layers

in commercial egg production. The utilization of dwarf lay-

ers for commercial egg production may be helpful in solving

the "food demand-protein production dilemma."

The reduction in maintenance requirements of layers

through reduced body weight is one sure method of improving

the feed efficiency of egg production. This can be done
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genetically by either 'sex-linked miniaturization" within

a single generation (Bernier and Arscott, 1960) or the tra-

ditional "polygenous miniaturization" involving several

generations of selection (French and Nordskog, 1973).

It is estimated that the successful utilization of

dwarf layers for commercial egg production could provide a

reduction of 20-36% in feed cost per dozen eggs similar to

that already obtained from using dwarf breeder hens in the

broiler industry (Chambers et al., 1974; Guillaume, 1976).

The reduced feed consumption of dwarf layers and their

better adaptability to thermal stress (Selvarajah at al.,

1970; Merat at al., 1974; Horst and Peterson, 1979) make

the dwarf genotype an attractive alternative for the poultry

industry, especially in the less industrialized countries

which are found in tropical and sub-tropical climates and

are more often faced with the problem of food for both

poultry and human consumption.

Although it is generally accepted that the satisfactory

egg production and egg size in cur present day laying

strains are a result of genetic selection, improved nutri-

tion, sanitation, and good management, only a few investi-

gators (Bernier and Arscott, 1972; Jaap and Forssido, 1976)

have reported on attempts to improve performance through

genetic selection in the dwarf layers.

A knowledge of the genetic parameters of egg produc-

tion traits in the dwarf layer is of importance for efficient
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decisions in selection and mating systems for optimum

performance.

The objectives of this study are

- To assess the improvement in hen-housed egg production

and egg weight in a sex-linked dwarf strain of White Leghorn

layers subjected to accelerated selection for hen-housed egg

production on the basis of Part-year records during eleven

generations,

- To evaluate the performance of linebred dwarfs, dwarf

crosses, and normal size layers from various sources.

To estimate the heritability of hen-housed egg production

(also called Egg Production Index) and related traits in the

dwarf layer.

- To estimate the phenotypic, genetic and environmental cor-

relation of important economic traits in the dwarfs.

- To compute selection indices that might maximize improve-

ment in the desired traits.
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II

LITERATURE REVIEW

Hereditary variation is due to the effects of genes;

however, not all components of this variation are respon-

sive to selection. The "additive" component of hereditary

variation is that due to the average effects of genes and

is the component responsive to traditional selection. Lush

(1949) pointed out that this portion of the total observed

variation represents the proportion of the superiority of

the selected parents that is transmitted to their offspring.

This fraction cf the total variation is called heritability,

and it is a fundamental concept in the theory and practice

of selection in breeding for improvement in agriculture.

Although the relative imoortance of heritability has

declined somewhat as sophisticated methods of breeding have

been developed, especially in plant breeding, this ratio

still remains an important criterion in determining a breed-

ing scheme in animal improvement. The computation of heri-

tability estimates and of genetic, environmental, and uheno-

typic correlations among traits is important in animal

improvement. The decision regarding the method of selec-

tion, the traits to be selected, and the relative rate of

improvement will usually be based upon a knowledge of the

heritability estimates and the genetic correlations between

the traits within the population under consideration. The
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methods of estimating heritability and the possible biases

associated with the various methods have been discussed by

Lush (1948), Lerner (1950, 1958), Falconer (1960), and

Kinney (1969). A majority of the heritability estimates in

poultry have been obtained by the variance component analy-

sis technique which yields three alternative estimates based

on the sire, the dam, and the combined sire and dam vari-

ance components. There are comparatively very few and

limited studies on heritability of egg production or related

traits in the dwarf chicken (Rapp, 1970; Khan et al., 1973;

Khan, 1976; Horst and Petersen, 1977). A knowledge of the

heritability estimates of the traits of interest in the

normal size strains as well as the correlations among them

would be necessary for comparative purposes; however, the

estimates are too numerous even to present in tabular form.

The average of reported estimates (Kinney, 1969) and the

estimates obtained from the Oregon State University produc-

tion line of normal size White Leghorns (Caceres, 1967),

from which the dwarfs in this study originated, will be com-

pared to the estimates obtained in this study. The compari-

sons between the dwarf strain and the normal size strains

will be made periodically in the discussion of these results

to see what insight may be obtained on a breeding scheme for

further improvement of the dwarf layer.



8

Dwarf Layers

The recessive sex-linked c-ere that results in dwarfism

in chickens has become cf some interest to the poultry

industry. In breeding for egg production, the producer is

interested in a bird of small body size which produces an

egg of optimum size immediately at the onset of lay and

with little or no further increase in body weight. In

poultry meat production, the producer is interested in

rapid growth to a given age, usually the first six to eight

weeks of life, with little or no increase in adult body

weight because this increases the feed cost of maintaining

the parental stock. The judicious utilization of the sex-

linked dwarf gene would limit body size and consequently

feed intake in layers for commercial egg production as well

as reduce maintenance cost for broiler breeder dams.

The pioneer studies of Hutt (1953, 1959) indicated that

the adult body weight of a dwarf bird compared to a normal

size one was reduced by 30% in the hen and by 40% in the

male. Egg production, egg size and sexual maturity were

also adversely affected, but the egg size relative to the

body size was large enough to deserve further studies.

Bernier and Arscott (1960), reporting on the relative effi-

ciency of sex-linked dwarf layers compared to their normal

size sisters, confirmed the initial report of Hutt (1953,

1959) and indicated that although the dwarfs matured later,

laid fewer eggs, and produced smaller eggs, their feed
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consumption expressed on a 24 ounces of eggs basis made the

dwarfs not only competitive but superior-to their normal

size sisters. These fundamental correlated effects of the

sex-linked dwarf gene have been repeatedly observed by

numerous investigators in America, Europe and Australia

(Table 1). From these studies involving different popula-

tions, a directional pattern of modification of body size

and reproductive activity is clear.

Although numerous investigators have reported reduced

egg production and egg size and delayed sexual maturity,

other investigators using large type breeds have reported

improvement or no significant reduction in egg size and

laying rate attributable to the dwarf gene (Jaap, 1968,

1969; Prod'Homme and M &rat, 1969; Sherwood, 1971, Ricard

and Cochez, 1973 and Reddy and Siegel, 1977). In some

cases, earlier sexual maturity in the progenies of crosses

involving heterozygous roosters of commercial meat-type

strains has been reported.

The lower feed consumption of dwarf layers and their

lower laying house mortality among other advantages have

been reported by numerous researchers, Bernier and Arscott,

1960, 1966, 1968; Guillaume, 1969; Merat, 1969; Quisenberry

et al, 1969; Polkinghorne, 1973 and Polkinghorne and Lowe,

1974, among others. Comparative studies indicating a better

feed efficiency and lower mortality indwarfs than in their

normal size sisters are summarized in Table 2.



Table 1. The effects of the sex-linked dwarf gene on White Leghorns expressed as
percent deviation from normal size.

Authors Year Body
Weight

Shank
Length

Egg
Production

Egg
Weight

Age at
First Egg

Hutt 1959 -30.0 -15.3 -11.1 (24.7)

Bernier & Arscott 1960 -37.0 -18.0 -10.0

Bernier & Arscott 1966 -29.4 -20.4

Mohammadian 1969 -336 -25.0 -19.1 -8.5

Rapp 1970 -34.0 -14.0 -5.0

Selvarajah et al. 1970 -1.0 -11.0 5.0

Quisenberry 1972 -31.4 - -24.5 -9.3

Polkinghorne 1973 -31.6 -11.3 -10.2

French & Ncsrdskog 1973 -36.8 -29.5 -3.8 -10.1 (6.5)

Dorminey et al. 1974 -16.6 -10.0 ...2.9

M rat et al. 1974 -34.0 -12.0 -7.0

Horst & Petersen 1977 -29.4 -19.0 -15.4 -8.5

( ) indicates delay in days due to dw gene not in percent



Table 2. Feed efficiency and laying house mortality of sex-linked dwarf layers
expressed as percent deviation from normal

FeedAuthor Year
Efficiency

size layers.

Laying House
Mortality

Hutt 1959 -29

Bernier & Arscott 1966 3.7 -11

Rapp 1970 13.1 -29

Quisenberry 1972 3.8 -31

French & Nordskog 1973 6.0

Polkinghorne 1974 9.4 -40

Dorminey et al. 1974 7.8 -167

Horst & Petersen 1977 8.5
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The results from a comparison of the performance of

dwarf chickens with that of normal small-bodied chickens

(French and Nordskog, 1972) revealed that the effect of the

dwarf gene on reproductive activity and feed intake was only

the secondary effect of reduced body size and that the dwarf

gene per se had no direct influence on feed efficiency.

The authors advocated continuous polygenic selection for

reduced body size. However, they conceded that it would

take at least five generations of selection for body weight

alone to produce a mini-pullet as small in size as the

dwarf mini-pullet. Me-rat (1975) and Guillaume (1976) sum-

marized the practical use of the dwarf layer in the poultry

industry. They noted among other advantages that with the

reduced body size and shorter shanks the adult dwarf chicken

needed less room in the laying house; consequently the

housing capacity could be increased and expenses related to

heating, ventilation, and egg breakage reduced. Horst and

Petersen (.1977) noted that the skepticism on the use of

the dwarf gene in laying hens was caused by the negative

economic side effects of retardation of sexual maturity,

lower egg production, unsatisfactory egg size, and unfavor-

able marketing prospects for the small spent hens.

Although the economic side effects of the dwarf gene may

have lessened the enthusiasm for dwarf breeding, some inves-

tigators have shown that improvement in the economic traits

can be achieved through genetic selection (Bernier and
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Arscott, 1972; Horst and Petersen, 1977) and that the body

weight-egg size relationship is susceptible to modification

in dwarfs in the desired direction.

Heritability Estimates in Dwarfs

A knowledge of the heritability estimates of the eco-

nomic traits in dwarf populations and their correlations

would be essential in making proper decisions toward improve-

ment. However, little information is available on the

genetic parameters of the dwarf genotype. Rapp (1970)report-

ed the heritability estimate of annual egg production in a

hybrid line of dwarfs to be .21 based on the sire component

and .31 based on the combined sire and dam components of

variance. The heritability estimates of egg weight based

on the same components as above were .37 and .60. Khan

(1976) estimated the heritability of eight week body weight

in dwarf broiler dams to be .48 ± .29 based on the sire and

.69 ± .28 based on the dams. The variation in eight week

body weight was higher for dwarfs than for normals. Peter-

sen et al. (1977) estimated the heritability of both dwarfs

and normal type Leghorn pullets at 10 weeks and at 20 weeks

of age. They reported heritability estimates of .29 and

.96 based on the sire and the dam components respectively

for body weight at 10 weeks in the dwarf. The heritability

estimate for 20 week body weight was .54 and .70 based on

the respective sire and dam components. The heritability
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estimates for 10 week and 20 wee body weight in the normal

type sisters were .30 and .70 based on the sire and the dam

components respectively, for body weight at 10 weeks, and

.46 and .54 for body weight at 20 weeks based on the respec-

tive sire and dam components of variance. These authors

also noted that the phenotypic and genetic variances of

body size were relatively higher in the miniature than in

the normal type pullets. However, the heritability esti-

mates for the other important traits were not reported.

Heritability Estimates in Normal Size Strains

Sexual Maturity. Sexual maturity, or age at first eag,

has received much attention in connection with the effects

of sex-linked genes and maternal effects influencing the

trait. Results indicating that sex-linked genes influence

sexual maturity have been reported by Warren (1934) and by

Hays and Sanborn (1936). At the same time, results indi-

cating that maternal effects influence sexual maturity have

been reported by Lerner and Cruden, 1951; King and Hender-

son, 1954a, b; and King, 1961. Hazel and Lamoreux (1947)

reported the heritability estimate of sexual maturity to

be .27 with neither sex-linked genes nor maternal effects

influencing the trait. They also raised the possibility

that both maternal effects and sex-linked effects could be

present but that their combined effects, exerting equal

influence on the variance, could appear to be due to "addi-

tive effects." The literature average for the heritability
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of sexual maturity is .39 based on full-sib components

(Kinney, 1969). Caceres (1967) estimated the heritability

of sexual maturity in the Oregon State University produc-

tion line of normal size White Leghorns to be .27 based on

the sire component and .38 based om the combined sire and

dam components.

Production Index. Production index or hen-housed egg

production is the total number of eggs laid in a given

period divided by the number of birds housed. Lerner and

Hazel (1947) were the first to investigate the heritability

of the production index of hen-housed production. Their

estimate in the University of California flock of White Leg-

horns was .05. King and Henderson (1954b) reported esti-

mates of .20 for the annual production index, and .34 for

the production index to January 3 in a commercial flock of

White Leghorns. Morris (1956) reported the heritability

estimates of hen-housed egg production index for an experi-

mental flock of White Leghorn pullets, from pooled data

covering three consecutive years, to be .32 for the part

year and .31 for the whole year hen-housed production. The

estimates for this trait in the Oregon State University

production line (Caceres, 1967) were .11 for the annual pro-

duction based on the sire component and .25 based on the

combined sire and dam components. The estimates for the

production index to February were .14 and .08 based on the

sire and combined sire and dam components, respectively.
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The heritability estimate of the prnuction index is general-

ly lower than the heritability estimate of survivor produc-

tion, Morris (1956) Sheldon (1956), and this is generally

attributed to the inclusion of mortality in the production

index. The heritability estimates of egg production based

on the dam component of variance have tended to provide sig-

nificantly higher values than those based on the sire com-

ponents. Jerome et al. (1956) found that dominance variance

was 3.6 times more than additive genetic variance in egg pro-

duction in his study and consequently an important source of

bias if the dam component of variance was used for estimation.

King (1961) reported a large sire x dam interaction component

and some maternal effects on heritability estimates of egg

production. He considered these to be the sources of the

higher estimates derived from the dam component of variance.

Residual Egg Production. Residual egg production is

the number of eggs laid between the end of the part produc-

tion period and the end of the annual production period.

This part of the egg record is not directly influenced by

sexual maturity, and it is sometimes called the net rate of

lay. The heritability estimate for residual egg production

or net rate of lay has been reported by relatively few

workers, probably because of the difficulties in control-

ling the seasonal variations, pauses and broody periods

which are primary sources of variation in residual production.
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The heritability estimate for residual egg production is

generally low. Clayton and Robertson (1966) reported an

average heritability of .17 in two strains of random bred

White Leghorns. Caceres (1967) found the heritability

estimates of residual egg production to be .11 in the Oregon

State University production line of normal size Leghorns.

He noted an increase in the heritability estimate of the

trait as selection proceeded. Schren et al. (1970) reported

an estimate of .09 in a random bred population of White

Leghorns.

Body Weight. Juvenile body weight is a highly heri-

table trait. Kinney (1969) summarized the heritability

estimates in the literature. He noted that either maternal

effects of dominance or both influence juvenile body weight

prior to pullet age as indicated by the inflated estimates

derived from the dam component of variance. The heritability

estimate of juvenile body weight averaged .51, .76 and .52

based on the sire, dam and combined components, respective-

ly. The heritability of juvenile body weight measured at

10 weeks of age in the Oregon State University production

line of normal size Leghorns (Caceres, 1967) was .54 based

on the sire component and .67 based on the combined compo-

nents. The heritability estimate of pullet body weight as

well as mature body weight is also high. The heritability

estimate of body weight measured at 20 weeks in a popula-

tion of White Leghorns (Krueger et al., 1952) was .43. The
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estimate in the Oregon State University production line of

normal size Leghorns (Caceres, 1967) was .42 based on the

sire component and .55 based on the combined sire and dam

components. The estimate for matere body weight was .63

based on the sire component and .64 based on the combined

sire and dam components.

ftllWeight. The heritability of egg weight has been

computed by numerous investigators, and it is generally

accepted that mature egg weight is highly heritable. The

heritability estimate of mature egg weight in Leghorns

ranges from .41 (Kinney et al., 1968) to .96 (Jaffe, 1966).

However, the median estimate lies between .45 and .50. In

the heavy breeds Kinney (1969) noted that the heritability

of egg weight was about 10% higher, suggesting that more

selection may have been applied within the Leghorn popula-

tions in order to obtain and maintain adequate egg size.

Goodman and Jaap (1960) reported the heritability of egg

weight at 30 and 40 weeks of age to be .60 and .17 based on

the sire component and .43 and .29 based on the dam compo-

nent. The difference between the sire and dam component,

often used to infer sex-linkage, was .17 at 30 weeks. Sim-

ilar results indicative of sex-linked effects have been re-

ported by Ghigi (1948) and Osborne (1952, 1953, 1954). How-

ever, the results of Waters and Weldin (1929), Lerner and

Cruden (1951) and Hogsett and Nordskog (1958) showed that

egg weight was influenced mostly by autosomal genes in
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their flocks. The heritability of eqg weight in the Oregon

State University production line measured at 34 weeks

(Caceres, 1967) was .52 based on the sire component and .51

based on combined sire and dam components. The estimate

for egg weight at 64 weeks was .37 and .49 based on the

sire and combined components, respectively.

Specific Gravity. The heritability of egg specific

gravity, an indirect measure of shell quality, has been

investigated by relatively few workers. Johnson and Merritt

(1955) reported estimates ranging from .32 in White Leghorns

to .56 in Barred Rocks with significant differences in mag-

nitude between the estimates derived from the sire and the

dam components of variance. Morris (1964) reported esti-

mates of .34 for specific gravity measured at 34 weeks of

age and .26 at 64 weeks. These estimates were based only

on the sire component of variance. The estimate of heri-

tability for the specific gravity of eggs measured at 34

weeks of age in the Oregon State University production

flock (Caceres, 1967) was .29 based on the sire component

and .37 based on the combined sire and dam components. The

estimates for specific gravity at 64 weeks were .30 and .23

based on the same two components as above.

Phenotypic and Genetic Correlations

A phenotypic correlation measures the degree of associ-

ation between two variables. A genetic correlation quanti-

fies the extent to which two traits are possibly influenced
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by the game gene(s). .1,1-ner (1958) considered pleiotropy,

linkage and multiple objective selection as primary under-

lying mechanisms in correlated responses. Falconer (1960)

pointed out some of the possible difficulties that may impede

accurate selection because of the use of phenotypic corre-

lations. He illustrated how a slight positive phenotypic

correlation (rp = .09) between body weight and egg number

could obscure a greater positive enviromental correlation

(re = .18) between the two traits and a negative genetic

correlation (rg = -.16). Since the magnitude and direction

of the genetic and environmental correlation cannot be pre-

dicted from the gross phenotypic correlation, it is essen-

tial to estimate each of the components of the phenotypic

correlation.

The method developed by Hazel et al. (1943) makes it pos-

sible to separate the genetic and environmental components of

phenotypic correlation. A knowledge of the direction of

change in one character when selection is applied to another

character is important for proper weighting in selection

indexes and for making decisions with regard to the effici-

ency of direct and indirect selection schemes for rapid

development.

Although no studies have been conducted on the nature

of the correlations in the dwarf chicken, a review of the

genetic correlations among the important traits in normal

size birds is appropriate for a comparative evaluation of
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the improvement prospects of the dwarf chicken.

The manor characters accounti g for important economic

variations in commercial egg production are hen-housed egg

production, average ecc weight and body weight and sexual

maturity. The interrelationship of these characters will

be reviewed.

Body Weight and Egg Weight. The correlations between

body weight and egg weight have been reported by several

workers. There has been a consistency in the positive direc-

tion of the correlations between body weight and egg weight,

but the magnitude of the reported estimates has tended to

vary greatly.

The reported estimated genetic correlations range from

low values of .20 (Jerome et al., 1956) to high values of

.71 (Hogsett and Nordskog, 1958). Hale (1961) reported a

genetic correlation of 0.21 between body weight at housing

and egg weight in a flock of White Wyandottes. This value

was similar to that reported by Jerome et al. (1955) in a

flock of White Leghorns but was substantially lower than

the estimates of .31 of Wyatt (1934), .71 of Hogsett and

Nordskog (1958) , and .48 of Jaffe (1966) . Clayton and

Robertson (1966) investigated the genetic correlations be-

tween body weight at various ages and egg weight at differ-

ent periods of lay in two different strains. The genetic

correlation between body weight at 20 weeks and egg weight

at 36 weeks was .16 for one strain and .51 for the other
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strain. The correlations involviI,_ body weight and egg

weight ranged from a low of .03 to a 'nigh of .55. The mean

of estimates summarized by iinney 1969) is 0.36.

Body Weight and Egg Nu.mber. The correlations involv-

ing body weight and egg nvimher Ere highly variable.

Nordskog and Briggs (1968) examined the "body weight-

egg production paradox" and concluded that the environmental

correlation between body weight and egg number was generally

positive while the genetic correlation could he positive or

negative. Positive genetic correlations between body weight

and egg numbers have been reported by, among others,

Krueger at al. (1952) (.07) and Jerome at al. (1956) (.21).

On the other hand, negative genetic correlation esti-

mates have been reported by Hogsett and Nordskog (1958)

(-.24), King (1961) , Hai e and Clayton (1965) ( -.16) and

Jaffe (1966) (-.28) among others. Kinney (1969) reported a

literature average of +.12 for the genetic correlation be-

tween body weight and survivor egg production. Manson

(1970), after reviewing the genetic interrelationships of

important traits in the hen, concluded that in spite of the

lack of consistency in the estimates of genetic correlation

between body weight and egg production, a good number of

selection experiments have indicated a decline in body

weight (Gowe and Strain, 1963; Morris, 1963; Nordskog at

al,, 1967; Gowe, 1969; Kinney at al., 1970) as a correlated

response to selection for increased egg production. The
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direction of the correl atec respenEe has led to the inter-

pretation that the realized genetic correlation between body

weight and egg number is decidedly negative (Caceres, 1967) .

Manson (1970) pointed out that the sign and magnitude

of the genetic correlation between body weight and egg

number depended partly on the level of the mean body weight

in the population and partly on the amount of selection that

had been applied toward increasing egg weight, since egg

weight was strongly and positively associated with body

weight.

Ega Weight and Egg Number. Although the genetic rela-

tionship between body weight and egg weight is generally

positive, the genetic relationship between ega weight and

egg number is generally negative. The genetic correlation

estimates range from low negative values of -.04 by Hicks

(1958) , Hale (1961) , Waring et al. (1962) te the higher

values of Dickerson (1955a, b) (-.39) , Abplanalp (1957)

( -.38) and Kinney and Lowe (1968) (-.38) .

Part-Record Egg Production and Residual Egg Produc-

tion. The reported genetic correlations between part-record

egg production and residual egg production generally have

been positive (Abplanalp, 1957, .55; Lowe et al., 19E6, .4

to .6; Caceres, 1967, .57). However, Morris (1963) report-

ed the results of selection for high egg production based

on part-record production from date of first egg to May 31

for a period of 12 years. genetic correlations between
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part-record and residual performanc decreased in value as

selection progressed and the decrease in value of the cor-

relation also involved a change in sign. He concluded that

the phenotypic gain in part-record with a consistent loss

in the residual part was the result of a negative correla-

tion between the two traits. Kraszewska (1963) calculated

the genetic correlations between initial rate of production

and the remaining part of the annual egg production from

breeding populations of four breeds, Polbar, Greenleg,

Rhode Island Red and Leghorn. With the exception of the

Leghorn breed, the correlations in the other three breeds

were negative. The author suggested that the negative esti-

mates were caused mostly by poor persistency and the large

incidence of broodiness observed in three of the four breeds.

Although part-record selection or accelerated selection has

been advocated as a means of achieving rapid genetic gains

(Lerner and Cruden, 1948; Bernier, 1949, 1953; Maddison,

1954; Bohren, 1970), some studies (Morris, 1963, 1964;

Gcwe and Strain, 1963) indicate that the gain in part selec-

tion was offset by a loss in residual egg production and

that part period egg production was therefore not a satis-

factory selection criterion. Bohren (1970) reviewed the

problem of accelerated selection and concluded that the

genetic correlation required to reduce residual egg record

when selection was based on part-record was highly unlikely

if the only trait selected was egg production. He
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hypothesized that the selection criteria of Morris (1963)

and Gowe and Strain (196) in which a decline in residual

egg production was observed included other traits besides

egg production.

Caceres (1967) analyzed the records of a selection

experiment covering an experimental period of 18 years dur-

ing which selection for hen-housed egg production was based

on part records. An estimate of the realized genetic core-

lation between partial and residual egg records was .57

while that between partial and annual records was .85.

Average yearly genetic changes in February and annual egg

records were similar, 3.44 and 4.93, with limited genetic

change in residual egg production. Accelerated selection

was found to be 1.8 times as effective in genetic gains per

year as would have been observed by direct selection on the

basis of full year records. Similar gains supporting the

theoretical advantages of accelerated selection were report-

ed in the studies of Onishi and Kato (1960); Erasmus (1962);

Bohren et al. (1970), among others.

Sexual Maturity and Other Traits. Most of the reported

genetic correlations between sexual maturity and egg produc-

tion in normal size layers have been negative. Caceres

(1967) reported an estimate cf -.93 between sexual maturity

and egg production at 40 weeks of age (or part-year record)

in the Oregon State University production flock of White

Leghorns. The estimate between sexual maturity and annual
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egg production was -.71. Clayton and Robertson (1966)

estimated the genetic correlation between sexual maturity

and egg production measure:. at 28 weeks and at 60 weeks of

age to be -.96 and -.69 respectively in a random bred con-

trol population of White Leghorrs. Kolstad (1972) esti-

mated the genetic correlation of sexual maturity and egg

production at various lengths of the recording period. He

found that the genetic correlation increased from -.27 to

-.72 as the length of the recording period decreased from

518 to 270 days. The genetic correlation between sexual

maturity and egg production measured on a percent basis is

generally lower than that obtained when egg production is

measured on the basis of egg numbers to a fixed date. Kinney

(1969) reported a literature average of -.58 for the genetic

correlation between sexual maturity and survivors' egg pro-

duction.

The genetic correlations between sexual maturity and

body weight are inconsistent in both magnitude and direc-

tion. Positive estimates (-28) were reported in the studies

of Kinney et al. (1968) in a White Leghorn control popula-

tion and (.67) in Merritt (1968) with a meat-type strain,

and (.2) in Kolstad (1979) in a flock of White Leghorns.

However, negative estimates have been reported by, among

others, Clayton and Robertson (19E6) (7.07), Caceres (1967)

(-.11) in the Oregon State University production line, and

Gowe (1969) (-.34) in the Ottawa randombred control. Kinney
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(1969) reported a low positive averafge of .03 for the

correlation between body weight and sexual maturity.

The genetic correlations between sexual maturity and

egg weight have generally been low and inconsistent in

direction. Caceres (1967) reported a negative estimate of

-.10 between sexual maturity and egg weight. Clayton and

Robertson (1966) reported a negative estimate of -.21 in

one strain and a positive estimate of .11 in another strain

of unrelated White Leghorns. Kinney (1969) reported a

literature average of .06 between sexual maturity and egg

weight.

The tremendous variation in the genetic correlations

among the principal biological components of performance

surveyed in this review reiterates the fact that genetic

correlations, like heritability estimates, are most valu-

able only when applied to the population from which they

were estimated as pointed out by Bchren et al., 1966.

Nonetheless, they will provide a useful base for comparisons

of the correlations among traits in dwarfs with those in

the normal size layers.
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MATERIALS AND METHODS

Origin and Development of the Dwarf ; =train

The origin of the Oregon State University dwarf

strain and the rationale for developing this strain have

been reported on earlier by Bernier (1960) and Bernier

and Arscott (1972). Suffice it to recapitulate that the

midget line under selection for hen-housed egg production

at the Oregon State University Agricultural Experiment Sta-

tion is dwarf because of a sex-linked recessive gene prob-

ably homologous with that described by Hutt (1953, 1959) in

the New Hampshire and Single Comb White Leghorn breeds. Ob-

servations on dwarfism at Oregon State University date back

to 1952 when a dwarf male was observed in the progeny of a

cross between a Single Comb White Leghorn male and a Cornish

hen. Later, in 1956, a dwarf Leghorn female was seen in the

progeny of a cross between the Oregon State University pro-

duction line and a male of the Kirk Leghorn strain. Some

dwarf mutants, likely of the same origin as the Oregon

State University mutants, were donated to the Oregon State

University Agricultural Experiment Station by an Oregon

poultry farmer, Barry Brownell of Milwaukie, Oregon. A few

dwarf segregates from an inbred line, probably of the hypo-

thyroid type described by Cole (1966), were also observed

and may have unfortunately complicated the early phase of

the genetic selection.



29

in 1958, Bernier and Arscott started genetic and

nutrition studies in an att,mpt to investigate the poten-

tial of dwarfism in egg production. The early studies

(Bernier and Arscott, 1960) revealed that dwarf hens did

not lay as well as their normal size sisters and that their

eggs were not as larae but that their reduced feed con-

sumption, when expressed on a per dozen of 24-ounces

basis, made the dwarf layers not only competitive but supe-

rior to normal-size layers in the efficiency of egg produc-

tion.

These results led to the eventual substitution of the

sex-linked dwarf strain of Single Comb White Leghorns for

the normal size White Leghorn layers in a good portion of

the regular research program at the Oregon Agricultural

Experiment Station. In 1959, a genetic selection program,

based on a hierarchical mating design, was undertaken to

improve hen-housed egg production and egg size without an

increase in body weight and to allow for the determination

of the genetic parameters of the dwarf strain.

Experimental Lines

The easiest method to obtain sex-linked dwarf laying

stock is to mate dwarf males with normal size females.

Only a small number of dwarf males is required to produce

a large number of dwarf females.

The population involved in this study was produced

yearly from one, two and occasionally three types of
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matings, depending upon the available facilities for housing

the progenies. The principal line (also called linebred

dwarfs) was produced annually by inseminating dwarf pullets

(hens less than one year old) with semen from contemporary

dwarf males or cockerels. This line has been under contin-

uous selection since it was isolated in 1959. The second

mating type, used occasionally, involved inseminating out-

standing normal size hens selected on the basis of full year

production records with semen from the same dwarf males used

in matings of the first type. The third mating type also

involved inseminating outstanding nearly two-year-old dwarf

hens selected on the basis of their full-year records with

semen again from the same dwarf males used in matings of the

first and second types.

In the analysis, the mating types are coded (1,1),

(1,2), and (1,3) representing dwarf cockerel x dwarf pullets

and dwarf cockerel x dwarf two-year-old hens (linebred) and

dwarf cockerel x normal two-year-old hens (outbred), respec-

tively.

The primary criterion for selection of dams for the

production line was hen-housed egg production to February

first or 40 weeks of age or part -year production on the

basis of individual, half-sib and full-sib performance. In

addition, body weight and egg weight received consideration,

the latter because of its economic importance and the former

in order to restrict an increase in body size. The sires

used for breeding were selected on the basis of their full-
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and half-sisters' records in egg 7,-roduction, egg weight

and their individual bod weight.

The distribution of actual numbers of sires and dams

that produced progeny housed each year is shown in Table 3.

The effect of inbreeding was minimized by avoiding full-

and half-sib matings and generally also common grandparents.

The records for 1959-1965 are excluded from the analysis for

a variety of reasons, principally, smaller populations, the

irregularity of the hatching season and the continuous cull-

ing in those early years because of late sexual maturity and

small eggs. Furthermore, in the initial years of the study,

many of the sires used were heterozygous at the dwarf locus,

and consequently produced segregates of both dwarf and nor-

mal progeny. Hypothyroid autosomal dwarfs were also inadver-

tently mixed with the sex-linked dwarfs, and the inbreeding

practiced in the initial years of selection probably compli-

cated the initial selection phase as the hypothyroid dwarfs

segregated.

Control Samples

There was no true random bred control population; how-

ever, the Oregon State University normal size production

line, the "unselected" Oregon State University dwarf sample

and other samples of normal size strains from commercial

sources were maintained together with the selected dwarf

line. These quasi control samples were used to

measure the relative genetic or selection progress. The



Table 3.

Year

Number of sires, dams and pullets housed each year in the experimental dwarf
line

Sires Dams Progeny Housed

1966 24 94 376

1967 14 85 382

1963 21 91 494

1969 26 119 587

1970 35 159 819

1971 34 144 509

1972 54 160 883

1973 42 194 1099

1974 30 188 895

1975 43 228 1193

1976 14 75 409
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sample sizes of the wzious cont-ol groups are shown in

Table 4.

Oregon State Universitj Normal Size Control. This

group represents the foundation stock from which the dwarfs

originated and which has ben menticned by Caceres (1967) .

It was maintained up to 1972 and discontinued so as to in-

crease the size of the dwarf experimental popu3ation. This

production line constitutes a good reference for assessing

the performance of the dwarfs relative to their normal size

sisters from which they basically originated by outcrossing

to dwarf males.

Dwarf Crosses. This control sample represents an out-

bred group produced yearly by mating "unselected" dwarf sires

to a random sample of normal size pullets of the Oregon State

University production line and other commercial lines. This

group, although representing an independent study, can serve

as a good reference point in analyzing the prospects of

improving the performance of dwarfs. Besides being an out-

bred group, it also differs from the experimental line in

that there was no constraint imposed on body weight increase

through counter-selection. A total of 50 pullets were

housed each year in this group in the nutrition research

facility. They received the same ration as the other

dwarfs.

"Unselected" Dwarf Control. This group of dwarfs was

reproduced yearly using all the dwarf males available



Table 4. Control samples and number of pullets housed in each year in the dwarf and
normal size control groups.

Oregon State Commercial Sources Oregon State
University University

Normal.
Unse-
lected
Dwarf

Babcock
Normal

H & N
Normal

Byline
Normal

Shaver
Normal

H & N
Petite

H & N
Dwarf

Unrestricted
OSU Dwarf
Crosses

1966 458 24 - 51 89 - - - 60

1967 449 - 98 77 - - _ 60

1968 489 - 58 24 - - 60

1969 644 99 - 82 75 85 - - 60

1970 628 63 30 69 63. - 60

1971 232 51 - 34 56 54 60

1972 200 - - - - - 60

1973 - 98 - - - - 60

1974 - - 102 - - 74 41 60

1975 - 81 - - - - - 60

1976 100 100 - - - 101 -
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before selection. Since the sires used to produce this

line were offspring of the selected line, this sample does

not represent a true control group

Commercial Normal Size Controls. Samples from four

commercial sources, Babcock, Hyline, H & N and Shaver, were

obtained for many years so as to compare the performance of

the dwarfs with that of these commercial stocks. Data were

collected from these strains over some of the years so as

to compare their relative performance.

Management Procedures

Incubation Records. The eggs obtained from the select-

ed hens inseminated weekly were identified on the blunt end

with a temporary mating number and date of lay. The eggs

were set at weekly intervals and were candled on the 18th

day after setting to remove infertile eggs and dead embryos.

The fertile eggs with live embryos were transferred to indi-

vidual pedigree hatching trays (Jamesway) to insure proper

identification of the chicks. The chicks were hatched dur-

ing the spring of each year on the same weeks, i.e., 15th,

16th, 17th, and exceptionally, the 18th week. In 1971, the

first hatch was obtained on the 14th week due to an error in

identifying the weeks. There were usually three hatches per

year except in 1975 when a fourth hatch was necessary be-

cause of poor fertility in the early hatches. During the

hatching season, a record of eggs set from each mating along

with information on infertility, embryonic mortality, and
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hatchability was maintained, All egs removed at candling

and unhatched eggs were broken out to determine fertility

and in the case of embryonic mortality, the age and possible

cause of death. Immediately following hatching, the chicks

were individually identified with a numbered wing band and

sexed. Two males from each family were retained, usually

from the second hatch but from the third when necessary.

Brooding and Rearing. The chicks were always brooded

on the floor. The feeding was maintained as uniformly as

possible within years and standard management practices were

observed. During the first eight weeks, the birds were fed

a high energy corn-soybean-5% fish meal starter diet con-

taining 20% protein and 1370 kilocalories of metabolisable

energy per pound. From the eighth through the twentieth

week, they were fed a medium enc,:rTy corn-soybean meal-2%

fish meal grower diet containing 14.9% protein and 1285 kilo-

calories of metabolisable energy per pound. At 20 weeks of

age, the birds were fed a layer ration containing 15% pro-

tein. Early nutritional investigations at this station

(Bernier and Arscott, 1972) indicated that the ration then

used was inadequate in at least calcium and protein and more

specifically methionine for dwarf layers. Therefore, neces-

sary adjustments were made in the levels of these nutrients.

This early inadequacy of the ration in nutrients possibly

added a stress factor and may have complicated the selection

program in the early years.
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Experimental Data . The birds were individually weighed

at 10 weeks of age, when they were vaccinated for fowl pox,

and at approximately 20 weeks of age when transferred to the

individual cages. In the laying houce the birds were ran-

domly assigned to individual cages within each hatch.

The week of lay of the first egg was recorded, and the

egg production of each hen recorded daily on sequence sheets.

In December, at approximately 34 weeks of age, egg weight

and specific gravity measurements were made on eggs gathered

on four consecutive days. Egg weight was measured to the

nearest tenth of a gram using a Shadogram scale the day fol-

lowing laying.

Shell quality was determined indirectly by the specific

gravity method the day the eggs were laid, as originally

proposed by Olsson (1931) and subsequently described by

Bernier (1955) and Arscott and Bernier (1961). Sixteen salt

solutions of varying concentrations ranging from 1.044 spe-

cific gravity to 1.104 with intervals of .004 were used.

The solutions were coded 1-16 in the ascending order of mag-

nitude of the salt concentration. The specific gravity of

the egg, an index of shell auality, was recorded by the par-

ticular number of the solution in which the egg last sank.

At the end of January, at approximately 40 weeks of age,

the individual sire and dam family records were summarized

to obtain the Production Index at 40 weeks of age or part-

year production. This part-year hen-housed egg production
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together with egg weight at 34 weeks and housing body

weight were used in selecting parents for the next genera-

tion. Birds tentatively selected or breeding purposes

were weighed again in order to allow for restriction on

body size.

In July, at about 64 weeks, individual body weight,

egg weight and shell quality measurements were again

obtained.

The variables chosen for analysis were:

Sexual maturity (SM): i.e., age at first egg measured as

number of weeks from week of hatch to week of first egg.

Egg production: There are three commonly accepted methods

of expressing the egg production of a flock of hens: sur-

vivor production, hen day production and hen-housed pro-

duction. Survivor production is the number of eggs per hen

for those hens that survive the recording period. Hen day

production involves the total number of eggs laid by the

flock in a given period divided by the number of hens alive

on each day of the recording period. Hen-housed egg produc-

tion or Production Index is obtained by dividing the total

number of eggs laid by the flock in a given period by the

number of pullets housed at the beginning cf the recording

period. This measure is a combination cf egg production

and livability and was considered more appropriate for this

studyr since it was the basis of selection.
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Hen housed egg production was measured at three

periods:

NFE - Hen housed egg production to February first (when the

pullets were approximately 40 weeks of age), also called

"Production Index" to February or part-year egg produc-

tion, was measured as Number of February Eggs (NFE).

NYE - Hen housed egg production to August first (when the

pullets were approximately 68 weeks of age), also called

annual production index or full year production index,

was recorded as Number of Year Eggs (NYE).

NRE - The residual egg production, which is a measure of the

net rate of lay, is the difference between the annual

production index and part-production index (NYE -NFL)

and is recorded as Number of Residual Egas (NRE).

Body weight: Body weight measurements were taken at three

age periods:

BW
10

- Body weight measured at ten weeks of age to the near-

est one-tenth of a pound (juvenile body weight).

BW
20

- Body weight at caging measured to the nearest one-

tenth of a pound at approximately 20 weeks of age

(pullet body weight).

BW64 Body weight at approximately 64 weeks of age meas-

ured to the nearest one-tenth of a pound (mature body

weight) .

Egg weight: Egg weight was measured at two age periods:

EW
34

- Egg weight taken in December at about 34 weeks of
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age to the nearest on-tenth of gram (early egg

weight) .

EW
64 Egg weight taken at approximately 64 weeks of age,

measured to the nearest one-tenth of a gram (mature

egg weight).

Specific Gravity. Specific gravity, an index of shell

quality, was measured at two age periods:

SG
34 - The specific gravity of eggs coded from 1-16 was

determined at approximately 34 weeks of age.

SG
64 The specific gravity of eggs coded from 1-16 was

determined at approximately 64 weeks of age.

Procedure and Statistical Methods

In the estimation of heritability and correlations, it

was necessary to perform three different analyses. The first

analysis involved data from linebred dwarfs (1,1) only. This

line was under continuous selection on the basis of part -year

records, and it constitutes the main experimental line. The

second analysis involved data from all the dwarfs, i.e.,

linebred (1,1), (1,3) and cutbred (1,2). The third analysis

also involved data from linebred (1,1) only and its purpose

was to obtain appropriate variance and covariance components

for the estimation of correlation between the traits because

of the disproportionate number of records available for each

trait. For example, although 6327 records were available

and used for the estimation of the variance for February egg

production (NFE) in the first analysis, only the same 5580
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records for that trait that were also available for egg weight

at 34 weeks (EW34) were used in the third analysis. This

made the computation of the correlation between traits, as

indicated later, not only more logical but also more meaning-

ful.

The date of hatch has been reported in the studies of

King and Henderson (1954a, b) , Abplanalb (1957) , Hale (1961)

and others, to have an effect on the heritability estimates

of some of the production traits, notably production index

to February first and sexual maturity. Although the dwarfs

were hatched at weekly intervals, and only at most four

hatches were obtained each year, corrections were made for

week of hatch.

Statistical Model. According to the mating plan uti-

lized in the study the statiztieal model considered suitable

for the analysis of the data was the hierarchical or nested

model with unequal subclass numbers used and described by

King and Henderson (1954a), Snedeccr (1956) and Becker (1973),

among ethers, and which is frequently used in the estimation

of genetic parameters in poultry.

The model can be described as follows:

Yhijk ah Shi Dhij ehijk

where Y
hijk is the record cf the k+-h

progeny of the j
th

dam mated to the ith sire within the h th
hatch. All the

elements in the model except 11 are considered random and

uncorrelated.
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= effect of the th
week of hatch

S, . = effect of the i sire the h
th

hatch

th
D1-113 it'--- effect of the j" dam mated to the i sire

in the hth hatch

e
hijk = the uncontrolled environmental and genetic

deviations attributable to the individuals

King and Henderson (1954a, b) indicated that although sires

were not truly nested within hatches, it was not considered

a serious objection.

The variance components attributed to sires, dams, and

full sib progenies were obtained by equating the observed

mean squares to their theoretical expectations and solving

for the unknown values as shown in Table 5.

From the components of variance, three alternative heri-

tability estimates are obtained for each trait using the for-

mulae of Lerner (1950), King and Henderson (1954a) and Becker

(1975) as follows:

Based on the sire component
9 4a2S
n

a2T

Based on the dam component

4
h2 =

a2D
D

a2T

Based on the combined component

2(a2S + c2D)
h
2

(S+D) 0.2,T

where a2T = a2S + c2D + a2W



Table 5. Estimation of variance components in an unbalanced nested design.

Source Degrees of Mean Squares Expected Mean Squares
Freedom

Among Sires S-1 MS + K
2
02

D
+ K

3
G2

S

Among Dams within
Sires D-S MS 02 K , 2

D W D

Among Progeny
within Dams n..-D MS a2

S = number of sire groups
D = total number of dams
n.. = total number of progeny

K
1
= effective average number of progeny per dam

K
2
= effective average number of dams per sire

K
3
= effective average number of progeny per sire
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Heritability estimates on an annual and pooled over

year basis were obtained on the basis of the sire, the dam

and the combined sire and dam comDonents and standard errors

of the estimates were computed ,,eccording to the method of

Osborne and. Patterson (1952), The various components of vari-

ance used in the estimation are known to contain various pro-

portions of non-additive genetic variance, maternal effect

variance and variance due to sex-linked effects as outlined

in Becker (1975). In the estimation of heritability, these

sources of non-additive genetic variance are increased by a

factor of four for half-sibs and two for full sibs, and could

be important sources of bias in the heritability estimates.

Correlations. An indirect procedure, fully treated by

Kempthorne (1957), was utilized- in obtaining the covariance

components necessary for the estimation of genetic, environ-

mental and phenotypic correlations. Using exactly the same

analysis model as in the estimation of heritability, and

with exactly the same formulae for the expectations of mean

squares, the covariance components (CiaVs, COvp, AND COVw)

were obtained by summing the two variables considered on each

individual and analyzing these compound observations.

If we consider variables 1 and 2, the corresponding com-

ponent. of covariance would be:

COV
1 2

2 ( 1+ 2 ) -
91 22

2

where a21 and a22 are components obtained from the
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analysis of variance and 7(1+2) is the component obtained

from the analysis of the compound observation. The estimate

of the phenotypic covariance is obtained from:

COVT = COVE COV
D

COVE

Estimates of the genetic, environmental and phenotypic

correlations were computed from the variance and covariance

components using the following formulae from Lerner (1950)

and Becker (1975):

Phenotypic Correlation:

COV
T1,2r

P
1,2

'71-4. V`51 4-C2Di + 0-"1 + C2D a2w)
2

Genetic Correlation:

From the sire component of variance and covariance

SR COV
S
1,2G, .

9

aS 1 c-2

From the dam component of variance and covariance

DR COVD
G
1,2

1,2

2 D 0.2 D
1 2

From the combined sire and dam components of variance
and covariance

S+D
RG1,2

=
CO Vs

1,2
+ COV

D
1,27/ a 4S- + D

1

V
a S

--7
cyD

2 2

The genetic correlations obtained from the dam and
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combined components contain various proportion of dominance

and epistasis in their estimates (Becker, 1975) .

Environmental Correlation

From the sire component

COVW
E
1,2

= 1,2
2COvs

1/2
ati

1
a W^-- 2aS2

2

This estimate contains 3/4 of covariance of dominance

and varying amounts of epistatic covariance in its numera-

tor.

From the dam component of variance and covariance

D
R COV 2COV

D
12 2

1
- 26

1
/(7?-W

2
- 26

2

This estimate is expected to contain 1/4 COVD and

smaller amounts of epistatic covariance in comparison with

the estimate based on the sire component.

From the combined component variance and covariance

S4.1)

,2

COv. COV - V
DK

1,2 S1,2 1,2

vew
1

- QS1 - o`b, a2w
2

GS,,GS,, ID,

Selection

Phenotypic Change. The phenotypic change per generation

was assessed by the regression of annual means on years of

selection.

genetic Change. Since there was no true random bred
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control population, an approximate gEnetic change was

assessed by the regression of the yearly deviations of the

selected line from the 'unselected dwarf sample" on years.

Efficiency of Part-records. The gains in February pro-

duction based on part-year selection (direct or accelerated

selection) as compared to those expected if selection were

based on year production (indirect selection) were calcu-

lated from the formula given by Lerner (1950):

GNYE (indirect)
=

2rGNFE-NYE `NFE
GNYE (direct)

NYE
h

where 2 in the formula is the generation interval.

Selection Index

The technique of selection for several traits based on

a total score or weighted combination of all the component

traits is called index or score selection. The theoretical

basis for index selection was developed by Smith (1936) for

selection in plant breeding and later extended to animal

breeding (Hazel, 1943). The basis of index selection has

been discussed and elaborated upon by Cochran (1951, Dicker-

son (1955a, b), Harris (1963, 1964), Nordskog (1978) and the

literature on the subject summarized by Lin (1978). Index

selection involves the indirect selection of a conceptual or

unobservable variable, H, by truncation selection of an

observable variable I which is jointly distributed with H,

such that there is a linear regression of H on I. An index
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is defined mathematical:ly as:
r.

I =bx+ +bz. =Eb.x.1 1 ' n n .1=1

where the b's are the derived c?timum weighting coeffi-

cients of the traits x..

The genetic-economic value of the index H is defined as
n

H = a
1
g
1

+ a
2-
a
2

angn= E a.g.
11

where the a's are economic values corresponding to one

unit of the x..
1

The object is to obtain a set of values for the b's

which maximizes the correlation between T. and H. The desired

solution of the b's is obtained from a set of simultaneous

linear equations which can be represented in matrix notation

as follows:

PB = GA = H

where P is the phenotypic variance-covariance matrix,

B is a column vector of unknown b's whose solution is de-

sired, G is the genotypic variance-covariance matrix and A

is a column vector of economic weighting values for each

trait x..
1

By finding the inverse of P and multiplying by GA the

b's are obtained

B = P-1 GA.

11 12 P13I
B
11FP

21 P22 P231 B12

31 32 P,, B
13

.1=

G
11

G
12

G21 22
G
23

G
31 -732

G
33

r
A.

1mm

A
2

-
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B G A = H

=
-1

H

Predicted Changes. then selection is based on I =
r.

EbiXi, the predicted improvement in H the aggregate geno-
i=1
type is AH = BpIAI where AI is the selection differential

and B
HI

is the regresdion of H or I.

Alternatively the change in the aggregate genotype can

be obtained from

utAI,AH = COV(HI)AI = Rimc1Ty;

where R
IH is the.correlation between the index (I) and

the breeding value (H)'., aI is the standard deviation of the

index, aH is the standard deviation of the breeding value.

IftheIisnormillydistributedandtheB.sare devoid

of error and if p is the proportion of the population select-

ed, then the selectiot intensity is

AI
al

=
p

z is the ordinate of the standardized normal distribu-

tion and p the proportion of the population selected.

The expected chatge in each component trait due tc

selection on the indeX is

AG = GB (--)
aI

A selection index can also be modified to produce changes in

some traits while restricting the response of other traits

(Kempthorne and Nordskog, 1959; Cunningham et al., 1970) or

specifying that the r6sponse be equal to a pre-chosen value



50

(Tallis, 1962; Pesek an.d F;aker, 1969. A selection index

is usually constructed befc.re selection begins; however, it

was considered valuable t o derive a selection index to be

used for continued improvement of the dwarf line. A selec-

tion index in retrospect (Dickerson et al., 1954; Allaire

and Henderson, 1966) could also be developed to assess the

effectiveness of the conceptual index applied through the

past years.
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IV

RESULTS

Records Analyzed

The number of records available, an indication of the

annual sample size in the experiment, is shown in Table 6.

In view of the fact that the data were analyzed for

multiple objectives, the results and discussions are sepa-

rated and presented sequentially as follows:

- Response to selection

- Performance of linebred, outbred and various crosses

- Heritability estimates

- Phenotypic, genetic and environmental correlations

Selection index

Response to Selection

The annual means and standard deviations of the traits

in the experimental line are shown in Tables 7a, b. The

means of the control samples are shown in Appendix Table 1.

The graphical representation of the annual response in

sexual maturity, egg number, body weight, and egg weight in

the selected line and three of the control samples (Oregon

State University normal size control (1), Oregon State Uni-

versity dwarf control (2) and a normal size control from a

commercial source (3) are shown in Figures 1-7.

The phenotypic change was obtained for each of the vari-

ables analyzed by the regression cf annual means on year. An

approximate genetic change was obtained by the regression of



Table 6. Annual and total number of records for each variable analyzed in the
experimental lines.

Mating
SM NFE NYE NRE BW

10
BW

20
BW

64
EW

34
EW

64
SGPlan SG.SG64

1966 1 1 228 376 376 376 211 375 375 115 155 115

1967 1 1 374 382 382 354 377 379 261 325 261 382

1968 1 1 482 494 494 441 490 494 427 428

1969 1 1 454 464 464 429 464 462 404 438 286 436
All 566 580 580 536 580 578 504 546 355 544

1970 1 1 557 556 556 524 565 566 361 526 - -
All 808 818 818 768 818 819 546 769 - -

1971 1 1 498 509 509 464 509 509 355 461 335 462 -

1972 1 1 706 711 711 677 610 610 525 688 554 688 -
All 877 882 882 843 881 881 356 856 702 856

1973 1 1 981 985 985 923 984 985 854 918 712 918 712
All 1094 1098 1098 1032 1098 1098 950 1025 795 1025 795

1974 1 1 723 727 727 695 726 727 662 682 601 682 602
All 892 896 896 867 895 896 822 843 750 843 751

1975 1 1 823 828 828 793 828 827 764 789 695 789 696
All 1184 1193 1193 1141 1193 1192 1104 1135 1009 1135 1011

1976 1 1 285 286 286 275 284 286 266 276 239 276 240All 408 409 409 392 406 409 380 391 341 391 342Pooled 1 1. 6111 6-327 6327 5785 6311 631D 4170-5580 3901 5054 2731



Table 7a. Annual means and standard deviations for sexual maturity and egg production
measures in the selected dwarf line (1,1) and the regression of annual means
on year.

Year of
Hatch

Average Sexual Maturity Average Number of Eggs

Weeks to first egg
SM

At 40 weeks
NFE

At 68 weeks
NYE

From 40-68 weeks
NRE

1966 32.316.2 23.4113 50.8123 27.1

1967 29.115.4 54.6132 95.5163 40.9

1968 27.712.9 51.3 ±23 85.1154 33.8

1969 25.9 ±2.2 72.1122 162.6159 90.5

1970 24.412.6 84.4125 174.22-71 89.8

1971 24.5±2.1 81.4±25 170.0166 72.8

1972 24.612.1 80.0 ±20 177.9±55 97.9

1973 26.1±2.7 72.4-122 169.4159 97 0

1.974 24.1±1.8 86.2±20 189.6153 103,4

1975 22.5±1.8 92.3123 195.8155 103.5

1976 21.7±2.0 108.3123 218.2±52 109.7

Pooled
Means 25.213.6 74.4131 158.0175 84

Regression
on Year -.81 6.7 15.2 8.1



Table 7b.

Year of
Hatch

Annual means and standard deviations of body weight, egg weight and specific
gravity in the selected dwarf line (1,1) and the regression of annual means
on year.

Body Weight (lb) Egg Weight (gms) Specific Gravity (1-16)
10 wks 20 wks 64 wks 34 wks 60 wks 34 wks 60 wks

1966 1.341.16 2.07±.28 - 53.3213.3 59.5 ±3.9 11.5±1.3 10.1±1.4

1967 1.351.16 2.86±.34 53.78±3.5 55.35 ±4.0 11.2 ±1.2 10.6-11.3

1968 1.174_16 2.79±.36 - 51.0813.6 11.6±1.6

1969 1.201.15 2.44±.44 3.78±.50 54.27±4.0 62.0 ±4.4 11.0±1.3 11..3p1.4

1970 1.421.17 2.321.33 3.861.57 56.64±4.1 - -

1971 1.26 ±.19 2.23±.31 3.29±.51 52.5±4.1 58.6±4.9 10.611.3

1972 1.171.16 2.011.25 3.34±.49 55.73±4.3 62.52±4.9 11.0±1.2

1973 1.061.12 2.05 ±.28 3.261.51 56.4913.9 61.8914.9 11.8 ±1.4 8.91J-5

1974 1.15±.17 2.27±.35 3.31±.53 53.0114.3 59.7214.5 10.711.3 9.211.5

1975 1.161.13 2.031.36 3.25±.50 52.1413.8 60.1614.7 10.711.3 9.411.5

1976 1.15±.14 2.161.30 3.15±.53 53.2114.5 57.8314.9 11.1±1.6 9.111.6

Pooled
Means 1.201.19 2.281.42 3.371.56 54.4±4.4 60.21-5.1 11.111.4 9.4±1.5

Regression
on Year -.02 -.04 .09 .015 .11 -.05 -.26
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Figure 1. Annual means for sexual maturity in the selected dwarf line, OregonState University normal size control (1), Oregon State Universitydwarf control (2), and a commercial strain of normal size (3).
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Figure 2. Annual means for hen-housed egg production to 68 weeks of agein the selected dwarf line, Oregon State University normal sizecontrol (1), Oregon State University dwarf control (2), and acommercial strain of normal size (3).



rn
tr.

0

cu

11

100

80

60

3

40
= Selected dwarf

line
------1,2,3 = Controls

20

1.966 67 68 69 70 71 72 73
Year

74 75 76

Figure 3. Annual means for hen-housed egg production to 40 weeks ofage in the selected dwarf line, Oregon State Universitynormal size control (1), Oregon State University Dwarf con-trol. (2), and a commercial strain of normal size control (3).



3.0

U)

0 2.02
0,

-H

4)

-H
0

1.0

0

0

----- Selected dwarf line
--- 1 control

1966 67 68 69 70 71

YearFigure 4. Annual means for body weight at ten weeks in the selected
dwarf line and in the Oregon State University normal sizecontrol (1).

72 73 75 76

CO



0
too

----- Selected dwarf line

1966 67

1,3 controls

§.1.11r
68

.,

69

*

agINNWIRSIYIF

-.1

70 71
Year

72 7:3 74

Figure 5. Annual means for body weight at 20 weeks in the
dwarf line, Oregon State University normal size
(1), and a commercial strain of normal size (3).

75 76

selected
control



2

---- 1,2,3 controls

1966 67 68 70
Year

Figure 6. Annual means for body weight at 64 weeks in the selected
line, Oregon State University normal size control (1),
Oregon State University dwarf control (2), and a com-
mercial normal size strain (3).

CY



60 selected dwarf line

---- 1,2,3 controls

58

54

52

50
1966 67 68 69 70 74 75

Year
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line, Oregon State University normal size control (1), Oregon
State University dwarf control (2), and a commercial strain of
normal size.
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the deviations of annual means of the selected line from

the annual means of the unselected dwarf control on year.

The estimated phenotvpic change as obtained by an un-

weighted regression of annual means of selected line on year

showed a positive change egg production traits (Table

7a).

The control sample used in the estimation of relative

genetic change was the Oregon State University "dwarf con-

trol" and the estimated change is shown in Table 8.

The effectiveness of the selection program can be

evaluated from the directional change in the means over the

years and also from the performance relative to the con-

trols as shown in Figures 1-7.

Phenotypic Change

Sexual Maturity. Sexual maturity or the age at which

pullets start to lay was not selected for directly. It

declined rapidly in early years as a correlated response to

selection on the basis of early or part-year records. The

age at first egg, which averaged 32 weeks in the dwarfs in

1966 compared to about 22 weeks in the normal size controls,

declined to 21.7 weeks in 1976 (Figure 1).

Hen-housed Egg Production. The total hen-housed egg

production which initially differed significantly from that

in the normal size layers increased rapidly from 51 eggs per

bird in 1966 to 218 in 1976 (Figure 2) . The part-hen-housed

production (Figure 3) and residual egg production also



Table 8. Genetic change for sexual maturity, egg production, body weight and egg weight
as measured by the regression of the deviation of annual means of the selected
line from Oregon State University dwarf controll on year.

Variables Selected line deviated from
"unselected control"

(b)

F-Valuc 2

Sexual maturity
(in weeks) -.63 2 .

Egg production to February
(no. of eggs) 1.80 1.40

Annual egg production
(no. of eggs) 3.30 ')f)

Housing body weight
(lbs.) 0

Matured body weight
(lbs.) -.01 .18

Egg weight at 34 weeks
(grams) .43 1.13

'Data were available for only five years (1966, 1969, 1970, 1971, and 1976).

`None was statistically significant
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both increased significantiv. The _art hen-housed produc-

tion increased from 24 to 108 eggs, and residual egg number

increased from 27 to 109 ,4-qs. The rates of increase in

the components of egg production were all statistically

significant.

Body Weight. The body weight at all periods of measure-

ment did not increase, which was as desired, and in fact it

actually declined slightly (Figures 4-6).

Body weight at 20 weeks and at 64 weeks in the dwarf

line averaged 2.3 and 3.4 lbs (or 1.04 and 1.34 kg) respec-

tively. The body weight of the four normal size controls

(Oregon State University normal, Babcock, H&N and Shaver)

(Table 1 Appendix) at 20 weeks averaged 3 lbs, 2.8 lbs, 3.1

lbs and 3.2 lbs (or 1.36 kg, 1.27 kg, 1.4 kg and 1.54 kg),

respectively. The lower body weight of the dwarfs at 20

weeks of age was equivalent to a 23%, 18%, 26% and 28% re-

duction relative to the Oregon State University normal, Bab-

cock, H&N and Shaver normal size controls, respectively.

The body weight at 64 weeks in the four normal size controls

averaged 3.9 lbs, 3.8 lbs, 4.4 lbs and 3.4 lbs (or 1.77 kg,

1.72 kg, 1.82 kg and 1.99 kg). The lower body weight of 3.4

lbs (or 1.54 kg) at 64 weeks of age in the dwarfs was equiva-

lent to a 23%, 13%, 11% and 28% reduction in body weight

relative to the normal size control.

Egg Weight. Egg weight is a highly heritable trait and

it was expected to respond readily to selection, but it
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improved only slightly 2'. ge.re 7;. It should be recalled

that a conceptual restriction selection index rather than a

calculated selection indee,: was '1 ed because the genetic

parameters necessary for the construction of a real index

were not available. The ocjective Qf the conceptual restric-

tion index was to increase egg production and egg weight

while maintaining body weight constant.

The egg weight in the selected line improved a total of

about three grams when compared with the unselected dwarf

control in 1966 (Appendix Table I) . However, when the egg

weight of the selected line was compared with the initial

egg weight of the four normal size controls (Oregon State

University normal, Babcock, H&N and Shaver) the egg size

of the dwarf line was lower by an average of 2.3 grams, 2.9

grams, 1.5 grams and 3.4 grams, respectively. There were

non-significant differences between the mature egg size of

the dwarfs and that of the normal size controls. The dif-

ferences in early egg size were equivalent to 4%, 5%, 3%

and 6% reduction when compared to the Oregon State Univer-

sity normal, Babcock, H&N and Shaver controls, respective-

ly.

Genetic Change

True random bred controls would have permitted a more

accurate determination of genetic gains. Nonetheless, an

approximation of relative genetic change was determined by
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the regression of the annal deviations of the selected

line from the dwarf control on year (Table 8). The esti-

mated relative change is certainly an underestimation because

the dwarf control sample was reproduced yearly with sires

that were progeny from selected parents of the previous

year. Consequently, the dwarf control was also being im-

proved.
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Performance of Linebred, Outbred and Various Dwarf Crosses

Linebred versus Outbred, The production records of the

linebred dwarfs (dwarf males x dwarf pullets) and outbred

dwarfs (dwarf males x normal size females) only for 1972,

1974 and 1975 (Tables 9a, b) were compared for two reasons.

The outbred dwarfs wero not produced every year, and second-

ly, in these years, the number of dwarfs in each of the sub-

groups was relatively large.

The performance of linebred dwarfs (1,1) selected on the

basis of part-year records, linebred dwarfs (1,3) selected on

the basis of full year records, and outbred dwarfs (1,2)

selected also on the basis of full year records is presented

for all traits.

Dwarf Crosses versus Normal Size Layers. The records of

various crosses (dwarf males x random normal size layers,

Table 10) and backcrosses (dwarf males x dwarf layers, Table

11) were evaluated principally for body weight and egg weight

in a supplementary study. The dwarf crosses were obtained

from yearly matings of improved dwarf sire lines to normal

size layers. The normal size layers used in the crosses from

1966-1971 were from the Oregon State Production Line, and

those used in 1972-1975 were from commercial sources. In

1972-1975 some dwarf females obtained from the previous years

were also used as parents for the next generation. Measure-

ments were taken for body and egg weight at 40 weeks of age.

Hen-day egg production was also recorded but is not vital for

the comparison, and is shown in Appendix Table II.



Table 9a. Annual means and standard errors for sexual maturity and egg production
measuresa of dwarf layers originating from linebred and outbred coatings and
selection based on part-year and full-year records.

Basis of
Selection

Mating N SM Weeks NFE NYE NRE

1972
Part Record 1 1 711 24.7t.07 80±.75 178±2.1 97,9
Full Record 1 2 44 25.4±.32 80±2.7 189±7.4 108.8
Full Record 1 3 127 25.41.16 84±1.6 191±3.7 106,4

1974
Part Record 1 1 729 24.1±.06 86±.70 190-12.0
Full Record 1 2 119 24.61.14 88±1.2 204±3.0 116.2
Full Record 1 3 50 23.61.17 831_3.4 1872-7.8 104,5

1975
Part Record 1 1 828 22.5±.06 92t8.0 196-1.9 103,5
Full Record 1 2 222 23.4±.11 81 ±1.2 190±3.1 1(;8,4
Full Record 1 3 143 22.81.12 90+1.9 196±4.6 105.7

1 1 Dwarf male x dwarf
1 2 Dwarf male x normal
1 3 Dwarf male x dwarf

pullets or linebred dwarfs
size hens or outbred dwarfs

hens
a
Based on hen-housed data.



Table 9b. Annual means and standard errors for body weight, egg weight and specific
gravity Of dwarf layers originating from linebred and outbred matings and
selection based on part-year and full -yeas records.

Basis of
Selection
and Mating

BW
10

Kg TE,

BW
20

BW
64

EW
34

gms

EW
64

gms

SG
34

Coded

SG
64

(1-16)Kg lb Kg lb

1972
Part 1 1 .54 1.2±.01 .91 2.01.01 1.5 3.3±.02 55.7 ±.16 62.51.18 11.01.04
Record

Full 1 2 .50 1.1±.02 .82 1.8±.03 1.3 3.01.06 52.14_47 59.41.50 10.9±.21
Record

Pull 1 3 .54 1.21-01 .91 2.0±.02 1.5 3.21.04 54.5±.34 61.2±.41 11.31.10
Record

1974
Part 1 1 .54 1.2±.01 1.04 2.3±.01 1.5 3.3±.02 53.0±.16 59.7±.16 10.7±.05 9.14.05
Record

Full 1 2 .50 1.11.01 .95 2.1±.03 1.4 3.11.04 51.04_1-.30 57.3±.34 9.41-.13
Record

Full 1 3 .54 1.2 ±.02 .99 2.2±.05 1.4 3.1±.06 52.14.47 58.61.60 10.51.18 9.21.17
Record

1975
Part 1 1 .54 1.21.01 1.04 2.31.01 1.4 3.2±.02 54.1J.13 60.21.16 10.7±.04 9.3±.05
Record

Full 1 2 .50 1.1±.01 .95 2.11.02 1.3 2.01.06 52.4 ±.24 58.5±.30 11.31.08 10.01.10
Record
Full 1 3 .51 1.11.10 .99 2.2±.03 1.2 3.21.04 52.61.31 58.74.35 10.71.12 9.4±.11
Record

1-1 Dwarf male x dwarf pullets or liTlenred dwarfs
1 2 Dwarf male x normal size hens or outbred dwarfs
1 3 Dwarf male x dwarf hens
SG Coded (1-36 1 , 1.044, 16 = 1.104



Table 10. Mpansand standard errors for body weight and egg weight of dwarf crosses
measured at 40 weeks of age compared with normal size layers.

Year
Mean Body Weight

Normal Dwarf
Difference in
Body Weight

Mean Egg Weight (5ms) Difference in
Normal Dwarf Egg Weight

kg lbs kl lbs 11.1 lbs

1966 1.8 3.9 1.4 3.0 -.41 .89 58.4 54.8 -:3.6

1967 1.7 3.8 1.3 2.9 -.41 .89 57.5 55.2 -2.3

1968 1.6 3.5 1.2 2.7 -.36 .79 58.4 55.7 -2.7

1969 1.7 3.8 1.3 2.8 -.45 1.00 59.9 54.5 -5.4
1970 2.0 4.4 1.3 2.9 -.60 1.49 62.9 57.5 -5.4

1971 1.5 3.4 1.4 3.0 -.18 -if] 61.9 56.3 -5.6

Average 1.7 3.8±.14 1.3 2.88 -.42 -.90 59.8±.88 55.66...45
±.047

1972 ].9 4.1 1.4 3.0 -.50 1.10 62.0 58.9 -3.1
1973 1.7 3.8 1.2 2.7 -.45 .98 62.4 56.9 -5.5

1974 1.7 3.8 1.3 2.8 -.45 1.00 59.6 55.6 -4.0

1975 1.7 3.7 .14 3.2 -.23 .49 59.5 56.0 -3.5

Average 1.7 3.8_1-.086 1.3 2.9 -.42 -.90 60.87t.76 56.85±.73 -4.0
±.11



Table 11. Means and standard errors for body and egg weight of dwarf crosses* measured
at 40 weeks compared with normal size layers.

Year
Mean Body Weight Difference in

Normal Dwarf Body Weight
Mean Egg Weight (gms) Difference in

Normal Dwarf Egg Weight.

1972

1973

1974

Average

lbs La lbs L2 lbs

1.9 4.1 1.3 2.9 .55 1.2 62.0 59.3 -2.7

1.7 3.8 1.3 2.8 .45 1.0 62.4 58.0 -4.4

1.7 3.8 1.3 2.9 .35 .78 59.6 58.3

1.8 3.8±.17 1.3 2.9 .47 .99 61.31-.88 58.5-1.44 -2.2
±.03

*Back-cross.
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Heritability Estimates

The yearly and pooled heritability estimates for the

traits analyzed in the dwarf selected line (1,1) are pre-

sented in Tables 12a-c and shown graphically in Figures

8-15.

A decline in the heritability estimate of a trait may

be an indication of genetic change due to selection. This

was determined for each trait by the regression of the annual

heritability estimates on year (Tables 12a-c); however, none

of them was significant.

The yearly phenotypic, genetic, and environmental com-

ponents of variance for the traits studied are shown in

Table III, Appendix.

The pooled heritability estimates for the entire dwarf

population (linebred and outbred dwarfs) are presented for

each trait in the Analysis of Variance Tables (13-22) which

also give the percent variation in each trait attributed to

the different sources of variation. The differences in the

estimates obtained from the entire dwarf population and the

selected linebred line are minimal for most of the traits,

possibly because the number of outbreds included in the

total population is small. The number of records available

for each trait is shown in Table 6 and can also be deduced

from the Analysis of Variance Tables.

It was deemed useful to present the pooled analysis of

variance for each trait so as to have a complete picture

of the variation present in each trait.



Table 12a. Annual heritability estimates of hen-housed egg production or production index
in the selection line of sex-linked dwarf layers (1,1) only, and the regression
of heritability on year.

Part Production Index Annual Production Index
at 40 wks (NFE) at 68 wks (NYE)

Residual Production
Index (NRE)

Year h
2
S h

2
D h

2
S+D h

2
S h

2
D h

2
S+D h

2
S

2
h D h

2
S+D

1966 .92 .34 .63 .81 .35 .58 (-.12) (-.25) (-.18)

1967 .12 .87 .49 (-.01) .64 .31 (-.06) .67 .30

1968 .44 .50 .47 .27 .24 .26 .02 .01 .02

1969 .17 .75 .46 .12 .96 .54 .20 .69 C'C"
...).)

1970 .13 .67 .40 .06 .34 .20 .10 (-.05) .02

1971 .71 .15 .43 .71 .32 .52 .39 .23 .31

1972 .08 .42 .25 .12 .03 .08 (-.06) (-.10) (-.08)

1973 .48 .30 .39 .48 .30 .39 .15 .66 .41

1974 .12 1.00 .66 .15 1.00 .60 .18 1.00 .66

1975 .54 (-.06) .24 .40 (-.24) .08 .13 .48 .31

1976 (-.01) .53 .26 .03 .53 .28 (-.19) 1.00 .47

Pooled .31±.05 .50±.08 .41±104 .27±.05 .36±.08 .31±.04 .08±.04 .33±.09 .291.04

Regression
Coefficient -.03 -.016 -.023 .022 .008 .016 .01 .08 .047

LJ



Table 12b. Annual heritability estimates of body weight in the selected line of sex-linked
dwarf layers (1,1) and the regression of heritability on year.

Body weight (10 weeks) Body weight (20 weeks) Body weight (64 weeks)

Year h
2
S h

2
S h

2S+D h
2
S h

2
D h

2
S+D h

2
S h

2
D h

2S+D

1966 .70 .41 .56 .67 .50 .58

1967 .42 1.5 .97 .38 1.3 .84

1968 .30 .54 .42 .15 .62 .39

1969 .36 1.0 .68 .43 .67 .55 .42 1.0 .73

1970 .26 .67 .46 .07 .97 .52 .80 .73 .77

1971 .32 .92 .62 .16 .71 .59 .35 .37 .36

1972 .47 .88 .67 .49 .75 .62 .91 .60 .75

1973 .24 .77 .51 .27 .73 .50 .48 .E8 .58

1974 .60 .35 .47 .53 .60 .71 .39 .55

1975 .48 .61 .55 .74 .28 .51 .93 .30 .61

1976 (-.21) 1.2 .50 .01 1.1 .54 .72 .27 .49

Pooled .40±.05 .76±.08 .58±.04 .42±.05 71.±08 .56±.04 .621.07 .58±.09 .60±.05

Regression
Coefficient -.022 -.003 -.017 -.002 -.011 -.009 .031 -.078 -026



Table 12c. Annual heritability estimates of sexual maturity and egg weight in the
selected line of sex-linked dwarf layers (1,1) only and the regression
of heritability, on year.

Sexual Maturity
(SM)

Egg Weight at 34
(EW

34
)

Weeks Egg Weight at 64 Weeks
(EW

64
)

Year h
2
S h

2
D h

2
S+D h

2
S h

2
D

2--
h S+D h2S h

2
D h

2
S+D

1966 .29 1.17 .73 .55 (-.06) .24 (-.27) .97 .34

1967 .14 .70 .42 (-.39) 1.05 .32 .12 .33 .22

1968 .29 .40 .35 .24 .31 .27 yy.

1969 .69 .15 .42 .56 .61 .58 .83 .31 .57

1970 (-.34) 2.4 1.03 .77 .67 .72

1971 .43 .12 .27 .88 .56 .72 .72 .61 .67

1972 .23 .57 .40 .40 .21 .31 .76 .43 .59

1973 .59 (-.06) .26 .23 .48 .36 .39 .46 .43

1974 (-.05) 1.7 .86 .29 .42 .36 .54 .42 .48

1975 .27 .96 .61 .96 (-.005) .48 .87 (-.07) .39

1976 .2") .27 .25 .90 .73 .82 .57 .67 .62

Pooled .23±.05 .93±.08 .58±.038 .551.06 .451.04 .50±.04 .56±.073 .37±.10 .47±.05

Regression
Coefficient -.006 -.017 -.009 +.04 -.010 +.027 +.060 -.007 +.034
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Figure 8. Annual heritability estimates for production index at 40 weeksof age (NFE) in the selected dwarf line based on the sire andcombined sire and dam components of variance
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Figure 9. Annual heritability estimates for production index at 68 weeksin the selected dwarf line based on the sire and the combinedsire and dam components of variance.
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10. Annual heritability estimates for residual egg production
(68 weeks - 40 weeks) (NRE) in the selected dwarf line based
on the sire and the combined sire and dam components of
variance.
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Figure 11. Annual heritability estimates for sexual maturity (SM) inthe selected dwarf line based on the sire and the combinedsire and dam components of variance.
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Figure 12. Annual heritability estimates for egg weight at 34 weeks of
age (EW34) in the selected dwarf line based on the sire and
the combined sire and dam components of variance.
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Annual heritability estimates
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for body weight at ten weeks ofage (BW10) in the selected dwarf line based on the sire and
the combined sire and dam components of variance.
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Figure 14. Annual heritability estimates for body weight at 20 weeks
00(BW20 ) in the selected dwarf line based on the sire and

the combined sire and dam components of variance.



Figure 15. Annual heritability estimates for body weight at 64 weeks
of age (BW64) in the selected dwarf line based on the sire
and the combined sire and dam components of variance.



84

Although heritability is an important concept in breeding,

the decision whether to develop inbred lines for crossing

or carry out reciprocal recurrent selection is dependent

mostly on the type of gene action and consequently vari-

ance components should be considered as suggested by Robin-

son (1963). Although the variance components per se do

not reveal the type of gene action, the degree of disparity

between the sire and dam components could be an indicator

of non-additive gene action and/or maternal effects.

Secondly, presentation of the analyses of variance

also permits an examination of the effect of date of hatch

on the heritability estimates of the traits, notably sexual

maturity, early egg production and juvenile body weight.



Table 13.

Source

Pooled analysis of variance for sexual maturity (all dwarfs).

Degrees of
Freedom Mean Square Component Percentage

Years 10 3351.88 5.14 40.72

Hatches 25 125.19 .56 4.44

Sires 993 12.12 .54 4.35

Dams 2679 7.72 1.47 11.68

Progeny 3704 4.90 4.9 38.81

Heritability estimated based on the sire component

h
2
S = .31±.05

Heritability estimated based on the dam component

h
2
D = .85±.07

Heritability estimate based on the combined sire and dam components

IL`S+D = .581.04



Table 14. Pooled analysis of variance for hen-housed egg production to February 1
(all dwarfs)

Degrees of
Source Freedom Mean Square Component Percentage

Years 10 292757.42 414.43 43.82

Hatches 25 9018.39 39.52 4.18

Sires 996 811.56 36.18 3.83

Dams 2746 520.66 70.28 7.43

Progeny 3861 385.40 385.40 40.75

Heritability estimate based on the sire component

h
2
S = .29±.04

Heritability estimate based on dam component

h
2D = .57±.07

Heritability estimate based on combined sire and dam components

h
2
S+D = .43±.03



Table 15.

Source

Pooled analysis of variance for annual hen-housed egg production

Degrees of
Freedom Mean Square Component

(all dwarfs)

Percentage

Years 10 1571023.18 2276 40.82

Hatches 25 15376.59 49 .88

Sires 996 4995.58 210.52 3.78

Dams 2746 3335.08 318.38 5.71

Progeny 3861 2722.42 2722.42 48.82

Heritability estimate based on sire component

h
2
S = .25±.04

Heritability estimate based on dam component

h
2
D = .39±.07

Heritability estimate based on sire and dam components

h
2
S+D = .32±.03



Table 16.

Source

Pooled analysis of variance for residual hen-housed egg production (all dwarfs)

Degrees of
Freedom Mean Square Component Percentage

Years 10 420529.8 664.65 32.47

Hatches 25 3369.3 8.20 .40

Sires 987 1749.1 46.19 2.26

Dams 2597 1405.2 90.31 4.41

Progeny 3425 1237.5 1237.51 60.46

Heritability estimate based on sire component

h
2
S = .13±.04

Heritability estimate based on dam component

h
2
D = .26±.08

Heritability estimate based on combined sire and dam components

h
2S+D = .19±.04

00
CO



Table 17. Pooled analysis of variance for 10 week body weight (all dwarfs).

Source Degrees of
Freedom Mean Square Component Percentage

Years 10 3531.88 5.14 40.72

Hatches 25 125.19 .56 4.44

Sires 993 12.12 .54 4.35

Dams 2679 7.72 1.47 11.68

Progeny 3704 4.90 4.9 38.81

Heritability estimate based on the sire component

h
2
S = .31 ±.05

Heritability estimate based on the dam component

h
2
D = .85±.07

Heritability estimate based on the combined sire and dam components

h
2
S+D = .58±.04



Table 18. Pooled analysis of variance for 20 week body weight (all dwarfs)

Degrees of
Source Freedom Mean Square Component Percentage

Years 10 42.33 .957 33.04

Hatches 25 3.16 .014 8.31

Sires 466 .19 .010 6.04

Dams 2745 .11 .021 12.65

Progeny 3854 .068 .068 39.96

Heritability estimate based on sire component

h
2S = .41±.05

Heritability estimate based on dam component

h
2
D = .86±.07

Heritability estimate based on combined sire and dam components

h
2
S+D = .63±.04



Table 19. Pooled analysis of variance for 64 week body weight (all dwarfs)

Degrees of
Source Freedom Mean Square Component Percentage

Years 7 31.83 .045 14.14

Hatches 19 1.89 .006 2.11

Sires 811 .55 .044 13.68

Dams 2049 .26 .043 L3.47

Progeny 2445 .18 .18 56.6

Heritability estimate based on sire component

h
2
S = .65±.07

Heritability estimate based on dam component

h2D = .64±.08

Heritability estimate based on combined sire and dam components

h
2S+ = .64±.04



Table 20. Pooled analysis of variance for egg weight at 34 weeks (all dwarfs)

Degrees of
Source Freedom Mean Square Component Percentage

Years 10 1559.06 2.39 12.39

Hatches 25 135.08 .55 2.92

Sires 977 31.23 2.23 11.81

Dams 2498 15.65 2.19 11.64

Progeny 3318 11.56 11.56 61.24

Heritability estimate based on sire component

h`S = .55±.06

Heritability estimate based on dam component

h
2D = .54±.07

Heritability estimate based on combined sire and dam components

h
2
S+D = .55±.04



Table 21. Pooled analysis of variance for egg weight at 64 weeks (all dwarfs).

Degrees of
Source Freedom Mean Square Component Percentage

Years 8 2000.4 3.73 14.46

Hatches 20 85.48 .26 1.04

Sires 809 38.22 2.99 11.59

Dams 1880 20.64 2.68 10.39

Progeny 2049 16.15 16.15 62.52

Heritability estimate based on sire component

h
2
S = .54±.07

Heritability estimate based on dam component

h4D = .49±.09

Heritability estimate based on combined sire and dam components

h
2
S+D = .52±.05



Table 22. Pooled analysis of variance for specific gravity at 34 weeks of age (all dwarfs).

Degrees of
Source Freedom Mean Square Component Percentage

Years 9 100.77 .163 7.86

Hatches 23 4.36 .006 .30

Sires 884 3.10 .148 7.10

Dams 2232 2.03 .319 15.33

Progeny 2911 1.44 1.447 69.40

Heritability estimate based on sire component

h
2
S = .31±.05

Heritability estimate based on dam component

h
2D = .66±.08

Heritability estimate based on combined sire and dam components

h2S+D = .48±.04
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Phenotypic, Genetic and Environmental Correlations

The correlations among the important production traits

were computed from pooled components of variance and co-

variance. As indicated in the statistical methods (page

40), it is essential to have a suitable subset of records

for proper estimation of correlations among traits when there

is a disproportionate number of records for each of the

traits. The use of variance components in the estimation of

correlations which are extracted directly from the Analysis

of Variance made for the purpose of estimating heritability

may lead to very biased correlation estimates if the dif-

ferences in the number of records available for each of the

traits is large. For each trait, seven estimates were com-

puted: three genetic correlations based on the sire, the

dam, and the combined sire and dam components and three

environmental correlations based on the respective compo-

nents as above and one phenotypic correlation. The correla-

tions are tabulated under four headings as follows: Sexual

maturity (SM) and other traits, Part-year egg production

(NFE, NRE) and other traits, Body weight (3W10, BW20, BW64)

and other traits, and Egg weight, shell quality (EW34, SG34)

and other traits.

Sexual Maturity (SM) and Other Traits. The pooled

phenotypic, genetic and environmental correlations between

sexual maturity (SM) and the other traits are presented in

Table 23.



Table 23. Genetic, environmental and phenotypic correlations between sexual maturity
and other traits in the production line estimated from pooled variance and
covariance components.

Correlated
Variables

Genetic Environmental Phenotypic
eCorrlation
R
P

S
RG

D
RG

S+D
RG

S
RE

D
RE

S+D
RE

SM - NFE -.70 -.72 -.70 -.61 -.58 -.59 -.62

SM - NYE -.42 -.40 -.40 -.30 -.30 -.30 -.33.

SM - NRE -.22 -.14 -.16 -.10 -.11 -.10 -.12

SM - BW
10 -.20 -.02 -.11 -.18 -.47 -.29 -.21

SM - BW
20 -.33 -.23 -.24 -.15 -.20 -.14 -.24

SM - BW
64

+.32 -.10 +.05 +.02 -.05 -.02 -.09

SM - EW
34 +.08 -.39 -.10 _.02 _.11 +.02 -.04

SM - EW
64

+.34 -.33 -.02 -.22 +.15 -.06 -.05

SM - SG
34 -.10 -.10 -.14 -.02 -.02 -.02 -.05
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Part-year Egg Production (NFE, NRE) and Other Traits.

The phenotypic, genetic and environmental correlations

between part-year egg production and other traits are pre-

sented in Table 24.

Body Weight (BW10'
BW20, BW64) and Other Traits. The

phenotypic, genetic and environmental correlations between

body weight measures and other traits are presented in

Table 25.

Egg Weight, Shell Quality (EW34, SG64) and Other Traits.

The phenotypic, genetic, and environmental correlations be-

tween egg weight, shell quality and other traits are pre-

sented in Table 26.

Trend in Correlations. The genetic correlation between

egg production and egg weight is critical in the concurrent

improvement of both traits. Since there was a steady increase

in annual egg production it was considered useful to examine

the annual correlation estimates involving this trait to

determine if they changed in magnitude and/or direction in

the course of selection.

The annual genetic, environmental and phenotypic cor-

relations between egg number at 40 weeks and egg weight at

34 weeks of age together with the covariances are presented

in Table 27. The annual genetic, environmental and pheno-

typic correlations between egg number at 40 weeks and mature

egg weight are presented in Table 28, together with the

covariances.



Table 24. Genetic, environmental and phenotypic correlations between part-year egg
production and other traits in the production line estimated from pooled
variance and covariance components.

Correlated
Variables

Genetic Environmental Phenotypic
Correlation

R
P

S
RG

D
RG

S+D
RG

S
RE

D
RE

S+D
RE

NFE - NYE 0.93 .94 .87 .76 .78 .77 .81

NFE - NRE .80 .44 .57 .51 .60 .55 .56

NFE BW
64 -.07 .32 .16 .22 -.03 .11 .14

NFE - EW
34 -.20 .29 .04 .24 .001 .12 .08

NFE - EW
64

-.56 .41 .04 .22 -.22 .02 .03

NFE SG
34 .20 .40 .32 .15 .03 .09 .19

NRE - NYE .96 .94 .95 .94 .94 .94 .94

NRE BW
64 -.14 .18 .09 .02 -.18 -.06 .02

NRE EW
34 .02 .08 .06 .16 .14 .15 .11

NRE EW
64 .17 -.22 .32 -.01 .17 -.015

*Not estimable because of a negative variance component



Table 25. Genetic, environmental and phenotypic correlations between body weight measures
(BW10, BW

20
and BW

64
) and other traits in the production line estimated from

variance and covariance components.

Correlated
Variables

Genetic Environmental Phenotypic
Correlation

RP
S
RG

D
RG

S+D
RG

S
RE

D
RE S+D

RE

BW
10

NFE .35 .38 .37 .16 .07 .12 .24

BW
10

- NYE -.002 .41 .26 .21 -.001 .12 .18

BW10 BW20 1.01 .67 .78 .64 .82 .71 .75

BW
10

BW
64

.89 .68 .77 .32 .39 .35 .58

BW
10

- EW
34

.21 1.0 .61 .47 .04 .26 .44

BW
10

EW
64

.43 .29 .36 .23 .30 .26 .31

BW10 SG
34 -.06 .09 .04 -.04 -.17 -.09 -.03

BW
20

NFE .23 .43 .36 .25 .10 .18 .27

BW20
NYE .09 .45 .32 .17 -.02 .09 .20

BW
20

NRE -.005 .38 .25 .07 -.16 -.03 .09

BW
20

BW
64

.74 .73 .73 .53 .53 .53 .64

BW
20

EW
34

.42 .38 .39 .36 .38 .37 .38

BW
20

EW
64

.27 .73 .48 .30 .08 .19 .33

BW
20

SG
34

.09 .05 .07 -.13 -.16 -.14 -.04

BW
64

EW
64

.38 .52 .44 .41 .34 .37 .41

BW
64

NYE -.10 .22 .16 .07 -.07 .01 .06
.0



Table 26. Genetic, environmental and phenotypic correlations between egg weight, shell
quality and other traits in the production line estimated from variance and
covariance components.

Correlated
Variables

Genetic Environmental Phenotypic
Correlation

R
P

S
RG

D
RG

S+D
RG

S
RE

D
RE

S+D
RE

EW
34

- BW
64

.45 .53 .48 .35 .32 .34 .43

EW
34

- EW
64 .83 .89 .85 .52 .54 .53 .69

EW
34

SG
34

.06 .37 .23 -.04 -.20 -.12 .04

EW
34

- SG
64

.23 -.11 .06 -.10 -.01 -.05 -.01

SG34 - BW64 -.01 .02 .01 .03 .02 .03 .02

SG
34

SG
64

1.0 .70 .85 .28 .34 .31 .45

EW
34

- NYE - .35 -.42 ,23 .36 -.06 -.05



Table 27. Annual genetic,
number at 40 we
variances.

Genetic

Year

environmental and phenotypic correlations between part-egg
eks (NFE) and egg weight at 34 weeks (EW34) and annual co-

SRG
S+D

RG

Environmental Pheno-
typic

SRE S+D
RE

Rp

Covariance Components

CO vs COV
D

CO VW COV
T

1966 -.05±.47 -.20±.58 * .61 .17 -.30 -.85 5.70 4.55

1967 * .40±.36 .21 .19 .26 .65 3.55 10.35 14.55

1968 .51±.37 .42±.22 .27 .28 .32 2.10 2.20 16.50 20.80

1969 .61±.27 .48±.14 -.06 .01 .25 4.80 2.75 8.05 15.65

1970 -.56±.24 .01±.16 .34 .08 .05 -5.45 5.65 4.00 4.20

1971 -.30±.24 .12±.20 .31 .18 .01 -2.35 .10 2.65 .40

1972 -.66±.17 -.14±.19 .23 .17 .07 -2.50 1.01 6.85 5.36

1973 -.26±.15 -.002±.14 .13 -.08 -.40 -2.85 2.80 -2.45 -2.50

1974 -.84±.17 .03±.15 .37 .14 .06 -3.35 3.80 2.75 3,20

1975 -.03±.16 .04±.21 .14 .09 .03 -.35 -.19 2.35 1.81

1976 -.20±.80 .03±.23 .22 .08 .04 -1.20 1.90 2.35 3.10

* Not estimable because of negative argument in the denominator



Table 28. Annual genetic, environmental and phenotypic correlations between part-egg
number at 40 weeks (NFE) and mature egg weight (EW64) and the annual
covariances.

Year

Genetic Environmental Pheno-
typic

Covariance Components

S
RG S+D

RF
SRE S+D

RE R COVE COV
D CO Vw COV

T

1966 * .17±.40 .07 -.08 .03 -1.40 3.30 -.50 1.40

1967 .65 ±l.3 .55±.24 .43 .43 .45 1.17 9.35 38.60 49.12

1968 - - - - - - - -

1969 -.12±.39 -.32±.19 .30 .30 -.02 -1.30 -3.40 3.50 -1.20

1970 - - - - - - - - -

1971 - .90 ±.06 .17±.23 .29 -.05 .07 -3.72 7.10 1.65 4.83

1972 -.28±.24 -.19±.13 .05 .02 -.04 -1.55 -.20 -1.05 -2.80

1973 -.66±.14 -.19±.18 .21 .02 -.07 -5.70 2,30 -2.40 -5.80

1974 -.20±.42 .09+.13 -.002 -.19 -.04 -2.40 4.20 -4.80 -3.05

1975 (1.20) .04±.24 .59 .03 .03 -11.05 12.40 1.60 2.95

1976 * - - - - - -

* Not estimable because of negative argument in the denominator
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The annual correlation and covariance estimates for

other important traits are too numerous to be presented

here, and are presented in the Appendix, Table IV.
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Selection Index

In poultry improvement the breeder is usually concerned

with more than one trait in the population (Dickerson,

1955b, 1963). However, the inclusion of more than one trait

in a selection program lowers the efficiency of selection

because the selection intensity for each component trait is

reduced. The multiplicity of selection objectives besides

lowering the selection intensity may also tend to lower

progress because genetic antagonisms may exist among the

traits or may arise in the process of selection (Lerner,

1958; Falconer, 1960). Notwithstanding the difficulties in

selection for more than one trait, it has been shown (Hazel

and Lush, 1942; Young, 1961; Finney, 1962; Gjedrem, 1967;

among others) that index selection is generally more effici-

ent than the tandem or the independent culling method.

The traits included in the index were: sexual matu-

rity, February egg production, housing body weight and early

egg weight. The heritability estimates, genetic and pheno-

typic correlations, phenotypic means and their standard

deviations, and the relative economic weights are shown in

Table 29. The heritability and correlation estimates used

were obtained from the pooled analyses. The means and stan-

dard deviations of the traits were obtained from the last

year of selection.

Economic Weights. The economic weights used for the

construction of the selection indices were established on



Table 29. The heritability (diagonal), phenotypic correlation (above), genetic
correlation (below), the phenotypic means (X), the phenotypic standard
deviations (cs

P '
) and the relative economic weights (A) of the traits

in the index.

Sexual February Egg Housing Body Egg Standard Relative
Maturity Production Weight (BWH) Weight Means Deviation Economic

SM NFE (EW34) (X) (UP) Weight (A)

SM .58 -.64 -.24 -.04 21.7 2 weeks -6

NFE -.7 .42 .27 .08 108 23 eggs

BWH -.3 .36 .56 .38 2.2 .3 lb. -30.6

EW34 -.11 .04 .39 .50 53 4.5 grams
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the basis of price quoLations in the USDA Egg Market Report

for the first two month,,.; of 1980. The price per dozen of

medium size eggs paid to producer F; in the Pacific Northwest

was 45 cents. The cost 1. dy ,sight gain and feed con-

sumption was extracted from the data on growth and feed

reauirements of dwarfs and normal size layers in the studies

of Bernier and Arscott (1966) and other nutrition studies

conducted at Oregon State University. The cost of feed was

determined to be 3.5 cents a pound.

The economic weights for the index (Table 29) were

deduced on the basis of the average performance of the

selected dwarf line in 1976.

The phenotypic variance-covariance matrix (P), the

inverse matrix (P-1 ) and the genotypic variance-covariance

matrix (G) for the unrestricted and restricted selection

indexes are shown in Tables 30a and b. The elements of the

P and G matrices were computed from the parameters as out-

lined in Hogsett and Nordskog (1958) and Cunningham et al.

(1970) as follows:

P-matrix

= phenotypic variance = (c.)4P11

= phenotypic covariance = r aP12 p12-1 2

etc.

G matrix

Gll = genetic variance = h'i(.al)4

= genet aic covariance = r ?..4 2G12 -12 n ih 2g1 c12



Table 30a. The phenotypic variance-covariance matrix P, its inverse (P- 1
) and the

genotypic variance-covariance matrix for sexual maturity (SM), egg pro-
duction (NFE), body weight (BWH) and egg weight (Ell 34) .

Matrix Variable SM NFE BWH EW

Phenotypic variance-covariance matrix (P)

SM 4.0000 -29.4400 -.1440 -.3600
P = NFE -29.4400 529.0000 1.8630 8.2800

BWH -.1440 1.8630 .0900 .5130
EW

34
-.3600 8.2800 .5130 20.2500

P-1

SM .4281 .0230 .2548 -.0083
P-1 -= NFE .0230 .0033 -.0300 -,0020

BWH .2548 -.0300 14.0725 -.3398
EW

34
-.0083 -.0002 -.3398 .0579

Genotypic variance-covariance matrix (G)

SM 2.3200 -15.8926 -.1026 -.j331
G NFE -15.8926 222.1800 1.2047 1.8972

BWH -.1026 1.2047 .0504 .2786
EW

34
-.5331 1.8972 .2786 10.1250



Table 30b. The phenotypic variance-covariance matrix (P*) for egg production (NFE),
body weight (BWH) and egg weight (EW34) with complete restriction on sexual
maturity (SM).

Matrix Variable SM NFE BWH
EW34

P* =

C*

Reduced P* Matrix

SM 0.0000 -15.8926 -.1026 -.5531
NFE -15.8926 529.0000 1.8630 8.2800
BWH -.1026 1.8630 .0900 .51.10
EW

34
-.5331 8.2800 .5130 20.2500

SM
NFE
BWH
EW

Genotypic variance-covariance matrix

0 0 0 0
-15.8926 222.1800 1.2047 1.8972

-.1026 1.2047 .0504 .2786
-.5331 1.8972 .2786 10.1250

Relative Economic Values

A 0 1.0000 -30.6000 2.1000
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etc.

The genetic cost of restriction was calculated using

the formula of Cunningham (1969). The value of any variate

in a selection index as ::;casured by the percentage reduction

in rate of genetic gal in the aggregate genotype if that

variate is restricted is given by

1001-/1, Bb'PE-b2./Wii)/b1Pb71
1

where b.
1

is the weighting factor of the variate being evalu-

ated, Wii is the corresponding diagonal element of P -1 , and

b'Pb is the variance of the index.

The selection index for the four traits and the pre-

dicted changes in each component trait after one round of

selection on the index are shown in Tables 31a and b, respec-

tively.

The selection index with complete restriction on sexual

maturity is shown in Table 32.

The selection index for egg production, body weight and

egg weight and the predicted change in each of the component

traits are shown in Tables 33a and b, respectively.
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Table 31 a. Selection index for s.2xual maturity (SM) , egg
production (N2E), body weight (BWH), egg weight
(EW ) the Ileritabilitv estimate of the index
'2 34

,

(h2 I) and the se oared correlation between I and

Index SM NFE BWH EW h2I R2
IH

I

+Simplified

-5.26

-20.2

.26

1

-9.55

-36.7

.92

3.5

.53 .496

Simplified: Dividing by smallest value in the index

Table 31b. Standard deviation of the index and the predicted
change in each trait after one generation of
selection on index.

I
LSM ANFE ABWH GEW

(Week) (no. of eggs) (pound) (grams)
(gms)

15.15 -.105 8.75 .04

18

.65
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Table 32. Restricted selection index for sexual maturity
(SM), egg production (NYE), body weight (BWH),
and egg weight (LW

34
) with total restriction on

sexual maturity and the squared correlation
between I and H(R4

IH
).

index SM NFE BWH EW R2
IH

I -10.85 .07 -15.76 .80 .36

Simplified -154.2 1 -225 11.4
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Table 33a. Selection index for three traits: egg produc-
tion (NFE) , bDay weight BWH) , egg weight
(EW

34
) , the heritability (h21) , and the squared

correlation between I and H(R 2

IH
)

Index NFE BWH EW..
2

h
2
I RIH

I .38 -9.75 .81 .385 .382

Table 33b. Standard deviation of the index and predicted
change in each trait after one generation of
selection on index.

Variable A NFE A BWH A EW ° I

(eggs) (pound) (grams)
(gram)

8.2 .021 .69 9.02

9



113

V

DISCUSSION

Response to Selection

The superior perfrmance of present day egg producing

pullets is the result of concomitant improvement in genetics

and the physical and nutritional environments. Although

some recent selection experiments indicate that genetic

selection in some strains may have plateaued, the evidence

of improvement through genetic selection is vast and fully

documented by Jull (1940), Hutt (1949), and Lerner (1950).

In the poultry industry production flocks usually number in

the thousands of layers and profits are dependent on flock

average production rather than a few individuals with record

performance. Therefore, the principal objective of selection

for quantitative traits is to modify the mean of the popula-

tion rather than extending the range of the trait in one

direction to produce a record performance (common in some

animal breeding sectors). The main objective of this selec-

tion program was to improve the egg production traits and

early egg weight in the dwarfs through an accelerated selec-

tion or selection based on part-records. A secondary objec-

tive was to restrict body weight increase to a minimum so

as to reduce maintenance cost; consequently, a combination

of both directional and stabilizing selection was attempted.

The response to selection was positive. The increase in
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number of eggs to February first was accompanied by a spec-

tacular negative correlated response in sexual maturity and

positive correlated response in annual hen-housed egg produc-

tion. The negative correlated response in sexual maturity

was expected because the selection criterion was recorded as

number of eggs laid to a fixed date rather than percentage

egg production. Sexual maturity declined about ten weeks in

the whole experimental period and accounted for most of the

increase in February egg production. The positive correlated

response in annual egg production and in residual egg produc-

tion is in harmony with the results of Caceres (1967), Bohren

(1970) but differs from the reports of Morris (1963) and Gowe

and Strain (1963) who noted that selection based in part

egg number to a fixed date results in a decline in residual

egg number. However, the graphical presentation of sexual

maturity, egg number to February first, residual egg number

and annual egg number (Figure 16) shows that residual egg

production actually increased in the early years and appears

to have plateaued in later years. This plateau in residual

egg number is open to many interpretations, but it seems un-

likely that a negative correlation has arisen between part

egg production and residual egg production. The computed

genetic correlation between part egg production and residual

egg production was positive (.57). The ineffective selection

pressure could have arisen as more attention was paid to egg

size and body weight, or because the size of the experimental
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flock was increased during these later years (Table 3, page

32) .

An accurate estimate of the genetic change in this

study is difficult to assess because no true random bred

control was maintained. However, a conservative estimate

obtained from the regression of the deviations of the se-

lected line from the "unselected" dwarf control on year

indicates that genetic improvement was achieved. The use of

the Oregon. State University dwarf control which most prob-

ably also improved over the years (since it was reproduced

yearly with unselected sires from improved parents of the

previous year) would certainly underestimate the actual rate

of genetic change in the selected line.

Although the egg size has remained a limiting factor in

dwarfs, it is apparent from this study that it can be im-

proved. In 1966 the difference in egg size between the

selected and the control lines was about two grams, and in

1976 the difference between the selected and unselected lines

was about three grams. A realized genetic change of .43

grams per generation although not statistically significant

is satisfactory if one recognizes that a conceptual rather

than a computed selection index was used in maintaining body

weight and increasing egg weight.

The failure of egg weight to increase significantly

could result from any of the following factors. Genotype

for body size: Lerner (1958) reasoned theoretically that a
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bird possessing a comple of genes for large egg size would

produce large eggs only if her body size were sufficiently

large. He noted that if the identical genotype for egg size

were present in a bird which had to small a body size to

permit full expression of the large egg-size genes, it would

be conceivable that in spite of the genetic potentialities

for large eggs she would produce small eggs. Accumulation of

more genes for large egg size in birds whose genes destine

them to have small body size would have little or no additive

effect. Another and most likely explanation is the negative

correlation between egg number and egg weight which arose in

the process of selection (Table 27) and was consequently

antagonistic to selection for increased egg weight. Blyth

(1952) and Lerner (1958) stressed that the intermediate opti-

mum (both biological and economical) and the negative correla-

tion between egg number and egg weight could create problems

in actual selection for egg weight.

The performance of the dwarf line relative to the Oregon

State University normal size line and other normal size bird

strains from commercial sources (Figure 7) indicates that the

large initial deviation between the performance traits in thn,

dwarf line and the performance traits in the normal size

layers decreased as selection proceeded, indicating that

selection was effective in improving the traits in the dwarfs

even though the normal size birds presumably also improved

but at a comparatively slower rate.
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Performance of Linebred, outbred and Various Crosses

Linebred versus Outbred. The outbreds on the average

laid about three dozen more eggs (NYE) than the linebreds

even though they consistently reached sexual maturity later

than the linebreds. The linebreds, however, laid eggs of

larger size at both 34 weeks of age and at 64 weeks of age

than the outbreds (page 69).

The variation in the performance of outbred and linebred

dwarf progeny (Table 9) seems to provide confirmation to some

of the explanations with regard to "body size-egg weight" and

"egg number-egg weight" limitations in dwarfs: The fewer

eggs but of larger size (about 2 grams more) in the linebred

dwarfs could result from a slower ovulation rate thus permit-

ting more accumulation of egg yolk or from a longer sojourn

in the oviduct resulting in more albumen and water absorption

during egg formation. On the other hand, it could be because

of the relatively larger body size of the linebred dwarfs.

On this basis the results would confirm the theoretical

deductions of Horst and Petersen (1977) who indicated that

within their population of dwarf layers there were positive

curvilinear relationships leading to the improvement in the

egg size-body weight relationship.

The greater egg number of the outbred dwarfs might be

a result of heterosis. The normal size hens used as parents

were all outstanding individuals selected for small mature

body weight (less than 4 lbs), high egg production, and
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large egg size. Egg production, being a lowly heritable trait,

may be expected to show more heterotic response than either

body weight or egg size which are both highly heritable.

The smaller body weight of the outbred dwarfs (about

113 grams less) in comparison with the linebred dwarfs sug-

gests that the effect of the sex-linked dwarf gene in body

size reduction reflects the genotype for body size of the

strain being reduced. The influence of the dwarf gene in

reducing body size is therefore more powerful in genetically

larger than in genetically smaller birds. The normal size

layers that were selected for mating with dwarf males although

larger than the dwarf females were comparatively small.

Dwarf Crosses versus Normal Size Layers. The perform-

ance of dwarf crosses reproduced yearly from the mass mating

of dwarf males on normal size 2e males (Tables 10 and 11)

indicates that sex-linked dwarfs averaging 1.2 Kg at 40 weeks

would lay eggs of the same grade as normal size layers

weighing an average of 4.4 lbs or 2.0 Kg at 40 weeks. Al-

though there is an absolute difference in egg weight in the

range of 2-5.6 gms. and a range in body weight difference of

.4-1.5 lbs (or .18-.68 Kg), the range in egg weight does not

cause any change in most of the egg grades, 49.6-56.7 gms

being classified as medium size and 56.7-63.8 gms as large.

The difference in body weight between the dwarf crosses and

normals laying eggs of the same size is of course accompanied

by a loss in percent hen-day production in the range of 7-15%
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(Appendix Table II) . The reduction in body weight of .4-1.5

lb (.18-.68 Kg) is equivalent to a saving in feed cost of

9-34%. Since profits in commercial egg production depend

mostly on scale of operation and since reduced body size of

dwarf layers increases stocking capacity, it can be shown

that with the same amount of feed, the same space and with

dwarf weighing 2.7 lb (or 1.2 Kg) as opposed to normal size

layers weighing 4.4 lb (or 2.0 Kg) the current loss in egg

production would be offset and a net profit obtained by

replacing normal size layers with many more dwarf layers.

The results of the mass matings in 1966-1971 (Table 10)

show that the dwarf crosses laid mostly medium sized eggs.

However, the egg size in these years cannot be attributed

entirely to the body size, because egg size increased in

later years without a change in body weight. The results

from 1972-1975 show that although the body weight was fair-

ly constant the egg weight continued to improve. The eggs

could be graded as large, just as those from normal size

layers. The gradual transition of eggs mostly of the

medium size grade (1966-1971) to eggs of the large size

grade in the Oregon State University dwarf crosses could

be interpreted as a result of the yearly use of upgraded

dwarf sires in breeding. Also the crosses from 1972 to

1975 involved normal size hens from commercial sources

that were better in performance than the Oregon State Uni-

versity production line that were used for the crosses in
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the early years (1966-1971). The implementation of research

results of the specific nutrient requirements of dwarf lav-

ers as reported by Arscott and Bernier (1968, 1970) could

also have enhanced the performance of the dwarf crosses.

The experimental results from various dwarf crosses at

the Oregon State University Poultry Research Center (pages

70 and 71 ) indicate that the judicious utilization of the

sex-linked dwarf gene could lead to a significant reduction

in body weight without any significant economic loss in the

other traits, especially in egg weight.

This conclusion is corroborated by some of the results

from other studies summarized in Table 34. Although the

measurements on the traits were recorded at different chrono-

logical ages, they do, however, indicate that the intelligent

use of the sex-linked dwarf gene could produce beneficial

results within a relatively short time as evident in the

results of Jaap and Forssido (1976) as well, of course, as

the results of the present study.



Table 34. Approximate comparison of mean body weight and egg weight obtained in this study
with results reported in other dwarf populations in the dwarf literature.

Author

Rapp, K. G.

French & Nordskog

French & Nordskog

Merat, P.

Jaap & Forssido

Jaap & Forssido

Horst & Petersen

Present study'

Present study2

Present study 3

Year N Mean body
weight

Kg

Mean egg
weight
gms

Age at
measurement
(in weeks)

1970 3300 1.31 54.1 35-40

1973 84 1.73 57.0 50

1973 81 .95 43.0 50

1975 - 51.0 40

1976 29 1.36 71.3 52

1976 24 1.38 76.1 52

1977 475 1.11 50.6 40

1980 6382 1.2<R>.95 54.0 34

1980 600 1.31 56.8 40

1980 120 1.30 58.5 40

1Selected line averaged over 11 years

Type of
mating
ex

2
Dwarf crosses involving normals from commercial sources averaged over ten years
'Back crosses averaged over three years

dw x dw

dw x Dw

dw x Dw

dw x Dw

dw x Dw

dw x Dw

dw x Dw

dw x dw

dw x Dw

dw x dw
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Heritability Estimates

The yearly heritability estimates in a population under

selection can serve as an indicator of the additive genetic

variation in the population at that point in time. This

variation may change as in directional selection (Yamada et

al., 1958; Festing and Nordskog, 1967; Caceres, 1967) or may

not change as in stabilizing selection or in the presence of

forces antagonistic to directional selection (Lerner, 1950,

1958; Falconer, 1960). Theoretically, selection may increase

or decrease the genetic variance, depending upon the initial

gene frequencies. However, selection should decrease the

genetic variance in the long run. This has been confirmed

in the above cited studies and in computer simulation

studies.

The unweighted regression of the heritability estimates

on generations suggests, at most, a modest decrease in heri-

tability for most of the traits. The annual fluctuation in

heritability estimates can be attributed to a variety of

factors, such as genotype-environment interaction, differ-

ences in yearly selection pressure and negative genetic cor-

relations generated during selection, and of course sampling

error. Any of these factors acting singly or in combination

with each other could influence the yearly heritability esti-

mates.

The heritability estimates obtained form the pooled

analysis of variance have comparatively small sampling errors.

However, pooled estimates in a selection population may over-
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or underestimate the real parameters in the population at

the end of selection, In this study the pooled heritability

estimates and the estimates obtained in the last year of

selection (i.e., 1976) are not identifiably different for

most of the traits. (Tables 12a-c)

One important result of this study is that the magni-

tude of the heritability estimates in the dwarf strain are

comparable to those reported in the normal size strains,

notably the values reported by Caceres (1967) in the Oregon

State University production line of normal size layers. The

heritability estimates for egg production and egg weight in

this study are also compaable with the estimates cf Rapp

(1970) in a dwarf cutbred flock obtained from crossing dwarf

males with normal size hens. The heritability estimates for

juvenile and pullet body weight are also in the range report-

ed by Horst and Petersen (1977) in dwarf Leghorn pullets.

Although it is of limited value to compare the genetic param-

eters of the normal size layers, estimated by various tech-

niques and in different environmental conditions, an approxi-

mate knowledge of these parameters will permit more accurate

selection and mating schemes that may lead to rapid improve-

ment in the dwarf strain. Perhaps even more important is

that the similarity of parameters removes or should remove

much if not all of the skepticism that has originally greeted

the dwarf layer. A comparative discussion of the estimates

of the dwarf layers and normal size layers is valuable for
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proper evaluation of the prospects for improvement.

Sexual Maturity. The heritability estimates of .23 and

.58 for sexual maturity based on paternal half sibs and full

sibs respectively in this study are in agreement with the

values of .26 and .57 based on the same components in the

studies of King and Henderson (1954b) and King (1961) in a

flock of White Leghorns. King and Henderson (1954b) explained

that the higher values obtained for sexual maturity in their

study were accounted for by correcting for hatch effects

which previous workers had often ignored. In this study the

same procedure adopted by these authors was also used. The

estimate of .58 is inflated probably because of the high

estimate of .93 derived from the dam component of variance.

Out of the eleven yearly heritability estimates obtained for

sexual maturity in this study, two were negative as esti-7

mated from the sire component (1970 and 1974) and the two

complementary estimates obtained from the dam component ex-

ceeded unity. If the estimate of .31, obtained from the

paternal half sibs when the whole dwarf population is ana-

lyzed regardless of type of mating, is taken into account,

the heritability estimate for sexual maturity in the Oregon

State University flock of dwarf Leghorns could be between

.23 and .31, all based on the sire component of variance.

Hen-housed Production. The yearly heritability of the

production index to February first (Figure 9) showed a steady

decline as estimated from the full sib component although the
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trend was reversed in later Years. The yearly heritability

of the annual production index also declined gradually in a

fluctuating fashion. The decline in heritability estimates

accompanied by an increase in phenotypic means for both hen-

housed production to February first and annual hen-housed

production is probably the result of genetic progress achieved

through selection. The heritability estimates for residual

egg production oscillated from year to year, but there was an

upward trend in the estimates from the combined components.

The estimates from the sire component declined steadily from

1973 to 1976, accompanied by a steady increase in the residual

egg number.

The magnitude of the heritability estimates for both the

production index to February and the annual production index

is in the same range as for those reported by King and Henderson

(1954b), Sheldon (1956) and Morris (1956) but slightly higher

than those of Caceres (1967) in a population of normal size

Leghorns. The estimate of .31 compared to .34 of King and Hen-

derson (1954b), .32 of Morris (1956) and .14 of Caceres (1967)

for early hen-housed production based on the sire component

would suggest that the dwarf layer has the same potential

for improvement in egg production as normal size layers. The

estimate of heritability for the annual production index of

.27 obtained in this study compares equally well with the

estimates of .20 of King and Henderson (1954b) and .30 of

Morris (1956) but is higher than the value of .11 of



127

Caceres (1967).

The decline in the her estimate as the laying

year progresses in this study (production index at 40 weeks

and annual production index) is comparable with the results

of Lerner and Cruden (1948) , King and Henderson (1954b),

Jerome et al. (1956), Caceres (1967), among others. Lerner

and Cruden (1948) suggested that such a decline could arise

from a reduction in additive genetic variance on account of

selection on the basis of annual records. Ring and Hender-

son (1954b) added the possibility of incomplete records due

to intermittent trapnesting and also the accumulation of

environmentally caused variability as factors that would

cause the decline in the heritability estimate in the laying

year. The most probable explanation for the decrease in

heritability for annual production index is the apparent

accumulation of environmentally caused variation resulting

from increased sources of variation over a longer period of

recording in comparison to the production index to February

first. The suggestion of incomplete records does not apply

in this case because egg production was recorded daily in

cages. Egg production is a complex trait influenced by

physiological components such as sexual maturity, intensity,

winter pause and broodiness. Some of these physiological

components are greatly influenced by environmental factors.

The possibility of unfavorable genotype x environmental

interactions affecting any of the components of egg
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production in the course of the laying year could influence

the magnitude of the heritability of the annual production

index. Selection in the production line in this study was

based on part-year records, and in accordance with the sug-

gestion of reduced additive variance due to selection on

part annual records, the heritability of the production

index to February first would have been smaller than for

the annual production index.

The heritability estimate for annual production index

in normal size strains is low. Kinney (1969) reported a

literature average of .16 based on paternal half sibs and of

.25 based on full sibs. The estimates of .27±.05 based on

the sires and .31±.04 based on full sibs for annual hen-

housed egg production in this study could be attributed to

the exceptionally lower laying house mortality observed in

the dwarf strain. Laying house mortality averaged 7,2% per

year. The comparatively higher heritability estimate for

egg production in the dwarf strain suggests that there is

still unexploited additive genetic variance for egg produc-

tion. There was a general tendency for the heritability

estimate for eag production derived from the dam component

to exceed that derived from the sire component. This obser-

vation is also common in the estimates for normal size

strains and has in some cases been interpreted as evidence

of maternal effects, sire x dam interactions, and dominance

variance. Specially designed experiments to investigate
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some of these effects have often produced contradictory

results, especially witli regard to the importance of mater-

nal effects in influencing the egg production of progeny

(Lerner, 1945; Goodman and Jaap, 1961; Silva et al., 1976;

Sato and Nordskog, 1977).

The difference in the magnitude of the heritability

estimates based on the sire components and those based on

the dam components in this study could arise from one or a

combination of factors, notably selection intensity: the

higher selection intensity practiced on the sires would re-

sult in reduced estimates of the additive genetic variance

from the sire component. In such a case the heritability

estimate derived from the sire component of variation would

be smaller in comparison to the estimate derived from the dam

component. This is the most likely explanation in this case

because an average of 32 sires, homozygous at the dwarf lo-

cus, were used each year on an average of 140 dams to produce

the experimental flock. Another possible reason for the

higher dam estimate could arise from sire x dam interaction,

and/or maternal effects. The presence of a sire x dam

interaction would inflate the heritability estimate based on

the dam component. Evidence of such an interaction was

reported in the studies of Jerome et al. (1956); Silva et

al. (1976); and Sato and Nordskog (1977). Although the

interactions were not significant, the interaction compo-

nent was larger than the additive genetic component in the
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studies of Sato and Nordzkog (1977).

According to theoretical deductions (Lerner, 1958),-the

dam component of variance besides containing a quarter of

the additive genetic variance contains three-sixteenths of

the additive x additive, one-eighth of the additive x domi-

nance and other higher order interactions that could inflate

the estimate. King and Henderson (1954b) indicated that in

the presence of a true maternal effect, the multiplication

factor of four used in estimating heritability from the half-

sib components would inflate the estimate derived from the

dam component of variance.

Residual Egg Production. The annual heritability esti-

mates for residual egg production or net rate of lay were

low. There were negative estimates in some years, especially

in the estimates based on the sire component of variance.

These negative estimates are probably indicative of little

genetic variance. The decrease in heritability estimates in

the early years of selection followed by substantial increase

in heritability estimates in the middle years and a further

decrease from 1971 to 1976 suggests exhaustion of utilizable

additive genetic variance either through selection or con-

version of potential genetic variance to non-additive genetic

variance as suggested by Lerner (1958). The spontaneous

occurrence of higher heritability estimates in the middle

years could be due to the release of potential variability

by recombination. The low heritability estimate .08±.04
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obtained from the pooled sire component compares well with

the pooled estimates of ;11 by Caceres (1967) and .08 of

Bohren et al. (1970) . The higher estimate .31 based on the

dam component of variance tends to support the existence of

significant non-additive variance influencing rate of lay

and consequently leading to biased estimates.

The regression of heritability estimates on generations

of selection shows that the heritability estimate for resid-

ual egg production increased over the years. A similar

small increase was reported in the study of Caceres (1967).

Kinney (1969) reported a literature average of .11 as esti-

mated from the paternal half-sib component. He concluded

that there was evidence of either important maternal or

dominance variance or both influencing rate of lay.

Body Weight. The knowledge of the change in herita-

bility estimates of body weight with age is necessary for

determining the appropriate age or time for accurate selec-

tion. The fluctuations in heritability estimates over the

years and at different age periods within the year were

fairly limited in comparison to the estimates for other

traits.

The magnitude of the heritability estimate of body

weight at ten weeks and at 20 weeks based on the sire com-

ponent is equal but substantially lower than the estimate

of the two traits based on the dam component of variance

which may be biased upwards by the presence of non - additive
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genetic variance, sire-dam interactions, and maternal

effects (King and Henderson, 1954b; Kinney, 1969; Sato and

Nordskog, 1977). If all the differences in magnitude be-

tween the heritability estimate derived frot the dam compo-

nent and that derived from the sire component in this study

were attributable to dominance and maternal effects these

would account for about 9.5% of the variation in body weight

at ten weeks and 8% for the variation at 20 weeks.

The values of .40 and .42 for the heritability esti-

mates of body weight at ten weeks and 20 weeks respectively

are in the range reported by Rapp (1970), and Petersen et

al. (1977) in their dwarf populations. The estimates of

the heritability of body weight in the dwarfs from this

study are slightly lower than the literature average of .52

(Kinney, 1969) and the average of .47 reported by Caceres

(1967) in normal size layers.

The heritability estimates of body weight measured at

approximately 64 weeks were about equal in magnitude re-

gardless of the component from which they were derived and

substantially higher than the estimates for ten and 20 week

body weights. The estimate based on the sire component was

.62 and the estimate based on the dam component was .58.

The likely explanation for the increased heritability

estimate with age of measurement in body weight could be

decreased sensitivity to environmentally caused variation

or increased expression of genetic effects due to differences
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in both age and size. The heritability estimate for mature

body weight was similar to that reported in the Oregon State

University production line of normal size layers (Caceres,

1967) .

Egg Weight. The heritability estimates for egg weight

fluctuated widely from year to year bUt with an upward

trend as shown in the regression of heritability estimates

on years.

The pooled heritability estimates for egg weight at

34 weeks of age were .55, .45, .50 based on sire, dam and

combined components of variance respectively. The effects

of sex-linked genes influencing egg weight in normal size

layers are reported in the studies of Osborne (1952, 1953

and 1954),Peeler et al. (1955) and Hale (1961). The indi-

rect effect of the sex-linked dwarf gene on egg size was

reported in Hutt (1959) and Bernier (1960) and was experi-

mentally demonstrated by French and Nordskog (1973).

In normal size layers the presence of sex-linked gene(s)

in component analysis has usually been inferred from the

magnitude of the difference between the heritability esti-

mates derived from the dam component of variance and those

derived from the sire component.
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Phenotypic, Genetic and Environmental Correlations

Sexual Maturity and Other Traits. The genetic correla-

tions between sexual maturity and other traits investigated

in the dwarfs (page 96) are within the range of the estimates

in normal size layers in the literature.

The genetic and environmental correlations between

sexual maturity and egg prOduction, both part- and annual

production, were high and negative. The genetic correlation

estimate based on the combined sire and dam component of

variance and covariance was -.70 for sexual maturity and

egg production to February first and declined to -.40 for

sexual maturity and annual egg production. The genetic cor-

relation between sexual maturity and egg production to a fixed

date is influenced by the onset of lay and the intensity of

lay; the shorter the egg recording period the greater the

negative correlation will be. The decline in the genetic

correlation for the annual record results from the diminish-

ing effect of sexual maturity on the egg record over a longer

period of time. The magnitude of the genetic correlations

in this study is lower than the value of -.93 (Caceres,

1967), but comparable to the values of -.78 (Bohren et al.,

1970), and -.72 (Koistad, 1979) who also used number of eggs

as a measure of egg production in their studies. The genetic

correlations between sexual maturity and egg production to a

fixed date or age measured as percentage production are gen-

erally lower, averaging -.58 as summarized by Kinney (1969).
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The genetic and environmental correlations between

sexual maturity and residual egg production were negative

but small, indicating that the two traits are not strong-

ly associated biologically and could be manipulated inde-

pendently of each other. Th-a negative estimate of -.16 is

higher than the value of -.07 (Bohren et al., 1970) but

smaller than the value of -.28 (Clayton and Robertson, 1966).

The genetic correlations between sexual maturity and

mature body weight and egg weight deserve comment because

of the disparity in the correlations derived from sire and

dam components of variance and covariance. This difference

in magnitude suggests the inclusion of non-additive genetic

and environmental covariances in the estimates rendering them

less reliable. Similar inconsistencies in the genetic cor-

relations between sexual maturity and body weight measure-

ments have been reported in the studies of Peeler et al.

(1955), Hale (1961), and Caceres (1967). In the studies of

Hale (1961), a high positive genetic correlation of .61 was

obtained from the sire component of variance and covariance

and a negative genetic correlation of -.27 was obtained from

the dam component of variance and covariance. Hale (.1961)

explained this discrepancy by assuming that since pullets

receive no sex chromosome from their dams, the negative cor-

relations from the dam component suggested that in the flock

there were autosomal genes which increased body weight and

also led to early laying. The high positive correlation
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based on the sire component suggested the presence of one or

more sex-linked genes which had a strong tendency to increase

chick weight but also made the pullets late in starting to

lay.

The negligible but negative correlation of -.10 based

on the dam component and the relatively high positive corre-

lation, .32, based on the sire component of variance and co-

variance in this study for the correlation between sexual

maturity and body weight at 64 weeks cannot specifically be

attributed to sex-linked effects without any assumption.

The heritability estimates based on the dam component for

the correlated variables in question (page 74) are either

higher than the heritability estimates based on the sire com-

ponent or fairly equal. For the sex-linked effect to be

evoked in the explanation of the discrepancy in the correla-

tion, its existence should also be established in the heri-

tability estimates of sexual maturity or body weight at 10

or 20 weeks. The experimental data do not support the exist-

ence of sex-linked factors unless one assumes that maternal

effects are inflating the heritability based on the dam com-

ponent for body weight and consequently masking the sex-

linked factors which would normally have been inferred from

an inflated sire estimate.

The genetic correlations between sexual maturity and

early egg weight are subject to the same interpretations as

above, but the magnitude of the genetic and environmental
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correlations deserve some additional comment. The genetic

correlation based on the dam component is negative and rela-

tively large, -.39, suggesting that dwarfs that mature late

for (autosomal) genetic causes lay large eggs. Interpreting

the correlations from the sire component would imply that

dwarfs that mature early for sex-linked genetic causes lay

small eggs. The interpretations based on the combined sire

and dam components indicate that dwarfs that mature late for

genetic or environmental reasons lay large eggs. These ob-

servations are also applicable to normal size layers. It

is for this reason that lighting is used in manipulating

modern poUltry production, to regulate age at sexual maturity.

Birds that have the genetic capability to mature early are

prevented from expressing this potential.

The genetic correlations between sexual maturity and the

traits considered in this study do not show any peculiarity

that has not been found in the normal size layers. It is

worth commenting on the phenotypic correlations between

sexual maturity and egg production and egg weight. In all

these estimates, the genetic correlations based on the sire

component of variance and covariance are slightly greater

than the phenotypic correlations. Dickerson (1955a) con-

siders this type of situation as an indication of non-addi-

tive gene action or specifically epistasis.

Part Eql_production and Other Traits. The correlations

between part- egg production and other economic traits (Table
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24, page 98) are important in evaluating the prospects of

rapid improvement by using accelerated selection.

The genetic correlation between part egg production to

February first and annual egg production in this dwarf popu-

lation agrees closely with the results of Lerner (1948) and

further justifies the use of accelerated selection in breed-

ing for rapid improvement in egg production as advocated by

Bernier (1949), Maddison (1954), Bohren et al. (1970) . The

high positive genetic correlation between these two traits

is a spurious relationship involving "a part and a whole."

In this cumulative set-up, the correlation quantifies the

extent to which the same genes affecting early egg production

persist over an extended period of time. The results are in

agreement with published estimates in normal size strains.

The genetic correlation of .87 from the combined sire and dam

components of variance and covarience is comparable to the

value of .86 reported by Caceres (1967) in the Oregon State

University production line of normal size layers.

The genetic correlation between egg production to Feb-

ruary and residual egg production was positive, contrary to

a few reports indicating that accelerated selection leads to

negative correlations between part-production and residual

egg production (Morris, 1963; Gowe and Strain, 1963; Manson,

1970). The genetic correlations of .80 and .57 based on the

sire and combined sire and dam components of variance and

covariance are within the range of .16 and .88 reported by
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Caceres (1967) and .58 reported by Eohren et al. (1970) in

normal size lavers. However, the discrepancy in the esti-

mates between those based on the sire and those based on the

dam suggests that they may be unreliable because of the

inclusion of non-additive effects. The environmental corre-

lations between egg production to February first and resid-

ual production were also high and positive. The high genetic

and environmental correlations probably indicate that both

causes are important in influencing rate of lay. The genet-

ic correlation between residual egg production and annual

egg production was also positive and consistent in magni-

tude (.96, .94, and .95) as estimated from the sire, dam,

and combined sire and dam components of variance and covari-

ance. In this study the estimate is higher than the value

of .77 of Clayton and Robertson (1966) and .85 reported by

Bohren et al. (1970) in randombred strains. The correlation

is largely automatic since residual egg production is a

component of the annual production record.

The genetic correlations between egg production measures

and egg weight were inconsistent in both magnitude and direc-

tion. The estimates from the sire component were negative

and those from the dam component were positive. However,

the magnitude of the correlations is exaggerated probably by

non-additive effects as evidenced in the discrepancy between

correlations based on sire and dam components of variance

and covariance and the lower phenotypic correlation between
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the traits. Assuming that the genetic correlation from the

sire component is a better estimate,than the genetic correla-

tions between egg production to February first and egg weight

at 34 weeks and at 64 weeks in the dwarfs, are -.2 and -.56

respectively. They are comparable to the estimates of -.52

reported by Caceres (1967) in the normal size sisters and

partially within the range of -.16 and -.27 reported by

Clayton and Robertson (1966) for egg production to 44 weeks

and egg weight at 44 weeks in a randombred strain. Similar

high genetic correlations between egg production and egg

weight in normal size layers are reported in the studies of

Dickerson (1955a) (-.39), Abplanalp (1957) (-.38), Hogsett

and Nordskog (1958) ( -.42) , Kinney et al. (1968) (-.38) and

Nordskog et al. (1974) (-.31). These high negative genetic

correlations have been reported mostly in populations sub-

jected to multiple trait selection and are thought to have

arisen because of selection.

Lush (1948), Lerner (1950) and Falconer (1960) provided

a genetic model to explain how a negative genetic correlation

between two traits, if not present at the beginning, could be

generated in the process of selection. This model assumes

that the initial genetic correlation is due to pleiotropy.

Consequently genes (or gene blocks) with desirable pleio-

tropic effects or undesirable effects on both traits will be

strongly acted upon by selection and brought to fixation or

eliminated. They will then contribute little to the
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variances or the covariances between the traits. However,

pleiotropic genes (or gene blocks) with desirable effects on

one trait and undesirable effects on the other would be less

strongly acted upon by selection and would remain longer at

intermediate frequency. Most of the remaining covariance of

the two traits would be due to these genes and the resulting

correlation would be negative. Under this circumstance even

though the heritability of the traits may be high, they would

not respond to selection.

Another model which seems also suitable for the negative

genetic correlation between egg number and egg size was pro-

posed by Rendel (1963, 1967) in terms of developmental pro-

cesses and has been subjected to further analysis in terms

of variances and covariances (Sheridan and Barker, 1974).

The model assumes that where developmental processes leading

to two characters share common substrate resources, the cor-

relation between the two traits will result from a compro-

mise between the factors influencing production of the sub-

strate resources and factors influencing distribution of the

resources between the two characters. The factors influenc-

ing the total resources available produce a positive correla-

tion and the factors influencing the distribution of the

resources produce a negative correlation. The change in

genetic correlation upon concurrent selection based on this

model is dependent on whether selection exerts a greater

effect on the total substrate resources or on the distribution.
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Manson (1970) also pointed out that the magnitude and

the sign of the genetic correlation between egg number and

egg weight depended partly on the level of the mean body

weight in the population anc?. partly on the amount of selec-

tion that had been applied in the population toward increas-

ing egg weight. The negative genetic correlation between

egg number and egg weight in this dwarf population appears

to be an important contributory factor to the unsatisfactory

response obtained for egg weight at 34 weeks.

The existence of a negative genetic correlation between

two important traits (e.g., egg number and egg weight) or a

positive genetic correlation between an important economic

trait and an undesirable trait (e.g., egg weight and body

weight) does not imply that the traits cannot be improved.

The use of the restricted selection index for changing the

mean of one trait while holding a second trait constant pro-

vided the two traits are heritable and the correlation be-

tween them is not one has been confirmed to an extent in

laboratory species (Cockrem, 1959; Okada and Hardin, 1970)

and in some studies with poultry (Abplanalp et al., 1963;

Manson, 1970; and Nordskog et al., 1967, 1974). The appli-

cation of such an index in the dwarfs would be helpful in

further improvement of egg weight.

Body Weight and Other Traits. The genetic correlations

between body weight and egg production traits (Table 25, page

99) merit detailed discussion because these correlations
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can have drastic consequences on the important economic

traits like egg number and egg size. Egg production and egg

size have originally been shown (Hutt, 1959; Bernier, 1960)

to be lower in dwarf than in normal size layers. The genetic

correlation between housing body weight and egg production

is in agreement with most of the published estimates and

surprisingly not as large as one would have guessed. The

inconsistency in estimates based on the sire or dam compo-

nents of variance and covariance suggests that the estimates

may be biased by the presence of non-additive and environ-

mental covariances.

The genetic correlation between body weight at housing

and egg production to February first was positive and agrees

with the results of Krueger et al. (1952), Wyatt (1954),

Jerome et al. (1956), Hale and Clayton (1965), and Caceres

(1967). However, the magnitude of the genetic correlation,

.23, as estimated from the sire component is about

two times the estimate reported in normal size layers. The

estimate of .09 for body weight at housing and annual egg

production is in agreement with the literature average of

.09 (Kinney, 1969) in normal size layers. The comparatively

high genetic correlations between housing body weight in the

dwarfs and egg production to February could arise from the

influence of sexual maturity on both body weight and egg pro-

duction to February first. The measurement of body weight

at housing was taken at approximately 20z -weeks of age, during
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the time some of the dwarfs were probably physiologically

developed to start laying. Under such circumstances the

increase in reproductive organs due to physiological factors

related to sexual maturity would increase the variation in

body weight at 20 weeks. The number of eggs laid at 40 weeks

(NFE) is also greatly influenced by age at sexual maturity.

Therefore, the positive correlation is possibly spurious to

the extent that the physiological influence of sexual maturity

is present in both body weight at 20 weeks and egg produc-

tion at 40 weeks. The environmental correlation between

housing body weight and egg number (NFE) was smaller than

the genetic correlation. The high positive genetic correla-

tion and comparatively smaller environmental correlation be-

tween body weight at housing and egg number to February

first suggests that genetically determined body weight at

20 weeks was more important than environmental causes with

regard to egg production.

It was generally believed among pioneer poultrymen and

subsequently experimentally substantiated to a degree that

larger birds are better egg producers because they withstand

environmental stress better. Earlier studies (Taylor, 1930)

supported a linear relationship between body weight and egg

number in Leghorns. However, Hutt (1949) presented a review

of the evidence which indicated that the body weight-egg

production relationship was curvilinear. Recent studies of

Nordskog and Briggs (1968) termed the body weight-egg
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production question the "body weight-egg production paradox."

They found that heavier birds possibly withstood environment-

al stress better but that smaller birds were genetically

superior in egg production. Bernier and Arscott (1972) noted

that the dwarfs withstood short periods of hot weather better

than their normal size sisters, while the normal size sis-

ters withstood short cold periods better than the dwarfs.

These reports of antagonism between genetic and environmental

effects re-emphasize the importance of seeking optimum envi-

ronments (physical and/or nutritional) for different genotypes.

The genetic correlations between body weight at housing

and annual egg production were also inconsistent in magnitude

but consistent in direction and a different trend was seen in

the environmental correlation. The genetic correlation from

the paternal component was .09, while the genetic correlation

from the maternal component was .45. In the environmental

correlation the estimate from the paternal component was

positive .17 while the estimate from the maternal component

was negligible but negative. These discrepancies in both

genetic and environmental correlations suggest the inclusion

of non-additive effects. The estimate of .32 obtained from

the joint paternal and maternal components is smaller than

the values of .56 of Wyatt (1954) and larger than the values

of .06 of Clayton and Robertson (1966), and -.28 of Kinney

and Lowe (1968). Manson (1970) pointed out that although

the estimates of genetic correlation between body weight and
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egg production were inconsistent in magnitude and direction,

there was convincing evidence of a negative genetic correla-

tion between body weight and egg number. Experiments designed

to examine selection for increased egg production (Gowe and

Strain, 1963; Nordskog et al., 1967, 1974; Kinney et al.,

1970; etc.) have shown a significant decline in body weight

as a correlated response to increased egg number, and the

direction of the correlated response indicates that the

realized genetic correlation between body weight and egg

number was negative. These results are supportive of a de-

cline in body weight
(EW64 NYE) probably as a correlated

response to increased egg number. Since accelerated selec-

tion was practiced for increased egg size and egg produc-

tion, there would presumably have been an increase in body

weight as a correlated response to egg size. Paradoxically,

body weight declined slightly at the rate of 14 grams per

year, possibly- because of the significant increase in egg

number. The change in magnitude from a positive genetic

correlation of .23 between housing body weight and egg pro-

duction to February to a negligible genetic correlation of

+.09 between housing body weight and annual egg production

could arise from a change in the mean level of either egg

number and/or egg size. The decline of the influence of

sexual maturity on annual egg number could also contribute

to the change in the correlation estimate.

The studies of Friars et al. (1962) and of Manson (1970)
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concluded that the magnitude and/cr direction of the genetic

correlation between body weight and egg production depended

partly on the amount of Fieiection that had been applied for

increased egg weight. Tho biological associations between

body weight, egg number and egg weight are highly inter-

related. The genetic correlation between body weight and

egg number can be positive or negative; the results of this

study indicate that the relationship between body weight at

housing and part-year egg number is positive .23, but de-

clines to .09 with annual egg number.

The genetic correlation between body weight at housing

and egg weight measured at 34 weeks was in the same range as

the estimates reported in the literature for normal size

strains and surprisingly lower than one would have guessed.

The genetic correlation was fairly uniform (.42, .38, .39).

based on the sire, dam and combined sire and dam components

of variance and covariance respectively. The estimate for

the genetic correlation between pullet body weight and pul-

let egg weight obtained is comparable to the estimate of .48

reported by Jaffe (1966) but smaller than the estimates of

.57 to .61 reported by Hogsett and Nordskog (1958).and.75 of

Nordskog (1974), and higher than the value of .20 of Jerome

et al. (.1956) and the literature average of .34 reported by

Kinney (1969). The genetic-and environmental correlation

between pullet body weight and egg weight at 34 weeks (EW34)

were of equal magnitude. The environmental correlations
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were .36, .38 and .37 based on their respective sire, dam and

combined sire and dam components of variance and covariance.

However, in the correlation between pullet body weight and

mature egg weight (EW64) , the genetic correlations were higher

than the environmental correlations and inconsistent in magni-

tude as derived from the sire, dam, and combined variance and

covariance components (.27, .73, .48). The environmental

correlations were .30, .08 and .19 as estimated from the

sire, dam and combined variance and covariance components,

respectively. The decline in the genetic correlations be-

tween housing body weight and mature egg weight (assuming

the sire estimate to be the best of the three) probably

results from the diminishing effects of sexual maturity on

egg size at maturity and also because of the increase in

mean egg weight. Kinney (1969) suggested that the genetic

correlation between pullet body weight and mature egg weight

was .40, which is comparable to the estimate obtained in this

study from the combined sire and dam components of variance

and covariance.
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Time Trend in Correlation Estimates

It is evident from the annual genetic correlation

estimates (Tables 27 and 23) that the were great changes in

the correlations between egg production at 40 weeks and

egg weight as selection proceeded. As discussed earlier

(page 147), the magnitude and sign of the genetic correla-

tion between egg number and egg size are dependent on many

variables among which are the mean body weight at the time

of measurement, mean egg weight and the mean egg number.

For a detailed examination of the correlations between

egg number and egg weight in this study, the entire selection

period is divided into an early phase (1966-1969), a middle

phase (1970-1973) and the final phase (1974-1976). In each

phase mean body weight, mean egg weight and mean egg number

expressed as percent egg production so as to correct for

differences in egg production due to early or late sexual

maturity are examined.

In the early phase, mean body weight at 20 weeks (the

most probable indicator of body weight at 34 weeks) aver-

aged 2.54 lb (or 1.15 kg). The average percent egg produc-

tion at 40 weeks and egg weight at 34 weeks respectively

were 64% and 53.11 grams. In the middle phase, 1970-1973,

the mean body weight was 2.15 lb (or .98 kg). The egg pro-

duction and egg weight at this period increased even with

the decline in body weight. The average egg production

increased to 75% and the egg weight increased and averaged



150

55.34 gms. The decrease in body weight, but with an

increase in both egg production and egg weight, might pos-

sibly partly explain the change from the positive genetic

correlation in the early phase to a negative genetic cor-

relation as observed in this study. This would be conso-

nant with many simulation studies and the results of Nord-

skog et al. (1974), Nordskog (1974) which show that corre-

lations between a fitness trait (egg production) and a

metric trait (body weight or egg weight) may well turn

negative as a consequence of selection.

In the last phase (1974-1976) egg production continued

to increase, averaging 79%, body weight remained fairly

constant, averaging 2.15 lb ( or .98 kg) and logically as

well as biologically egg weight had to decline because of

the incompatibility of obtaining large eggs in great numbers

from a small pullet within a short time. This observation

is in harmony with the hypothesis of Rendel (1963) discussed

earlier.
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Efficiency of Selection Based on Part Records

The efficiency of "Accelerated Selection" or selection

based on part-records relative to selection based on full-

year records for egg production was estimated by combining

the following formulae (Lerner, 1950):

2
AGNYE

(direct) = GNYE
h
'NYE

2

AG rNYE uG h
2

(indirect) GNRE-NZE NYE NFEGNFE
GG,NFE

AG
NYE (indirect)

AG
NYE (direct)

2
rG

.NFE - NYE h
NFE

h NFE

where

GNYE (direct) = the genetic gain in annual egg produc-

tion based on selection from full year records, and

GNYE (indirect) = the genetic gain in annual egg pro-

duction based on selection from part-year records.

The values of the pooled heritability and correlation

estimates based on the sire components for part-year and

annual hen-housed egg production were used in the formula.

The heritability estimates used were .31 and .27 for part-

and full-records, respectively. The genetic correlation

between part- and annual egg production was .93. From these

data it was estimated that accelerated selection based on

early production records provided about twice as much genetic

gains per year as would direct selection on the basis of
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full year records. The results are in good agreement with

other results and especially those reported by Caceres (1967).

He found that selection on early production records pro-

vided about 1.8 times as much genetic gain as would have

been achieved through direct selection on the basis of full

records. This conclusion is subject to the conditions that

the selection intensity under both systems is the same.

Dempster and Lerner (1947) indicated that this assumption

was valid in comparing part and full records in the domestic

fowl because the number of daughters produced by dams under

both systems was not different and therefore not a limiting

factor.
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Selection Index

The derivation and effectiveness of a selection index

are dependent upon the heritability estimates, the genetic

and phenotypic correlations, the economic weights and the

extent to which these parameter estimates are free from

sampling errors of estimation as shown in Cochran (1951),

Lerner (1958), Harris (1963, 1964), and summarized by Lin

(1978) .

The predictions from the selection indexes are reason-

able; nonetheless one would have expected a priori that

because of the large negative economic weight (-30.6) placed

on body weight, the expected change in body weight would have

to be negative. The negative economic weight, however, pre-

vented a significant increase in body weight which would

probably occur as a correlated response to increased egg

size. It is expected that the use of an index would increase

body weight by 18 gms and egg weight by .65 grams. The in-

crease in egg production would be nine eggs per generation.

The heritability of the index (.53) is larger than that of

egg production (.42) and egg weight (.50) but slightly smaller

than that of body weight (.56) and sexual maturity (.58).

This partly explains the slight increase in body weight ir-

respective of the large negative economic weight placed on

it.

The relationship between R
2 IH and h2

I
were in agreement

with the observations of Nordskog (1978) who found h 2 to be
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greater than R2IH in all his indexes. He indicated that V(H)

= a'Ga and V(K) = b'Gb were closely related because each con-

tained common elements and that although either V(H) or V(K)

could be used in predicting H from I, V(K) was theoretically

the correct one.

In this study R
2

IH
for the four-trait selection index

was .496 and h
2

I
was .53. In the three-trait selection index

both h 2

I
and R 2

IH
were virtually identical, .385 and .382,

respectively.

The restricted index would be less efficient than the

unrestricted index in changing aggregate genotype as indi-

cated by its squared correlation (.36) and a genetic cost of

restriction of 15%.

Since it is customary to regulate sexual maturity by

management procedures, it was considered useful to construct

an index, excluding sexual maturity. The predicted charge in

the aggregate genotype would be less than if sexual maturity

were included. This is in good agreement with the results of

Gjedrem (1967), Arboleda et al. (1976). Excluding sexual ma-

turity, however, had an advantage in improving individual

components. In this study, although the heritability of the

index was only .38, egg weight would be expected to increase

by .69 grams and body weight would increase by only 9 gms.

This is mostly due to the fact that the genetic correlation

between sexual maturity and body weight is negative.

The use of either the restricted or the unrestricted



index in this dwarf population vicu1,:: be expected to provide

less increase in body weight and an improvement in both egg

production and egg weight. An increase of 9 gms per gen-

eration for body weight and .69 grams is reasonable. How-

ever, if a rapid increase in egg weight is desired, the

index can be revised periodically as the economic conditions

determine.
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SUMMItRY ANC CON=SIONS

The production records from a population of sex-linked

dwarf strain of Single Comb White Leghorns, submitted to

intra-strain selection for increased hen-housed egg produc-

to 40 weeks, increased initial ega weight at 34 weeks

of age and restricted body weight, were studied. Analyses

were made to assess the effectiveness of selection and to

estimate the genetic parameters of traits associated with

egg production.

The response to selection for increased egg production

was positive. The basic trait, hen-housed egg production to

40 weeks, increased significantly from an average of 24 eggs

per bird in 1966 to 108 eggs per bird in 1976. Residual egg

production, or net rate of lay, increased from 27 to 109 eggs.

The total hen-housed egg production to 68 weeks of age in-

creased, as a correlated response, from 51 to 218 eggs. Sex-

ual maturity improved also as a correlated response to selec-

tion on the basis of part-year egg number to a constant date.

Age at first egg declined from 32 weeks to 21.7 weeks, and

accounted for most of the increase in egg production. In the

last generation egg production in the selected line was com-

parable to or slightly better than that in some of the com-

mercial control samples.

The early egg weight improved by 3.0 grams when compared

to the initial population. When egg weight at 34 weeks of

age in the dwarfs was compared with that in samples from
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four normal size control populations, egg weight of the

selected dwarf line was lower by 2.3 grams, 2.9 grams, 1.5

grams and 3.4 grams, respectively. These differences were

equivalent to a reduction of 4%, 51, 3% and 61,respectively.

The mean eag weights at 64 weeks in the controls and selected

line were 62 and 60 grams, respectively.

Body weight at 20 weeks and 64 weeks of age in the dwarf

line averaged 1.04 and 1.54 kg respectively. The 20 week

body weight in the dwarf, relative to the four normal size

controls, differed by .317, .227, .363 and .408 kg, which is

equivalent to a reduction of 23%, 18%, 26% and 28%. The dif-

ferences in body weight at 64 weeks were .454, .227, .181 and

.590 kg, corresponding to a 23%, 13%, 11% and 28% reduction.

The heritability estimates in the dwarf strain were gen-

erally all comparable to those reported in the literature for

normal size strains.

The heritability estimates for the part-production index

to 40 weeks, annual production index and residual egg produc-

tion index based on the sire component of variance were .31

27±.05 and .08±.04 respectively, and all those based on

the pooled dam component of variance were generally larger,

suggestive of significant non-additive variance. The heri-

tability estimate for sexual maturity was .23±.05 and .58±

.05 as estimated from the sire and the combined sire and dam

components. The heritability of body weight at 10 weeks, 20

weeks and 64 weeks of age were .40±.05, .40±.05 and .62±.07,



18

respectively, as estimated. from the respective sire compo-

nents. The estimate from the dam component for body weight

at 10 weeks was substantially larger than the estimate from

the sire component, but not at 20 weeks and 64 weeks.

The heritability of initial egg weight, measured at 34

weeks, and mature egg weight, measured at 64 weeks, were .55

±.06 and .56±.07 based on the sire component respectively.

The estimates based on the dam component were slightly lower,

.45;-.08 and .37 ±.10, respectively.

The genetic correlations between 20 week body weight

and egg weight at 34 weeks, and egg weight at 64 weeks based

on the sire component were .42 and .27, respectively. The

genetic correlations between 20 week body weight and egg

number at 40 weeks and at 68 weeks based on the sire compo-

nent were .23 and .09 respectively. The genetic correlations

between egg number and egg size at 34 weeks and at 64 weeks

were -.2 and -.57 respectively.

The failure of egg weight to improve significantly is

attributed partly to the limitation imposed on egg size by

the genotype for body size and partly to the genetic antago-

nism between egg number and egg size. The performance of

dwarfs originating from outbred crosses (dwarf male x normal

size female) and linebred crosses (dwarf males x dwarf fe-

males) showed that outbred dwarfs matured later and laid

slightly more eggs than linebred dwarfs. However, the eggs

were about two grams smaller than those of the linebred
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dwarfs. The linebred dwarfs, on the other hand, were about

100 grams heavier, suggesting that the number of eggs laid

was less dependent on bod size while egg size was more depen-

dent on both the number of eggs laid and the body size of the

layer.

Appropriate selection indexes were developed to be used

for increasing both egg production and egg weight while con-

trolling the correlated response in body weight.

From the parameter estimates obtained from this study,

there is no clear evidence that the sex-linked dwarf gene has

a direct effect on egg production, sexual maturity or egg

size. The detrimental effects observed initially in this

population were probably secondary effects resulting from

the abrupt reduction of body size. If the sex-linked dwarf

gene had a direct effect on sexual maturity or egg produc-

tion, it would not have been possible to improve these traits,

as has been readily shown in this study.
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Appendix Table I. Annual means of traits in the control samples.
Ia

Annual mean of sexual maturity in weeks in the

Oregon State University

"unselected" dwarf and normal size controls.

Commercial Control Samples
Year Normal Dwarfs Babcock H&N Byline Shaver

1966 21.9 32.5 22.9 26.0

1967 21.9 26.0 22.8 23.7

1968 25.0 27.1 27.3

1969 24.2 26.8 24.6 25.8 2ti,1

1970 22.6 24.7 23.7 24.2 23.6

1971 22.3 25.5 23.2 23.2 24.7

1972 22.9

1973 - 24.1

1974 - - 24.7 22.7
P

1975 23.3

1976 - 24.2 22.6 23.8P

Average 22.9 26.7 23.7 24.1 25.0 24.6

P = H&N Petite

rn



Appendix Table 1. (Continued) Annual means of traits in the control samples.
lb.
Annual mean for hen-housed egg production and percent mortality at 40 weeks of age in
the "unselected"

Year

dwarf and normal size controls.
Oregon State University Commercial Sam les

Normal Dwarf Babcock H&N Byline Shaver

1966
x

46,0 (2.8) 12.7 (8.3) 40.0 (5.9) 32.3 (7.9)

1967
x

43.0 (4.7) 40.7 (2.0) 30.0 (7.8)

1968 74.3 (9.0) 53.0 (5.3) 57.7 (4.2)

1969 88.7 (2.8) 70.8 (1.0) 80.9 (2.4) 82.2 92.3

1970 102.2 (5.7) 80.3 (3.2) 97.5 95.1 102.9

1971 105.1 (2.6) 84.9 93.3 (2.9) 104.5 (1.F.) 104.4

1972 94.8 (3.5)

1973 105.1 (1.0)

1974 79.1 (2.9) 85.5P (5.4)

1975 300.3 (3.7)

1976 99.1 (5.0) 101.8 (2.0) 102.3P

3.7)

X 3-day trapnesting
Figures in parentheses represent percent mortality
P represents H&N Petite



Appendix Table I (continued) Annual means of traits in the control samples.
Ic
Annual mean for hen-housed egg production and percent mortality at 68 weeks of age in
the

Year

"unselected" dwarf and normal size controls.

Oregon State University Commercial Samples

Normal

75.6 (11.1)

Dwarf Babcock H&N

(21.6)

Byline Shaver

1966

1967

1968

70.0 --

1969 213.4 (9.2) 159.4 (7.1) 167.0 (19.5) 210.6 (17.3) 234,0 (4 7)

1970 213.7 (12.6) 170.3 (7.9) 200.0 (2.8) 195.6 (2.9) 233.4 (.16)

1971 207.5 (5.6) 184.0 -- 176.6 (5.9) 203.5 (1.8) 221.7 (5.6)

1972 193.0 (11.5)

1973 237,0 (5.1)

1974 191.5 (8.8) 196.7 (8.1) --

1__975 201.8 (6.2)

1976 197.6 (7.0) 208.0 (9.0) 239.2 (2.0) --

200.5 177-5 210.1 176.7 199.9 229.7

Figures in parentheses represent percent mortality



Appendix Table I (Continued. Annual means of traits in the control samples
Id
Annual mean body weight at approximately
dwarf and normal size controas.

Oregon State University

20 weeks of age in pounds in the "unselected"

Commercial Control Samples

Year Normal Dwarf Babcock H&N Hyline Shaver

1966 3.0 2.2 2.8 2.8

1967 2.8 - 2.8 3.0 -

1968 3.1 - - 3.0 3.0 _

1969 3.4 - - 3.6 3.1 3 ..)

1970 3.1 2.1 - 3.1 2.7 3.1

1971 3.1 2.2 - 3.1 2.7 )

1972 2.8 2.9

1973 - 2.8 - -

1974 - - 3.0
P

2.9 - -

1975 2.5

1976 2.2 2.8 2.5
P

Average 3.0 2.2 2.8 3.1 2.9 3,2

P = H&N Petite



Appendix Table T (Continued) Annual means of traits in the control samples
Ie.
Annual mean body weight at approximately 64 weeks in pounds in the "unselected"
dwarf ana normal size controls.

Oregon State University Commercial Samples
Year Normal Dwarf Babcock li&N

-

-

Hyline Shaver

1966

1967

1968

-

-

-

-

-

- -

-

-

-

1969 4.4 3.3 4.8 4.2 /4.0

1970 4.4 3.6 4.7 3.7 'S.0

1971 4.0 3.4 3.8 3,5 i,.

1972 3.7 - - - - --

1973 - 3.8 - - -

1974 - - 3.8
P

3.4 - -

1975 - - 4.0 - - -

1976 2.8 3.6 3.11? -

Average 3.9 3.3 3.8 4.4 3.8 4.7

P = H&N Petite



Appendix Table I (Continued) Annual means of traits in the control samples
If
Annual mean egg weight at 34 weeks
normal size controls.

Oregon State University

(in grams) in the "unselected" dwarf and

Commercial Sample

Year Normal Dwarf Babcock ffluN Byline Shaver

1966 55.7 50.5 - 56.5 58.0 -

1967 57.0 - 56.8 60.0 -

1968 53.9 - - 53,8 58.3

1969 57.6 - 54.7 59,1

1970 58.7 - - 58.5 59.6 59.1

1971 56.9 50.1 - 55.1 54.6 s7.';

1972 57.2 54.3 - - 56,8

1973 - 54.8 56.7 - - -

1974 - - 56.8 53.7
P

- -

1975 - - 59.0 - - -

1976 - 51.3 56.7 55.3p

Average 56.7 52.2 57.3 55.9 58.3 57.8

P = H&N Petite



Table I (Continued)
Ig.
Annual mean for egg weight at 64 weeks in the "unselected" dwarf and normal size controls.

Oregon State University Commercial Samples
Year Normal Dwarf Babcock H&N Hyline Shaver

1966

1967

1968

61.6 61.0

1969 63.5 59.6 63.4 66.2 63.8

1970

1971 61.6 58.2 59.6 62.6 60.

1972 63.5 62.3

1973 62,8

1974 62.0 59.9

1975 62,8

1976 55.8 60.7 60.3

P = H&N Petite



Appendix Table II. Mean egg production of random dwarf crosses compared with normals.
hia
Annual percent hen-day egg production
normals

Year Dwarf

at 40 weeks of age in dwarf crosses compared with

Normal Difference - %

1966 61.1 73.9 -12.8

1967 61.4 70.0 -8.6

1968 50.5 60.4 -10.1

1969 55.9 62.8 -12,3

1970 59.9 75.4 -1c,5

1971 63.6 70.0 -6,4

1972 63.3 72.3 ---'4 0

1973 67.9 81.2 -1,3

1974 67.1 85.4 -18.3

1975 69.7 73.9 -4.2



Appendix Table II (Continued) Mean. egg production of random dwarf crosses compared with
normals.

lib.
Mean percent hen-day production of back crosses* at 40 weeks of age compared with normals

Year Dwarf Normal Differences

1972 58.9 72.3 13.4

1973 64.5 81.2 16.7

1974 61.2 85.4 24.2

Back-cross



Appendix

Appendix

Table III.

Table Lila
maturity,

Annual phenotypic, genetic
in the selected dwarf line.

. Annual phenotypic, genetic
part and annual egg producti

and environmental variance for traits

and environmental variance for sexual
on index.

Sexual Maturity Production Index to Feb. Annual Production Index
Year 0.2

1)

2 2 a 2
E

a2
P

a2
a2E

1966 35.6 25.9 9.6 172.8 108.8 63.2 546.7 318.7 228.0

1967 27.2 11.6 15.6 898.1 444.1 435.5 3647.1 1166.2 2408.9

1968 8.2 2.9 5.3 541.2 259.0 282.2 2976.0 787.0 2189.5

1969 5.0 1.9 3.2 484.6 171.4 313.2 358.1.6 17f31.4

1970 5.7 5.5 .2 543.7 243.4 290.2 5416.0 1977.0 3439.0

1971 4.3 1.2 3.1 656.1 244.7 411.4 4393.9 2298.0 2095J)

1972 4.5 1.8 2.6 399.4 102.1 297.4 2866.5 206.7 2659.7

1973 7.2 2.1 5.1 501.0 228.8 272.2 2514.4 1460.4 1054.0

1974 2.9 2.4 .5 373.1 153.6 119.5 2686.7 1628.8 1057.9

1975 3.3 2.4 .9 476.6 200.6 276.0 2844.4 708.2 2136.2

1976 3.9 1.0 2.6 480.1 143.4 336.7 2802.9 605.8 2197A,

0.2 02

a2 = (02 Q2D)

a2E =

= 0.2 12
Pi (S+D)

-2(a2s + ay = a2-14 a2s



Appendix Table III (Continued) Annual phenotypic, genetic and environmental variance
traits in the selected dwarf line.

Appendix Table IIIb. Annual phenotypic, genetic and environmental variance for residual
egg production, body weight at 10 weeks and body weight at 20 weeks.

Year

Residual Production (NRE) Body Weight at 10 wks (BW10) Body Weight Housing
(B1120)

02
P a9

G
02

E
a-9

P
a2 a2

E a2P a2G a 2
v..,

1966 93.5 -17.8 93.5 .024 .012 .012 .078 .043 .035

1967 1423.1 434.6 988.5 .025 .024 .001 .11.6 .058 .058

1968 .406.4 23.6 1382.9 .024 .010 .014 .131 .052 .079

1969 1410.7 731.4 679.3 .024 .016 .008 .185 .112 .07.;

1970 2923.1 14.2 2908.9 .026 .014 .012 .093 .060 . 0,13

1971 153610 482.8 1053.2 .023 .014 .009 .088 .052 .036

1972 1325.4 -81.6 1325.4 .023 .012 .011 .053 .0'52 ,0 I.

1973 1313.1 445.4 867.7 .014 .010 .004 .063 .036 .027

1974 1006.9 631.4 375.5 .026 .014 .012 .125 .086 .039

1975 930.3 344.0 586.3 .01.8 .014 .004 .119 .086 .033

1976 935.0 238.2 696.8 .021 .01.0 .011 .085 .044 .041

00
0",



Appendix Table III (Continued) Annual phenotypic, genetic and environmental variance
for traits in the selected dwarf line.

Appendix Table IIIc. Annual phenotypic, genetic and environmental variance for mature
body weight and egg weight at 34 weeks.

Year

Body Weight Maturity
(BW64)

Early Egg Weight (EW31)

02 9
a-

G
02

E
2 a-

E

1966 10.93 2.64 8.29

1967 11.21 3.70 7.51

1968 13.00 3.60 9.40

1969 .326 .232 .094 15.01 3.58 6.43

1970 .313 .252 .061 17.24 14.42 2.82

1971 .265 .098 .167 16.72 12.10 4.62

1972 .241. .178 .063 17.90 7.46 10.44

1973 .262 .132 .130 15.60 9.32 6.28

1974 .258 .146 .112 16.93 7.70 9.23

1975 .210 .096 .104 15.07 3.88 6.19

1976 .245 .120 .125 19.18 13.76 5.42



Table IV. Annual genetic, environmental and phenotypic correlations among production
traits in a selected line.

Table IVa.Annual genetic, environmental and phenotypic correlations between sexual

Year

maturity and egg production at

Genetic Environmental

40 weeks and the covariances.

Phenotypic Covariance Components

s
RG

S-FD
RG

SRE S-1-1)
RE

COv
("
OV

D
CO Vw CO VT

1966 -1.10 -.97 -.76 -.85 -.90 -9.90 -11.80 45.25 -G6.95

1967 -.69 -.98 -.92 -.86 -.92 -2.48 -31.80 -105.00 -139.28

1968 -.40 -.70 -.69 -.63 -.65 -1.74 -6.86 -32.90 -41.51

1969 -.99 -.72 -.47 -.50 -.60 -3.90 -3.10 -1).10 -26.0

1970 * -.75 -.47 * -.58 -.30 -14.20 -19.00 -33.50

1971 -.15 -.53 -.68 -.55 -.54 -.73 -3.06 -21.85 -25.65

1972 -.13 -.73 -.74 -.64 -.67 -.28 -5.08 -21.80 -27.16

1973 * * * * * -42.20 1.80 -30.60 -70.99

1974 * -.59 -.46 -.36 -.54 -.63 -6.95 -9.85 -17.43

1975 * .60 -.16 -.12 -.61 -4.60 -5.68 -12.60 -22.88

1976 -1.00 -.22 -.58 -.74 -.58 -2.11 .72 -24.70 -26.09

*Not estimable because of negative argument in the denominator
(x
ao



Table IV

Table IVb

(continued) Annual genetic, environmental and phenotypic correlations among
production traits in a selected line.

.Annual genetic, environmental and phenotypic correlations between sexual
maturity and annual egg production (NYE).

Year

Genetic

S+D
RG

Environmental Phenotypic Covariance Components

S
RG S

RE S+D
RE R COvs COV

D COVW COV
W

1966 -1.3 -1.00 -.39 -.64 -.64 -13.60 -4.50 -51.45 -69.60

1967 * .22 .09 .12 .96 13.04 13.22 3.83 30.10

1968 -.34 -2.80 -.45 .10 -.79 -2.8 -64.07 -55.90 - 1.22.70

1969 -.54 -.38 -.11 -.11 -.23 -5.44 -5.59 -13.00 -29,03

1970 * -.47 -.13 -.28 -2.55 -21.85 -18.65 -43.05

1971 .05 -.32 -.36 -.22 -.25 .76 -8.06 -24.85 -32 15

1972 .76 -.36 -.42 -.30 -.31 -3.12 -8.33 -26.30 -31,51

1973 -.87 -.24 .04 -.34 .31 -19.05 12.55 -41.60 -48.09

1974 * -.30 -.31 -.33 -.30 .02 -10.15 -16.85 -26.98

1975 -.81 -1.2 -.11 -.14 -.33 -6.10 -5.38 -19.10 -30,58

1976 -1.20 -.31 -.16 -.22 -.24 -3.61 -1.03 -19.70 024.34

*Not estimable because of negative argument in the denominator



Table IV (Continued) Annual genetic, environmental and phenotypic correlations among
production traits in a selected line.

TableIVC.Annual genetic, environmental and phenotypic correlations between part egg
production at 40 weeks (NFE) and residual egg production and the covariances.

Genetic Environmental Phenotypic Covariance Components

Year
SRG

S+D
RG

S
RE

S+D
RE P

COV, COV
D

COVW COV
T

1966 1.01 .74 .18 .39 .56 26.90 6.50 65.00 98.40

1967 - .78 .55 .54 .57 3.15 121.00 527.00 651.15

1968 1.00 1.00 .42 .43 .53 53.40 49.60 371.00 474.00

1969 .35 .72 .54 .43 .57 12.60 159.00 384.00 555.60

1970 .60 .54 .50 .49 .51 19.05 101.80 456.00 576.8J

1971 .89 .95 .40 .44 .66 158.10 86.80 541.00 785.90

1972 .33 .58 .55 .54 .54 6.10 37.15 351.50 394.75

1973 .95 .71 .46 .54 .60 104.30 30.50 450.00 584.80

1974 .40 .69 .65 .57 .64 11.80 149.50 330.50 491.80

1975 .65 * .65 .73 .58 57.00 -67.10 498.5 488.35

1976 * .65 .47 .44 .50 4.60 70.30 346.50 421.44

*Not estimable because of negative argument in the denominator



Table IV (Continued) Annual genetic, environmental and phenotypic correlations among
production traits in a selected line.

Table IVd.Annual genetic, environmental and phenotypic correlations between housing body
weight (fit

120 c:) and egg weight at 34 weks and the covariances.

Genetic Environmental Phenotypic Covariance Components

Year
-RG

5.4-D
RG 5_,

DRE RP COV, COV
D COV COVT

1966 1.0 .78 _ * .48 .28 -.08 .28 .48

1967 * .19 .80 * .41 -.07 .13 .37 .43

1968 .49 .09 .44 .55 .39 .03 -.01 .45 .47

1969 -.23 .25 .69 .32 .28 -.06 .19 -7
. ._:1: i .50

1970 .76 .48 .38 .44 ,.46 .10 .09 .37 .56

1971 .49 . JJrr .22 .09 .41 ,09 .14 .27 .50

1972 .50 .74 .31 .23 .43 .05 .10 .2C:4 . q.)
,-,

1973 1.00 .18 * * .14 .20 .04 .28 .61

1974 -.06 .40 .67 .38 .39 -.01 .14 .36 .49

1975 .52 .30 -.05 .26 .28 .14 -.04 .26 .36

1976 .72 .33 .42 .34 .31 .05 .09 .27 .41

*Not estimable because of negative argument in the denominator



Table IV (Continued) Annual genetic, environmental and phenotypic correlations among
production traits in a selected line.

Table lye. Annual genetic, environmental and phenotypic correlations between mature
body weight (BW64) and annual egg production (NYE).

Year

Genetic Environmental Phenotypic Covariance Components

S
RG

S+D
RG

S
RE

S+D
RE

COVE COV
D

COV
W

COV
T

1966

1967

1968

-

-

-

-

-

-

- -

1969 -.96 .25 .12 -.34 .04 1.37 3.45 -1.10 .98

1970 -.62 .73 .61 -.0] -1.53 -1.53 2.90 -.16

1971 -.02 .35 .11 .03 .13 -.01 .69 ,d9 1.57

1972 * .24 -.04 -.03 .15 .57 .48 .89 1.57

1973 -.47 .22 .26 -.01 .12 -1.00 2.47 1.40 2.86

1974 .16 .10 .18 .22 .14 .27 .48 2.40 3.20

1975 .47 .11 -.19 -.02 .05 .97 -.36 .41 1.02

1976 - - - - - - -

*Not estimable because of negative argument in the denominator.


