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GENETICAL AND ENVIRONMENTAL RELATIOOHIPS 

. BETWEEN GROWTH AID IDG FROD~CTIOII IN THE LmHORN FOWL 

IllTRO~UCTIOII 
Low egg production in meat siirains or chickens is a major 

problem to the broiler industry. Chick cost becomes a larger share 

of the total cost of producing broilers as feed efticienc7 improves, 

turnover becomes faster, and margins become narrower .. 

The high price of eggs fran these strains possibl.7 contributes 

to instability in the broiler market. Hatching eggs from meat 

strains cannot. be sol.d as market eggs except at great loss. Conse­

quently they are frequent:cy- hatched regardless or the demand for 

chicks. If these eggs could be more econani~ produced, not onl..7 

would the cost of producing broilers be reduced, but cycles of over 

and under production vould tend to disappear. 

A popular approach to the problem is the use of single or 

multiple strain crosses to produce broiler chicks (5, pp-4-10). The 

male side of the cross is ott.en selected tor maximum growth rate and 

conformation, while the female side is selected with emphasis on egg 

production. 

While this is a partial solution to the problem, hens that will 

produce chicks of satisfactory growth rate do not approach the egg 

laying abUity of the production bred strains.. Possibly the egg 

production of a strain now used in these crosses could be improved 

while maintaining or ccmtinuing to improve its broiler qualities. 
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Possibly' the broller qualities of an egg production strain could be 

improved whUe maintaining or continuing to improve its egg~ 

ability-. 

In the past, surplus cockerel.s !rom egg laying strains were a 

maJor source or broilers. However, growth rate,. and the resul.ting 

feed efficiency-_,. bave been so improved in the meat strains that it is 

now uneconomical to produce Leghorn or Rhode Island Red broilers. 

Cansequentl.y the price of the pullets must cover all ot the costs or 

producing chicks, plus the sexing costs. 

If growth rate ot laying strains coul.d be improved, the sale of 

cockerels would allow pullets to be priced lower.. The broiler weight 

or an egg l..ay-ing strain would not need to equal that of the meat 

strains. The titteen to twent;r-five percent heavier weights ot males 

(ll, pp.240, 246} would make a brood of all cockerels canparable with 

a brood of mixed sex.es, even though the latter were ot hearler 

average weight. Since cockerels !rom egg lqing strains are a bT­

product, their price can be set at wba"tever level is necessa.17 to 

make them competitive with meat strains. 

As peysiol.ogicallimits are approached in growth rate and teed 

efficiency-, progress becomes more ditticult. In the Mure, breeders 

or meat strains must certainly give attention to egg production. 

The better egg l.Qing strains bave already- been developed to a 

level where further progress in egg production is slow ( 6, p.ll.05}. 

U gl"OW'th rate can be improved without seri.ous:q interfering with 

economica1 egg production, breeders of egg laying strains might well 

http:necessa.17


consider growth rate in their program. 

The concern of breeders over the poor egg production in meat 

strains, has led to investigation. of the inter-relationships between. 

meat and egg production characteristics.. Little is known, however, 

of these inter-relationships in the egg .laying &trains.• 

Lerner bas discussed the possibilicy that continued sel.ecti-on 

for two traits results .in negative genetic correlations between 

them (14, p:e239). These .inter-ral.atio.nships, then, would not 

necessarily be the same in strains bred for egg production as in 

those bred for meat production. 

The present study has been undertaken to determine the possible 

effects that breeding !or improved rate of growth would. have on egg 

production and other charaeteris:tie.s in .a .strain of White Leghsrns. 



4 

CONDUCT OF EXPERIMENT 

Data tor this work is tro.m the records for 574 Single Comb 

White Leghorn pullets originating :from S sires and 97 dams-. These 

birds were hatched in the spring of 1.954, at the Oregon Agricultural 

Experiment Staticm, Corvallis, Oregon. The strain lii&S produced in 

1946 !ram a cross between two Oregon cOJDIIlercial. strains. Since 1948 

the production line has been selected on the basis of famil.T hen 

housed. records to February first and maintained with eight breeding 

pens. Since the mating of sibs and halt-sibs has been avoided, it 

is assumed that no important amount ot inbreeding bas occurred by 

this time. 

The pull.ets used in this st~ were fran three hatches with 

hatching dates at seven dq intervals starting on April 22. The7 

were brooded under electric hovers em litter in unheated l"'OOIIS. The 

first two hatches were allowed 2.2 square feet per bird, incl.uding 

space on a concrete porch opened at six weeks. The third batch was 

allowed 0.55 square feet per bird and was not given access to an 

outside porch. All birds were ted commercial. broiler mash until ten 

weeks old. 

The chicks were iJIIIJJmized tor coccidiosis at one week ot age. 

The first two hatches each experienced a mild attack of bronchitis 

at three weeks, but the third hatch was i.D:munized against bronchitis 

and no s,mptoms were observed. No other outbreak ot disease occurred. 

The birds were weighed at ten weeks to the nearest gram. .A.tt.er beif!g 
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weighed, they 1·:ere divided at random with 50 percent put on an 

irrigated grass range, 30 percent put on a non-irrigated grass range, 

and 20 perc.ent confined ·Oil litt.er with four square feet or f"loor 

spa.c.e per pullet. From ten weeks through the rest of the rearing 

period_, all birds received free choice a 15 percent protein breeder 

mash.. About two percent of :m:l.xed .grain was band .fed. 

The pullets were housed over a period o! five days startillg oa. 

October 4 rrhen they wez~e t:rom 22 to 24 weeks of age. Weighing at 

housing -was t .o the nearest tenth o£ a _pcnmd. 

Birds were trapnested tw days e.ach week. Pull.ets tbat start.ed 

lq:ing before they were housed:, were trapped on the range.. After 

production -was .fifty percent, artificial light was used to stimulate 

late maturing birds~ Egg records used in this work were converted 

to a . seven day basis and are f'rom the birds' .first eggs 1mti1 Jan1UU"7 

31, 1.955· 

Eggs were weighed three conseeutive days in December., 

http:start.ed
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REVIEW OF LITERATURE 

To determine the best breeding program, the breeder must know 

the following inf'ol"DDI!Ltion about each characteristic under considera­

tion: (l) the genetic variance, (2) the heritabilit7, (.3) the 

genetic and environmental correlations between each ot the cbaraeter­

istica, and (4) their relative econcmic values (7, p.4S7). 

Genetic variance is the variance due to the average e.ftects ot 

genes (19, p.as). 
Heritability is the percentage o! the total variance that is 

genetic (19, p.85). Herit&b1lit7 determines bow accurateq it is 

possible to recognize the genetic merit ot an individual. It a 

breeder is working with traits of low heritability:, he will neces­

sar~ make lD8.Il7 errors in selecting the best breeding stock, and 

pr'Ogress will be slow. 

Genetic correlations indicate the change that JDa7 be expected 

in one trait when selectim is practiced on another. For example, 

selection to improve weight at broUer age mB.7 change adult weight, 

age at first egg, and total egg production. Pleiotropy• or multiple 

ettects ot genes,. is probabl.7 a major cause ot genetic correlations 

(2, pp • .3.3-.35). Most genes attecti.ng production quite like~ do have 

pleiotropic ettects. l gene a.ttecting the tb,Jroid gland or the 

digestive SJStem,. tor example, voulcl probably artect ~ procluction 

characteristics. Linkage, it close, could cause genetic correlation. 

Environmental correlations are the resUlt ot certain conditions 

http:attecti.ng
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of the birds' environment affecting two or more characteristics. 

For example, a chronic disease condition could reduce growth rate 

and also egg production. U an environmental condition affects one 

trait favorabl;r and another unfavorably, then discriminating against 

a bird for her record in the first trait would tend to be ccapensated 

tar by favoring her tor her record in the second. However, i1' 

environmental. conditions affect both characteristics in the same 

direction, a bird ldl.l be either doilbl7 favored or doubly discrimi­

nated against. Environmental correlations ot the first t1'J)8, then, 

are a help to good selection, whil.e those of the second are a 

hindrance. 

KnowJ.edge of genetic ai)d environmental. correlations is of great 

value to the breeder. Phenotypic correlations have little meaning, 

however, being a mixture ~genetic and environmental correlations 

in unknown proporticms. 

To give the proper weighting to each characteristic in a breed­

ing program, one li1U8t. determine the relative econcmic importance of 

each characteristic. A breeder must, tor example, estimate the value 

of an extra ounce ot weight at broUer age as compared to the value 

ot an extra egg. 

This paper is concerned with the genetic variance, the herit­

abillt)", and the genetic and environmental correlations between bod7 

weight at ten weeks and the following factors affecting econcmical 

egg production: (1) bod7 weight at housing, {2) egg production for 

the first three months ot l.q, (.3) age at first egg and (4) egg weight. 



It has been well established that weight at a given age in 

chickens is largely inherited. A sample of s·ome of the later work 

on the inheritance of body weight is shown in '!'able 1. Heritabilit)" 

estimates made at broiler age cluster near 0.45 and those made at 

housing age average between 0.35 and 0.40. The low figure obtained 

by dividing the sires' component or variance by the dams f component 

indicates tbi.t maternal effects or sire-dam interaction may serious:IT 

bias these estine.tes upward. Dillard's nock shows evidence of sex 

linkage. 

Lerner (14,. pp.l.2-32) has included in his book an extensive 

review of the earlier work on the inheritance o£ egg production_ .. 

King and Henderson (12, p.l60) have summarized the findjngs of many 

workers on the heritabilitY' or egg production. Most research shows 

the total first 1'f3&r production of survivors to be about 0.20 

heritable, and production on a hen housed basis to be about 0.05 

heritabl.e. 

Egg producticn can be broken down into ma.tV' periods, but breeders 

are becom:ing more coneerned with production !or the first three 

months of lay. While greater a.ccur&CJ' or measurement can be gained 

from the use of more c<Dplete records., the breeding or pullets 

allows the breeder on:q three months of l.ay on which to base his 

selections,. Lerner a.nd Cruden, working with several l.ines or White 

Leghorns, reported the gain in total egg production to be two-thirds 

as great each generation if selection was based on pa.rt.ial egg 

production records as compared to complete records (19, p.73 ). The 



Table 1 

Inheritance ot Body Weight 

Investigator Variet;y Age in h2 6~ Mean Standard Reterence 
weeks (S +D) 62 deviation 

D 

Krueger 4 varieties 10 0.46 0.45 845 gms. 98.0 gms. lJ, pp.86, 92 

Dillard NH 8-12 0,32 1.61 1260 " 121•2 " 3, PP• 22, 48, 53 

Lerner et al. NH l2 0.51 0.70 1353 202.6 16,. pp.516-SlS" " 
Peeler RIR 10 0.,38 0.6;3 23, p.2J 

Martin RIR 9 0.27 143.0 .. 21, p.32 

Garber and Godbey SOWL 12 o..6J 0.20 4, p.950 

Krueger NH 22 0.45 0.73 ,3.9 lbs. 0.43 lbs. 13, pp.86, 92 

Hazel and Lamoreux SCWL 22 0.34 o.m 0.43 " 9, PP•Sll-512 

Wyatt 9 varieties 2Ji 0.31 3·7 " 0.55 " 25, pp.l269, l22l 

...0 



Tabl.e 2 

Inheritance o.f Ea.rl7 Egg Production 

Investigator Variet7 h2 d~ Mean Standard Rete.rence 
(S+D) (eggs) deviaticmd2

D 

Lerner and Cruden SCWL O.JO 0.72 71.9 21.9 17, pp.69-73 

Dillard HH 0.12 1.04 42.8 18.4 J, pp.22, 48, 53 

King and Henderson SCWL O.J:L 0.48 7).0 20.8 12, pp.l59-l62 

Table 3 

Inheritance of·_ Age at First Egg 

Investigator Variet7 h2 ~ Hean Standard Reference 
(S+D) (weeks) deviation~2 

D 

Krueger 4 varieties 0.20 2.24 24-5 ~3.75 13, pp.86, 92 
Dillard \ :rm .. 0.16 1.05 22.9 .3,.12 3, pp.22, 48, 53 
Haze~ and Lamoreux NH 0.27 1.00 3-15 9, pp.5ll, 512 
Peeler BIR 0.39 0.38 23, P•23 
King and Henderson SCWL 0.46 0.70 28.2 12, pp.l59-160 
Lerner SCWL 23.8 2.67 15, p.205 

b 



Table 4 

Inheritance of Egg Weight 

Inve~igator Variety h2 6~ Mean standard Reference 
(S+D) (oz./doz.) Deviation6f 

Lerner and Cruden SCWL 0.36 2.00 20.6 18, p.37 

Osborne scm. 2.99 22, p.61 

ling am Henderson SCWL 0.3) 0.94 21..6 12, p.l59 

Wyatt 9 varieties 0.52 1.26 23.8 1.13 25, pp.l269. 1270 

.t:! 
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time between generations is a minimum or two years when only' hens 

with complete records are bred, but this can be reduced to one 7e&r 

b7 breeding pullets. Fl"Olll this intormation then, the expected 

genetic ga:in in any unit of time is ;o percent greater 1t pullets 

with ~ial recorcls are used tor breeders than it only y-earling 

hens with com.pl.ete records are used. Data that the above authors 

took .trcm a line bred only tor egg production, favored pullet 

breeders even more. 

King and Henderson found b7 anal7zing the records of a large 

commercial breeding farm that the offspring of pullets consistently 

produced better than the offspring ot older hens (12, p.l58). 

Table 2 sUI!III&rlzes wrk done on earl7 egg production, 

The age at which pullets begin to lJq is of importance to 

commercial. poultr.ymen and to breeders. Table 3 shows studies on age 

at first egg. Of the five reports, three show evidence or sex­

linkage. It is quite possible tor sex·linked variance to be present 

in some tloeks and not in others. In small tlocks, or where selec­

tion presS'Ql"e bu been against a sex-linked character, sex-linked 

variance could be easUT eliminated. U much sex-linked variance is 

present, maternal e.f'tects and sire-dam interaction are hidden. 

Egg size is of particular importance to producers or hatching 

eggs. Blqers prefer large chicks, which are produced b7 large eggs. 

Table 4 shows that this character has an average heritabllit7 ot about 

0.40, but seems to be l..a.l"ge-4" sex-linked. 

Phenot)'Pic correlations between these traits are easil7 toUDd 



in the literature, but onl.y recently have techniques been available 

to compute genetic and environmental correlatians. Consequently 

little work has been done to sepe.rate correlations into genetic and 

environmental components. 

Krueger calculated the phenotJPic corr~lation between 10-week 

weight and hou.aing ~ight to be 0.65. Basing his figures on both 

sire and clam variance, he calculated the genetic and the environ­

mental correlations to be o.ss and 0.51 respectivel7 (13, pp.l09-UO). 

W1&tt calculated the genetic correlation between housing wei.gb:t and 

a.-week weight to be 1.09 (25, p.l270). While this is an impossible 

estimate, it is evidence that the genetic correlation between housing 

'Weight and broUer weight is high and positive. There seems to be 

a strong tendency tor heavier broUers to also be heavier at housing 

time, with genetic factors having an espec1.ally strong intluence. 

Krueger compared weight at ten weeks 'With age at first egg and 

reported -o.15_, ...0.39, and -O.OS respectiveq tor phenot1Jdc, genetic 

and environmental correlations (13, PP•l09-UO), while Peeler found 

-<>.lS, ...0.01, and ...0.28 (23, p.24), Dillard reparted ...0.18, ..0.07 

and. -o.21 for the respective corre~tions between weight at eight or 

twelve weeks and age at first eg {3, pp.69, 74). When Peeler based 

hi:s est:illlate on the dams' compon.ent or variance and covariance he 

found -0.]4. and -o.21 respeotivelJ' tor genetic and environmeutal 

correlations. Based on the sirest coJli,POhent, he found 0.26 and 

-<>.32 (23, p.24). Except for Peeler's positive genetic estimate 

based on sires. all ot the above evidence shows that heavier broUer 



weights are associated with earlier age at first egg, and that this 

is a result of both genetic and environmental causes. 

The phenot,pic correlation between weight at ten weeks and total 

first year egg production was ealculated by Krueger to be 0.05. He 

round the genetic correlation to be 0.13 and the environmental cor­

relation to be zero (13, pp.l09•llO). Dil.l.&rd compared weight at 

eight and twelve weeks with three month production and round pheno. 

t)'pic, genetic, and. environmental correlations of' -o.Ol, ...()•17 and 

0.03 respectively (3, pp.69, 74). While the findings or these two 

men disagree in the direction or the genetic correlation, the7 agree 

that whether positive or negative all ot the correlations are small. 

To the writer's knowledge, no previous work has been done to 

f'ind the relationship between broUer weight and egg weight. Between 

housing weight and egg weight, Lerner found a phenotypic correlation 

ot 0.37 (15, p.207), and Wp.tt tou:n4 a genetic correlation or 0.31 

(25, p.l.2'70). 
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STATISTICAL MODEL 

The procedure used in estimating genetic variance, heritability, 

and the genetic and. environmental correlations in this study is the 

method. of variance component ~is (1, pp.254-266) (8, pp.U9­

l25). The phenotypic expression "I" of a character ~ be con­

sidered the sum of two sources of variation: (1) a genetic source 

"G" composed of the average effect of all genes affecting that 

character, and (2) a residual source "E" canposed of the effects of 

gene interactions and. the effects of environment peculiar to certain 

individuals or groups. The expression ot a character can be defined 

by the equation 

X= G+ E 

where each variable is expressed as a deviation from the mean. 

In a population of individuals, the total variance"~ ot a 

character in that population ma,. be considered the sum or two 

sources ot variancet (l) a genetic source "aae-, and (2) a residual 

source ~. The total variance of a character can be defined by 

the equation 

Each level or the famil.1' structure or a population contains variance 

from the two I!IOurces in different amounts. By ~is of variance 

it is possible to estimate the variance trom each source. 

In this problem three levels or the family structure of the 

general population are considered. Each level contains all of the 
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variance from each smaller subdivision plus a. component ot variance 

ot its own, and each component contains genetic and environmental 

variance in proportions based on Mendelian theory. Table 5 smws 

the components of variance at each level ot the population (l, p.256). 

Mendelian theor.r explains tbat at meiosis, half ot the genes 

or each parent are passed to the ottspring. In a population breeding 

at ra.ndoml a. gene occurring at average frequency (50 percent) would 

be expected to occur in a heteroz7gous condition in halt ot the 

individuals. The remaining halt ot the individuals would be bQno­

zygous either tor one gene or its allele. The gene cOJilin& to an 

indiVidual trom a homoZ7gous parent would be predetermined, but the 

gene coming trom a beterozygo\15 parent -would be decided b7 chance 

at meiosis. On the average, halt ot an individual's genes would be 

predetermined by the <s.m or the sire. Because tu.ll sibs have the 

same sire and the sa,m.e dam, tbe7 can be expected to ditter in only 

halt as mallY' genes as do um.-elated individuals. Halt•sibs could be 

expected to differ in three-fourths as many genes as unrelated 

birds (14, pp.Sl.-85). The difference between the variance ot halt­

sibs and the larger variance of unrelated individuals shCNld equal 

one-tourth ot the genetic variance ot the whole population. Also 

the ditterence between the variance ot tull-.sibs and that ot halt-sibs 

1 The population studied in this problem is considered a random 
breeding one. Except. that the -.ting ot sibs and halt-sibs bas 
been avoided, there has been no plan to decide which or the birds 
selected as breeders go into each pen. 
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should equal one-fourth or the genetic variance ot the whole popu· 

l.&tion (10, p.lOO). Expressed mathematicall7, 

oa = 4(d: - oa> = 4(0'a - 6f>, 
where~~ is the total genetic variance, 0~ is the variance among 

unrelated individuals or the proge117 ot ditterent sires, 0~ is the 

variance among halt-sibs, or progeny of different dams but the 

same sire, and <1f i.s the variance among tull sibs or the progeil7 

ot the same sire and the same dam. 

Two estimates or genetic variance are then possible, but 

neither is perfect. The sires' component of variance (6i -~) 

contains1 not one-fourth, but all of the sex linked genetic variance. 

Consequently use of the formula, 6~ = 4(a~ - 0~), overestimates the 

genetic variance by an -.mount equal to three times the sex-linked 

genetic variance (141 p.l.21). A second weakness is that the sires' 

component of variance may often be based on so few degrees of 

freedom, that the figure can be accepted on3.1' within a vide confi­

dence interval. An estimate from the dams t component or variance 

is usuaJ.l1" based on JII&D¥ degrees of freedan. It contains no sex­

linked genetic variance, but does contain all of the maternal effects 

and about one-fourth of the sire-dam interaction. The formula, 

0~ = 4(0'~ - 0~), therefore underestimates the genetic variance by 

the amount of the sex linked variance, but overestimates it b7 the 

amount of the sire-dam interaction and four times the maternal 

effects. 

http:usuaJ.l1
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'table 5 

Distribution of Variance and Covariance 

1n a Random Breeding Population 

Source ot Expectation or mean square or 
variance mqn cross product 

Sires 6f + kO~ + ~ 
Dams in sires a~+ k~ 
Individuals 1n dams d2

i 

Kq to Table 5 

df is the variance within tull sibs. 

~ is the variance due to clam ettects. 

c1~ is the variance due to sire eftects. 

k is the average number of 1ndiv1dual.B per dam. 

n is the average number of ind1viduals per sire. 
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More f'"l'equently used is an estimate based on both the sires' 

and the dams' components or variance, "~ = 2((1~ - ~). Genetic 

variance a.s found by this formula is too high by an amount equal 

to the sex linked variance, plus twice the maternal effects, plus 

one-halt of the sire-dam interactiODA 

Heritability "h~ can be defined by the formula 

2 erah = . (10, p.lll) ~ 
~+~ 

An estimate of heritability 3uffers from the faults of the estimate 

ot genetic variance used. in its computation. 

the covariance in each level of the population is distributed 

the same as is the variance. The phenotypic correlation between 

characters "a" and "b" can be round b7 the formula 

where "rab" equals the p~enotypic correlation between c~acters "a" 

and "b", and "covab" equals the phenot7J)ic covariance of "a" and "b". 

Since genetic covariance is distributed the same as is genetic 

variance, its s~timates are subject to the same errors. Genetic 

correlations, being camput,ed trom genetic variances and covar1ances 

which themselves are subject to error, can be accepted onl:;r with the 

assumption of some inaccurac7. Genetic correlatiOilS can be tound by 

the formula 
(S, p . l2l) . 
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Environment.al. correlations are based on the residual source 

of covariance, and are subject to errors complementary to those of 

genetic correlations. Environmental. correlations can be found by 

the formula 

I! character "a" is subjected to selection so that its genetic 

mean wiU change b;r tt' Ga", then the change in the genetic mean ot 

character "b" can be tound by the formula 1 

(l'Ga.Gb) (6;) 
(1 2 

Ga 

http:Environment.al
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RESULTS AND DISCUSSION 

The flock studied appears to be quite similar both genetic~ 

and environmentally to others reported in the Uterature. A com­

parison ot tables 1,. 2, 3, and 4 with tables 7, 8, and l2 shows 

that means, variances and heritabilities 1n most oases ArP close to 

those reported even in the heavier strains ot chickens. 

The mean bodT weights are low, of course, because Leghorns 

are a small, slow growing variety. Heritability- of body weight is 

in agreement with other reports. 'l'he much greater variance between 

d«ms than that between sires is evidence of strong maternal effects, 

or of sire-dam interaction. This throws serious doubt on the aecurac;,y 

or heritabillt7 estimates based on sires and dams 1n this and in 

other reports. 

The relativelY high heritability and low total variance in 

age at first egg shows that there 1s less than the us\1&1. amount. or 
enviraomental variance in this tlock. Age at first egg is appuent~ 

sex-linked. This is in agreement with 'What has been found in most 
J 

other nooks. 

Mean earl7 egg production cannot be compared with that of other 

tlocks because each researcher has selectecl his own arbitrar;r period 

ot measurement. However the heritabUity is high, and the total 

variance is high compared to· the mean. !pin, the dams' component 

ot va:ri&nce is substantiall¥ greater than the sires', but heritability 

based only on the sires' component shows that there is 8til.l 



improvement possible in tbis population. 

The inheritance of egg weight in these bi~ does not agree 

with m.ost reports in the literature. Except tor King and Henderson 

others have found sex-linked variance in this character., while 

maternal effects or si~-dam interaction seem important here .. 

Possibly all tl<>cks or:},ginall.y had both sex~llnked variance and 

~iance caused by mate~ etfects and sire-..d.am interaction, but 

this flock bas last the sex-.Jinked va;.rl.anee, permitting the other 

terms to appear in the ana.J.ysi.s. 

The phenotypic correlations between characters in this flock 

are in cl-ose agreement with those in other t:la¢ks. If one coruJidera 

the comparatively large error inherent in e$t.imat:1ng the genetic 

and environmental correlations- they too are in .agreement .. 

!he phenot;ypie, genetic and envircmme·ntal correlations .to~ 

between lQ-week weight and hou.sins weight are elo$e to those lo'Ql\d 

by w,att in Single C(lnb White l.egh9ms an!i those found by Kl'l\eget" 

in sevel'al varieties. Chickens With the ebillt;r to gow fast to 

broiler age; seem to possess the abllit,1 to continue to grow ta.st. 

The low~ negative phenotJPic COJ:"relation between l()..wek weight 

an4 age at first egg is close to that observed by Kl"ueger., D·ill.a.rd.,. 

·and Pe-.ler. The genetic and e~ntal ¢0r"r!'elatiQliJ1 . however, 

are no\ consistent. Jdth those in ihe llterat:t.tre OX' with themsel:vea. 

Since the cwacters are not closel3' correlated phenotfPicall.T,. 

sa,mpling error in separating their variance into genetic. and enrlron­

mental components could be CQlnparativelJ' large. the inconsistencies, 

http:D�ill.a.rd
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then, are likel;r to be due to sampling error. 

The phenotypic correlation between 10-week weight and early' 

egg production was found to be small. Krueger and Dillard also 

found small phenotJPic correlations. Again because ot this small 

phenot1}l1c correlation one can have little t&ith 1n the relative size 

ot its components. 

Tbe positive genetic and phenotJPic correlations observed 

between housing weight and egg weight are not tar trom the tigures 

reported b7 Lerner and b7 w,att. Since lQ-week weight and housing 

weight are closely correlated, it is to be expected that egg weight 

and broUer weight would be related in a manner similar to housing 

weight and egg weight. 

Table 15 shows the estimated consequences ot selection to 

improve weight at ten weeks b7 cme hundred grams when the nock is 

subJect to no other selection. Estimates ot the effects on earq 

egg production and on age at tirat egg ditter ld.del7 depending on 

the source ot the estimate. As in the calculation ot genetic and 

environment~ cor~elations, the loli pbenotnxtc correlations between 

these traits and lO-week weight make estimates subJect to much 

sampling error. Figures based on the sires' ccmponents ot variance 

and covariance are espec~ liable to sampl.:!n.g error because ~ 

eight sires were used in this stud7.. Sex-linkage could a1so be 

important. Maternal effects and sire-dam interaction could cause 

inaccuracy in estimates based on the dams t components ot variance and 

covariance. 



Table 6 

Number of Birds Used in Each Analysis 

Sires Duts Individuals 

1<>-week weight 8 97 574 

Housing weight 8 97 574 

Age at first egg 8 97 563 

Ear~ egg production 8 97 563 

Egg weight 8 96 494 

Table 7 

Mean Performance and Standard Deviation 

ot Characters Studied 

Mean Standard 
deviation 

lO.veek weight (gms.) 750•.35 81.82 

Housing weight (lbs.) .3.20 0.40 

Age at first egg (weeks) 25.72 2.54 

Earl-7 egg production (eggs) 75-64 25.90 

Egg weight (oz./doz.) 22.28 1.57 



Table 8 

Components of Variance 

Variance lO.week Housing Age at Ear~ egg Egg 
Attributed to weig);lt weight first ef production we:,ht

(gms.. ) (lbs•. ) (weeks ·· (eggs) (oz. doz.) 

Sires 285.1 0.00552 0.9)03 48.$.3 .1381. 

Dams 1108.6 0.01948 0.5772 80.)0 .50)8 

Indi-vid\lals 5300.0 O:el.:J.775 4-9406 541.86 1.81'11 

Tat.&l 6693.7 0.16275 ~.4481 670·.69 2.4590 

Sires 
Dams 

0.24S 0.283 1.61 0.604 0.275 

J.) 
\.A 



Table 9 

Estimated. Genetic and Environmental Variances 

Sires Dams Sires and Dams 

G E G E. G E 

1<>-week weight. ( HW) gms. 1140-5 5553.2 4434·3 2259.4 'Zl87·5 3906.3 

1<>-week weight (APE and EEP) gma. 1196 5486 42!]6 2386 Z/46 3936 

lG-we_ek weight (egg wt..) gms. 612 5863 4692 1783 2652 3823 

Housing weight < lbs. :.02209 ·14069 ·07792 .Q89S2 .o;ooo ·ll274 

Age at first egg weeks 3-72l.2 2.7269 2.3068 4.1393 3.0150 3.4331 

EArl¥ egg production eggs 194.12 476.$7 :321·19 349·49 257.66 w.oo 
Egg weight oz./doz. 0.5524 1.9066 2.0152 0.4438 1.2838 1.1152 

1\) 
~· 
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Table 10 
Components ot Covariance 

10-week Housing Age at Earl.T egg 
weight weight tirst e~ procluction 

(grns.) (lbs.) (weeks (eggs) 

Housing weight 

s 0.983 

D 3·878 

I 16-..590 

Total 21..451 

Age at .t'i.rst egg 

s 17·09 0.03560 

D -12.06 -o.0.5312 

I -37·29 ...0.328.39 

Total -32.26 ..0.34591 

Earl7 egg production 

s -115.22 0.1620 -6.679 

D 114.49 0.2478 ...q..495 

I 252.63 2.2003 -28.o63 

Total 2.51.90 2.61.01 -39.237 

Egg weight 

s 3·790 0.00103 0.3227 -2.651.4 

D 15.291 0.06966 -o.1aoo 1.5425 

I 20.150 0.09722 -o.1333 2.4199 

Total 39.231 0.16791 0.0014 1.3080 



Table 11 
Estimated Genetic and Environmental Covariance 
10-week Housing Age at Early egg Egg 
weight weight first egg production weight 
{gms.) (lbs.) (week) {eggs) ( 02; ./doz.) 

1Q-week weight ( gJ~~S.) 
s 
D 
Sand D 

Housing weight (l.bs.) 
s .3-9.32 
D 1.5.512 
Sand D 9.722 

Age at t'irst egg (week) 
s 68•.36 
D -48.24 
sand D 10.06 

Early egg production (eggs) 
s -4,60.92 
D 4.57.94 
Sand D -1.47 

Egg weight (oz./doz.) 
s 1.5.160 
D 61..164 
Sand D ,38.1.50 

17.519 
5·9.39 
9.722 

o •.64so 
0.9912 
0.8196 

0.00412 
O.Z'/864
0.14JJ8 

Environmental 

...100.62 712.81. 
15.98 -206.01 

-42·.32 25.3 •.38 

...0-488.32 1.9621 

..().]3.34.5 1.6189 
-o.,31088 1.790.5 

-1.2 • .520 
-21.2.56 
-16.88:8 

-26.718 
-17.-982 
-22•.3.50 

1.2908 -10.618 
...0.7.520 6.170 
0.2694 -2.224 

24.o6.5 
-21.9,3.3 

1.121 

0.16.379 
-o.U0"/.3
0.026.5.3 

-1.2896 
0.75.30 

-o.26so 

.U-926 
-4-.844 
.3·5.32 



Table 12 

Estimated Heritability 

Source of Estimate 
Sires Dams Sires and Dams 

10-week weight 0.17 0.66 0.42 

Housing weight 0.14 0.48 0.3~ 

Age at tirst egg 0.58 0.36 0.47 

Early egg production 0.29 0.48 0 • .38 

Egg weight 0.22 0.82 0.52 

Table lJ 

Phenotypic Correlations 

lo-week Housing Age at Early egg 
weight weight first egg production 

Housing weight o.6; 

Age at first 
egg 

-o.16 -0.34 

Early egg pro-
duetion 0.12 0.2.5 -0.60 

Egg weight 0.31 0.27 o.oo 0.04 



Table l4 
Estimated Genetic and Environmental Correlations 

1()-week Hou_sing Age at Earl¥ egg Egg 
weight weight tirst egs; producti~ _ weight 

r-- ­

lo-week weight 
s 
D 
S+D 

Housing weight 
s 
D 
5+D 

Age at f'irst egg 
s 
D 
S+D 

Early egg production 
s 
D 
S+D 

Egg wei~ 
s 
J) 

S+D 

0,;,18 
o.~ 
0.;82 

1.02 
0.48 
o...u 

....0.96 
0.-39 
.o.oo 

0.83 
0 •. 6) 
0 .•65 

Envirggmentai. 

·().,.6.3 ...o•.S2 '0.4.5 
0.4.3 0.16 ...0.2.3 
0.56 -o.s6 0.20 

.o.ao 0~24
-o.20 .o,.26 
-o.so o.a6 

0.1,9 ~ ...Q·''-o.5o ·~ - - _ -()..,56 
-0.09 ~ .;t ,...O.J.5 

. ()' 

G~o1l ..0..99 
0.20 ....0.66 
0.23 ...o.•oo 

o..,s, O.B9 l:e07 
0.73 -0.,31 0..)2 
0_.57 0.-l3 -0.14 

0,2.3 
...0,72 
0 .. 02 

0-.32 
0'!'4.5
o.J, 

...0.,60 
O~il3 
~~14 

0.51 
~.44 

0,.27 

~ 
0 
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Table lS 

Estimated Consequences o! Selection to Improve · 

10-week Weight by 100 Grams 

Estimated change 
S D SandD 

Housing waigbt (lbs.) 0.,4 0.4 0.4 

Age at .first egg (weeks) ,.6 -1.6 l.l 

Ear)¥ egg production (eggs) -.39 17 ­
Egg weight (oz./doz.) 2.7 1~7 1.8 
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·CONetUS!ONS 

!he similarity of the correlations and. heritabilities found 

in White Leghorns and those tound in the meat strains shows that 

annual breeding progress 'WOuld be about the same for &rfl' of the 

cnaracteristies stucU.ed in either egg lqing strains or meat 

strains. 

Because ot the low genetic cOl'relations between egg production 

qualities and wei,gbts at ten weeks, growth rate and egg production 

coul.d be improved simult.eneouslJ'. However, progress in broiler 

weight would be taster :tr selection were only tor broUer weight, 

and progress 1n egg produotion 'WOuld be taster it selection were 

onq·tor tbat character., The question o.f whether it would be 

economic&ll1" teu1ble to select tor poth sim.llltaneousq, involves 

economic eonsi4e~ti0115 be70Jld. the scope of this thesis. 

The 1arge lll&ternal e.ftects or the large amount oL sire-dam 

interaction present in this £'1ook .and ot,hers prevents acclU"ate 

estimates of heritabil.it,. or of genetic and environmental correla­

tions. FUrther :wo:ok needs to be done to measUI'e the intl.uence ot 

these sources ot variance. 

http:heritabil.it
http:stucU.ed
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