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INTRODUCTION 

The broiler industry has become a highly competitive segment ot 

the poultry industry 1n the United States. In order tor broiler growers 

to prosper, they must have birds that will produce a large aaount of 

meat 111th a relative low intake o! teed per pound of meat produced. 

SeTeral !actors are of primary concern, but the most iaportant single 

factor is growth rate. Growth rate in broilers is usually measured by 

boc:!7 weight attained at broiler age. 

In order tor the hatcheryman to prosper ,be must be able to supply 

broiler growers with chicks that will meet their needs. In adclition, 

he must haWJ birds that reproduce efficiently. The measuring stick here 

is the number ot eggs laid per bird and tbe hatcbability of these eggs. 

De'l'9lopaent of these qualities in broiler strains rests primarily 

upon the breeders of these strains. To the extent that these characters 

are influenced by heredity, the breeder is solely reeponaible. llcst of 

the characters that concern pou1try breeders are quantitative in natureJ 

that ia, they depend upon several or lll8llJ' pairs of genes, and there is 

continuous intergradation between the extremes of their expressions. For 

this reason, the development or an efficient breeding system will be 

greatly facilitated by knowledge of the mode ot inheritance or these traits. 

I 
Probably the most important statistic from the breeders standpoint 

is the degree of heritability of each trait considered in his breeding 

program. Other useful information includes the interrelationship between 

traits, t1P9s of gene action involved and the rel&ti"nt 1:aport,ance 
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of non-additive gene ef!ecta and maternal effects. 

Thia experiment was designed to determine some of the answers~ theae 

problems 1n New Hampahires, Silver Oklabara, and reciprocal crosses between 

these breeds. The objectives were as tollo11S: 

1. To determine any heterotic effect on lQ-week body weight, 10-.eet 

breast angle, resistance to death to 10 weeks of age and batchabillt7 

resulting from crossing the breeds usf!d 1n this investigation. 

2. To calculate heritability estimates for 10-week bod7 weight and 10-

week breast angle, and to calculate types ot gene action and maternal 

effects involved with these two traits. 

3. To calculate phenotypic, genetic and environmental correlatio!lll 

between 10-weelc body weight and 10-weet breast angle. 

la. To calculate heritability estillates of hatcbabilit7 and the as.tern.al. 

effects on hatchabilit7. 

S. To determine heritability estimates of resistance to death to 10 weeks 

of age and the matemal effects on resistance to death to 10 weeks ot 

age. 



DISCUSSION OF PBOBLDI 

The purpose of this investigation was to study tbe nature or the 

variance that is observed 1n some traits in chickens. Since there are 

several types of variance that are likely to be inwlved, it seems advisable 

to devote a section of thie thesis to a discussion of the types of variance 

and some of the other factors essential to the understanding of this 

investigation. 

Symbols and De.f'initions 

The symbols used in genetics and breeding literature are quite diverse. 

Of'ten this is very confusing to the reader. Since there are no recognised 

standard symbols tor many of the items used 1n this study, those presented 

by Lerner (1950) 'Will be used. These symbols and definitions with a few 

alterations are as follows: 

A 

B 

C 

D 

E 

G 

Ge 

Subscript to indicate sire 1 of a diallel mating. 

Subscript to indicate sire 2 ot a diallel mating. 

The component of E which is common to members of the same t~ 
but which varies from family to famil.7. 

Inclicates the dam; in most cases it represents the component 
of variance derived from the mean squares between dams. 

The environmental component of variance. 

~ additively acting genotype or the expected value. 

The non-additive portion of Ge. 

The total genotype; includes tbfJ additively acting component 
(G) and non-additive effects (G ). 

The square of the correlation between O and P or the degree of 
heritability. 

3 
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L 

N 

p 

p 

Q 

r 

4 

Represents the component of variance derived from the interaction 
mean squares in a diallel ma.ting. 

The number of diallel sets of matings .• 

Number of individuals involved in the instances used. 

Fraction of the individuals that die. 

Phenotype, 

The component of the mean square containing the environmental 
and half of the genetic variance. 

Coefficient of correlation. 

Phenotypic correlation between 10-week body weight (X) and 
10-week breast angle (Y). 

rGXG Genetic correlation between 10-week body weight (X) and 10-week 
Ybreast angle (Y) . 

r~ Environmental correlation between 10-week body weight (X) and 
Y10-week breast angle (Y). 

S Indicates the sire; in most cases represents the component of 
variance derived from. the mean squares between sires. 

T Sum components of variance derived from the mean squares or 
SM)~ and in the case of' diallel matings s+D+'I+Q. 

X 10-week body weight. 

x Number of sires. 

Y 10-week breast angle. 

y Number of dams per sire. 

z Number of offspring per dam. 

Z The height of the ordinate which truncates p of the area of the 
normal curve. 

Types of Variance 

Most, if not all, of the characteristics with which we are concerned 

in poultry breeding vary among individuals. In some cases, this variance 

is absent or so slight that mating like phenotypes will produce like off­

spring. An example of this is pl'UJlllge color. In other cases, ma.ting like 
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pbellotJPM do• not 1.nave oftepring w.l.tb tlle .... pllno\:,pe. Ja exaaple 

o:t t.b.b t.7P1 1a bod7 •1.cb' at a ,1.._ - • !be GPf••loa ot the latter 

trait S.. ••id to be ccmtlmaou J tlat u, t bB 'body' weight s of\ offapriJ:lg o£ 

auob a •ting •how contin.o• Y&ri&tioll ud do not tall into a few diatinct 

cl&•••• 
TIie pbenotypic variatioa \bat we obaerw aong indi"fidlilala ma:, be due 

to hereditary or gcotn,io d.Utenncea and to dil'terencea 1D mn1rcmm~ to 

wh1ob tbe ind1Yid11ala an ezpoaed. Yan.atioD in aillp17 inllerited traits auob 

u ooab tJPe 18 allloet caaplete~ due to ditterencea 1n genotypes. Such 

t:raita an said to ba-.e a hiah heritab1llt7. On the other hllnd, a trait lite 

811 productiOll D.7 be int'lu•ced aore bJ' enriroDIIIIJll" than b7 genotype. TJQ.a 

trait 1• said to ba-q a lo1' degne of beritabilit:,. The portion of the 

obeerwd ftriance that is due to heredit7, llbetber large or aaall., 1a the raw 

material with which the breeder WDrb. 

!be beredit&r7 w.riance can be h1"'tJler aubdirtc:led into (1) the genie or 

add1t,i:9917 genetic 'ftrianoe, (2) dollinance de'f1.atiom, ud (3) epiBtatic 

deriations. .ldditiTe genetic 'ftriance tor all practica1 purpoeea 1a the onl.:, 

type of genot7Pic 'ftriance truunu.tted b-oa parent to ottaprin.g. 

It we let({" p2 • tbe actuall.7 obaerwd 'ftl"iaDce, O""o.2 • that J,W.rli of the 

ftZoiance due to hereditary dUteren.cea and <,r B2 • that J,W.rt ot the ff.riance 

due to dift'erencea in tbe enTll"onaent under which dilterent 1nd1T.l.duala 

dewlop, we can write the equation. 

0-p2 • 0-ae2 +cr:s2. 

lct.ual1:, thl.s 1.8 true CJl'lly when. we usmae tbere 1e no non-linear inter-

action bet.ween gen.otJPe and en'YU"ODllen.t. Bcnrewr, for aoat pract1ca1 purpose• 

the in.t.eraction term can be neglected. 

The genetic coaponent can be further aubdiT.l.ded into additiw effect• 

( 0-o2) and non-additive effect• (CTo' 2) and tbe equation 
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0-0e2: era 2 • (f c{ 2 

•7 be writ.tea. Moat data do not lend th-elTea to the t1P9 of atatiatical 

ILDalJ'llia 11ecee1&17 to aeparate genetic nriance into the1e two coaponeata. 

When the genetic coaponent iB expreeaed u a percent.age of t,be total Tariallce, 

it, ia referred to•• heritabilit.7 1D a broad eeue. Heritability in a 

narrow 1enae ia the percentage of the tot.al variance due to additift gene 

action • 

.ldditive gene ettecte1 Generall.7 w as•w tut gew attectiDg 

characten under •election are additi ft 1n their ettecu. fhia lle&DI tbat, 

each gene bu an average addit1"8 effect, either plua or llillua, wben ill 

coabiD.ation wi tb other 1enea 1n a genotJ'Pf). Thu an7 geno't.7Pe would haw 

an expeokd ftlue wb.1ch could be detenained b7 add1ug all tbeee aftnce 

effect•, pro"dded the n.uaber ot genes and the T&lue of each •re ~-. Suted 

1n uotheJt •7, it uana that it gene A. baa a giTeD effect, the genot,Jl)tl il 

will be u dil'terent from. genot)1)e .la u the latter 1a tro11 the 1enotJP9 aa. 

Dow1nanoe effect.a a Dow1nance deviations are due to allelic geaea not 

ha"ling additiff action in genot7Pic combination.. I.t dominance 1a coaplete, 

genotype• il and A.a will haft identical phenot7Pee. Doa1MDoe ill not al•JW 

coaplete. One denation troa coaplet.e do•:lnance ill owr-doa1nance 1n which 

cue the heterosygote bu a euperior phenotype to either bmlo•;note. Dcm1vuce 

deT1.at1on.e are not trannitt.ed froa parent to ottapring ,thu tbe7 tend to 

reduce beritabUit7 in the narrow een.ee and :reduce the ettectiWDeaa of 

,election. 

Epilltatic ef'tecta I Epiatatie 'f&r.1.&tiona are due to non-additin ettecta 

between non-allelic gen.ea 1n genotJPiO combination. Tbe1e effect• are 

aiailar to dominance et!ect.a except that epiet,uia retera to DOD-allelic 

genes, while do•1nuce e!tecta ref er ~o allelic genes. lpietatic de'Yi.ationa 

are tr1JM1mit.ted to some degree fro• parent to oftepring. Uthe deail'&ble 
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, ... tio coabination 1a J.B, the 1enot7Pic coabin&t1on .la a, will trannit 

the deairable gaaetic eo11bination l of tbe t:1:ae. b the mmbe:r of pain of 

epiatatie gene• increues, the fraction ot tranaaitt.ed epiatatic gene coa­

binationa decrP.ues until it beeoaee negligible with u.n7 paira of' genea. 

Su-linked etf'ecta1 Kale• aong birds are b.olloguetic and feulea &ff 

heterogaaetic. Thia :aeana that aalee have two sex chroaoeoae•J feaale• baft 

only one •ex cbrolloaome. U au-linked genes are adclitiTe 1n their ette~•, 

male• abou1d •how twioe the effect tor &n7 giTen gene. Tbna u.lea will oon.­

tribute mre than female• to the genetic "l&riance of traits af"f'ected b7 sex• 

linked gene•. 

llaternal etf'ectea In addition to the ennromaental c011pOnent of w.ri­

ance, there 1a e'ri.dence of a:tra-chro110aomal influences. One tbeor,r adftllCed 

to explain this pbenollellOJl 1a a CJ1;c)plua1c contribution to the sygote. Since 

moat. ot the cyt,oplum in-wolTed in reproduction is of maternal. origin, thia 

ia wn1&ll7 deaignated as aaternal qtopluaic inheritance. The daa U7 alao 

contribute to the variance of characters through environmental effects not 

comon to all progenies concerned. Since moat chick• are "raised" aeparatel7 

from their dame, this factor is more euil7 controlled in chialcena than in 

aoat t&r11 an:l•al.a. Howewr, this doe• not rule out tbe pos•1:bil1t7 of dw 

contributing SOile waternal effects through tlae egg• the7 la7. Thia would be 

particularly trlle dur:µig embryonic lite, but it aeeu that thia intluence 

should be owrcoae within a abort t.iae after hatching. Begardlea• ot the 

mode of contriblltion, waternal effecta are erldent in se-weral traits. 

Concept !!! Beritabilit7 

Froa the equation 

(Jp2 • uae2 + (JE2 

we can calculate the port.ion or the phenot7Pic w.riance due to genetic 



d.1.tterencee by the fraction 

<Tae2/rrp2 

Thia fraction ia designated as herit&bilit;y (b2) in the broad aenae. 

Under most conventional systems of breeding onl7 the additive portion of 

the genotypic variance can be utilized by the breeder. 1'bua we must bue 

our heritability estiJlatee upon the equation 

Qp2 • (T o2 • (J:g2 

from which can be derived the torsula 

This traction 1a heritabilit7 in the narrow sense because the non-addit1 ff 

ettecta baft been remom troa the genetic component and incorporated into 

the anviZ"onmental component ot variance. 

8 

The degree ot heritabilit7 tor each trait 1a of exceedingq great 

illlportance. It infiuencea the amount ot gain which selection can accoapliab 

in a breeding program and dictates the choice of an efficient breeding 

s19tem. Thus it ia h1gbl7 desirable tor breedera to have these estimate• tor 

their breeding flock. 

Heritability applies to a particular population. and to a particular 

trait within that population. It 1a a ratio, and u n.cb cua cbanae u t.be 

nUJl.9r&tor or denominator changes. for tbia reuon, it beC011ea neceea&17 to 

calculate heritabilit7 eatiaatea tor different popula\iona and periodicallJ 

111 thin each population. It 1a doubtf111 it ~be enriromlent&l coaponent ot 

Tariance ever remains constant from year to ;year or tor that matter betnen 

seuona of a 7ear. Tb.e genetic coapcmct can be expected to remain 110re 

constant than the enTironaenul cmponent but it too 11:lll change. It 

telection 1a etfectift• there will be a gradual tiu.tioD ot the desirable 

alleles accompanied bJ' a alight reduction ot the te:ra <r a2 • Since 1elecH.cm 
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will not affect r.Tr.2, thte '9na Nlll&iu relati'99q COJU1tant o'99r a loac 

period ot tiae. !'bentore, • aut expect •oae deoliDe :la her1tab111'7 ot 

Mtrioal trait•. nae tor•• ot •tation and n.re nOOlibiD&tioa ot 1-• 

oppo•e thia c:leoliae ia 0-G2. '-•• toroe• are aot likel1' to be ot 1111' P"Nt 

illportanoe ule•• the t:reqUD07 ot all dN1rable all.el.ea approache, 1 • 

.. tboda 2! •,1aats s.r1v.biliu 

All u\hoda ot eetillatilll beritabilitJ depend in one ftJ or &DO~ Oil 

bow OlolelJ pbenot,PiC rN•bl&Doe parallel.a lelletio r••bluoe. Ia otllezt 

mrda ,tbe1' are bued oa tbe col'Nlation bet ... 1aotne and plamotn,e. 

Beaaue it 18 uv.allJ' dUtioult to calculate tbia col"1'8latioa. diftnq, 

ual.Jaia ot ftri&Dce 1a 'U1l&lq ued to separate tbe T&riallce into iu 

ooaponenta to 1et tbe correlation iDdirectlJ. Genetic l"ell•blace 1a !D.f erncl 

froa relatioubip Nthar ~ calculated.. 

Se'98r&l Mthoda ot eatill&tiag heritabil1t1' exin. l>Utenmt Mthoda 

have dittermt uea ud all are subject to ditterent kinda ot biuea. The 

•jor dUtieult;r ot the•• methoda ia knowing and discounting tbat tracticm 

of th& phen.ot7Pic reaeablaace which comee t:roa a COJllllOD en'Viron:aent. Thi• 

COIIIIOD mviJoomnent ia more euilJ diacounted 1D poult17 than other t,Pea ot 

fan aniwala since chicb are separated .troa their dw daring the reariDg 

period. B.T brooding all cbicJcs together or randolll7 diatribllting tha 1D 

tbe necessary nuaber of houses, the mvirOD11ent can tor all practical purpoae, 

be considered the same for all chicka. Another ditticult7 MJ &rile troa a 

correlation betwem do•1nance and epistatic effect• 1D certain kinda ot 

relatives. Bowe-.er, tbia is ueual.17 :ainor. We ualllle that eatillate• are 

based on random uting which is not always tru.e. flda can caue a onr­

eat1.Jlate or underestimate or genetic likeness between rel&tina being •twl1ed11 

If the aating system &Dd dell"e• ot inbr~ed.1.ng are kn.allD., corrections cu be 



made tor aDJ' diftl"I•• fJ'OII l'IDdoa •t.s.na. 
In.et :aent.ioa 11111 be aide ot the dil'teNJD, •ibodl of eatiaati.q 

lle1'1t&b1lit,7, 111\h 9111Plu1ia plaoed on \he mre uehl •taoda tor poul'WJ'. 

for a aon detailed cliaaa.aioa, the l'Uder ill i.femad to l'ub (191'8). 

10 

S1Dce her1tabil1t7 •tillatea are buec:l on bow cloael71enot1P11 parallel.I 

pbeaotne, it become• a.eoe••arJ to detellline the 1eaotne u acca.rateq u 

poa11ble. !be greatel" the deSN• of genetic relatiouhip, tlle sreater will 

be tlae aocvaoy of detel'll1D1Dg it, ainoe tbe ettec\ ot aaapliDg error will 

be Ndlloed wi\b a.a iacnue in genetic relatiouhip. for tlda re&IO!l heri• 

tabUit7 ea\iute1 a.re dete1"111Ded. troa 1uch da\a u f1tll-11b cornlat,iou, 

paternal halt-aib oorrelationa, intra-aire off1pring-daa cornlatiou, 1ava-

1in 1'911'9••1aa• ot ottapring on du, reg:raaiom ot w.riance on gaet1o 

nlationahip, and reareseiou ot ott1pring on the •an of the parat.a. 

The met widelr ued. utbDd of eat ia&t,iJII heritabili\7 in poult17 ii 

raferred to &I tile aethod ot 1atra-olaaa correlation 'betwea t11ll .-d balt 

aiba. It is baaed ca the fact that in a randoal.J breeding population, tbe 

aire and daa each cont.rim•t of the genetio Tui&Dce t.o their ott1pr1q. 

S, uae ot anal.JWll ot 1Viulce to parttis.on the Yarianoe into 1ta coapon111ta, 

three eatiaatea of heri.1-llbilit7 •T be deriftd u •ho• 1D table 40 of~ 

appendix • 

.lD. adaptation of the aboft aet,bod in"ft»l ftll the use of diallel •tiAga. 

1'h18 aetbod perm. ta t,lle detendnat.1011 ot 110D-addit1Te genet.io "fU'iaDoe, ••­

linked gee ettecta ad aaternal etfecu. Por a detailed c:leaip and aul.11111 

see table 40 ot the append.1.z. !o t.he beat ot ibe writer'• lmowledle, twe 

are OD.17 two repo:ru 1D t.he l1'9r&ture dealiDg with tlda t:,pe ot ual.1918 

1D cbickeu. 

Lerner {l9kS) reported reaul\a of a ••r.1.•• of 31 diallel ••'k of atiql 

ui:Dg S1Jal].e Coab 'lbite Legborna to 1tud.7 ac• at. •a:u.1 at.vitJ. ler:lk-
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bility of this trait was within the range of 16 to .3.3 percent. lon-additi'Ye 

deviation accounted for only 0.9 percent or the total variance. It wu 

concluded that non-additive e.f'f'ects did not play an important part in deter­

mining sexual maturity. 

Hazel and Lamoreux (1947) reported a similar study on age at sexual 

maturity and bod:, weight at 22 weeks of age in Single Comb 11bite Leghorns. 

Their data were collected from the ma.ting of 60 pens of 6 females each to 

60 males in each of 3 different series. Thus each male bad 6 mates, all 1n 

one series of matings, and each hen had 3 mates, each of them in a different 

series. Estimates of heritability were 27 and 32 percent tor sexual maturity 

and 22-week body weight respectively. Hon-additive gene effects were a 

minor factor in the determination of both characters. There was no evidence 

that sex-linkP.d genes were involved with either trait. A.bout 5 percent of 

the variation in body weight was due to maternal effects, but sexual maturity 

1la8 not influenced by :maternal effects. 

Correlation Betw~en Traits 

It a correlation exists between two or more traita that are under 

selection in a brPeding program,it will influence the effectiveness of 

selection. A high positive correlation between two traita pP.rmita selection 

for either with a simultaneous improvement in the other. A negative corre­

lation between two traits has an opposite ettect. If a positive correlation 

exists between a trait of major importance and one or 11.ore traits of leaeer 

importance, selection intensity may be increased tor the major trait with a 

resultant reasonable amount ot improvement in the ones ot lesser iaportance. 

The causative forces tor a correlation between traits may be genetic 

or environmental in nature. The genes causing such a relationship may be 

the same genes or they may be linked. These genes may also be asaociated 
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EXPERJlfENTAL PROCEDURE 

The stocks used in this investigation were from the Okl.aboma A. and II. 

College Poultry Farm. The New Hampshirea have been bred as a closed flock 

for a number of ,-ears. The SilTer Oklabars were developed by the Oklahoma 

A. and K. Poultry Department and have also been bred as a closed flock for 

a number of years. Inbreeding in both breeds has been purposely &"VOided. 

This experimP-nt was conducted by making a series of diallel matings. 

1'his type of mating is de.tined as the ma ting of two or more animals at 

different times to the same two or more animals of the opposite sex. For 

the purpose of this study, the same dams were used and mated to different 

sires. 

The use of diallel matings has one great adftllt&ge over the use of 

single male matings. By partitioning the variance of the offspring separatel7 

£or each pen, it is possible to isolate any interaction or non-additiTe gene 

effects that might be involved. Bemoval of the interaction component gives 

a more accurate estimate of the additive gene effects and permits a more 

accurate detP-rmination of maternal and sex-linked gene effects. The greatest 

disadvantage of diallel matings is that they \cannot be made concurrentl7. 

For this reason sire and hatch effects will be confounded. Thia confounding 

cannot be removed but single male matings can be made concurrently with 

the diallel matings to give an indication of its iaportance. 

On March JO, 1953, twenty-two single male mating pens were selected troa 

the pedigree matings on the Oklahoma A. and M. College Poultry Farm. Ten 

Hew Hampshire females and 10 Sil"Ver Oklabar temalea were selected and randomly 

placed in each pen. Kost ot these females had been uaed in the 19S3 pedigree 

matings, and the remainder were randomly- pickflld from the laying houses. 

Eleven New Hampshire males and 11 Silver Oklabar males were selected and 

randoml::, assign~ to head these 22 single male matinp. 



After the matings were made., 7 da)'B were allow~d to assure good 

fert.ility. Then all eggs were pedigrP-ed and saved during a period of 10 

daya which extended from April 6 through April 15, 1953. Only eggs froa 

hens with a minimum of 4 eggs were set and 1n no cases were more than 7 egp 

set per hen. Eggs were tra;yed and set in a Cugley setting unit during the 

evening of April 15. 

The first shift or males was removed from their respective pens on 

April 14,and with the exception of one male of each brP-ed., all males were 

replaced by a randomly chosen male of the same breed on April 17. One pen 

headed by a New Hampe hire male and one headed by a Silver Oklabar aale were 

mated to the same females throughout the experiment. These were control pens. 

The 2 shirts of males comprised one series of diallel matings. Another 

BP.ries was run in the same manner. Pertinent dates regarding these matings 

were u follows 1 

Hatch Kale In Eg~s Saved Eggs Set Date Hatched 
1 Karch 30 April - April 15 April 16 Ly? 
2 April 17 April 21 - April 30 May 1 May 22 
.3 May 2 May 8 - Kay 21 Jlay 22 June 12 
4 May 23 llay 29 - June 11 June 12 July 3 

Exact dates are given for the reason that fertility declined with 1ucceeding 

batches. This is the usual case with the onset of hot weather during the 

summer months • 

On the 18th day of incubation, all eggs were candled and the intertile1 

and dead germ.s removed. The remaining eggs were plac@l!d in wire buket1 

according to dam numbers and placed 1n a Cu.gley separate hatcher. The in­

fertile eggs were "broken out" to detect an7 sign ot embryonic de"felopaent , 

and those showing signs ot de"felopment were recordACi as fertile. 

On the day of hatching, all chicks were wing banded and pedigrP.ed by 

sires and dams. They were 1'8.CCinated for Newcastle disease with a live T1.rue 

-• ....t. __ ,._ ...3 .. _.L. __ _....__ __ .L. ...3 .I-,_ ___ ...,, __ 'L------ 'IIL- ~_. __ .a.. 
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hatch was brooded in the following mannP.r: 575 chicks in each of t-.o 30 ft. 

x JO ft. pens and 178 chicks in each of three 12 f't. x 12 rt. houses. The 

second hatch was brooded as follows: 57 5 chicks in each of two 30 ft,. x JO 

rt. pens and 243 chicks 1n a 12 ft. :x 12 ft. house. Natural gas was used 

as a source of hPat for all groups except the group of 243 chicks, which was 

brooded under an electric canopy. The third hatch was brooded by placing 

600 chicles 1n each of two 30 ft. x 30 ft. pens and 182 chicks in a 12 ft. x 

12 ft. house. The fourth hatch was small,so the chicks were eguaU,, divided 

into two groups of 442 chicks each and brooded in two 30 rt. x JO ft. pens. 

Hatches 3 and 4 were brooded under infra-red lights. 

A high efficiency broiler ration was fed throughout the experiment. 

Water was supplied in gallon containers for a period of about 2 weeks after 

which the gallon containers were replaced with automatic waterers or large 

pan ..type waterers in the small pens. 

A respiratory disorder was observed in all houses of the first hatch on 

July S. The most noticeable symptoms were sneezing, wat,i.ry eyes, and a 

rasping noise when the birds breathed. Mortality showed no increase and there 

was no decrease in feed consumption. The a.f'fected birds appeared to be less 

active than the non-af'f ected birds o The symptoms increased in severity during 

the last week of the experiment. 

The same type of respiratory disorder broke out in chicks ot the second 

hatch, rut was not quite as severe as in the .tirs't batch. The symptoms were 

first noticed on August 1 and had largely disappeared by August 21. 

On the moming of July 17, several chicks in the fourth hatch showed 

symptoms of Newcastle disease. Three affected chi.eke were sent to the 

diagnostic laboratory of the School. of VetP.rinary Medicine. This disease 

was diagnosed as Newcastle disease. These chicles had been vaccinated at 

day-old with a live virus intranasal Newcastle vaccine mich was a f'ew daya 
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older than the fll1X,piration date. Apparently the vaccine was too old to gi'ffl 

complete immunity, but virulent enough to cause a few cues of the diaeue 

that apread among the non-immunized chicks. Mortality was heavy for a period 

ot 10 days. 

At 10 weeks of age all birds were weighed to the nearest tenth or a 

pound. Breast angle was mP.&Surtid. with the West Virginia breast meter. ·The 

usual 5 degree gradations were subdivided for this experiment into 2.5 

degrees gradations. Sex was also determined tor each bird at this time. 



PART I 

HET.l!;ROOIS, HERITABILITY, TYPES OF GENE ACTION, AID MATERNAL EFFECTS DI 
RELATION 'ID TEN-WEEX BODY WEIGHT IN BROILERS 

To keep abreast of the rapidly expanding broiler industry, breeders 

have found it necessary to select for taster growing birds. To-day's 

broiler must attain a body weight in about 9 weeks equal to a 12 to 1$-weelc 

weight 1n the early days of the broiler industry. It has been necessary to 

investigate more thoroughly the mode of inheritance of body weight at broiler 

age in order to develop an efficient brPeding program. One of the most 

import.ant statistics DP.eded is thP. degrP.e of heritability of body weight. 

To determine the most efficient breeding system to produce broiler chicks, 

it is desirable to know more about the types of gene action involved so that 

this system can be properly evaluated. 

This part of the experiment was designed to detel"Jlline the following 

information in New Hampshires, Sil~r Oklabars, and rec:tprocal crosses 

between these brPeds. 

1. If heterosis was involved in determining 10-week body weight in 

the crosses. 

2. Heritability of l<>-week body weight. 

3. Types of gene action involved in determining 10-week body weight. 

4. llaternal effects on l<>-week body weight. 

17 
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REVIEW OF LITEBA.mD 

Much of the early work on the inheritance or body weight was designed 

to abow that inherent differences exist. Punnett and Bailey (1914) were 

tm of the earliest workers to demonstrate that such an inherent dif'f'erence 

did exist. They made crosses betwP.en Gold-pencilled Hamburgs and Silver 

Sebright Bantams through 3 generations of selection and matings. The Fi 

was intermediate between the parental breeds in body weight. The F2 resulted 

in variation which exceeded the extremes of both the original parents. In 

the F3, tests were made to SPe if the largest and smallest F 2 birds 1t'OUld 

breed true. These matings produced progenies which varied considerably 

among themselves,but neither the small nor the large birds produced the 

eXtremes that resulted in the F 2• These workers concluded that size in 

poultry depends upon definite factors, and that these !actors segregate 1n 

game to genes is. 

May (1925) made reciprocal crosses between White Cornish and Silver 

Spangled Hamburgs, and obtained body weights at 10 months of age. The 

average parental body weights were 2390 grams for Comish males, 1885 grama 

for Cornish females, 1480 grams for Hamburg males, and 1160 grams for Hamburg 

females. The r1 and F 2 progP.nies weighed pn the average ,al.moat as much as 

the average weights of the Comish. Neither of these progenies waa D¥>re 

variable in weight than the purebred parental stocks. May stated that the 

increased weight of' F1 hybrids 1n relation to the parental &VP.rages could 

be explained on the basis of heterosis. 11'ithout heterosia the average body 

weight 110uld have been intermediate between the parents. Watera (19.31) 

disagreed with this explanation but agreed that part ot the increase might 

have been due to heterosis. Since the number of offspring wsed in lla7'1 atudy 

was small, chance alone could have caused this unexpected increase 1n body 



19 

weight. At 10 months of age, the number of offspring in each group ranged 

trom 8 to 83. In general it can be stated that the small number of birds 

makes it difficult to draw definite conclusions regarding the inheritance 

of body weight. 

Jull and Quinn (1931) studied the inherent nature of body weight in 

chickens by making reciprocal crosses betwPen Barred Plymouth Rocks and Bose 

Comb Black Bantams. Body weights were taken of the Fi and F2 progenies at 

approximately 30 'WPeks of age. F1 offspring showed less variability than the 

F2 offepring. The latter group did not include birds as large as the larger 

parent brPed nor as small as the smaller parent breedo If 4 pairs of factors 

were functioning ae suggested earlier by Punnett, 256 birds 110uld have been 

necessary to recover all possible combinations of weight characters. How­

ever the 124 F 2 progeny that were produced seem. sufficiently large to haft 

included some of the extreme classes. These data provide evidence for a 

genetic diffprence in 30-week body weight,but gift no information regarding 

the number of pairs of genes involved. 

Waters (1931) reported one of the most extensive early studies of 

inheritance of body weight using White Leghorns, Brahmas and their reciprocal 

crosses. Thia study .-.xtended over a p11>.riod of 10 ye.a.rs and included a total 

of 2966 birds. All chicks were weighed at weekly intervals during the first 

3 months and then at monthly inti=irvals until 10 months of age. The 11 

reciprocal hybrids were intermediate in weight at 10 months of age between 

the parental averages. Variability was no greater than that or either parent 

breed. The mean weight of the F 2 hybrids was also :intermediate between the 

parental brPeds, but their variability was significantly greater than that 

of the F 1 progeny. From the F 2 progeny, large, intermedi& te and small-sized 

birds were selected to be mated 'Within their own size group. These 3 groups 

produced progenies with di!f erent means and variabilities. Watere stated that 
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this was evidence for genetic aa well as phenotypic ditterencea,and it 1a 

certain that segregation for large and 8lll&ll size took place in the 12 

generation. Variability curves based on monthly weighings showed that the 

differences in variability between the original breeds and the F1 and F2 

hybrids demonatrated no significant genetic differences until growth wu 

nearly camplP.te. At 10 months of' age these differences were clearly shown. 

There was no evidence ot hybrid vigor at 10 months ot age but there was evidence 

for it during early growth. The maximum amount of hybrid vigor was manifested 

in the F1 with decreasing amounts in subsequent generations. Waters :made the 

assumption that differences in weight were dependent primarily upon 2 pairs 

of genes each with equal and cumulative effects. Possibly many other genes 

or lesser influence also op~rated. 

Lerner and Asmnndson (1932) studied the 1.nhe!ritance of growth in chickens 

b,- making a cross between a Light Sussex male and Ancona females. :r1 croeaes 

and backcrosaea were made. The f'ormula 

•2 - WJ. 
R = t (W2 .., fi) noo 

was used to determine rate of growth for the i::eriods 2 to 8 weeks and 8 

to 12 weeks. In this fomu.la W:i.• 2-week weight and •2• 8-week weight. The 

Light Sussex showed a higher growth rate than the Anconu. lfales in the r1 

generation showed a higher mean growth rate than those of the r2 and were leas 

variable. Reaul ts for the F1 and F2 females did not agree with data tor tbe 

males 1n that the growth rates of the 2 groups were equal or even lower tor 

the r1 females than for the F2 females. Backcrosa data indicated that rapid 

rate or growth was dominant over slow growth. The authors stated that due 

to the small numbers available, their data were not adequate !or a precise 

genetic analyais but the1 point to inherent ditf'erences in growth rate between 

the t110 breeds. 
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Amu.unuon and Lerner (1933) made a study of the genetic difference in 

growth rate of Single Comb White Leghorns. They divided 340 chicks into 4 

lots on the basis or sex and time of hatching. Growth from 2 to 6 weeks wu 

computed using the formu.la given in the preceding paragraph. Comparisons 

betw~en the progenies of 3 males revealed no significant difference in growth 

rate. Six more or less closely-related families were divided into rapid, 

intermediate, and slow growing lines. There was no significant difference in 

growth rate between families within a clasa 1bu.t there was a difference between 

families of different classes. These workers concluded that a genetic 

difference in growth rate was evident and this difi' erence was dependent upon 

multiple factors. The small number of sire families and progeny probably was 

responsible for the lack of a significant difference in some cases. The sires 

could have possessed about the same genotypes. 

In a similar study by Asmundson and Lerner (1934) with Single Caab llhite 

Leghorns and Barred Plymouth Bocks, it was concluded that from 2 to 6 weeks 

of age is the best period to study genetic differences in growth rate. 

Kaw (1935) studied the inheritance of skeletal dimensions in Light 

Brahmas, Golden Sebright Bantams and reciprocal crosses between these breeds. 

Although body weight was not used as a criterion of size, weight was obtained 

to compare with the results of othP.r investigators. These breeds vary greatly 

1n body size and approach the extremes in body weight that have been attained 

1n domestic fowl. The Brahma males weilhed approximately 10 pounds more than 

the Bantam malP.S and the Brahma femalM weighed approximately 8 pounds 

more than the Bantam females. Ila.tings were accomplished by means of artificial 

insemination. A.t approximately 10 months of age, the Brahmas were weighed, 

killed, and the meat removed from the skeleton. lleasurements were taken ot 

the long bones of the leg and wing and cranial length and breadth. Similar 

data were collActed on all other birds after 180 days or age. The F1 and r2 
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progenies were slightly smaller in mean body weight than the mean body weight 

ot the 2 par~ntal breeds. Kaw stated that these results supported the find­

ings ot Jull and Quinn (19.31) 'Which indicated the presence ot dOJlinant or 

partially dominant genes for small body Elize. The DIP.an lengths of bones of 

the 11 and F 2 birds were intermediate between the mean bone 1engtbs of the 

parents. Linkage was found to exist between factors for body size and the 

sex-linked genes for silver and gold, and fast feathering. This study gives 

support. for the presence of sex-linked genes that af'fect body size. One 

criticism that can be made about this work is the widely di!ferent ages at 

which the data were collected. Light Brahmas are noted for a slow rate ot 

growth but it is doubtful if the rate is sufficiently slow to warrant an 

additional 4 months to be comparable with the growth of the Bantams. Most 

domestic breeds of !owl attain their mature body size between 10 and 12 months 

of age regardless of their mature weight. It seems that the data from the 

different groups 110uld have been more comparable if all the birds had attained 

their mature weights. 

Schnetzler (1936) demonstrated that inherent differences in body weight 

are present at 8 or 9 weeks of age. From a group of 242 Barred Plymouth Rocks 

he selected the heaviest males and females and the lightest males and females 

on the basis of 8 or 9-week weight. Keeping these lines separate and continuing 

this type or selection ror several generations, Scbnetzler was able to 

establish a tast and a slow growing line. 

Jaap and Morris (19.37) by mP.ans of analysis or variance showed the 

important causes or variation in 6-week body weight of 6 varieties and some 

crossbred chickens. These causes and their rel&tive importance were as 

follows: 



Cause 
Varhtiea 
Pen {aoetly sire) 
Dus within malea 
Sex 
Remainder 

Total. 

Percent of Total Variation 
- l3 

19 
ff 
2.3 
18 

1m 
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!belle resul.ta clearly dawmatrate that a genetic difference occurs 1D 8--week 

bod7 weight. 

Iaufman (191&6) concluded troa data on Polish Gretmleg % Bantaa croubreds 

that sex-linkage 1'&8· involTed in adult body weight. Reciprocal. croaaea tailed 

to gi.B the same result for 8-mont.h body weight. The weight ot r1 females 

approached the weight of Bantam bP,ns when Bantam males were· uaed. When Green­

leg vlea were uaed. the offspring were intentediate 'beL1Mell the parental 

breed&. Ko 11&1.ea were a.uable in the first croea due to aoae of tbe data 

being loat. rautmaD concluded that 2 pa.1ra of gmes were :ln'I01'ftd :ln 8 math 

body weight. One pair was autosomal and the otha pair wu 1ocated on the 

sex chromosollll!la. The number of birds inwlvecl in thia etud1' was axoeediaglJ' 

small and appear to be inadeqo.ate tor drawing such definite conclmliona. fb1e 

investigation was carried out in Poland during the :,eara 1937-1939,&Dd IIOR 
' 

or the data were lost during the war. 

Godfre7 (19$3) presented :twther evidence tor the preeence ot a eez• 

linked gene that affects growth rate. This endence was obtained hom a 11\ud7 

involving 69 Bose Comb m.&ck Bantams, 87 Barred PJ.,mouth Boclal, 110 '1 

(RCB I BPR) crossbreds, 879 J'2 crossbreda• 82 F.3 chicks~ and 1172 birds tram 

a backcross of 1'1 males to New Hampshire temalea. E'fi.dence tor eex•linlced 

effects upon growth rate was apparent when 1'1 temalee fell below the inter­

mediate parental body weight at an earlier age than •lea. In addition, tbe 

mature shank length values of the F1 females wre considerably below t.he 

female parental intermediate,while the males were nearl.7 intermediate when 

compared to the mean shank length of the male parents. Further eT.l.dence 



resulted from linkage studies involving 5 pairs of marker genee in the back­

croaa. The barring and slow feathering loci ll&Z"ked the sex chromosome near 

both ends and silver served as a supplement&r7 sex-linlced marker. The roae 

comb and white sk:in loci marked separate autosomes. This study suggested. tbat 

a sex-linked gene tor growth is located approximately half-way between the 

silver and slow feathering loci. Godfrey concluded that there is one sex­

linked gene which affects growth rate to 9 weeks ot age ,and at least 1.5 pain 

of genes are involved in the overall genetic difference. 

Lerner, Asmundson and Cruden {1947) determini,d heritability estmtea 

for 12-w~ek body weight in a randomly selected sample ot Hew Bampshirea. Tbe 

data were analyzed separately for males and females, bQt due to the low l11Jllben 

in each mating, the results would be of questionable statistical Talidit7. 

For this reaaon,the data were transformed into respective standard deviat.ioms 

for the two sexes and then pooled. The heritability anal181s wu baaed on the 

methods of 'lba.tley (1942) and Hazel et al (1943) with a few moditicationa 

oallid for by the nature of the data. The heritability estimate tor 12-week 

body weight based on the sires contribution was 0.42 J baaed on the dam's oontJ1i:­

bution ,the estimate was 0.60, and a combination of the 2 ga'98 an eatia&te 

of 0.51. The authors stated that due to the small nulbers in'ft>l"Wld, 1ampling 

error was likely to be large. Bowe"fer, there wu rather close agreement. 

among the 3 estimates. El-Ibiary and Sbatfner (19Sl) criticised these workers 

for using only 2.30 birds and for combining sexes. They 1tated that under 

normal conditions there would be a 15 to 20 percent sax ditf'erence 1D bod1' 

weight. Lemer and his associates recognized both of these short.cominga. 

Their method of transforming the d&ta to standard deviations was an attempt 

to overcome the sex difference. Granted that such a method might lead to 

some error in calculation, it tends to overcome sampling error in that the 

numbers should be approximately doubled by combining sexes. 
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Shot.mer and Sloan (1948) calculated h"ritability of 3C>O-day body weight 

among inbred linfl!s of chickens. The method of analysis was that of intra-a ire 

regression proposed by lush {1940). llhen the estiDla.te was corrected for 16.2 

percent inbreeding, b2 equaled 0.1,. This estimate appe&l"IS to be high in 

relation to othf!r estima.t~s of the heritability of body weight. The authon 

stated that tM high estimate could very likely be correct. A large part, ot 

the data were derived from crosses of breeds differing 1nberentl7 in body sise. 

Segregation in succeeding generations probably provided a larger port.ion ot 

genetic 'ftl"iance than normally is th~ case within closed flocks. 

El-lbiary- and Sha.tfner (1951) calculated heritability estimates for 

body weight in Hew Hampshire& at 2, 4, 61 8, and 10 weeks of age. These 

estimates were baaed on data collEl!cted f'rom 2 randomly distribllted groups of 

chicks treated in different ways. One group was fed an adequate ration plus 

0.2 percent thi.ouracil, and the other group recei-ved the same ration without. 

the thiouracil. Only dams having at least 2 male or 2 female chicks and airea 

with chicks from at least 2 dams were used in the analyais. Data were analysed 

separately for sexes by means of analysis of variance a.nd covariance. Berita• 

bility estimates •~re calculated from the sires contribution to the genetic 

variance (g2) and 1'rom the combined contribution of sire and dam (h2). Their 

est:iJDatea or heritability were: 

Females 
Treated Controls 

Age E:2 2 
~ 52 2•~· 0574 .oi1 .3 

4 Weeks .361 .217 .278 .143 

B Weeks .3,2 .19h • .369 .225 

10 Week• • .392 .231 •24° .259 

llaiea 
'l'reated 

.2SS 

.379 

.4,2 

.oss 

.03.3 

.038 

Controii 

.381 

.210 

.210 

.131 

.107 

.128 

The authors stated that g2 is heritability 1n a rather narrow sense, and that 

h2 is heritability 1n a broad aenae. This is not an estiJlate ·1n the narrow 
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sense as used by Lerner (1950) to include only the additi"Ve genetic variance. 

wsh and associates (1948) statf'IJd that the combined estimate leads to a 

smaller sampling error since the sampling errors due to sire and dam contri­

butions tend to cancel each other. Lush and his associates also point out 

that the oombinfl'd estimate includes one-fourth or the variance frCJ11 dominance 

deviation in the component which he calls extra variance within groups ot 

paternal half sibs as well as any likeness between full sibs caused by 

environmental variations which are alike for daughters of the same dam hilt can 

be different for paternal half siba. Ju..nce ,more confidence can be placed on 

the estimate from the sires' contribution when the data are numerous enough to 

make sampling errors small. 

Godfrey and Willia.ms (1952) reported heritability of body weight in 

chickens based on a. selection experiment using Silver Okla.bars. One line 

was selected for rapid growth llhile another line wa.s selected for slow growth 

as measured by body weight at 6 and 12 weeks or age. Original selection for 

the 2 lines wa.s made from the same population. Results of 2 generations of 

selection yielded heritability estimates of .19 and .JO for body weight at 

6 weeks of age, and estimates of .Jl and .32 for body weight at 12 weeks of 

age. Estimates calculated for males were consistently lower at both ages 

than those calculated for females. Sflllection solely for body weight at 6 

and 12 w~eks of age resulted in significant differences in adult body weig~ 

and egg size between the selected pa.rents of the rapid and slow growth lines. 

When the available estimates of heritability of body weight in chick8118 

are considP.red as a. group, there is considerable variation among them. Since 

sampling l"!rror and n.rious other types of errors may be operating, considerable 

variation in estimates can be expected. Other discrepancies might arise from 

using different stocks and from using different methods of calculation. It 

Bt:>eDl8 that numerous estimates from numerous sources would tend to give a 



rather reliable average estimate of heritability. 

Some estimates of heritability or body weigbt in chickens have been 

bas~d on weights of birds older than broilers. Others have been published 

only :In tabular form with no description as to the metbod of calculation 

or source of data. Because of th~se reasons, some ot t.beae estimates haw 

not been reviewed but will be presented in tal;JU.l.ar form.. The a ft.ilable 

heritability estimates of body weight in chickens are aa toll.an 1 

h2 Investigator Year Method. Age o! B1rda 
• 

. u Godfrey and Williams 1952 Selection Expt • 6 weeks 
• .30 Godfrey and Williams 1952 Selection Expt • 6w~ 
.54 EJ.-Ibiary and Sba!fner 1951 2(s+D)/'t 10 Weeki 
.21 El-lbiary and Shaffner 19.51 2(S.f.D)/T 10 weeks 
.26 El-Ibiary and Sba.t'fner 1951 IJ;/'t 10 weeka 
.13 El-Ibiary and Shaffner 1951 J§>/T 10 weeka 
.Sl Lerner~ al 1947 2(5.f.D)/T 12 Weeki 
.60 Lerner _n .!J. 1947 2D/T 12 week• 
.42 Lerner At .al 191'7 2D/t 12 ween 
.31 Godfrey and Williams 1952 Selection Expt. 12 weeu 
.32 Godfrey and Williams 1952 Selection Eq,t. 12 weeke 
.so X.rner and Cruden 1951 D/D Regression* Brm~ .49 Lerner and Cruden 1951 D/D Regression• 8 montba 
.47 Lerner and Cruden 19Sl 2(S•D)/f 8 montba 
.17 Lerner and Cruden 1951 113/'f 8 montba .1, Shoffner and Sloan 1948 Intra-Sire Begresaion .300 da,a 
.61 Comstock et al*** 1947 ** H 

.60 Comstock et ii 1947 ** ff 

.56 Comstock et al 1947 H ff 

.54 Comstock et i.'i 1947 ff H .,2 Comstock et iI 1947 ff H 

.48 Comstock ii iI 1947 ff ff 

.43 Comstock et al 1947 ff ff 

.42 -- 12y7 Comstock et al H ** 

* Daughter-Dam regression 
**Not known 
*** Quoted from Shoffner & Sloan (19/J3) 
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MATERIALS AND METHODS 

The design of thP- experiment and ~thod of collecting data are discuased 

on pages 14 through 17 and demonstrated in table l.O of the appendix. Ten-week 

body weights were anal~ed for this part of the study. 

To simplif'y the statistical analyses, subgroups of equal numbers were 

usedJ that is, equal numbers of dams per sire and equal numbers of offspring 

per dam were USP,d. Due to the small number of each sex in some cases, the 

female weights were converted to the equivalent of male weights. This waa 

accomplished by dividing thP- total weight of males within each breed and 

cross by the! total weight of the females within the same breed or cross to 

get a factor to multiply each female weight by. Any errors ma.de in 1Mighing 

would be magnified lib.en multipli~d by the conversion factor, bu.t it ii boped 

that by increasing the numbers of sires, dams, and offspring, sampling error 

was reducP.d to compensate for this possible error. 

The numbers of offspring pP.r dam used in the analyses were 4 in the cue 

or some br!=!eds and crosses and 3 in others. Thus the sire with thfll least 

number of mates with the appropriate numb~r of offspring automatic&~ deter­

mined the numb"r of dams that were used per sire. A table or random numben 

was used to select the appropriate number of dams nAeded. 'l'wo aamplea ot 

data were aeltl!cted for each b~ed and cross tor each ot the 2 aerie• ot 

matings. For the first sample, the first 3 or 4 chicks were used. For 

the last sample, the last 3 or 4 chicks were used. All chickB had equal 

chance of being banded in any sequence at hatching t~ , thus these were 

random samples • 

The first step in the analysis of these data was to figure the average 

10-week weight or all breeds and crosses by sexes within pens. Thia wu 

done to see 1! any noticeable heterotic effect wu present ,and also to 



29 

compare the pertonnance of the purebrP.ds in relation to the crossbreds. 

The data trom the control pfffls were analyzed by breeds and crosses 

and sexes within fl!ach brP.ed and cross by mta.ans of analysis ot variance to 

see if there was a hatch err ect. In no case did this hatch effect approach 

significance at the 5 percent level. For this reason it seemed justifiable 

to pool hatch~s whfl!n the analysis warrantP.d it. Due to the nature ot a 

diallel mating,sire and hatch effects are confounded. Since the sires auat 

be mated to the same dams, there is no way to relieve this situation by 

making the matings concurrently. This discrepancy is one criticism ot a 

diallel mating scheme. 

In order to calculate heritability and other important est:laates, it 

was necessary to separate the variance components. For this purpose 

analyaia of w.riance was used,and the total variance was separated into the 

following parts: {l) differences betwP.en sires, (2) difterencee between 

dum• (.3) interaction, and (4) remainder. The mean squares of theae parts 

were reduced to the components of variance as outlined by Lemer (19SO). 

The details or this reduction are presented in table 40 of the appendix. 

The remainder {Q) is the component of variance containing the enviromiental 

component and halt of the genetic variance. It is that variance expected 

between tull sibs. Interaction (I) indicates the interaction component 

between the genes contributed by the sire and by the dam. The daa's cont.ri­

bu.tion (D) is the extra variance occurring within groups of paternal halt 

sibs. 1'b1.a contribution 1B in addition to the variance found among tull aiba. 

Sires contribute additional w.riance {S) to non-siba as compared to paternal 

t:Ja.lf sibs. 

A sample ot data was taken ,and the steps 1n its analyais are presented 

Ln table 41 of the Appendix. For this reason the detail.a of the anal191.a 

Ifill D.Ot be diacussed here. 
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From the components S and D, heritability estimates o:r body weight; were 

calculated. These calculations a.r~ based on the theory that S and D each 

contain one-fourth of th" gen~tic vari&nce, thus 45, 4D, and 2(S+D) are 3 

estimates of the total genetic variance. Each ot these estimate~ ot the 

total genetic variance will give an estimate ot heritability when divided b,y 

the total variance. These percentages are estimates of heritability in the 

narrow sense because the interaction component bas been remoVed. Beritabilit.7 

in this sense is an indication of the additive genetic variance. 

The presence of •ex-linked and maternal effects were detected bJ' 

inference depending upon the size of the contribution of sire and dam. 

b:cluding sex-linked gene effects and maternal effects, the sire and dam are 

expected to contribute equally to the total variance. 'l'tms whEll either the 

sire or dam components were larger than the other compooent, it waa uauaed 

t:.hat the dit.ference 11&8 due to either sex-linked gene effects or maternal 

u"f ecta. The smaller component in each case was 11ubtracted from the larger 

::omponent ,and the difference wee divided by the total variahce to determine the 

>ercentage or eitl:Jf!r sex-linked gene effects or maternal effects. This 

,rocedure results in a value greatPr than sero for one of these effect• and 

~he other must take a value of sere. Actually, this 18 not necessarily true. 

•am.pling error can easily caua@! the sire and dam components of 'ftriance to 

>e different. In some cases, both of these effects could be contributing 

tqually to the variance and ea.ch masking the ettect ot the other. In other 

:aaes, both might be contributing to the variance but not in equal amountaJ 

,hus one eftect partially masks the effect. or the other. In any case, aampling 

!rror might lead to a positive value for either of these effects• 

Non-additive effects were determined by dividing "I" by the total ftl"iance 

nen "I" was a positive figure. This figure represent• the percent of the 

,otal variance that is due to genes not acting add.1 ti vel7 when in genotJPiC 
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combination. 
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RESULTS 

The average 10-week body weights are presented in Tables 1 through 4. 

For the purpose of comparison, the averages for pure New Hampshire and 

Silver Oklabars were considered as the parental stock averages. When the 

data for hatches and sexes were combined, the Silver Oklabar X New Hampshire 

crossbreds averaged 0.05 of a pound more than the New Rampshires and 0.14 

of a pound more than the Silver Oklabars. The New Hampshire X Silver Oklabar 

crossbreds were equal in weight to the New Hampshires and averaged 0.09 of 

a pound more than the Silver Oklabars. In both crosses, the crossbreds ex­

ceeded the average of both parental stocks in 10-week body weight. 

These dif'ferences are small and the question might be raised as to the 

repeatability of these results. Strengthening evidence can be obtained by 

comparing the data on a hatch basis. In all 4 hatches the Silver Oklabar 

X New Hampshire crossbred males were superior in average weight when compared 

with the other breeds and cross. Females from this cross were superior in 

w-eight in 2 hatches when compared with the other breeds and crosses. The 

New Hampshire males showed a slight superiority in average weight over the 

New Hampshire X Silver Oklabar crossbred males in 2 hatches and were equal 

to the crossbred average in another hatch. The females of the latter cross 

showed superiority over all other females in 2 hatches but ranked second 

and third in mean body weight in the other 2 hatches. Silver Oklabars had 

the lowest average body weight for both sexes in all hatches. 

To test the significance of the differences in mean 10-week body 

weight, the data were tested statistically by means of "t" tests. The data 

for the crosses were pooled and compared to the pooled data for the breeds 

for each hatch and for all hatches combined. The mean of the better cross 



33 

of th111 bti!ttiar parent (Hfl!w Hampshires). 1'bll! r"'sulting "t" valuflfl are pre­

aentfl!d in th111 following tablea 

Hatch 
Comparison Sex 1 2 3 4 ill 

Breeds va Crosses Ila~• 3.182** 5.263** 2.067* J.757** 6.536** 
FemalM 1.724 3.077** 1.915 2.021• 4.J.39** 

SB I NH vs NH X SB Ila.lea 1.880 1.146 .551 l.S60 2.857** 
Females .598 .9731 1.4331 2.822H .461 

SB I NH VB )IH llalea 1.438 3.588-H .457 2.216* J.838" 
Female& 1.308 .an 1.241 2.14.3* 1.112 

*Indicates significance at th.- 5% 1 .. v•l. 
**Indicates significance at th~ 1% 1 .. ve1. 
lNH I SB f'emalias had a highP-r m,aan body weight in thP.Sfl! instances than 
SB I NH f'emal111s. 

These results show that the m,aan 10-w .. ek body weight of the crossbreds 

was significantly high111r than thfl' mPan of t h!i! pal""'ntal breeds. On a hatch 

basis, tbfl! means of thfl> crossll!s did not diff .. r significantly, but when tbe 

data for all hatc~s were poolPd, Silver Oklabar I 11ew Hampshire mal11ta bad 

a significantly high,i,r miaan body Wfl!ight than th111 mal .. s of' thf! r~ciprocal 

cross. The Silver Oklabar I Nj!lw Hampshire malP.s also bad a mean body 

weight that was significantly high,,.r than thll! H""w Hampshire males in 

batchfl!s 2 and 4 and for all hatch111s combined. Silver Oklabar I Nfl!w Hamp­

shire femal(l!s did not differ significantly from fgal111a of thfl! reciprocal 

cross or Nfl'W Hampshir.e ffl!males in ~an 10,,.wfl!tak body weight. It can b111 

concluded that heterosis was involv 0 d in determining 10..ef!UC body weight 

in thfl! crossfl!s used in this studyo 

An analysis of variancl!I was calculatflld tor tb,t control p,!ns to determine 

if an int"'raction component of variance was present. Sincflt th111 samfl! sires 

and dams ,r,-re ue-d for all hatchtas, an intiaraction componfl!nt would be 

an indication of a batch tl!ff,..ct. Thfl! r(l!sults ot these analyses &I'll! prfll­

Sfl9nt(l!d in Tabl,.. S. Only in th"' casjll!s of New Hampshil""'s and Silvfl!r Okla bar 
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X lfl!W Ha.mpshirft crossbr'fl!ds &l"fl' th,.. int,..raction compon~nte positi~ figurfll!Be 

In nfllitb!r or th.,se inBtances do th,.. positive figures approach aigniticance. 

Thftstt result.a show that no signif'icant hatch eft"ct was present. 

The ana:cy&es of variance and important estimate• derived from the 

components of variancflt ar.- pr,..s,..nt~ in Tables6 through 9. Estimates ot 

h,..ritability for 10-we~k body weight rang,..d from 0.01 to gr~t-.r than 1. 

It is imposm ib].p. to have a trufll! tll!St imate that exc,..eds l ,and it 1a unl.ilcfl!ly­

that fll!Btimates as low as 0.01 arll! corr,..ct. Using sampl-a, and es~cially 

small aamplAs, will 1-.ad to sampling errors that might expla:in. this wide 

range. Since Sor D haV'fl! to~ multipli,..d by q to calculate heritability 

~stimat,..s, it can r ... adily b,.. s-•n that any error, whfl!ther sampling or ot~..r­

wise, will also be multiplill"d by 4. 

Forty-six ,..stimates of h•ritability werflll calculated. Twenty-six ot 

thPSI! werfl! 1n the rang41! of 25 to 56 p,arc•nt. A furth•r break do1111 ot tbll!ae 

fl!Stimat,..s are aa follows: 9 w,..r,.. in th• rangll! of 25 to )0 perc~t; 5 in 

the range of .31 to 40 percent ; 11 in th111 range ot 41 to 50 percf!Ot ; and .3 

in the rangP- of 51 to 56 pll!rcent. Thirty perc,..nt of all th111 estimates wre 

in thP. range of 40 to 56 p~rc~nt. For this reason, it &pPf!ans that herita­

bility of la-.fll!tll!k bod.y weight aa determin,iid by this study is in tbfl! range 

of 40 to 56 p41!rcent. 1'h11!n all thfl! ~timates were averaged, tru, av111rage 

estimate was 0.45. Realizing that thia is more or lfl!ss an an,rage of &Vlllr­

agea, it does indicate the IDPan or such averagf!!s ,and aa such,gives support; 

for setting the range of blo!ritability. 

Heritability estimates basll!d on thll! sires' contribution werfl! the ldgh­

eat of th• 3 estimates. in gfl!nfl!ral. This automatically made tbfll! estillBtea 

bas~ on dama1 contribution tbl'I! lowfl!st of thll! 3 estimates. Combining thMe 

2 sources of variance to givfl! a joint ll!St:f.mate rfll!sulted in ,aat:f.mat•s that 

fell closPt to tbtll JD.Pan for all tl!&tima.t•s. Tfl!n out of 15 estimates were 
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within the range of 41 to 56 percent. 

Sex-linked gene effects on body weight ranged fran 0.02 to 0.24 and 

were evident in 13 of 16 cases. The mean for sex-linked gene effects was 

0.10. Non-additive gene effects ranged from 0.025 to 0.098 and were evident 

in only 4 of 16 cases. Since non-additive gene effects did not occur con­

sistently, it is difficult to draw any conclusions regarding the size of 

these effects. The mean for these effects was 0.02. 

Based on the sire components of variance, an estimate of 0.64 was 

calculated for the total genetic vd.Tiance in 10-week body weight. Based on 

dam components of variance, the estimate of genetic variance plus a small 

maternal effect was 0.30. The estimate calculated from sire components of 

variance was higher than the estimate calculated from dam components because 

of a relatively large sex-linked gene effect. Therefore, the most accurate 

estimate of the variance in 10-week body weight must be cal.culated from the 

combined sire and dam components of variance less the maternal ef.fect. 

Maternal. effects were evident in only 3 of 16 cases and ranged from 0.042 

to 0.139. The mean maternal e.ffeot was 0.02. Af'ter the maternal effect 

was removed, the combined sire and dam components yielded an estimate of 

0.45 for the genetic variance in 10-week body weight. About 0.02 of the 

genetic variance was due to non-ad.di tive gene effects; thus, the remaining 

0.43 was due to additive gene effects. 

The different breeds and crosses varied too much in percentages of the 

total variance due to different types of gene action on 10-week body weight 

to draw any conclusions in this respect. There was rather close agreement 

on the percentages of the variance due to sex-linked gene effects. There 

was also close agreement on the percentages of the variance due to additive 

gene effects except for Silver Oklabars which yielded estimates considerably 

less than the estimates derived for New Hampshires and the crosses. 
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DISCUSSION 

TM ri-aulta of this study c~arly point to the pr•all!nce of bll!terosia 

in 10-w••k body weight when reciprocal crosses w•re ma~ betwefl!D ~ 

Hampshirflla and Silver Oklabars. Wh11tn S1lv,-.r Oklabar mal,-a werfl! USll!d 1n 

th~ crosa,th•rll! was a great•r etf•ct than w~ N•w Hampshire males we~ ua.-.d. 

Sincfl! thfl! reciprocal cross.ais gavia diffll!r•nt r•sults, it ill evid,-nt that thll 

Silver Oklabars contribut•d more to thJa increas~ body weight than the New 

Bampahires. Th• onl.y logical 111!xplanat1on for this app•ara to be the presence 

of •~.x-linkfll!d genfl!s a!t•cting 10-week body weight. Obviously it ia not a 

C&Sfll of Silntr Oklabars posSfl!BBing a s•.x-link .. d dominant gene for he&rlfl!r 

body Wfl!ight becau.ae the suv ... r Oklabar !ll!mal•s 1JOuld have tramsmitted this 

gene to their cros sbrfl!d sons. Thia was not th• C&Sfll! as th•sfl' crosabr•d 

malfl!S were not supfl!rior to th,ai Nfl!w Hampshirfl! :mal•s. A more logical t111.xpla­

nation would B11!411J!l to be that a Stl!X-11.nk-d gene or genfl!s !or increased body 

weight at 10-We~s of age waa functioning and thia frfllquency o! this gene or 

gene• was high,..r in the Sil 'Vll!r Olclabars than in H111w Hampshirfl!s. Howfllvia,r, 

this 1a not dfl!monstrated v•ry well in the analyaia of variance. Sex-linked 

gene effects in the first Sfll!ritl!B of matings werfll! minor in the SilW!r Oklabar 

X 1 ... w Hampshire crossbreds, but this cross showed thfl! greatest efffl!cts in 

the second Sfl'ri,aia. 

~roua b.ypothestl!s hant b••n a.dvanc•d to explain thfll gtl!llfl!tic basis 

of' hfll!t~rosis. lloet of thtl!Sfll hypothtl!s111s l.ll!ad to an int-.rpretation 1n terma 

of non-additivfl! gene action. The rfl!sults of this study failfl!d to indicate 

t~ prfl!sence or non-additivfl! gtl!ne ,aiff ... cta ,-nd alao failfl'd to support the 

hypotb ... &tl!S baatl!d upon non-additive efff!ct.B. This l•ada th-. writer to atat111 

that thfll aup,airiorit7 of Silfflr Oklabar X litl!w Hampahirfll crosabr9da in l<l-week 

body Wtl!ight as comp&rfl!d to th• rtl!ciprocal cross and pure parental etraina 
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was due to an unexplained heterotic effect, plus an ad.di tionaJ. sex-linked 

gene effect that is contributed more by the Silver Okla.bars than by tbe 

New Hampshires. 

The most important estimates derived from the analyses of variance 

are the heritability estimates. Most of tbese estimates fell within the 

range where individual. selection is equally as effective or more effective 

than family selection. Lerner (1950) has shown that when .f'u.11 sister or 

brother families contain 5 members and h2:0.4, the ratio of the e.t.tective­

ness of family selection and individual selection is l to 1. As the number 

increases or h2 increases, the emphasis shif'ts in favor of individual. 

selection. Thus the results of this study indicate that individual selection 

11111 be slightly more effective than family selection in selecting for 

1()-.aweek body weight. 

The results of this study also indicated that most of the genetic 

variance involved in 10-week body 11eight was additive in nature. Non-addi­

tive gene ef.fects were negligible as compared with additive gene effects. 

Since sex-linked gene effects may be additive too., it may be stated that 

the statistical anaJ.yses of these data revealed that most of the genetic 

variance was due to genes with additive effects. 

Estimates of sex-linked gene effects 1'18re evident in most cases but 

the estimates varied considerably among hatches. There was rather close 

agreement among breeds and crosses in the size of these effects. Since 

these ef.fects are determined by inference, the only statement that appears 

justifiable is that they exceed the maternal effects and give support to 

the idea that sex-linked genes influence body weight. Actually this measure 

of sex-linked gene effects measures only the differences bet-ween the sire's 

contribution and the dam's contribution to the variance of 10-week body 

weight. The consistency of the larger contribution from sires rather than 



38 

the amount is th.. important r actor. This ie .. xc .... dingly etrong evidenc .. to 

indicate th .. pres .. nc-. of sex-link .. d g .. ne .. rrecta. 

Non-additiv .. gene .. rr .. cts werfl! not important bas .. d upon th .. number ot 

timP-S th"Y were positive (4 out or a po•sibl .. 16) and upon th .. tact that the 

4 positivfl! numb ... ra wer"! not significant. Thus "nicking" as det .. rmin,,.d by 

non-additivt11 effects was not important in this study of lO-w ... t11.k body weight. 

The above statem .. nt might not hold wti .. n placfl!d on an individual bird 

basis. Som-. individual bird8 w•r-. sup .. rior to th•ir sibs and non-aibs bia,­

causfl! th .. y rll!Cfl!i ~d a g,imotypic combination that was not wholly additi ~ in 

naturfl! and not uniformly transmit ~d to th• ~st of th• family. In sane 

cas•s individual dams might hav• "nick•d Wf!'!ll" with a givia,n sir,.. to proaice 

effects not common to oth•r mll!mb"'!rs or that sir.., family but was common to 

all within that particular dam family. s,.lection of ~s" superior indi­

viduals tor br"!eding purposias would probably 1.-ad to l•sa :improv.a..ment than 

wa• ll!xpfl!ctfltd in the following gen .. ration. 

Maternal eff .,cts Wll!re evident in only 3 casfl!s. This indicat .. s that 

maternal eff fl!cts were unimportant in det'9rmining 10-week body weight in the 

bri-fll!ds and cross.a,s us .. d in this study. 

Th,-. rfll!sulta of this study point to continuance of our conW!ntional 

types of br-.11ding program with fl>ID.phaais on individual SP.1-.ction for body 

w-.ight at or n""'ar broilfl!r age. Th .. r-.sults .tail to giv-. support to such 

systems as r,.curr.-nt rP.ciprocal Sll'l•ction that rfll!ly largefy upon non-additive 

gene action. Ir thASfll aystfl!DLS bav-. a plac-. in brt11•ding programs, it must 

be 'llith traits oth,..r than body Wfl!ight. An •xc .. ption to this might occur when 

one or th-. so-callll!d genfl!tic CP.ilings haVP. b•P.n rfl!ach-d. If such a 

situation d-.v,-.lop,..d, any improvP.m-nt would be WP.lcom-d and it might be 

attainll!d by sorting out thosfll! individual.II that "nick well". 

H•ritability in a narrow s-.nsfll! is the portion of thP. total phP.notypic 
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'Variance 'Which is due to additive g ... ne effects. Thus traita with high 

h""ritabilities ar-. dependent to a larg.- P.xtent upon additive gene effects 

and breeding systems deaign111d to utiliz,. non-additive gene effects will not 

bf! ae effici•nt as individual s1111'i!ction. On thfi! othii.r band, traits with 

low h,.ritabilities are not gr11aatly influenced by additive gene ert-.cts and 

br•eding ayatems deaigned to utilize non-additive gene ef'f ects might be uae­

ful. Heritability estimat ... s for body w,dght in chick ... ,ns are or tbfl! magnitude 

that much of thia ph@l!notypic variance is due to additive gene effects. The 

pres•nt conventional syst• of using individual selfl!ction or individual and 

fami~ sel111ction for body weight in chickens is to be recoDml.fl".nded. 
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SUM14A.RY 

From 2 aeries of dia.llfl!l mating• random aampl,.• were studif!d to calcu­

late heterotic fl!fffl!cts, "stimatea of ~ritability, typM of gene action, 

and mat ... rnal efftl!cts in r"lation to 10-w••k body Wfl!ight among N•w Hampshirflla, 

Sil'Vfllr Oklabare, and rfl!ciprocal crossias biatw ... .-n t~se br,,.eds. Thia study" 

involvtl!d 82 •ir•s, 440 dams, and 5,355 chicks. A total of 16 samplfl!s were 

used which varitl!d in number fran 10 sirfl!s, 10 dams and 00 chicles, to 16 

sires, 32 dams, and 256 chicles p,-r sample. 

~ data werfl! analyzed by analysis of variance as outli.n.P.d by ~rner 

(1950). Thtl! r•sults werfl! as follows: 

l. Both crosslll!s ahow""d a ruiit,,.rotic tl!ffect, but only whia,n Silvl"r 

Oklabar malias were matfl!d with Nfl!w Hampshire femal ... s, were thfl! crossbreds 

fl!qual to th'"' better pa.rP.nt. Silver Cklabar ma.l•s contributed mo?'-"! to the 

incrfl!ased body weight than did th(I! Niaw Hampshir-s mall'!&. It has been postu­

lated that thia difffl!rence is due to eia...x-link•d gmes with the frequency ot 

the desirabl(I! gen~ being high,ar in Silver Oklabara than in New Hampshires • 

2. Heritability -.stimat•a for 10-Wfl!""k body Wfllight rangfl!d from 0.01 to 

greater than 1. Th-. mfl!an ll!Stimate was 0.45. 

3. Sta.x-link""d g•.nia eff•cts werll"! lll!vidfl!nt in 13 of 16 cases and rangfl!d 

from 0.02 to 0.241 with a miaan of 0.10. Ion-additive gfl!D.e e!fects were 

evident 1n 4 of 16 cases and thia mP-an effll!ct. was 0.02. Additive gene efffl!ct• 

accounted for 0.43 of th'"' total variance. 

4. Ma.tf"rnal eff fl'lcta were evident in 3 ot 16 cases and the mean eff'ect 

was 0.02. 



Table l 

AVERAGE TEN-UR OODY WEIGHT OF PBOGEHY BY PENS FOR FIRST HAt'tH 

Bew Hampshirea New Hampshire X Silver CJcl&ba.r X Silver Cltlabara 
s·n-... CJc1"'"'-~ w •• Ham :v1hi ..... 

11ales Females Ila.lea Feul.ea Ila.lea Females llales Females 
Pen D llean D llean D llean n Jlean ~ D llean n Jle&n D llean D aean 

2 22 2.74 23 2.3S 19 2.83 22 2.40 11 30 2.'17 23 2.43 30 2.80 24 2.29 

12 16 2.91 1S 2.34 19 2.84 28 2.26 21 Jl 2.89 21 2.40 19 2.76 16 2.34 

13 19 2.88 17 2.44 1, 2.85 17 2.46 22 19 2.(/J 1S 2.13 10 2.1.&6 12 2.l.9 

l4 22 2.81 23 2.29 22 2.83 18 2.32 23 13 2.90 17 2.32 16 2.47 15 2.35 

1, 14 2.86 14 2.32 16 2.86 15 2.33 24 22 2.80 20 2.~ 12 2.65 17 2.29 

16 17 2.90 16 2.39 11 2.90 1.3 2 • .31 25 19 2.11 24 2.25 19 2.79 1S 2.31 

17 26 2.12 14 2.11 19 2.S6 18 2.20 'Z7 23 2.94 14 2.Wa 15 2.66 26 2.27 .. 
18 9 3.03 'Z7 2.36 15 2.79 16 2.36 28 0 - 0 - 0 - 0 -
19 2, 2.89 21 2.30 18 3.08 9 2.47 29 16 3.09 21 2.48 23 2.80 21 2.4h 

20 20 2.34 10 2.42 14 2.91 22 2.lµ. 30 20 J.OS Jl 2.43 16 2.93 17 2.32 

Total 190 2.85 180 2.33 168 2.84 176 2.34 Total 193 2.89 173 2.)h 160 2.73 163 2.30 
' 

l* 20 2.82 12 2.25 18 2.83 20 2.33 26't 23 2.94 18 2.27 29 2. 6la 17 2.16 ~ 

--- - -



Table 2 

AVEBAGE TEN-WEFI BODY WEIGHT OF P60GEHY BY PEIIS FOR SEC<Jm HATCH 

New ,Bampshires New Hampshire I Sil'V'el" Ckl.abar I 
Sil~r Clclabarll ... Raan111h1r•11 

Mal.ea Females 11ale1 Feulea Mal.ea ffJll&l.ea 
Pen n Jlean n, 1111.!an n llean D llean Pen n llean B v •• " 

2 16 2.S6 16 2.1.4 11 2.S3 16 2.17 11 22 2.66 22 2.17 

12 1 2.73 16 2.21 18 2.68 16 2.23 21 19 2.74 19 2.18 

1.3 15 2.64 13 2.31 10 2.68 15 2.21 22 9 2.69 24 2.08 

14 2.3 2.60 17 2.18 14 2.81 20 2.24 23 13 2.81 14 2.04 

15 2 2.90 6 2.12 .3 2.63 9 2.21 24 12 2.80 18 2.20 

16 15 2.33 19 2.a, 9 2.78 13 2.12 25 16 2.61 11 2.0, 

17 19 2.71 17 2.20 18 2.11 23 2.12 ~ 24 2.71 19 2.11 

18 10 2.99 8 2.24 6 2.11 5 2.12 28 12 2.74 ll 2.2, 

19 24 2.47 21 2.12 17 2.71 20 2.11 29 20 2.89 8 2 • .38 

20 12 2.54 lS 2.29 14 2.81 16 2.29 JO 24 2.90 21 2.35 

'lotal 143 2.62 148 2.18 120 2.71 153 2.24 Total 171 2.76 167 2.18 

l* 10 2.99 7 2.23 15 2.89 16 2.29 261t 19 2.85 15 2.17 
*Control Pena 

Silver Clclabara 

Jl&lea females 
D v •• " n ........ 
2h 2.59 13 2.n 

1.3 2.10 ll 2.os 
0 - 8 2.09 

10 2.,1 17 1.98 

18 2.52 11 2.03 
. 

7 2.64 14 2.12 

19 2.52 23 l.99 

9 2.59 1 2.03 

11 2.80 1, 2.33 

10 2.7; 17 2.09 

121 2.61. 136 2.08 

26 2.55 lb 2.16 
s:­
N 



Table 3 

A VERA.GE 'l'EN-WER BODI WEIGHT or PBOOERI BY Pf.IS FOR TBIBD Bl!CB 

lew Bapabirea lew Ham.pahire I Silwr-~bar I S11wr ~laban 
Sil 'Ver :lclabara Rew Bai mshiree 

llales Females Jlalea l'emalee llalea l'eaal.M llal.M Pe1ale11 
Pen D 1lean D Jlean D v-n D 11-n pia,t'l n V..n n ·-I'll n V..n n ... 'II 

ll 20 2.61. 21 2.15 23 2.10 17 2.u 2 19 2.1a2 17 1.Sli 1S 2.21 18 1.89 

21 10 2.82 20 ,.n 18 2.48 16 2.ll 12 10 2.62 13 2.12 13 2.h9 19 2.12 

22 17 2.48 17 2.21 4 2.S8 s 2.18 13 2S 2.74 17 2.12 7 2.39 14 /2'.m. 

23 8 2.70 11 1.99 13 2.so 18 1.99 14 16 2.30 16 2.16 13 2.24 16 1.88 

24 30 2.63 13 2.08 14 2.48 2, 2.u 1S 0 - 0 - 0 - 0 -
25 1S 2.S6 2S 2.n 18 2.S6 18 2.19 16 8 2.25 9 1.86 6 2.12 1 1.90 

27 19 2.$ 13 2.19 18 2.48 22 2.19 17 22 2.93 19 2.22 14 2.64 16 1.99 

28 ll 2.86 5 2.26 9 2.68 4 2.20 18 15 2.91 6 2.30 13 2.66 1.q 2.10 

29 lS 2.,1 15 2.ll 1$ 2.s; 19 2.14 19 7 2.63 12 2.18 .3 ·2.83 3 2.trr 

30 25 2.61. 31 2.!0 22 2.as 18 2.26 20 12 2.67 13 2.21 lS 2.S5 17 1.99 

Total 170 2.63 171 2.14 llah 2.58 162 2.lh Total · 134 2.64 122 2.n I 99 2.49 ll8 2.00 

l• s 2.76 s 2.14 ll 2.88 6 2.40 261- 16 2.69 30 2.10 17 2.Sh 16 1.99 f,; 

*Control Pens 



Table 4 

AVERA.GE TEH-llF.& B)DY WEIGHT OF PBOGERY BI PEE roa FOURTH HATCH 

Bew Ham.psbirea New Hampshire X Silver Cklabar X Sll ver Cldabara 
Silver Cklabara New Bani >abires 

Males Females Males Femalea Ma.lee Females Kales Females 
Pen n Kean n llean n IIM.n D •an Pen n Kean D llean n Jl•an n l!ean 

11 10 2.81 12 2.25 6 2.80 17 2.28 2 9 2.83 12 2.35 6 2.45 10 2.14 

21 9 2.,0 8 2.13 7 2.60 7 1.78 12 3 2.27 2 2.o; 2 2.85 10 2.04 

22 6 2.65 10 2.01 1 2.10 3 1.97 13 11 2.91 20 2.28 3 2.53 3 2.20 

23 7 2.11 6 2.15 10 2.55 9 2.06 14 10 2.ao 9 2.21 4 2.45 4 2.18 

24 15 2.94 16 2.19 10 2.82 5 2.04 l5 ; 2.88 5 2.12 13 2.n 6 1.88 

2, 10 3.04 17 2.23 3 2.83 3 2.27 16 8 2.80 14 2.36 1 2.80 6 2.18 

27 8 2.75 4 2.45 12 2.8.S 6 2.28 17 10 2.87 ll 2.35 13 2.59 13 2.12 

28 13 2.$7 12 2.09 4 2.67 3 1.83 18 2 3.20 3 2.47 6 2.68 7 2.17 

29 7 2.47 6 2.17 6 2.65 9 1.91 19 2 2.95 4 2.2, 0 - 0 -
JO 9 2.4.3 12 2.25 9 2.71 8 2.23 20 8 2.95 16 2.21 16 2.88 17 2.1$ 

Tokl 94 2.11 103 2.18 68 2.11 , 70 2.10 Total 68 2.85 96 2.29 80 2.59 76 2.12 

l* 3 3.00 5 2.06 8 J.09 11 2.33 26* 18 2.11 15 2.11 ll 2.44 13 2.02 €'.= 
_,.. ~ _.I,._~~ .. ,... 
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Table 5 

ANALYSIS OF VARIANCE FOR TEN-llEEK ~DY WEIGHT FOR CONTROL PENS 

Source a:.r. Bew ¥.shire 
• • 11:S. I' Values 

Total 23 2.5329 

Between Sires 1 .0704 .0704 

Between Dams 3 .2340 .0'780 

Interaction 3 .8004 .2668 2.988 

Remainder 16 l.4281 .OB93 

New Ham;Eshire I Silver Oklaba.rs 

Total 23 1.7677 

Between Sires 1 .0022 .0022 

Between Dama 3 .2520 .0840 

Interaction 3 .2022 .067L .822 

Remainder 16 l.Jll.3 .0820 

Silver Oklabara I New Ha,mpahirea 

Total 58 4.4684 

Between Sires 2 .1111 .0689 

Between Dams 8 1.6706 .2088 

Interaction 6 .4650 .0581 1.osa 

Remainder 40 2.1951 .05lt9 

Silver Oklab&ra 

Total 46 4.8031 

Between Sires 2 .1000 .o5oo 

Between Dams 6 .5158 .0860 

Interaction 6 .1836 .0306 .245 

Remainder 32 lt.0037 .1251 
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Table 6 

POOLED ANALYSIS OF VARIANCE, COKPONEBTS AND DIPORTANT ESTIMATES FOR TEN-lfEEZ: 
BODY WEIGHT AMONG NEW HAllPSHIRFS 

ANALlS IS OF VARIANCE 

• 

Total 217 186 119 119 

Between Sires 7 .2200 6 .4027 7 .2257 1 .1919 

Between Dams 21 .1480 18 .1134 14 .0995 14 .15].h 

Interaction 21 .0832 18 .0936 14 .0'757 14 .0'754 

Remainder 168 .0661 144 .0653 84 .0625 64 .0'764 

COMPONENTS OF VARIANCE AND ESTIMATES 

Statistics .:>:ymbol.8 Sample l ::iample 2 Sample 3 Sample 4 

Contribution from sires s .0086 .0193 .0167 .0128 

Contribution from dams D .0081 .0025 .0040 .0125 

Interaction I .0043 .0011 .0044 0 

Remainder Q .0661 .0653 .0625 .0'764 

Total T .0871 .0942 .0876 .1017 

Heritability ~/T .39 .82 .16 .so 
4D/T 037 .ll .18 .49 

2(S,..D)/T .38 .46 .47 .so 
Sex-linked effects S-D/T .006 .178 .145 .003 

MatPrnal eff~cts D-5/T 0 0 0 0 

Non-additive effects I/T .049 .err, .050 0 
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Table 7 

POOLED ANALYSIS OF VARIANCE., CCIIPONENTS AND IMPORTANT ESTilfATES FOR TEH-llEm 
OODY WEIGHT AMONG NEW HAIIPSHIBE X SILVER CltLlBAR CBOSSBBEm 

ANALlSIS OF VARIANCE 

5oUT'C9 Of Sample l Sample 2 Sample 3 Sample 4 
Variation a.r. a.;:,• a.I.• .. ;:, . a .. r., a..:>. a.I. a • .:>. 

Tota.l 184 184 77 77 

Between Sires 8 .3060 8 .. 2056 77 .1526 7 .12.32 

Between Dams 24 .1300 24 .1040 1 .0592 7 .l.471 

Int~raction 24 .oaoo 24 .0457 7 .0236 7 .0515 

Remainder 128 .0590 128 .o.563 56 .0582 56 .0759 

COM.PONEN'IS OF VARIANCE AND ES TDIA TES 

Statistics i:>:?mbols Sample l S&ml)J.e 2, SULPJ.e 3 Sample h 
" 

Contribution from sires s .0182 .0124 .01,7 .00,9 

Contribution from dams D .oo,o .0080 .0002 .0119 

Interaction I .0097 0 0 0 

Remainder Q .0590 .o.563 .0582 .0759 

Total T .0939 .(Jf 61 .(Jf 41 .C)C)57 

Heritability J.1;/T .76 .65 .85 .33 

4D/T .30 .42 .01 .so 
2(S+D)/T .54 .53 .43 .ia 

Sex-linked effects S-D/T .ll9 .057 .2C)C) 0 

lla.tPrnal effects D-S/T 0 0 0 .042 

Non-additive effects I/T .103 0 0 0 
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Table 8 

POOLED ANA.LlSIS OF VARIANCE, COKPONENTS AND IllPORTA.NT mTDlA.TES FOR TEN-UR 
BODY WEIGHT AllONG SllVER CKLA.BA.R I NEW HAKPSBIBE CBOSSBREnS 

ANAL?SIS OF VARIANCE 

Total 211 248 102 85 

Between Sires 7 .1871 8 .1755 6 .4018 5 .4141 
Between Dams 21 .2589 24 .1229 12 .1249 10 .1293 

Interaction 21 .0672 24 .0543 12 .1177 10 .0,12 

Remainder 162 .0832 192 .0'743 12 .0809 £JJ .0'758 

COIIPONENTS OF VARlllCE AND ES TDIA TES 

Statistics S:vmbola Sample 1 S&m.Ple ~ Sample 3 z:: ......... , .. ll 

Contribution from sires s .0065 .0063 I .0316 .0376 

Contribution rrom dams D .0220 .0061 .0012 .0089 

Interaction I 0 0 .0123 0 

&a.mainder Q .0832 .0743 .0809 .0758 

Total T olll7 .0867 .1260 .1223 

Heritability 4S/'t .23 .29 1.00 1.23 

4D/T .78 .28 .04 .29 

2(S+D)/T .51 .29 .,2 .16 

Sex-linked effects S-D/T 0 .002 .241 .235 

Maternal effects D-S/T .139 0 0 0 

Non-additive effects I/T 0 0 .098 0 



49 

Table 9 

POOLED ANALlS IS OF VARIANCEt COMPONENTS AND DIPORTANT FSTIKA TES FOR 'ID-lWZ 
BODY WEIGHT AMONG SILVER CKLA.Bi\BS 

ANALYSIS OF VARIANCE 

Source ot ~ .. - •e l 
,.. __ 

n•e 2 ::Sam: t.Le J N.•• "' 1 e u 
Variation d • .f'. M.S. d.t. 14.S. d.t. K.S • d.f. K.S. 

Total 184 184 55 55 

Between Sires 8 .11,0 8 .1704 5 .4134 5 .2236 

Betw~en Dams 24 .2210 24 .1232 5 .oao, 5 .1864 

Interaction 24 .w10 24 .0568 5 .1458 s .1120 

Remainder 128 .0900 128 .0861. 40 ·.1176 40 .l.43S 

COKPONEN'lS OF VARIANCE AND ESTDIA.T&S 

Statistics S"V1nbols Sample 1 Sample 2 Sample"; Sample Li 

Contribution from sires s .O(Jfl .O(JfO .0446 .0134 

Contribution from dams D .0218 .0062 -.0181 .0012 

Interaction I 0 0 .0093 0 

Remainder Q .0900 .0861 .1178 .14.35 

Total T .1189 .0993 .1536 .1541 

Heritability I Jp/T .21' .28 1.16 • .33 

4D/T .13 .2s -.47 .18 

2(S+D)/T .49 .27 .35 .25 

Sex-linked effects S-D/T 0 .008 .408 .038 

Maternal effects '0-S/T .124 0 0 0 

Non-additive effects I/T 0 0 0 0 



PART II 

HETEROSIS• HERITABILITY• TYPES OF GENE ACTION, AND llATEIINAL EFFECTS Dl 
RELATION TO TEN-WER BREAS'l' ANGLE IN BBOILEBS 

Dressed fryers with broad breasts present a highly desirab1e carcaaa 
I 

f'rom the consumers point or view. There is a generally accepted belief 

that broad-breasted birds yield a higher percentage of edible meat than 

do the so-called •slab-sided" bird.a. Keat yield studies have shown that 

this 1s not always true (Jaap !i !!, 19.50). lieV'fl!rtheless, an endeavor 

I must be made to m~et the consumel"8 demands. 

The trend toward "cut-up" poultry in recent years has helped to market 

narrow-breastll!d birds to better advantage. By removing the breast bone, 

breast meat can be displayed in a m&nnt"!r that gives birds a broad-breasted 

appearance. Since m.aJ\V or tht"! market birds are still sold as whole birda, 

other mean.s must be sought to im.prove oreut width. 

The aost logical meana of improving brll!Ut width 1a by selecti"n 

br41!eding. The literature contains numerous examples to show that breast 

width is an inhll!rited characteristic in poultry. Thus improvement can be 

expected 1£ broad-breasted birds are selected as parents. Thia adda 

another characteristic to an alrea~ overburdened breeding program with 

which most breeders are confronted. For this reason it is highJ.¥ desirable 

to know something about the mode of inheritance ot breast width in chiclcena 

in order to make selection and mating as ef'fici .. .nt u possible. 

Thia part of the experim~nt was design.a.d to det~rmine the following 

information in New Hampshir~s,. Silver Okl&bars, and reciprocal crosses 

betw,..en thfl!se br•"ds r 

50 
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1. If h .. t .. rosis was involvfl'd in det .. rmining l~ek breast angle 

in the croaaes. 

2. Heritability of 10-week breast angle. 

J. Typfl'S of gene action involved in determining 10-week breast angle. 

4. Maternal eff..,cts on 10-w .... k breast angle. 



REVIEW OF LITERATURE 

Two deficiencies are noted in revi~wing the literature on the 

inheritance of breast width in poultey. In the first place, much of the 

work has been confined to turkeys and th@re is no assurance that these 

data are applicable to chickens. ~ second deficiency is the laclc or an 

adequate, standard method or procedure of m~uring breast width. 

Most of the genetic studies on breast width in turkeys have considered 

body conformation rather than breast width alone. Conformation includes 

brfl!ast width as a compon ... nt part, but also includes many other factors that 

art!'! important in detPrm.in.ing a desirable market carca.ss. 

One of the fl!&rlifl'st ~ans us•d to ~asure breast width was a so1der 

wire molded around the br~ast to detfll!:rmine its curvature {Jaap and Penquite. 

19.38 ; Asmundson, 1944 and 1945; Collins et !b 1950; and others). Bird 

{194.S:) develop~ an instrum~.nt that ~asur~ one-halr the breast width and 

body depth simu1taneoual.y. Knox and Marsden (1944) and oth"'rs have used 

subjective grades to determine breast width. El-Ibiary and Jull (1948), 

Kish {1953), and others have used calipers to take this measuremfllnt. 

Various workers have employed a device with expandable jaws that measures 

thfl! angle of thfll breast in degrfl"fl!S. This latter type 1s presentq being 

used rather widely u the West Virginia breast angle meter. Its greatest 

advantage is the speed with which measurements can be made. 

Jaap and Penquite (1938) used solder wire to measure breast width in 

chickfl!na and turkeys. Dressed birds were suspended by the feet and a wire 

was molded around thfl! breast from thfl! &ntfl!rior end of the kfl!e-1 toward the 

point of insfl!rtion of the f fl!murs. TM solder wire was thfl!n placfl!d on a 

pifllCI'! of paper and a drawing made of the interior curvature. The cur"Ve 

was then transpostl!d to graph pap.-.r and the width mfl!asured at succesai"Ve 

points of one-hal.f inch from thfl! ap ... .x. A satisfactory point tor meuurd.ng 
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breast width to demonstrate differenefl!s was found to be l! inches from 

the antt11rior f'!nd of the k,ael. This method of measuring breast width was 

al.80 accurat,.. for live birds as shown by a correlation of 0.998 betwe~ 

live and dressed measurements. The greatest disadvantage in. using thia 

system i.s thfi! length of ti.ml"! required to obtain individua1 measurements. 

Asmund.son (1944) used the "molded solder wire" technique to determine 

breast wi.dth in turkeys but criticized it tor being relatively cru.de. 

Repeatability of measurements obtain,ad by Jaap and Penquite (1938) dfl!mon­

strated that this method can be us,..d to good advantage wh~.n used properly., 

Knox and Marsden (1944) studiiad th~ inhl"!rita.nce of width of breast 

in turkeys by mating Beltsville Small White toms with Broad-breasted 

Bronzfl! hflms. Both the Fi and F2 progenies of this cross had an average 

bl"fll!ast width intermP.di&tfl! between th.-. pa.r,..ntal a Vl"!rages. They concluded 

that breast type was inherited in a manner typical of quantitative charac­

ters. This work demonstrated an apparent genetic difference for breast 

width but their mfllthod of classifying birds for thesfl! differences can be 

severe~ criticized. Thfl!ir method involv-.d a combination of touch and 

sight. One person held the turkeys with breasts up while an assistant 

cupp.-.d both hands over the breast, one hand on either side. Each bird was 

given a numerical value for breast type ranging in value from 1 to 9 with 

1 being the mst desirable and 9 being the least desirable. Human error 

could be an important factor and subject such data to considerable biaa. 

Statistical snalyses of such data would be of questionable validity. 

Asmu.ndson (19~5) studied the inht11ritance of breast width in turkeys 

by reciprocally' crossing 2 strains of Bronze turkeys and backcrossing the 

F1 progeny to the parental strains. Breast wi.dth was Dlfll!&Sured at 24 weeks 

of &gfl! using trui, solder wire method. An analysis of variance of the data 

showed a significant differfl!nce betwjllt11n thjll means of the 2 strains. The 
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F1 and backcross progeny for the most part were intermediate between the 

parental ~ans. The author stated that the data indicated that differences 

in breast width were due to multiple genes and that these genes were auto­

somal. 

L~rner and associates (1947) calculated heritability estimates for 

12-week breast angle using a randomly selected sample of Hew Hampshire 

fryers. Breast width was determin"'d by molding a solder wire over the birds 

breast about l Cfl!ntimeter back of the anterior point of the keel and measur­

ing the width about 1 centimeter laterad and dorsad to the keel. Due to 

the ema.11 numbers involved, the data were transformed into standard devi­

ations for the 2 sexes and then combin"'!d. The heritability analysis was 

based on the methods of Whatley (1942) and Hazel ~ y (1943) with a few 

modifications call"'d for by the nature of the data. Heritability ti!Stimates 

obtained were as follows: 0.126 based on the sire's contribution, 0.293 

bas~ on the dam's contribution, and 0.210 basfl'ld on a combination of thfl'l two. 

The authors stated that due to small samples used, sampling error wu 

probably large and estimates should be considered as approximations. 

El-Ibiary and Jull (1948) studied the genetic variation in live body 

conformation 1n turkeys. Beltsville Small White females were mated to 

Broad-breasted Bronze to:ma in the first mating. F1 females were mated to 

either F1 toms or Beltsville Small White toms. Breast width was measured 

at 28 weeks of age using an instrument devised by Bird (194.S). This 

instrument measured one-balt the breast width at one-fifth or the body 

depth. Analysis of variance re'Vf!&led a genetic ai:tference among individual.a 

in width of breast. In all cases sires contri'bllted more to the variance 

than did the dams. '?he authors stated that this was due to using purebred 

and F1 crossbred sires but only F1 crossbred dams to produce the F2 • 

The inference was that the purebr@'ds contributed more to the genetic 



variance than did the crossbreds. This appears to be the author·'s own 

supposition rather than tactual information derived from their data. 

Bird (1948) used the device he developed in 1945 to JllMSure breast 

width in Ba.1Ted Plymouth Bocks and White Leghorns. He secured measurements 

from. the progeny or , Barred P.lymouth Rock sires each or which had been 

mted to 2 or 3 dams. ~ data were anal7Zed by calculating the regreaeion 

of' breast width on depth or body. The rfltgrfllssion equation was f'ound to 

take thf! approximate form 

i = 85 - 0.21:. 

-Y wu the expecrt.ed ,r.l.dtb proportionate to the depth X when meuure:m.enta 

were expressed in mill:1metera. When roUDdness of breast was expressed u 

-Y-Y, tbat 18 ,the observed minus the expected, a positiw, residual value 

indicated a better than average roundness. iegative values indicated a 

sharp and narrow breast width. Only in the case ot l dam and l sire wu 

there evidence of any •terial influence of parents upon the mean breast 

width of their progeny. This male provided evidence tor a true genetic 

ditference. Among the progeny of 5 \1bite L@ghom sires there wu no evi­

dence for genetic segregation for breast width. Bird concluded that breut 

width 11&8 inherited chiefly from the sire with, at best., an incipient influ­

ence from the dams. He further stated that it was possible to progeny test 

sires on the buis or roundness or breast of' their sons and thereby- achie"VII 

improvement in this 1:m.portant character e Ir breast width is 1.nherited 

chiefly from the sire, it would or necessit7 be a sex-linked trait. There­

fore, .selection of broad-breasted sires should give rapid improvement 1n 

breast width. Thia has not proved to be true in selective breeding progrUl8. 

Perhaps it these data had been 1ubjecrt.ed to an analysis ot variance ,m.7 

genetic differences would have been more clftarly demonstrated. 

Asmundson (191,8) crossed strains of turkeys differing widely in mean 
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body Wfllight and breast width in order to study th"' mode of inh.a.ritance of 

several tra.ita. lleasuremtl!nts Wfllre taken at 24 Wll!eke ot age. The data were 

aubjected to an analysis of varianceo .The strains di!fered significantly 

in width of breut. The F1 progeny were in all cues intermediate between 

the parental mMnB and there were no consistent differences between the r1 

progeny from reciprocal croases; hence, the differences in brfl!aat width were 

determinll!d by autosomal genes. Therfl! was no indication or dominant genes. 

There was a highly significant difference between dam familiti!s, while those 

betw~flln sires were not. The lack of significance between sires was probably 

due to using only a f,iw highly select ... d sires. A large randomly selected 

sample probably would have given different resultso 

Collins and associates (19.50) studied the genetic differences in 

breast width and flti!shing in a strain of Bhode Island Beds in which no 

previous Bf!!lection for t~se traits had been practiced. These workers 

selected narrow-breast"'d and broad-breasted birds so that like-to~ike and 

unlik:e-to-wllike matings could be madeo Brea.st width was determinP.d by 

using a lti!&d tape and with a breast angle measuring device. The former 

method of measuring was discarded in favor of the latter when correlation.a 

between measurem~.nts were found to be higho Measurements were taken at 8 

and 12 weeks of age and the 8-week measurements were converted to 12-week 

meaaurementa by m"ans of a regression equation. Data for sexes were pooled 

when a "t" test reveal~d no significant difference between sexes 1n all 

but one of the mating periods. Dif'f erences between d&Dl8 were not conaistent. 

It was evident that a small but significant genetic difference existed be­

tween the broad-breuted and narrow-breastfl!d sires used in this atud;y. The 

authors statfl!d that thfl! apparMt absence of differences in breast width 

among progenies of un1ike dams could be attributed in part to the small 

number of prog,my, but morfl! to confounding of dam and period. It waa not 
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impli~ that dams fl!Xert no influence on brPast width as clai.nu~d by Bird 

(1948). 

Kish (1953) e-.lected narrow-breasted and broad-breasted N-.w Hampshire 

breeders on the basis of 14-w-. ... k br-.ast width and made all possible combi­

nation or matings of like-to-likP and unlike-to-unlike. V-.rni!"r calip,,.rs 

were used to measure breast width to th ... nearest one-sixteenth o! an inch 0 

The point of measurement was approximately 1 inch posterior to th-. cranial 

process of th• st•rnal cr-.st at a distance one-ha.lf inch dorsad to the crest 0 

Analysis of variance showed highly significant differences between misans 

of sexes and betwe ... n means of mating typ•s., Th"' P..Xpl'!rim-.nt was repeatta.d 

with selection of breedPrs being bas!'ld on individual and family rfl'cords. 

In a span of 3 years (4 gen .. rations) it was possibl• to d-.velop wide and 

narrow br-,.ast linfl's that differ•d from f'lach oth-.r on an average of 0.09 

to 0.,11 inchl'!So The most effective brPPdl'lr sel•ction was combin..d indi­

vidual and family selPction. Prog .. ny resP.mbled thl'! sirl'!s in breast width 

to a great-.r dfl'grl'!e than th,-y rl"'sembl-.d the dams. Kish sta.t~d that this 

would pP-rmit a br,aeder to divid-. his brel"ding program into 2 parts o Concen­

tration of effort toward m""at typ""- could be us1D.d in malt'! lines, and high egg 

production in i'P.male linP.s., To accomplish this, a brP.Pdt'!r would have to 

divide his flock into 2 lines ,thus rll!ducing his faciliti•s and eff"ctive 

br,,.~ding population by onP.-balf for each of thP- 2 traits. Kish failed to 

consider th~ genfl!tics of the difffl!rfl!nc~s in breast width. To this 1'l"iter 1s 

knowledge th"'re a.re no kno'Wll cas"'s wh,-re thl'! sire contributes more to the 

progeny's genotyp .. than the dam, •..xcept in cases of sex-link"'d genes. All 

thfl! fl!vi.dence available on th_. inh•ritance of br"'ast width point to quanti­

tative inh~ritancfl' with thP. possibl• influ-.nce of some sex-link..d geneso 

For this rfl!ason a soundfl!r approach to this problem appears to be a breeding 

program combining individual and family selPction for both traits, with 
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!mphasis placed on the on~ d~em~d most important by the breeder, 

Altb:)ugh there ar@ r~, estimates or h~ritabilit7 of breast width 

in chickens, th~re is ample evidence to 1h01 that tbia trait is intluence:i 

by heredity, All evidenc~ ~ints to a typical quantitative trait with 

I 
evidence strongly in favor of sex·link~d gene effects. 

KATERIAIB AND KETHOOO 

The data on breast angl•, m~asured as described previously in the 

section on "Experim~ntal Proc~re", •ere 8ecur~d from the aaae populationa 

descriW in Part I. ~ methods of analysis are the same as for those 

us~ to analyze 10.,~ek oody ,~ight dat&, and thus will not be reported 
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RESULTS 

The data on 10-week breast angles are summarized in Tables 10 througl 

13. The averages .for the New Hampshire a and Silver Oklabars were conside 

to be indicative of' the parental averages f'or the purpose o.f comparing th 

crossbred averages. 

In all hatches the Silver Oklaba:rs had a higher average breast angle 

than the New Hampshires and crossbreds. In al.l hatches except the fourth 

hatch, the average for New Hampshires was the lowest average 0£ all group 

The average .for New Hampshire .females o.f the :fourth hatch equalled the 

average .for the New Hampshire X Silver Oklabar crossbred .females o.f that 

hatch. The crossbreds had an average breast angle intermediate between 

the parental breeds. The cross utilizing Silver Oklabar males was slight 

superior in average breast angle to the reciprocal crossbreds. 

To test the signi.ficance of' the di.f.ferences in mean 10-week breast 

angle, the data were tested statistically by means of "t" test..s. The dat 

.for the crosses were pooled and compared to the pooled data .for the breed 

:for each hatch and .for aJ..l hatches combined. The better cross (SB X NH) 

mean was aJ..so compared to the parental mean .for each hatch and :for aJ.1 

hatches combined. In no case was trere a signi.ficant di:C.ference between 

the means tested. It can be concluded that no heterotic effect was prese 

on 10-week breast angle. 

An analysis of' variance was calculated .for the control pens to deter 

if' an interaction component of variance wa.-re present. Since the same sire 

and dams were used :for all hatches, an interaction component would be an 

indication of a hatch e.ff'ect. The results of' these anal.yses are presente 

in Table 14. Only in the case o.f New Hampshires was the interaction com­

ponent a positive f'igure ,and in this instance it did not approach 
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statistical significance. en this basis, it seemed justifiable to atate 

that there was no hatch effect on 10-week breast a.n.gle. 

The ana.l.yses of variance a.nd important estimates derived .f'rom the 

components of variance a.re presented in tables 15 through 18. Estimates 

of heritability for 10-week breast angle ranged from -0.23 to 0.91. The 

mean estimate was 0.46. Estimates of heritabilitr based on the dams' 

contributions averaged 0.55 and those estimates based on the sires' contri­

)Utions averaged 0.37. This wide range can most likely be explained on the 

basis of sampling error since the samples used were relatively small. Since 

S and D have to be multiplied by 4 to calculate estimates .from them, it 

can readily be seen that any error, whether sampling or otherwise., will 

also be multiplied by 4 a.nd contribute to this wide range. 

Mean estimates for the different breeds and crosses were as follows z 

0.47 for New Ham.pshires,0.52 for New Hampshire X Silver Oklaba.rs, 0.41 for 

Silver Okla.bar I New .Hampshires, and 0.44 for Silver Okl.aba.rs. 

Sex-linked gene effects ranged from 0.04 to 0.24 and wre present in 

4 of 8 cases. Non-ad.di tive gene effects were aJ.so evident in 4 of 8 cases 

and ranged from 0.02 to 0.10. It is difficult to draw an.y conclusions 

regarding the magnitude of these effects because of the inconsistency of 

their occurrence. Perhaps the most satisfactory method of deciding what 

value to give to each of these effects would be to obtain an average effect 

in each caaeo The average sex-linked gene et.f'ect was 0.08 and the average 

non-additive gene effect was 0.02. 

Based on the sire components of variance, a.n estimate of 0.39 was 

calculated for the total. genetic variance. Based on the dam components of 

variance, an estimate of Oo57 was caJ.culated for the total genetic variance 

plus a traction of the total variance due to maternal effects. Ma.ternaJ. 
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effects ranged from 0.08 to 0.36 and wre evident in 4 of 8 cases. The 

average maternal. effect was o.J.4. Removal of the maternal. effect from the 

dams I contributiomto the variance resulted in an estimate of 0.43 for the 

total genetic variance. The estimate from sire and dam contributions was 

0.41. Two percent of the genetic variance was due to non-additive gene 

effects and the remaining 0.39 was due to genes with additive effects. Sex­

linked gene effects accounted for 0.08 of the total variance. These effects 

can be additive and need not be separated from the autosomal additive gene 

effects. 

The different breeds and crosses varied too mu.ch in percentages of 

the total variance due to different types of gene action on 10-week breast 

angle to draw any conclusions in this respect. 
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DISCUSSION 

The results of this study indicate that heterosis was absent or played 

an exceedingly small role in the determination of 10-week breast angle 

in the breeds and crosses used in this study. In some cases the average 

breast angle of the crossbreds exceeded the mean for the parental breeds. 

This may be considered as a heterotic effect, but not sufficiently high 

to be of practical importance. However, since the Silver Oklabar X 

New Hamps~ire cross demonstrated a worthwhile heterotic effect on body 

weight and a slight effect on breast angle, the latter effect becomes more 

important. The heterotic effect on body weight is suf.ficient to make the 

Silver Oklabar X New Hampshire mating economically sound, thus any secon­

dary improvement such as increased breast width makes the cross more 

desirable. 

Since the reciprocal crosses failed to produce the same results in 

10-week breast angle, it appears that the slight difference was due to 

sex-linked genes rather than heterosis. This was not supported by the 

results of the analyses of varila.nce which indicated that sires and dams 

contributed about equally to this trait. 

The most important statistics derived from this study are the herita­

bility estimates for 10-week breast angle. Most of these estimates fell 

in the range of 42 to 68 percent. This is a range in which individual 

selection is slightly more effective than family selection. If a breeder 

includes breast angle as a trait in his breeding program, measurement 

at broiler age and selection on the basis of individual. measurements are 

to be recommended. 

Most of the genetic variance in 10-week breast angle was due to genes 

with additive effects. Non-additive gene effects were indicated in 4 out 
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of 8 cases,but never exceeded 10 percent of t:t'e total variance. Sampling 

error might have caused these small effects. If non-additive gene ef1'ecta 

were present, they were too small to be of any great importance. However, 

non-additive gene effects might be of importance on an individual bird 

basis. Some individuals were superior to their sibs and to non-sibs be­

cause they received a genotyplc combination that was not wholly additive 

in nature and not uniformly transmitted to the rest of the family. This 

could lead to the selection of some individuals for breeding purposes that 

would not produce progeny with the expected amount o~ improvement in breast 

width. 

On the basis of the results of this investigation, it appears that 

10-week breast angle, among the breeds and crosses studied, is inherited 

in a manner characteristic of a quantitative trait. Most of the genetic 

variance is due to additive gene effects. Sex-linked gene effects ap­

parently influence this trait too, but these genes may al.so be additive 

in their effects. Maternal effects were indicated but did not occur con­

sistently. Since maternal effects and sex-linked gene effects •re de­

tected by inference, the magnitude of tbase effects is questionable. 
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SUMMA.RY 

Prom 2 series of diaJJ.el matings random ,samples nre studied to 

.aJ..cu1ate bet.erotic effects, estimates of .heritability, types of gene 

.ction., and maternal. effects in relation to 10-Wek breast angle among 

few Ham.pshires, Sil.ver Ok1abars, and reciprocal crosses between these 

,reeds. The study involved 82 sires., 440 dams, and 5,355 chicks. A. 

,otaJ. of 8 samples •re used which varied in number of birds .trom 10 sires, 

.0 dams, and 60 chicks to 16 sires, 32 dams., and 256 chicks per auple. 

The data were analyzed by analysis of variance as outlined by Lerner 

:1950). The resul ta were as follows a 

l. Heterosis was absent or negligible in determining l0-11eek breast 

i.ngle. Silver Oklabar males contributed slightly more to the average breast 

'1dth than the New Hampshire males. Apparently sex-linked genes were 

\motioning ,and the frequency of the desirable genes was higher in Silver 

>klaba.ra than in the New Hampshire s • 

2. Heritability estimates for 10-week breast angle ranged from -0.23 

,o 0.91. The mean estimate was 0.46. 

3. Sex-linked gene effects were evident in 4 of 8 cases., and the mean 

1ffect was 0.08. Non-additive gene effects wre evident in 4 of 8 ca.sea 

ll!d the mean effect was 0.02. A.pproximately 39 percent of the total 'Y&ri~ 

LDCe was due to genes with additive effects. 

4. Maternal effects were evident in 4 of 8 cases and the mean effect 

ras o.1.4. 



?able 10 

A VERA.GE TEN-~ BREAST ANGU: OF PROGENY m PENS FOR FIBST HATCH 

New Hampshires New Hampshire I Silver Oklabar I 
Silver Oklabars Hew Hamoshires 

Kales Fema.les Kales Females Ka.lea Females 
Pen n ».an n llaan n 11-n n ... "' P•n n han n 11.P.an 

2 22 12.s 2) 73.2 19 72.4 22 72.8 11 30 75.3 23 74.7 

12 16 72.8 lS 71.5 19 74.2 27 73.l 21 31 74.9 21 75.6 

13 19 72.2 17 73.8 15 74.3 17 74.7 22 19 74.6 15 73.2 

14 22 73.5 23 73.2 22 15.0 18 74.2 23 13 73.3 17 72.5 

15 14 10.9 14 71.8 16 73.1 15 12.1 24 22 72.6 20 74.0 

16 17 74.6 16 75.5 11 74.3 13 73.7 25 19 73.3 24 75.4 

17 26 75.3 14 12.3 19 75.1 18 75.7 'Z1 23 12.e 14 73.4 

18 9 75.6 'Z1 73.l 15 74.3 16 74.S 26 0 - 0 -
19 25 73.B 21 73.0 18 75.6 9 75.B 29 15 73.8 21 76.9 

20 20 71.1 10 72.8 14 75.2 22 75.J 30 20 74.4 31 74.7 

Total 190 73.2 180 73.1 168 74.1, 177 73.7 Total 192 74.2 186 74.6 

l* 20 12.9 ·12 71.5 18 73.1 20 72.5 2& 23 75.2 18 76.5 
-

'eDB 

Silver Ckl.abars 

Ila.lea Females 
n han n 1taan 

30 76.2 24 78.0 

19 74.2 16 76.9 

10 73.5 12 75.6 

16 74.1 15 75.3 

12 75.2 17 76.9 

19 74.9 15 76.J 

15 74.5 26 75.2 

0 --- 0 -
23 75.1 21 76.4 

16 15.9 17 76.3 

160 75.0 163 76.4 

29 76.8 17 77.5 °' \1\ 



Table 11 

AVERAGE TEN-WEEI. BREAST ANGIE OF PROGENY BY PfBS FOR SECOND HATCH 

New Bampshires Bew Hampshire I Silver Oklaba.r X Silver Oklabara 
Silver Oklaba.rs New HamPShires 

lltles Females llal.P-s Females Males Females Males Females 
Pen n llean D llean n llean D Jfean Pen n ~an n Mean D lean n KAan 

2 16 12.2 16 10.9 11 72.1 16 71.6 11 22 73.2 22 74.3 24 75.8 13 75.8 

12 7 13.9 16 71.4 16 71.9 16 71.9 21 19 75.9 19 77.1 13 75.8 11 76.4 

13 15 73.0 13 72.9 10 73.6 15 7.3.0 22 9 75.o 24 73.4 0 -- 8 11.5 

14 23 71.6 17 71.8 14 10.9 20 13.ti 2.3 13 75.6 14 72.3 10 75.5 17 15.o 

15 2 10.0 6 71.7 3 70.8 9 71.9 24 12 1,.1.J 18 76.o 18 75.8 11 77.3 

16 15 69.3 19 10.0 9 72.2 13 11.1 25 16 72.7 11 12.1 7 74.3 1u 16.u 

17 19 10.5 17 71.9 18 72.5 23 72.2 27 24 72.8 19 73.2 19 74.0 23 73.9 

18 10 72.8 8 10.9 6 75.6 5 73.5 28 12 72.9 ll 73.2 9 12.2 7 73.6 

19 24 12.3 21 '72.1 17 74.7 20 7u.o 29 20 74.3 8 77 .2 11 11.J.a 15 74.7 . 
20 12 73.1 15 72.0 14 73.6 16 74.4 30 24 72.4 21 72.6 10 73.3 17 74.6 

Total 11(3 71.9 148 71.6 120 72.9 153 12.8 Total 171 73.8 167 74.1 121 74.9 136 75.4 

1* 10 7h-1 7 12.c; l'-> 71.i.8 16 72-A ')NJ. 10 7 c; _, 1i:; 7f..,O '){.. 77.2 ,1. ! 7f...8 ~ 

*Control PP.ns 



Table 12 

A VEBAGE TEN-IEEZ BREAST ANGLE OF PROGENY BY P1NS FOR THIRD HA 'l'CH 

New Hampshires New Hampshire I SilVfl!r Oklaba.r I 
Silver Oklabars Nfl!w Hamoshires 

1 c111les Fe1w11es Mal.11>S Fe1n&14's II.ales Females 
Pen n Kean n Kean n Mean n 11.ean Pen n Mean n Mean 

11 20 cl).5 21 69.4 23 71.5 17 72.8 2 20 69.5 21. 69.4 

21 10 7 .20 20 72.3 18 72.9 16 71.6 12 10 12.0 20 72.3 

22 17 12.1. 17 73.4 4 75.6 5 74 • .5 13 17 72.1 17 73.4 

23 8 71.6 11 10.1 13 73.1 18 72.5 14 8 71.6 ll 10.1 

24 JO 10.6 13 70.2 14 72.0 25 12.1 15 30 70.6 13 70.2 

2.5 15 12.1 2.5 71.6 18 7.3.1 18 74.7 16 15 12.1 25 71.6 

27 19 73.7 13 12.1 18 73.2 22 75.9 17 19 73.7 13 72 .7 

28 11 71.8 5 71.0 9 72.5 4 73.1 18 11 71.8 5 71.0 

29 1.5 73.2 15 71 • .5 15 12.3 19 71.3 19 15 73.2 15 71.5 

30 25 10.9 31 71.2 12 73.1 18 72.8 20 2.5 10.9 31 71.2 

Total 170 11..6 171 71.4 144 72.7 162 7).2 Total 170 71.6 171 71.4 

l* 5 13.0 .5 74.7 ll 12.1 6 7 2,,!l 261t 5 73.0 5 74.7 
*Cori.troI-Pens 

Sil ~r Oklabars 

Kales Females 
n Mi.an n han 

23 71.5 17 72.8 

18 72.9 16 71.6 

4 75.6 5 74.5 

13 73.l 18 72.5 

14 72.0 25 12.1 

18 73.1 18 74.7 

18 73.2 22 75.9 

9 72.5 4 73.1 

15 72.3 19 71.3 

12 73.1 18 72.8 

144 12.1 162 73.2 

11 72,,7 6 72.1 
0,.. 
-.J 



Table 13 

A VERA.GE TEN-WEFI BREAST ANGLE OP" PROGENY BY PENS FOR FOU"H.TH HA.TCH 

New HaJ,.pshires Hew Hampshire I. Silver Oklabar I. 
Sil'ft!r Oklabars New Ham::>shires 

Yalfl!s Ff!9.lta1es llaltl!s Females lla.l.~s Females 
Pen I.I. Ke&n. n Kean n Kean n Mean Pen n Mean n llean 

. --

11 10 69.8 12 11.s 6 72.5 17 72.5 2 9 74.,7 12 71.9 

21 9 10.8 8 72.2 7 69.3 
I 

1. 69.3 12 3 70.8 2 72.5 
I 

22 6 69.2 10 70.8 1 75.o 3 11.1 13 11 72.1 20 73.8 

23 1 72.5 6 10.0 10 72.8 9 73.3 14 10 73.5 9 72.5 

24 15 12.1 16 11.1 10 74.3 5 73.0 15 5 73.0 5 73.0 

2.5 10 71.3 17 12.9 J 73.J 3 74.2 16 8 71.3 14 73.9 

27 8 72.5 4 74.4 12 74.4 6 10.4 17 10 7S.5 11 73.9 

28 13 70.4 12 10.6 4 11.3 3 13.3 18 2 73.8 · 3 71.7 I 

29 7 69.3 6 68.8 6 72.5 9 66.7 19 2 72.5 I 4 73.8 

30 9 68.3 12 69.B 9 74.4 8 10.3 20 8 71.3 16 70.9 

Total. 94 , 70.8 103 71.3 68 73.1 10 71.2 Total 68 7).0 I 96 7.3.0 

lit- 3 1~.o ~ 68.5 8 73.8 11 70.9 26* 18 7r; D 7 15 7la7 
*Control -Pens 

Sil-ver Okla.bars 

Ila.lea Females 
n •an D )IP,an 

6 72.9 10 74.0 

2 11.5 10 · 76.8 

3 11.1 3 75.o 

4 73.1 4 ! 75.0 

13 73.1 6 76.7 

7 75.o 6 75.8 

13 74.6 13 75.8 

6 72.9 7 70.6 

0 .,._ 0 -
16 13.9 17 73.7 

69 74.9 76 74;1 

ll 7J.ao8 13 77 .. 3 °' CD 
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Table 1h 

UiALJSJS C. VARIUCE f6 fiR-~ BBJ!;AST ANGIE FOR CONT&OL PilfS 

Source a:i. -n7.s~ IJI. , Va!uea 

Tot.al. 23 21,8.96 

Between Sires 1 26.83 26.630 

Betlleeo Dame 3 86.h6 28.820 

lnteractiGn 3 bla.oo lb.677 2.562 

.,_.inder 16 9l..67 5.729 

Bew 'Raapsbi:re X Silver Oklabars 

Total. 2.3 195.83 

Bet.ten Sires 1 1,.16 4.160 

Between Dalla 3 89.58 29.860 

luteraction 3 14.S9 4.863 .889 

Bewaf Dder 16 87.SO 5.469 

Sil:ver Oklabar- X Hew HamE!hires 

Tota1 S8 623.41 

Between Sires 2 5.41 2.705 

Bet.ween Dalls 8 2.35.41 29.426 

J.nteraction 8 40.42 5.0$3 .5'91 

40 342.17 8.554 

Silver Oklabara 

Tota1 h6 5.39.32 

Between Sires 2 28 • .38 u.190 

Bet.ween Dae 6 167.44 27.9<17 

Interaction 6 35.16 5.860 .608 

8-ainder .32 )08 • .34 9.636 
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Tabl.e 15 

JOLED ANALYSIS OF VARIANCE., COllPONENTS AND IMPORTANT ESTIIIA TES FOR TEN-llEEJ 
BREAST ANGLE AM.ONG Nl!.'W HAl4PSHIW!.S 

ANALYSIS OF VARIANCE 

:>urce of First S:eries Secona Series 
!Lrl.ation d.f. 

:)ta1 248 

,tween Sires 8 

,tween Dams 24 

a.teraction 24 

!'Jlll&inder 192 

COMPONENTS 

t.atistics 

>ntribution £rom sires 

>ntribution from dams 

1teraction 

,mainder 

:>tal. 

,ritability 

~-1inked effects 

:lterna.1 ef"f ects 

>n-additive eff~cts 

Ii.§. d.t. 11.s. 

1.02 

42.7488 6 l.2.6733 

24.0963 12 23.4958 

12.2804 12 10.4167 

7 .6715 72 9.6642 

OF VARIANCE AND ES TIMA T]S 

Symbol.s Firs't Series Second s,ries 

s 1.9043 .2507 

D 1.4770 2.1799 

I 1.1522 .2508 

Q 7 .6715 9.6642 

T 12.2050 l.2.3429 

45/T .62 .08 

4D/T .46 .71 

2(S•D)/T .55 .39 

S-D/T .035 0 

D-5/T 0 .156 

I/T .094 .020 
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Table 16 

POOLED ANALYSIS OF VARIANCE, COMPONEN'm AND IMPORTANT :&5TIMATES FOR TEN-IEFI 
BREAST ANGLE AMONG BEi' HAMPSHIRE I SILVER OKLA.BAR CROOSBREm 

A.NALYS IS OF VARIANCE 

Source of Pti=st !eriea !econa Series 
Variation d.£. Ii.!. d.l. 

Total 184 55 

Between Sires 8 24.6088 5 

Between Dams 21' 9.7658 5 

Interaction 24 7 .2479 5 

Remainder 128 6.8360 40 

CC)l{P()NENTS OF VARIANCE AND E'S TlllA. TES 

Statistics 

Contribution from sires 

Contribution from dams 

Interaction 

Remainder 

Total 

Heritability 

Sex-linked effects 

Maternal effects 

Non-additi1e effects 

Symbols 

s 

D 

I 

Q 

T 

~/T 

4D/T 

2(S+D)/T 

S-D/T 

'D-S/T 

I/T 

First Series 

1.4467 

.4197 

.1373 

6.8360 

8.8397 

.65 

.19 

.42 

.116 

0 

.016 

II.~. 

18.5440 

16.0440 

7.2880 

7 .2917 

Second Series = 
1.8753 

1.4587 

0 

7.2917 

10.6257 

.11 

.55 

.63 

.235 

0 

0 
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Table 17 

POOLED ANALlSIS OF VARIANCE, COIIPONENTS AND DLPORl'ANT F.STI»ATES FOR 1D-WEEZ: 
BREAST ANGLE AMONG SILVER (IIA:alR I HEif .HAMPSHIRE CBOSSBREilS 

Source ot 
Variation 

Total 

Between Sires 

Between Dams 

Interaction 

Remainder 

. 

ANALYSIS OF VARIAHCE 

First Series 
d.f • K.S. 

155 

5 12.6960 

15 19.7273 

15 5.7147 

120 6.0808 

Second Series 
d.f'. 11.s. 

85 

5 )6.ll20 

10 ll.5370 

10 10.6960 

60 8.8887 

COMPONENTS Ql VARIANCE AND ES TIMA. TES 

Sta tis ties 

Contribution from sires 

Contribution f' rom dams 

Interaction 

Remainder 

Total 

Heritability 

Sex-linked effects 

Maternal ef'f ects 

Non-additive effects 

S)'mbols 

s 

D 

I 

Q 

T 

4S/T 

4D/T 

2(S+D)/T 

S-D/T 

D-S/T 

I/T 

First Series Second Serie[ 

-.4395 2.8240 

1.7058 .1402 

0 .6024 

6.0808 8.8887 

7 .7fJJ6 12.4,53 

-.2) .91 

.88 .o5 

.33 .48 

0 .215 

.276 0 

0 .048 
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Tablfl! 18 

POOLED ANALlS IS OF VARIANCE, COMPONENTS AND DlPORTANT ES TDIA Tl!S FOR TEN-BEX 
BREAST ANGLE AMONG SILVER OILA.BA.:BS 

Source o? 
Variation 

Total 

Between Sires 

Betwfl!en Dams 

Interaction 

Remainder 

ANALlSIS OF VARIANCE 

First Series 
a.l. a.s. 
138 

6 

18 

18 

96 

12.6350 

17.4355 

7.5955 

Second Series 
a.t. a.s. 

33 

3 

3 

3 

24 

10.5900 

27 .2600 

1.5600 

10.0695 

COMPONENTS OF VARIANCE AND FSTIMA TFS 

Statistics 

Contribution from sires 

Contribution from dams 

Interaction 

Remainder 

Total 

Heritability 

Sex-linked effects 

Maternal efffl!cts 

Non-additive effects 

Symbols 

s 
D 

I 

Q 

T 

45/T 

4D/T 

2(S..D)/T 

S-D/T 

D-S/T 

I/T 

First Serifl!s Second Series 

.4200 .0868 

1.6400 2.8650 

0 0 

7.5955 10.0695 

9.6555 1.3.0213 

.17 .03 

.69 .BB 

.43 .45 

0 0 

.497 .21.3 

0 0 



PA.RT III 

PHENOTYPIC, GENETIC, AND ENVIRONYENTAL CORRELATIONS BE.TW.1£.EN TEN-n!IC 
BODY WEIGHT AND TEN-WEElt BREA.ST ANGLE IN BROILERS 

The importance of early growth rate in broil,.rs as reflfl!cted in body 

weight at broil~r age and th~ desirability of broad breasts in broilers 

have been discussed in Parts I and II. Selection for body weight is of 

primary importance in the bre~ding program of any br•ed~r of broiler 

strains. Selection for breast width is also desirable but does not compare 

with the importance of body weight. The more competitive the broiltl!r 

industry becomP.a, the greatP.r will be th-, necessity for broilers with wide 

breasts which present more eye appPal to th~ custo~rs. 

If a br•eder adds breast width to his selection program, chances are 

hP, will reduce his selection pressurfl'! for body weight in order to selll!ct 

for a trait of lesser importance. However, if a sufficient positive genetic 

relationship exists between body weight and width of breast, breeders could 

continue selecting solP,ly for body weight and still obtain a reasonable 

amount of improv~,mP.nt in breast width. 

This portion of thP. fl!Xpfl!rim!l'nt was designi-.d to det-,rmine the ph@i.no­

typic, gfl!nP.tic, and environmental correlations between 10-weP.k body weight 

and 10-week breaa.t angle. 

74 
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REVIEW OF LITERA. TURE 

Published data dealing with the interrelationship between body weight 

and width of breast in chickens are very limited. Sev-ral references are 

available on this relationship among turkeya, but moat of these papers are 

directll!d toward body conformation in general. To this writer's knowl~e 

th ... papll!r of :r,...mer ~ !! (1950) is th- only publishtl!d work in which genetic 

and environm,.ntal as well as phenotypic correlations were determined. 

Asmundson (1944) calculatfl!d ph,.notypic correlations between body 

weight and various body m"'asuremP11ts in 3 strains of Bronze turkeys. 

Strain l was selected primarily for egg production and was comparatively 

poor in markll!t confonnation. Strain 2 was sel!'!ct,.d for good conformation 

and early developml'!nt, but was not of th-. broad-breasted type. Strain 3 

was the broad-breasted type of Bronze turkey. Correlation coefficients 

between breast width and body weight ranged from 0.435 to 1.0_ These values 

are high in comparison with those r,.ported elsfl!where. 

Lerner and associates (1947) studied th,. interrelationship betw-en 

breast width and body weight at 12 We(ll)kS of age ai:oong New Hampshire fryers. 

The statistical techniques of Haz,.l et !!. (1943) were used to det.,.rmine 

phenotypic, gll!Illl!tic, and ... nvironm,.ntal correlations betw-•n these traits. 

Correlations bas~d on a combination of sire and dam contributions were 

0.099, 0.157, and 0.132 resp~ctiv~ly for genetic, ~nvironmP.ntal and pheno­

typic correlations. Additional genetic correlation coefficients of -0.134 

based on sire•s contribution, and 0.228 based on dam's contribution werP. 

calculated. 

El-Ibiary and Jull (1948) made observations on body weight and -varioua 

characters aff~cting conformation among 28-w~~k old Beltsville Small White 

turkeys, Broad-breast~d Bronze turkeys, and crossbred progeny of these 
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two va.rieti~s. Th~s~ work•rs found a positive ph~notypic correlation or 

0.066 betwe•n body weight and breast width among these turkeys. 

El-Ibiary (1948) published a more complete analysis of the data 

discussed above. The phenotypic correlations between body weight and breast 

width at 28 weeks of age among thfl! turkeys studied were calculated sepa­

rately for sexes. ThP, resulting correlation coefficients were 0.392 for 

males and 0.390 for females as compared with a value of 0.066 tor the com­

binP.d sexes. Since turkeys show such a wide sex difference in body weight, 

analyzing the data for sexes separately seems a more accurate measure of 

the true relationship. 

Asmundson (1948) studied the genetics of weight and conformation in 

2 strains of Bronze turkeys which differed in weight and width of breast. 

Data were collected from purebred progeny, crossbr...d progeny, and backcross 

progeny at 24 Wi111f"Jca of age. These data revealed positive phenotypic corre­

lations of 0.430 for the female progeny and 0.447 for the male proge..ny. 

Collins and co-workers (1950) found a positive relationship between 

body weight and breast angle among Rhode Island &>ds. Their data. were 

taken from a series of matings in which a narrow-breasted lin• and a 

broad-breast ... d lin!'! Wfl!rf!l select.-d and all possible matings of like-t.o-like 

and unlike -to -unliktl! were made. A regress ion of breast width on body 

weight revealed that breast width tended to increase as body weight in­

creased. This result was based on measuremtl!nts taktl!n at 8 and 12 weeks of 

age. Thtl!se work:tl!rs found a significant phenotypic correlation of 0.261 

between breast width and body weight 1n the femal .. parent stock. The 

combin~d mal• and femal~ progtl!ny showed a correlation of -0.288 at 8 weeks 

and of 0.075 at 12 weeks. When the data for sexes •~re analyzed separately, 

the correlations at 8 and 12 w~eks of agtl! respectively, were 0.226 and 

0.352 betwPen thtl! 2 traits studi!'!d for males, and 0.141 and 0.125 for females. 
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MATERIALS AND 11.~THOOO 

The design of the f9X~rim•nt and method of coll~cting data werfl! dis-

1ssed previously under "Experim ... ntal Proc,..dure" and d-.monstratfl!d in Table 

) of the App•ndix. From thes"' data, random samples were tak•n for this 

Lrt of the study. 

To simplify th• statistical analyses, subgroups of equal numbers w~r,.. 

ied; that is, equal numbers 0£ dams pP.r sire and equal numbers of offspring 

,r dam were U.SP.d. Due to thP. wide rangP. of variation in body weight 

,tween sex~s, and the small rangP. of variation in breast angl~ bP.tween 

,xes., the data WP.re analyzed separatfl!ly for ... ach sex. 

When the raw data werP- ('l!xa,min,..d, it was found that a majority of th(") 

Lre famili,..s containP.d at l•ast 3 dams that had 3 or more offspring of 

le sex or th• other. ThP. av•rage numbP.r of offspring p ... r dam was lP.ss 

1an 6; thfl!re.for ... , it was impossibl,.. to find many dams with 3 chicks of 

Leh sex. In order to utiliz"! as many sirfll! familifl!s as possible, 3 dams 

,r sire were us.-.d for ~ach s ~x. A tablfl! of random numbers was USfl!d to 

1lect thP dams and th~ first 3 chicks of the approporiate sex w•r• selected 

•r P.ach dam usfl'd. All chicles had ... qual opportunity of being bandta!d in 

ty Sfl!quence at hatching ti.m"', thus thl"!se w~re random sampl~s. 

The data for thP diff,.,rent hatch~s wfl!r~ poolPd for th,., analys,.,s. 

La.lyses o:f variance, as described in Parts I and II, showed that there was 

1 signif'icant differfllnce betwoP,n hatchfl!s in 10-WPP,k body weight and 10-wPek 

•east angle.. For thi.s I"l'!ason thP. data from different hatchfl!s were pooled. 

LP-rnPr (1950) stated that so long as th~ purport~dly correlated traits 

·e mP-asur~d in thfl! s aine individual, th,., common environm.,.n t to which thflly 

·e subjPCtP.d will t,md to conceal thP true naturia of' their interre1ation-

1ip. To avoid a common ... nvironm~ntal eff•ct,th,., traits und ... r investigation 
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were correlated between full sibs. 

These data W!l!re analyzed using th!I! m•thod of Hazel ~ !Jr (1943). It 

is eB&fllntially an f'!.xt•nsion or thP analysis or variance to include covari­

ance between the traits studied. ThP. total variance for body weight and 

breast angle and the covariance betwP.en these 2 traits were separated into 

the following parts: (1) differences between sires, (2) differences 

betWfllfl!n ·dams matf'!d to thfl! same sil"E'!, and (3) remainder. Th" D1f'!an squares 

and covariance components were rP.ducl'!d to thfl!ir component parts as outlined 

by ~rnfl!r (1950). 

The remainder (Q) is th"' compon,mt of variance or covariance contain­

ing thP. environmental componP.nt and onP--half thfll g•netic component of 

variance or covariance. It is th~ variance or covariance •xpected between 

full aibs. Th• dam's contribution (D) is th• extra variance or covariance 

occurring within groups of pat•rnal half sibs, and is in addition to that 

componfll!nt found among full sibs. Sires contribute additional variance or 

covariance (S) to non-sibs as compared to pat•rnal half-sibs. 

Prop•r manipulation of thfll! variancl'! and covariance components will 

yield phenotypic, genP.tic and Pnvironmental correlation coefficiP.nt.s. 

The procflldure for calculating th~s"' statistics is outlinfl'<i in Tabl~ 42 

of th~ Appendix. 
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RESULTS 

The results of thP. analys tl'!S of variance and covariance as 11ell as the 

resulting correlation coefficients between 10-w~P,k body weight and lreaat 

angl~ are presented in Tables 19 through 22. 

Phenotypic correlations ranged frcm 0.01 to 0.41. Although these 

valufl!S approached O in somP cases, thP.y Wl'!re positive in all cases. From 

these results it appears that a low,but consistent,positive phenotypic 

correlation existed between 10-wPek body weight and 10-w•Pk breast angle 

among the breeds and crosses studied. 

The genetic correlation co.,.ffici~nts were not as consistent as the 

phenotypic correlations. Bas•d upon th• sire I s componPnts of varimce and 

covarianc•, the gfllnetic correlation coefficients ranged from .14 to 1.02. 

The mean coefficient was .49. Bas,-d upon th,.. dam's componfll.nts of variance 

and covariance, the genetic corrfl!lation coefficients rang,..d from -.19 to 

2.JB. Thi'! mPan cofl!fficient was 1.07. When the sire and dam components 

were combined, the correlation cofl!fficiPnts ranged from .27 to 1.05 and 

thfll mean was .6S. It is difficult to draw any conclusions about the 

:uagnitude of th•sl"! correlations sine,. the l'"Stimates varied so greatly 

among thonselves. It can be stated,howev~r, that a positive genetic 

relationship did exist bPtW~P.n 10-wjlllP.k body weight and 10-w•ek breast angle 

in the brP.ed.s and cros sea used in this study. 

Based upon the sirta. 's compon-"!tlts of variance and covariance, the 

ll!nvironmf:mtal carrPlation coP-fficients ranged from -2.31 to 6.51. Thfl! mean 

coeffici,.nt was .45. Basod upon tho dam I s compon.-nts or variance and co­

variance, th• .-nvironmPntal corr.-lation coefficients ranged from -1.72 to 

.60. Wh•n the sire and dam compon•nts w.-re combin...a., thjlll correlation 

coefficients rangPd from -1.40 to .43 and the mPan was -.73. ThP nonnally 
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expected range for correlations was ~xc~~dfll!d at both Pxtremes. The only 

statfll!mP,nt that can be made regarding the ~nvironmental correlations is 

that the majority of them 'Was negativtl!. It can be concluded that a 

negative environmental rP.lationship existed betw~en 10-week body weight 

and 10-week brP.ast angle in the breeds and crossfll!s used in this study. 
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DISCUSSION 

Thom phll!notypic correlations fowid in Ta bl.PS 19 through 2 2 are con­

sist~ntly positi~,but thP,y signify vP.ry little as to the true nature or 

those relationships. It might bP. P.rronously concluded that positive 

correlations of this magnitudP. would assurP, a brn.,.der of improVP.?nP,nt in 

the correlatPd traits whilP selPction was bP.ing practiced for only one 

trait. This is not nP.cessarily truP. If thP. I'fl!lationship is largely environ­

mental in nature, selP.ction progrP,SS may bf!! imp.,.di=>d sincfll! thP. animals 

selP-ct~d on the basis of phenotypic pP.rfonnance for one of thP. traits in­

volved may be supP.rior only bP.cause of thP. environmPntal effects associated 

with thP. possession of thP. othP.r trait. ThP, importance of phPnotypic 

correlations li•s in the rPlative importance of environmP,ntal and genetic 

influencP.s. 

ThP. g~netic correlations d~rivi=>d from this study would t~nd to indi­

cate that a brPeder could practice rigid s~lP.ction for body WP.ight and also 

increase br~ast width simultanP.ously. This undoubtedly is truP to somP. 

extent, but it is doubtful if any drastic changP.s could b~ made in ~ither 

ch3.ract~ristic simply by practicing rigid selpction for thP. other trait. 

The dams I componP,nts of variance and covariancP. contain any matP.rnal 

effQcts th~t might bP influ~ncing breast a.nglP and body weight. This effect 

would cause corrP.lations that WPre ba.sP.d upon thi::. dams• components. to be 

too high. It has bP.~n shown in Parts I and II that some matPrnal effP.cts 

are involvPd with these traits. For this r,-ason, thos~ correlations based 

upon the sir~s' compon~nts will b~ morP indicative of th~ true geni::.tic 

correlations bP.tWP.en body weight and brP.ast angl~. 

In an attP.mpt to detP.rmine what caused these exceedingly high values, 

thP. data for diffPrent hatches were analyzed separatPly,and numerous 
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samples were taken from within theSP, hatchl=!s. ThP. results showed that 

it was not duP, P,ntirely to sampling !'!rror. Different samplPs changPd 

th~ individual coefficients somP.what but the trend remained the same. 

Apparently thfllse high correlations are due to the inherent nature of the 

data which th!'! author cannot ~..xplain. 

Even though thP.re is a positive relationship between body weight and 

br~ast anglP., it would be possible to self!.ct for body weight without 

materially changing breast angle. Figures l and 2 are supporting evidence 

for this statemP.nt. In the case of purebrP.d New Hampshire and Silver 

Oklabar females, as the a verag~ body weight incrpased, the D)P,an, breast 

angle increased. Although the range of br,..ast angle values within differP.nt 

weight classes fluctuatpd considPrably, it did not changP. appreciably as 

thll! body weight increased. It would be r!!latively simpl(I! to sel"'!Ct some 

brAPding females that had desirable body weight but fell below the av~ragP. 

for breast angle if no attP.mpt was made to selP,ct for breast angl~. Possibly 

enough of thP.s"' females would be selected to b,=,come breeders to counteract 

any change in IDPan brPast angleo 

The data for males are not present~d but it followed a patt!'!rn similar 

to that of th~ females. Great 0 r selection pressure could be practiced 

here and more Pmphasis could be placed on breast width. However, when the 

data were plottod on a hatch basis, thP largest weight classes often con­

tain~ only 1 or 2 males which were in many cases below thP. breed avfl'rage 

for breast angle o Certainly these males would have b Pen saved a.s potential 

brPeders if they met other qualifications. It is possible that enough males 

and f ,...mali:>s with brP.ast anglP valu~s below the brP,ed m~an could be selectfl!d 

to countPract th"' tendency of th4" mp.an breast angl.-, to increase as body 

w~ight incr~ases ,:ind thP.rP.by kPia.p thA mP!an brl'!ast anglfl! for a brP.~d 

relatively constant. 



It is not lik~ly that the environm~ntal correlations will affect th~ 

progrP.ss of sel~ction for body weight and breast angle to any great extent. 

A:n.y effect should be to acceleratP. progrP,SS since selection for one of the 

characters will partially comppnsate for the effPcts of thP. environmental 

difference on the other since the traits are negatively correlated. 

It would be difficult to make any recomm.~ndations for a breeding program 

from th~se data b~cause of the inconsist~nt results obtainPd in this study. 

Ir a br~eder desired to improvo breast width in broilPr stocks, the most 

logical approach would SP~.m to be individual sel~ction based on measurements 

at broiler age. 

Th~ inconsistency of the r~sults obtain°d in this study leads the 

writer to question thP reliability of this m~thod of calculating genP.tic 

and ~..nvironm~ntal correlations. More research in this fiP.ld might lead to 

a more satisfactory statistical mP.thod or mP.thods for calculating corre­

lations. Lile~ the methods of calculating hP.ritability estimates, different 

methods of calculating gP.netic and ~nvironmP.ntal correlations would be 

subject to different biaseso ThP. application of more than one statistical 

method to the same data should give more reliable correlations. Sim.ilarily, 

numerous correlations from different sources should give a more reliable 

average correlation coefficient between 2 traits. 
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SUMMA.RY 

From 4 hatchll!s of chicks, random sa.mpltss were stud~d to determine 

thtl! phenotypic, genP-tic, and "'nv.i.ro~nt&l correlations between 10-Week 

body weight and 10-week breast angle in N~w Haapshir~s, Silver Okl.abar1, 

and reciprocal crosses betw,-~n tMse br .. ll!ds. Thll! study involW!d 82 sires, 

440 dams, and 5,355 chicks. Random aampl11!S of 3 chicles p111.r dam and 3 dau 

per sire were takP.n for "ach sire that produc~ sufficient chick,. Data 

for sexes were analyzed separat@!ly as outlined by Hazel ~ 11. (1943). The 

results were as tollowa: 

l. Phenotypic corr~lations ranged from 0.01 to O.Ll.. 

2. Based upon th(I! sir~ components of variance and covariance, genetic 

correlations rangflld from .14 to 1.02 with a m~an of .49. Based upon the 

dam canponents, genetic correlations ranged i'rcma -.19 to 2.38 with a mean 

of l.C11. Genetic correlations bas"d upon combined sire and daa ccaponent1 

ranged from .27 to 1.05 with a mll!an of .65. 

3. Based upon the sire compon .. .nts of variance and covariance, 

environmental correlations rang~d .from -2 .Jl to 6.51 with a m~an of ,45. 

Based upon th,:. dam components, environmP.ntal correlation, ranged from 

-1. 7 2 to ,(:CJ with a m"'an or - ,42. Environmental correlation• bued upcm. 

combin~d sire and dam components ranged from -1.hO to 40 with a mean of 

-.13. 

4. These results indicate that a low positive phfr...not71>1c correlation, 

a positive gellfl!tic corr~lation or qu~stionable magnitude, and a negatiTe 

environmP-ntal correlation of questionable :magnitude exist betwe«m 10-w,iek 

body weight and 10-w,.ek brAast angl,. among t~ brfl!eds and cro11ea 1tudied. 
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Table 19 

ANALYSES OF VARIANCE AND COVARIANCE AND CORREIATIONS BETWEEN TEN-IEiX 
BODY WEIGHT {I1) AND B~T ANGLl!, (I2) AMONG NE.'I' Hill.PSHIRl!S 

ANALYSES 

Ma}.~s Females 
Source of :Mean ~uares Cov. ·Mean-Squares I Cov. 
Variation d.f x, f x,, x,x,, d~f.l x, . 1,, -x, x., 

- - -
I 

Total 206 179 I 

Between Sires 22 .)673 25 .8782 1.1127 19 .1578J38.9821 1.0510 
Within Sires I 

Between Dams 46 16.8478 • 7537 40 .01,,111.S211 .5310 
Between full sibs 138 .1263 8 .5447 j .4203 120 .0416j 6.7011, -.0014 

i I 

COMPONENTS OF VARIANCE AND COVARIANC1 

Com nents S mbols 

Contribution from sires S .0256 1.0028 .0399 .0091 3.0504 .0578 
.0036 2.7677 .1111 .0177 1.6090 .1773 
.1263 8.5447 .4203 .0416 6.7014 .0014 
.1555 12.3152 .5713 .0624 11.3608 .2337 

Contribution from dams D 
Within families Q 
Total T 

CORREIATIONS 

Type 
'. 

Phenotypic L 

! Genetic ' I 
I 

' E.nvirorunental. I 

Derived From 

T 
4S 
4D 
2(S+D) 
T-4S 
T-4D 
Q-(S+D) 

I 
i 

Males 

.41 

.25 
1.11 

.45 

.62 

.JO 

.40 

Females 

.28 

.35 
1.29 

.16 
- .01 
-1.72 
-1.1, 
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Table 20 

ANALYSES OF VARIANCE AND COVARIANCE AND CORRELATIONS BETWEEN TEN-IER 
BODY WEIGHT (I1) AND BREA.ST ANGu; (I2) AMONG 

N.E.'W HAllPSHIRE .t SILVER C.IABAR CROSSBB.Em 

Source ot 
Variation d.t. d.t. 

Total 161 233 
Between Sires 17 .2724 26.1435 .2306 25 .1404 23.1236 .9076 
Within Sires 

Between Dams 36 .1181 9.6475 1 .3256 52 .0440 8.6806 .0415 
Between full sibs 108 .0786 7 .6000 .0216 156 .0370 7 .7381 .ll58 

COMPONENTS OF VARIANCE AND COVARliNCE 

Com nents S hols 

Contribution from sires S 
Contribution from dams D 
Within families Q 
Total T 

.0171 1.8329 .1006 .0107 1.6048 .0962 

.0131 .6825 .1157 .0023 .3142 .0524 

.0788r 7.6000 -.0216 .037 7.7381 -.1158 

.1090 10.1154 .1947 .os 9.6571 .0328 

CORBEIATIONS 

Type D.trived From Mal.118 Female• 

Phenotypic T .19 .04 
Genetic 4S .51 .13 

4D 1.22 1.94 
2(S;.D) I .79 .99 

Environmental T-45 -.62 -2.31 
T-4D -.41 - .30 
Q-(S+D) -.48 - .11 

l 
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Table 21 

ANALYSES OF VARIANCE AND COVARIANCE AND CORRELA.TIONS BETWEEN TEN-~ 
BODY W1IGHT (X1) AND BREAST ANGLE (I2) AMONG 

SILVER OKIABA.R X NEW HAMPSHIRE CROSSBREIB 

ANALYS~ 

Source of 
Variation d.f. d.f. 

Total 179 197 
BetwP-en Sires 19 .3527 21.1458 .7742 21 .2462 27.8924 .7'ZT6 
Within Sires 

Betwtl!en Dams 40 .1353 13.9585 .1750 44 .0707 12.2789 .1420 
BetwP.en full sibs 120 .0705 7.6736 .0854 132 .0449 6.0941 -.1218 

COMPONENTS OF VARIANCE AND COVARIANCE 

M.A.I.es F--~,-
Components Symbols I1 X2 X1X2 X1 I2 I1X2 

Contribution from sires s .0243 .7986 .0666 .0195 1.7348 .0651 
Contribution from dams D .0216 2.0950 .0299 .0086 2.0616 .0879 
Within families Q .0105 7 .6736 .0854 .0449 6.0941 -.1218 
Total T .116J, l0.5672 .1819 .CJ'/ JO 9.8905 .0312 

CORRELA.TIONS 

1'YPe Derived From Males F.-.males 

Phfllnotypic T .16 .04 
GP.n111tic 4S .48 .35 

4D .14 .66 
2(S+D) .27 .47 

Environmental T-4S -.22 -
T-4D .24 - .42 
Q-(S.+D) -.0.3 -1.40 
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Table 22 

ANALYSES OF VARIANCE AND COVARIANCE AND CORREIA TIONS BETWEBN TEN-~ 
BODY WEIGHT (X1) AND BREAST ANGLE (X2) AMONG SILVER 01.IABARS 

ANALYSES 

Source of 
Variation d.f. d.f. 

fut~ 98 ll6 
~twP~n Sires 10 03700 27.8920 .1730 12 .3600 20.0950 .8425 
Within Sires 

13P,tween Dams 22 01323 14.6463 .5100 26 .ll77 11.6984 .6412 
BetweP-n full aibs 66 .0742 6.8182 -.1818 78 .0612 9.8291 -.1314 

COMPONENTS OF VARIANCE AND COVARIANCE 

Com nents S bola 

Contribution from sires S 
Contribution from dams D 
Within familiPS Q 
Total T 

.0264 1.4717 -.0374 .0269 .9330 .0224 

.0194 2.6094 .2306 .0188 .6231 .2575 

.0742 6.8182 -.1818 .061.2 9.8291 -.1314 

.1200 10.8993 .0114 .1069 11.)852 .1485 

CORRELATIONS 

P-rivP.<i From es ea 

Phenotypic T .01 .14 
Genetic ~ 1.02 .14 

4D - .19 2.38 
2(S+D) .45 1.os 

Environmental T-4S 6.51 - .Bo 
T-40 .60 -1.66 
Q-(StD) -1.35 -1.15 
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PART T.V 

HERrrABILrrY OF' ALL-CJi-NONE TRAITS. lit\TCHA.BILITY A.ND :RESISTANCE 
TO DEA.TH TO TEN WE8KS OF AOE 

The economic loss resulting from poor hatchabili ty of eggs amounts 

to several. million dol.lm-s annually in the United States. A much greater 

loss results from mortaJ.ity. In broilers, the loss from mortality includes 

the cost of raising birds to the age of death, plus the potential. income 

that the producer would have received if the birds had lived to market age. 

The development of D!!'W drugs, vaccines, and better feeds have done 

much to decrease the death loss among domestic birds. Improved manage­

ment practices, refrigeration and better incubators ha.ve improved the per­

centage hatch of fertile eggs. However, there is still a need to improve 

these conditions in commercial .flocks. 

There is some evidence that both hatchability and viability are 

inherited; thus, some improvement can be made by selecting for these two 

characteristics in breeding programs. Present evidence indicates that the 

heritabilitiea of hatchability and viability are lowJ hence, the rate of 

improvement by selection will. be a slow process. 

This portion of the experiment was designed to determine the following 

infozmation in New Hampshires, Silver Cklabars, and reciprocal. crosses 

between these breeds : 

l. U heterosis was involved in determining hatchabili ty of fertile 

eggs and total eggs, and resistance to death to 10 weeks of age. 

2. Heritability of hatchability and resistance to death. 

91 
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3, Maternal effects on hatchability and resistance to death, 



'1.) 

REVIEW OF LITERATURE 

Hatchabili ty 

Hatohability is influenced by nwnerous factors, many of which are 

known to be hereditary. Nineteen lethal genes are known which, if present 

in populations, reduce the hatchability of fertile eggs (Landauer, 1948 and 

Jull, 1952). There is considerable evidence that a relationship exists 

bet11een such traits as egg size, egg shape, and shell quality and hatch­

ability. Since these traits are known to be hereditary, it is apparent 

that hatchabili ty is hereditary at least to the degree that it is influ­

enced by such traits. For a more detailed description of lethal genes 

and egg characteristics that affect hatchability, the reader is referred 

to Juli (1952) and Landauer (1948). 

Shoffner and Sloan (1948) used the intra-sire regression method to 

calculate the heritability of hatchability of fertile eggs. In order to 

circumvent the difficulties brought about by the skewness of percentage 

data, the percentage hatch data were transfomed to degrees before analysis. 

After the estimate was corrected for 16.1 percent inbreeding, the herita­

bility estimate was 16 percent. 

Wilson (1948a) calculated heritability estimates of fertility in an 

inbred nock of White leghorns using the regression of offspring on dam 

method. Based on data unadjusted for inbreeding, heritability was .lOJ.. ,. 

data adjusted for 34 percent inbreeding yielded an estimate of .06. 

Wilson (1948b) calculated heritability estimates of embryonic mor­

tality and hatchability in an inbred flock of White leghorns using intra­

class correlations between progenies of full sibs. The results were as 
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Heritability 
Adjusted for 

Trait Inbreeding Unadjusted 

1st week embryonic mortality 

2nd we k embryonic mortaJ.1 ty 

3rd •ek embryonic mortality 

Hatchabili ty 

Resistance to Death -

.oo6 

.007 

.012 

.019 

.012 

.014 

.025 

.039 

Considerable data are available which indicate that breed, strain, 

~nd family differences exist with respect to their ability to withstand 

:ertain diseases and adverse environmental conditions. For a thorough 

-eview the reader is referred to Jull (1952). Genetic differences in 

1uaceptibi1ity and/or resistance have been demonstrated for the following 

liseases a pullorum, infectious coryza, avian diphtheria, "blue-comb" 

lisease, coccidiosis, fowl typhoid, the lymphomatosis complex, and New­

:ast1e disease. 

Lush and associates (1948) calculated heritability estimates for 

'8Sistance to death from records of more than 20,000 leghorn pullets 

luring their first year of production. Using the observed percentages of 

LOrtaJ.ity, heritability estimates of .083 for total mortality, .068 for 

Lortal.ity due to the lymphomatosis complex, and .031 for mortal.ity from 

:a.uses other than lymphomatosis 111ere calculated from the sires I components 

1f variance. Estimates based on the combined contribution of sires and 

'.ams were .OBJ, .OBJ and .032 respectively. Transfonnation of these values 

,o the Bliss probit sea.le (F.l.nney, 1952) resulted in slightly higher 

:stimates. The resulting estimates based on the sires' contribution to 

,he genetic variance were .145, .156, and .074 respectively for total. 



mortality., lymphomatosis and other causes. Corresponding estimates based 

on a combination of the sire and dam contributions were .081., .093., and 

.0.38 respectively. Dams had about the same influence as sires upon tbe 

fate of their offspring. The incidence of mortality from all causes ranged 

from 24.1 to JJ.2 percent with a mean incidence of 29.8 percent. The 

incidence of mortality from lymphomatosia ranged from 8.9 to 22.2 percent 

with a mean of 15. 7 percent. Heri ta.bility estimates on the probit scale 

were not presented by years and could not be related to the incidence of 

mortality. In the following table the incidence of total mortality was 

related to heritability estimates before they were transformed to the probit 

scale. 

Incidence Year 
Heri tab ill t7' 

2 (s-+D)/T 4S T 
.241 1942 .094 .094 

• .304 1939 .076 .089 

.315 1941 .12.5* .082 

.332 1940 .079 .066 

*Unduly large due to individual culling. 

Excluding the high estimate for the year 1941,, the tendency was for 

heritability to decrease as the incidence of mortality increased. 

Wilson (1948b) calculated heritability of chick mortality to 8 weeks 

of age in an inbred nock of White leghorns using intra-class correlations 

between progenies of full sibs. Before the data were adjusted for in­

breeding, heritability was .118 and when the data wre adjusted for 34 

percent inbreeding, heritability was .052. 

Robertson and lerner (1949) calculated heritability estimates of 

mortality for the production flock of the University of California. The 



data •r• analyzed using the probit transformation. The resulting heri­

tability e1t1mat1Js were as follows1 .089 for total mortality, .026 for 

deaths due to reproductive disorders, .048 for deaths trom lymphomatosi1, 

and .066 tor deaths from causes other than lymphomatosis. The mean inci­

dences of mortality were o.4].6 for total mortality, 0.081 for lymphoma­

toais, 0.234 for reproductive disorders, and 0.335 for causes other than 

l,m:phomatosis, The relationship between heritability estima~s and the 

incidence of ~tal mortality is presented in the following figure 1 

t,20 
X X 

X 

bi) +.10 X X 
-+J X X X 
'M 
.-f 
•rf 
,.0 
(lj 

-+J 
0 •r-1 

~'i X Q) 

::i:: 
XX 

-.10 
.20 .JO .40 .50 ,60 

Incidence£! Mortality 

These data fail to show a consistent change in heritability as the 

incidence of mortality changed. 
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MATERIALS AND METHODS 

The hatchability data. used in this study were collected on the 

pa.rents rather than the first generation progeny. Mortality data were 

collected on the first generation progeny from 2 series of dial.I.el .matings. 

Most of the pa.rental birds were selected for hatchability and this leads 

to a bias since the samples were not completely random. There is no way 

to determine the .magnitude of this biasJ but it probably is not sufficiently 

la.rge to seriously affect the results of the analyses. Previous work 

(Shoffner and Sloan, 1948 a.nd Wilson, 1948b) indicated that 16 percent or 

less of the variance in hatchability was genetic. For this reason, it is 

not likely that hatchability in those birds selected to be parents will 

deviate much from the flock average from which they were selected. 

All data were analyzed by hatches after an analysis of variance showed 

that a hatch effect was present for the hatchability data and percent 

mortality. In order to circumvent the problem of proper weighting for 

families 'Which differed greatly in size, the smallest families were excluded 

(Lush et al.J 1948). Begard.ing mortality data, only sire families with 3 

or more dams, each of which had hatched J or more chicks, were used. The 

number of sire and dam families eliminated from the analyses was small in 

all hatches except the fourth. For example, in the first batch no Hew 

Hampshire sire families "Jere eliminated and only 7 dam families were elimi­

nated. Five of the dam families •re eliminated because tbey contained 

only 1 or no chicks. The other 2 families were eliminated because they 

contained only 2 chicks. Seven out of 57 dam families •re eliminated in 

this instance. With few exceptionsJ sire families were eliminated becauu 

they contained no chicks or only 1 dam with more than 2 chicks. In the 

fourth hatch, J or 4 sire families were eliminated from each analysis-. 
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Since a minimum of 4 eggs was aet per dam., the only data excluded from 

the batchability analyses were sire families with hatchability percentages 

of zero or extremely low percentages. 

Bx.eluding some dams and sires from the analyses because of the mor­

tality level or because of hatchability biased the samples to some extent. 

It is doubtful if these samples were biased to the extent that they would 

have been biased by including all sires and dams. ibr example., if a dam 

hatched 2 chicks and l died, 50 percent morta.li ty resulted. In other 

cases., all the dams in some pens showed hatchability percentages of less 

than 20 percent when mated with certain sires. It was felt that such lcnr 

percentages of hatchability lll!'Jre due to poor fertility of the male and 

placed too great a penalty on the females. This was substantiated by the 

fact that in all cases of poor hatchability in a given pen, the same females 

gave high percentages of hatchability when mated with other males. It is 

doubtful if any breeding experiment will ever result in a desirable number 

of progeny for each dam and sire used; thus, the nature of the experiment 

dictates that some of the data collected cannot be used in the analyses. 

The statistical technique used to extract the desired infonnation 

from these data was outlined by Lush et al (1948). It is essentially an --
analysis of variance based upon percentages. However, the data are of an 

all-or-none typeJ in that each chick either lived or died and each egg 

hatched or failed to hatch. Thus each chick or egg had to go into one or 

the other of two mutually exclusive classes. Such data are distributed 

binomially rather than normally. 

The actually observed variance in binomial data is correlated with 

the me an and becomes very small when the average percentage in either class 

approaches zero. For this reason,heritability estimates derived from 

binomial. data will depend,to some extent,upon the average incidence of 
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mortality or hatchability. Within a given flock where all birds are 

subjected to approximately the same environment in regard to diseases, 

management and other factors, these estimates should be ad.equate, Before 

such data can be compared with data from other sources where the percentage 

mortality or hatchability are likely to be different, some correction for 

the average incidence of mortality or percentage hatchability must be made, 

One method of making this correction is the transformation of the 

data to the probit scale. The basic assumption for this transformation is 

that resistance to death, whether it be embryonic or post-embryonic, among 

individual birds is a continuous and normally distributed variable with 

death being a threshold that separates the population into two fractions. 

Heritability estimates calculated on the observed percentage sea.le can be 

transformed to the genetically more accurate heritability on the probit 

scale by multiplying it by 

where p is the fraction which dies and Z is the height of the ordinate 

which truncates p of the area of the normal curve. p can be calculated 

and Z can be determined from statistical tables (Table V, Finney, 1952). 

The details of the analysis and transformation to the probit scale 

are presented in Table 43 of the Appendix. 
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Hatohabili ty data are presented by hatches in 'lable 23 for each breed 

and cross. Hatchabili ty percentages are presented by pens in Tables 24 

through 27. Percentages of hatchability varied ao much between hatches, 

it is difficult to draw any conclusions regarding which breed or cross had 

the best average. 'When the data were combined for all hatches., the crosses 

shoad a slightly higher percentage hatch of fertile eggs and total eggs 

than the breeds. The differences were small in all cases. To test the 

significance of these differences., "t" tests were made on a hatch basis 

and on the pooled data for all hatches. The mean of the crosses was 

compared to the mean of the breeds ,and the mean of the better cross in 

each instance was compared to the mean of the breeds. The resulting "t" 

values were as follows: 

Comparison 

Crosses vs breeds-.%HF 
SB I NH vs breeds-%HF 
NH I SB vs breeds- HF 
Crosses vs breeds-
SB I NH vs breeds-%BT 
NH X SB vs breeds-%HT 

1 

.513 
1.000 

.169 

2 

.312 

.J58 

Hatch 
3 

.547 

1.062 
.007 

.945 

4 
.446 

2.l.60* 

All 
1.611 
1.34a 

.215 

-Indicates that the breed mean was equal to or slightly greater than the 

cross mean. 

*IndicateB significance at the 5% level. 

These data fail to show a significant difference between the crosses 

and breeds in hatchability. Thus no heterotic effect on hatchability was 

evident. 

Heritability estimates for hatchability and the maternal effects on 
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hatchability are presented in Tables 28 through 31. It is obvious from 

the size of the sire a.nd dam contributions in relation to the total vari­

ance and from heritability estimates based upon observed hatchability 

percentages,that a rather large maternal effect was present in the dam!s 

contribution to the variance. Hence any heritability estimate based upon 

the dam ta contribution to the variance or a combination of sire and dam 

contributions will be in excess of the true estimate. For this reason., 

heritability estimates based on the sire components of variance were con­

sidered to be more indicative of the true estimates; thus., only these 

estimates were transformed to the probit sea.la. Heritability based upon 

the observed hatchability percentages and calculated from 4S/T ranged 

from -.017 to .365 for hatchability of all eggs., and ranged from -.104 to 

.333 for hatchability of fertile eggs 'Iii th means of .107 and .047 re­

spectively. Heritability estimates on the probit sea.le ranged from -.037 

to -581 with a mean of .201 for hatchability of all eggs and ranged from 

-.366 to .580 with a mean of .076 for hatohability of fertile eggs. 

Mean heritability estima.tes are calculated for the different breeds and 

crosses, and are presented in the following table& 

% 
Heritability 

Probit Scale Observed 
Breed or Cross AA %HF %HT :tHF 

NH .128 .058 .270 .141 
NH X SB .101 .037 .190 .073 
SB X NH .078 -.051 .131 -.136 
SB .117 .124 .195 .226 

Heritability estimates were higher in both breeds than in the crosses. 

In order to determine the effect of percentage hatchability upon 

heritability., mean estimates were calculated for various levels of hatch­

ability. The results were as follows: 
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% 
Heritability 

Probit Scale Percentage Cbserved 
Hatchabilitz ffi ifiF %HT %HF 

Below 65 .155 .110 .250 .189 
65-69.9 
70-74.9 .o65 .134 
75-79.9 .J..48 .314 
80-84.9 .OJ6 .110 .075 .244 
85-89.9 .011 .040 
90-95.0 -.029 -.086 

In general, heritability was lower at the higher hatchability percentages. 

Maternal effects •re evident in all cases except among Silver Oklabara 

in the fourth hatch. When expressed as a parcentage of the total variance, 

maternal. effects calculated on the observed percentages ranged from .10 

to .JJ with a mean of .176 for percentage hatch of all eggs,and ranged 

from .045 to .231 with a mean of .138 for percentage hatch of fertile 

eggs. Values for maternal effects 11ere considerably higher when trans­

tonned to the probit scale. The range for maternal effects upon percent­

age hatch of all eggs was .157 to .655 with a mean of .358,and the range 

for these effects upon percentage hatch of fertile eggs was .097 to .621 

with a mean of .342. There was considerable variation among breeds and 

crosses in regard to the magnitude of the maternal effects. When the 

maternal effects from the dams of each breed were pooled, there was no 

breed difference. 

Resistance to Death 

Mortality data are presented in Tables 32 through 35. New HampshiNs 

showed the lowest percentage of mortality of all breeds and crosses in 

all hatches except the fourth hatch. Silver Oklabars sho•d the highest 

percentage of mortality of all breeds and crosses in all hatches. The 

average mortality percentage for the breeds was less than 1 percent 
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greater than the average for the two crosses. 

To test the significance of these differences, the mean mortality 

rate for the crosses was compared to the mean for the breeds by means of 

the "t" test. No significant differences were noted on a hatch basis or 

when the data for the 4 hatches were pooled. Since there •re no signifi­

cant differences, the "t" values have been omitted. These results indicated 

that no heterotic ef 1'ect was present on resistance to death to 10 weeks 

of age. 

\then the data were analyzed on a pen basis, it was difficult to draw 

definite conclusions regarding the superiority of one breed or cross over 

the other in viability. Due to the small numbers of chicks involved, an 

increase of one in the number of chicks that died often more than doubled 

the mortality percentage. The results are similar to those obtained on 

a hatch basis,.and tend to substantiate the conclusion that no heU!rotic 

effect was evident on viability to 10 weeks of age. 

Heritability estimates and the maternal effects involved with re­

sistance to death to 10 weeks of age are presented in Tibles J6 through 

39. Dams rather consistently contributed more to the total variance than 

did sires. It is apparent that a maternal effect was exerted on liva­

bility to 10 weeks of age. Since the dams' contribution to their off­

spring contained maternal effects, heritability estimates based upon the 

dams' contribution will be in excess of the true estimates. For this 

reason, heritability estimates based upon the sires I contribution to the 

genetic variance were considered to be more indicative of the.true herita­

bility estimates for resistance to death.. Only estimates based upon the 

sires' contribution ware converted to the probit scale. 

Heritability estimates based on the sires' components of variance 

ranged from -.110 to .457 with a mean of .048 when calculated on the 
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o~served percentages of mortality. On the probit scale, these estimates 

ranged from -.845 to 1.719 with a mean of .162. Based on observed per­

centage of mortality., mean estimates for breeds and crosses wre as followsa 

.013 for New Hampshire s; .116 for New Hampshires X Silver Oklabars; .OJO 

for Silver Oklabars X New Hampshires, and .OJ4 for Silver Oklabars. 

Trans.formation of these estimates to the probit scale resulted in the 

following means a -.052 for New Hampshires; .224 for New Hampshires I 

Silver Oklabars; .Jl6 for Silver Oklabars X New Hampshires, and .161 for 

Silver Okla.bars. The crosses as a group gave higher heri tabili ties than 

the breeds in both cases. 

In order to determine the effect of level of mortality upon the heri­

tability of resistance to death, mean heritabilities •re calculated for 

various levels of mortality. The results were as follows: 

%Mortall ty 

2.0 - 2.9 
3.0 - 3.9 
4.0 - 4.9 
5.0 - 5.9 
6.o - 6.9 
7,0 & above 

*Only one es ti.mate 

Observed % 

-.038 
.041 
.090 

-.110* 
.158 

Heritability 
Probi t Sea.le 

-.334 
.292 
.463 

-.445* 
.454 

With the exception of mortality at the 6.0 - 6.9 percent level, herita­

bility was higher at the higher mortality levels. 

Maternal effects were evident in 10 of 16 caseso Based on the 

observed mortality percentages, maternal effects ranged from .001 to .257 

with a mean of 00950 When these figures were transformed to the probit 

seal.a, the range was .007 to 1.039 with a mean of .416. Mean maternal 

effects by breeds and crosses based on observed mortality percentages and 

the probit scale respectively were as follows: ol05 and .582 for New 
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Hampshires ; .020 and ol45 for New Hampshires X Silver Oklabars; .144 anc 

.625 for Silver Oklabars X New Hampshires,; and .131 and .. 4)6 for Silver 

Oklabars. New Hampshire females contributed a greater maternal effect 

than Silver Oklabar females~ 
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DISCUSSION 

Hatchabili ty 

Each cross yieJded a higher percentage hatch of fertile eggs than the 

better pa.rental average. In each hatch one or the other cross had a higher 

average than the better pa.rental average. Bach cross yielded a slightly 

higher percentage hatch of total eggs than the combined parental average, 

but less than the better parental average. These results indicat.d tha 

presence of heterosis, but 11 t 11 tests failed to show a significant differ­

ence in any of' these comparisons. New Hampshires yielded approximately a 

5 percent better hatch of all eggs set than the Silver Oklaba.rs, but 

the results were reversed regarding hatchability of fertile eggs. The 

Silver Oklabars yielded a 5 percent better hatch in th.is respect than 

the New Hampshires. These results show that the New Hampshires produced 

more fertile eggs than the Silver Oklabars, but the latter breed hatched 

a higher percentage of their fertile eggs than did the New Hampshires. 

Hence, it is possible that any heterotic effect upon hatchability of all 

eggs set could have been masked by infertility of the eggs set. It is also 

possible that preferential matings caused some of the observed infertility. 

Since there were approxi.ma tely equal numbers of females of each breed in 

each pen, but only one ma.le of a breed in a given pen, it is possible that 

some or all males showed a preference for their own breed causing the crosses 

to produce a lo"9r percentage of fertile eggs. 

These results lead the writer to conclude that heterosis in hatch­

ability needs to be investigated more thoroughly. The use of larger numbers 

of experimental birds than were used in this study would be of great value. 

Perfonning these studies at different times of the yaar would also be 

beneficial. This study was conducted at the time of year when fertility 
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a.nd hatchability 118re declining. 

The size of the heritability estimates presented in Tables 28 through 

31 are of the magnitude that family selection will be more efficient than 

individual selection in improving hatchability. It is also evident that 

due to low heritability estimates obtained, improvement will be a rather 

slow process. Since the maternal effects wre of such magnitude, it might 

be advantageous to place more emphasis on the selection of dams rather than 

sires. 

Heritability of hatchability varied considerably among the different 

breeds and crosses. Regarding hatchability of all eggs, New Hampshires 

gave the highest estimate of heritability with Silver Oklabars giving tbe 

loast estimate. In the case of hatchability of fertile eggs., Silver 

Oklaba.rs gave the highest estimate of heritability and New Hampshires gave 

the second highest. The only explanation the writer can advance to explain 

this is the effect of level of hatchability. Breeds and crosses with the 

highar hatchability percentages gave lonr heritability estimates with the 

exception of New Hampshires in regard to percentage hatch of total eggs. 

In this instance., New Hampshire a yielded a slightly higher percentage hatch 

of all eggs than the other groups, and also gave the highest hari tabili ty 

estimate. Due to the small numbers of birds involved in this study, sam­

pling e?Tor could have caused this deviation. 

Tbe nature of the maternal effects obtained in this study cannot be 

ascertained from these data. The dam contributes through the egg sba lays 

all the nutrients necessary for the development of the chick. It is 

possible that some dams fail to supply the proper balance of nutrients in 

their eggs. There is a possibility that cbemical substances such as 

hormones and antibodies are deposited in different amounts in eggs, and 

tbe growth and development of chicks might be hirxlend or stimulated as 
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the case might be. Some inherited egg characteristics such as size, shape., 

and shell thickness very likely a.re contributing .factors to maternal e.f'fects. 

If cytoplasmic inheritance is involved., it is another source of the ma­

ternal influence upon hatchability. 

Regardless of the nature of the maternal influences., some or all of' 

it is undoubtedly affected by heredity and some improvement can be expected 

as a result of selection (Srb and Owen, 1952). In .fact., some improvement 

in hatchability might be obtained indirectly by the selection for egg size, 

shell quaJ.ity and other egg characteristics (Landauer, 1948., and Juli., 

1952). 

Resistance to Death. 

The results of this investigation indicate that resistance to death 

to 1.0 weeks o.f age was inherited in the manner typical of a quantitative 

trait. No apparent bet.erotic effect was involved., but a maternal effect 

waa present. 

The heritability estimates based on the observed percentages of mor­

tality a.re comparable with the estimates reported by other investigators. 

Heritability estimates on the probit sea.le are considerably in excess of 

those previously reported. One possible reason for this discrepancy is 

that the previously reported estimates were calculated on laying house 

mortality and might not be comparable 'With mortality to 10 neks of age. 

A. more likaly explanation is that due to sma.11 numbers involved in this 

study., sampling error was great. 

When transformed to the probit scale, many of the estimates wre 

greatly increased. The increase due to the transformation to tba probit 

scale was caused by the low incidence of mortality. As the incidence of 

mortality approaches zero., the height of the ordinate (Z), which truncates 
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the percentage of chicks that died (p) on the normal curve., dacreases 

considarably. Since p (1-p) must be divided by z2 to obtain a figure to 

multiply each heritability estimate by, it is clear that tha figure will 

increase as Z decreases. AJ3 an example., when the incidence of mortality 

is about 1-5 percent, the transformation figure is slightly less than 10. 

When the incidence of mortality increases to 12 percent, the transformation 

figure drops to less than J. Whan heritability estimates of the ma.gnituda 

obtained in this study are multiplad by transformation values of fran , 

to 10, some heritability values greater than l will result. In the case 

of laying house mortality., which is likely to run betwaen 15 a.od 25 percent 

annually., the transformation figures would be greatly reduced. 

Heritability of resistance to death varied considerably among the 

different breeds and crosses. New Hampshires gave the lo1Mst estimates 

with a mean of -.052 on the probit scale. The Silver Oklabar X New 

Hampshire cross gave a mean estimate of .224, and the Silver Oklaba.rs gave 

a mean estimate of .161. There are two possible explanations for this• 

results. Crossing two breeds which have been bred as closed flocks for 

several Y9ars could very easily increase the genetic variance by intro­

ducing new genes from each breed. Increasing tha genetic va;riance would 

increase heritability. Silver Oklabars qre developed from several breeds 

and have not been bred as a closed flock as long as the New Hampshires. 

Thus it is likely that the Silver Oklaba.rs have more genetic variability 

than the New Hampshirea and would give higher heritabili ties. Anotmr 

explanation for the va;riation of heritability estimates among breeds and 

crosses was tha effect of level of mortality. As tbl level or mortality 

increased, the heritability also increased. New Hampshires showed the 

low.st mortality percentage and would be expect.d to give tha low.st 
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heri "tabili ty on this basis. Silver Oklabars 1Nre the on1y exception to 

this expl.anation. Mortal.ity was highest in the latter breed, but herita-­

bil.i"ty wa.s the second lowest estimate. It is possibl.e that both 0£ tbest1 

explanations are val.id and f'unction at the sam. time. 

An inconsistent maternal e£fect was evident regarding resistance "to 

death to 10 1n1eks 0£ age. The nature of thase maternal. e££ects bas sevt 

possible explanations which have been discussed in connaction with hatch­

ability. 
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SUMMARY 

Hatchability and mortality data were studied in 4 hatches of New 

Hampshires, Silver Oklabars., and reciprocal crosses betwen thase breeds. 

The data wen analyzed as outlined by Lush and associates (1948) to de­

te:nnine bat.erotic effects, heritability estimates., and maternal effects 

for hatchability and resistance to death to 10 weks of age. The results 

wre as follows 1 

l. No bet.erotic effect was evident upon the percentage hatch of 

fertile eggs or upon the percentage hatch of total eggs. 

2. Heritability estimates based upon the sires' contribution to the 

/ 
genetic variance ranged from -.017 to .J65 with a mean of .107 for per-/ 

,..-· 

centage hatch of all eggs. The range was -.104 to .333 and the mean was 

.047 for percentage hatch of fertile eggs. When the heritability estimates 

1Nre transformad to tha probi t scale, tha range was -.037 to .581 and the 

.m.an was .201 for hatchabili ty of all eggs. The range was -.J66 to .580 

and the mean was .076 for hatchability of fertile eggs. 

3. Maternal. effects were present in all cases except among Silver 

Oklabars in the fourth hatch. Based upon observed hatchabili ty percentaps, 

maternal effects ranged from .10 to .33 with a mean of .176 for hatchability 

of all eggs. Tmsa effects rangad from .045 to .231 with a mean of .138 

for ha.tchability of fertile eggs. I.hen trans.forJMd to the probit sea.le, 

maternal effects rangad from .157 to .655 and the mean was .356 for hatch­

ability of all eggs. The range was .097 to .621 and the mean was .342 far 

hatchability of fertile eggs. 

4. No hat.erotic effect was evident upon the resistance to death to 

10 aeks of age. 

5. Heritability estiJD.a.tes based upon the sire's contribution to the 
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genetic variance ranged from -.110 to .457 with a mean of .048 for re­

sistance to death to 10 weeks of age. When these values wre transfonned 

to the probit scale, the range was -.845 to 1.719 and the mean was .162. 

6. Maternal effects ware evident in 10 of 16 cases. Based on the 

observed mortality percentages, these effects ranged from .001 to .257 

with a maan of .095. Transformad to the probit scale the range was .007 

to 1.039 and the mean was .416. 
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Table 23 

PERCENT Ha.TCHA.BILITY BY BREEDS A.ND CROSSES FCR EA.CH ID\TCH 

Fi.rat Batch 

Breed or Eggs No. No. % Hatch of % Hatch of 
Cross Set Infertile chicks &rtile Eggs Total Egs 

NH 522 18 422 83.7 80.8 
NH X SB 537 72 410 88 .. 2 76.4 
SB X NH 539 54 447 92.2 82.9 
SB 501 57 405 91.2 80.8 
Total 2099 201 1684 88.7 80.2 

Second Hatch 

NH 427 64 327 90.1 76.6 
NH X SB 455 92 333 91.7 73.2 
SB X NH 508 50 407 88.9 80.1 
SB 436 72 333 91.5 76.4 
Total 1826 278 1400 90.4 76. 7 

Third Hatch 

NH 501 44 379 81.9 74.a 
NH .I SB 501 Bl 364 86.7 72.7 
SB X NH 531 136 342 a5.3 63.7 
SB 545 175 302 81.6 55.4 
Total 2090 436 1387 83.9 66.4 

Fourth Hatch 

NH 480 65 234 56.4 48.8 
NH X SB 404 112 195 66.8 48.J 
SB I NH 500 164 232 69.0 46.4 
SB 467 144 223 67.0 47.B 
TotaJ. 1851 485 884 64.7 47.8 



Table 24 

PERCENT HATCHABILITY BY PENS FOR THE FiltST HATCH 

NH NH X SB SB SB X NH 
% HT --

% HF % HT $ HF % HT 
-

Pen i HF % HT % HF Pen 

2 87 .o 85.5 86.5 81.8 11 88.9 87..5 91.7 88.8 

12 80.5 75.0 94.1 92.3 21 94.9 84.1 88.J 85.5 

13 90.2 90.2 71.7 61.1 22 8J.9 76.5 94.9 94.9 

14 95.7 93.8 95.8 86.8 23 85.4 76.1 91.4 86.5 

15 78.4 74.4 88.6 75.6 24 91.9 68.0 93.9 80.7 

16 Bo.o 78.J 89.7 78.8 25 97.3 81.8 95.7 80.4 

17 90.0 90.0 95.2 93.0 27 94.1 81.4 91.J 73.7 

18 67.3 62.7 97.0 71.1 28 OH 0 0 0 

19 87.3 82.8 88.2 50.8 29 94.4 83.6 95.1 81.J 

20 77.5 75.6 88.l 82.2 JO 78.0 66.7 91.5 78.J 

Total. 83.7 80.0 88.2 76.4 Total 91.2 80.8 92.2 82,9 ~ 

l* 87.2 l 81.0 80.8 i 75.0 26* 100.0 98.o 93.6 81.6 
*Control Pens 
**Ma.le was infertile. Not figured in totals 



Table 25 

PERCENT HA.TCHa..tHLITY BY PENS Flii. THE SECOND HATCH 

N' l NH X SB SB SB X NH 
Pen t HF 1': J.l'1' <J: J.Tli' '! WI' 'PPn % HF i HT i HF t HT 

2 as.1 83.7 94.1 82.l 11 93.3 87.5 90.2 79.3 

12 83.3 64.1 a,.1 as.1 21 93.1 87.1 87.1 84.o 

]J 88.2 83.3 90.3 82.4 22 91.7 55.0 87.2 82.9 

14 93.2 93.2 92.1 84.4 23 86.1 79.5 97.0 97.0 

15 90.0 28.l 82.4 32.6 24 94.4 85.0 88.6 83.0 

16 90.2 86.o 89.7 10.3 25 91.7 59.5 93.5 53.7 

17 94.7 94.7 97.7 91.3 27 93.B 84.9 86.5 78.9 

18 90.9 45.5 80.0 28.6 28 100.0 65.4 78.l 75.a 

19 100.0 100.0 97.6 77.4 29 88.6 62.0 81.1 75.0 

20 84.8 84.8 96.9 86.l 30 80.0 66.7 90.4 90.4 lo-I 

Tota1 90.1 76.6 91.7 73.2 Total 91.5 76.4 88.9 80.1 
~ 

l* 81.8 64.J 89.2 86.8 26* 95.7 90.0 92.7 88.4 
-t!Control Pens 



Table 26 

PERCENT HATCHABILITY BY PENS F(R THE ThIBD HATCH 

NH NH X SB SB SB X NH 
Pen S HF i HT i HF % HT Pen % HF i HT i HF % HT 

11 75.9 71.0 84.9 78.9 2 87.5 79.2 86.8 78.0 

21 82.5 70.2 90.4 76.0 12 87.5 79.2 86.2 59.5 

22 81.4 74.5 71.4 50.0 l3 72.9 57.4 93.B 86.5 

23 64.7 56.4 ao.s 62.2 14 89.2 80.5 77.8 57.3 

24 88.o 84.6 88.9 62.5 15 100.0 7.5 100.0 4.7 

2.5' 97.B 95.7 84.4 63.3 16 47.1 18.2 67.9 41.3 

27 77.3 73.9 100.0 90.2 17 84.6 57.8 87.5 77.8 

28 74.2 56.1 90.0 58.l 18 75.6 60.8 80.6 47.S 

29 89.5 77.3 82.7 75.4 19 80.0 1).6 91.3 48.8 

30 85.5 84.1 82.1 66.7 20 84.l 78.7 79.4 61.4 

Total. 81.9 74.s 86.7 72.7 Total 81.6 55.4 85.J 63.7 I-' 

~ 

l* 10.6 6J.2 91.3 Bo.a 26* 82.6 71.7 96.0 85.1 
..Control Pens 



Table 27 

PERCENT HATCHA.BILITY BY PENS FCR THE FOURTH HA.TCH 

NI NH r SB SB SB X NH 
Pen «i; HF 'L HT i HF i HT Pen i HF " HT ~ HF t Hl' 

ll 56.0 50.9 I 63.4 49.1 2 ~ 65.9 55.1 • 64.9 5a.5 
21 50.0 41.4 a5.o 77.3 12 $6.J 40.9 68.8 28.2 

22 62.1 60.0 44.4 J0.8 13 62.5 22.7 69.4 61.8 

23 57.7 50.0 67.6 50.0 14 64.7 45.8 68.8 61.1 

24 6S.J 60.4 67.9 47.5 15 82.8 58.5 61.1 27.5 

25 73.2 6J.8 37.5 20.9 16 69.6 44.4 73.8 6J.6 

27 40.9 39.1 71.8 65.1 17 61.7 52.7 61.0 39.l 

28 66.3 54.9 61.5 J0.8 18 47.5 36.5 87.5 25.9 

29 45.7 JJ.J 70.8 J8.6 19 75.0 7.3 77.8 l.4.6 

30 so.a 40.0 76.9 52.6 20 92.J a5.1 74.3 ' 59.1 

Tot.al 56.4 48.8 66.8 48.J Tota1 69.0 47.8 69.0 46.4 E 

l* 44.4 42.1 70.5 66.7 26* 85.7 76.9 69.8 59.7 
i1Contro1 Pens 



Source of 
Variation 

Total 
Between Sires 
'Ii.thin Sires 

Between Dams 
Remainder 

Table 28 

ANALYSIS OF VARIANCE, C{JlPONEN'l'S, HERITABILITY AND 
MATERI'll\L EFFECTS FIB HA.TCHABILITY IN NEW HA.MPSHIRES 

A.nalyais of Variance 

Hatch 1 Hatch 2 Hatch 3 
% HT I HF % HT i HF -1 HT % HF 

d-f MS df MS d ;f MS d ;f MS d f MS d f MS 

523 506 350 330 469 445 
10 .4llo 10 .3200 10 .5a54 10 .2528 10 .5182 10 .3397 

71 .2679 71 .2321 49 .29o6 49 .1990 67 .2719 67 .2460 
442 .1335 425 .1202 291 .0856 271 .0165 493 .1275 368 .1007 

Components .2f Variance and Estimates 

Hatch 4 
% HT J HF 

d f MS df MS 

403 350 
9 .4500 9 .4].Bl 

54 .4L41 54 .)488 
340 .2104 296 .2079 

Hatch l Hatch 2 Hatch 3 Hatch 4 
Statistics Svmbols I HT S HF :I> HT J HF J HT S HF ~ HT :.» HF 

Contribution from sires s .OOJO .0019 .0092 .0018 .0058 .0023 .0002 .0019 
Contribution .from dams D .0210 .0181 .0350 .0222 .0239 .0254 .0370 .0250 
Within families Q .1335 .1202 .oB56 .0765 .1275 .1007 .2104 .2079 
Total T .1~5 .l,402 .1298 .1oor; .1r;12 .128h .21.176 .2'3L8 

Heritability (based on 4S/T · .076 .054 .283 .072 .148 .072 .003 .032 
observed%) Wl/T .533 .516 1.078 .884 .608 .791 .596 .426 

2(s+D)/T .304 .285 .681 -478 .378 .431 .JOO .229 
Heritability (based on 4S/T.~ .154 .117 .620 .220 .300 .174 .005 .053 

Probi t scale ) 
Maternal effects (based D-S/T .114 .116 .119 .203 .u5 .1Bo .149 .098 

on observed %) 
llaternal effects (based D-S/T.~ .232 .251 .4)6 .621 .233 .434 .236 .16J 

on Probit scale) I.Ii 

I 

i::: 
a, 



Table 29 

A.NlllSIS OF VARIANCE, COMPONENTS, HERrrABILITY, AND MATERNAL 
EFFECTS FCR HA.TCHA.BILITY IN NEW HAMPSHIRE X SILVER OKIA&\R CRuSSSS 

Analysis of Variance 

Hatch J. Hatch 2 Hatch J Ha~h 4 
Source of J .tr.1· % HF I HT '.' HF :Ii HT % HF :£ HT % HF 
Variation d f M. s d f )( s d f MS df MS d f MS d f MS d f MS d f MS 

Total. 535 462 369 330 480 405 364 269 
Be tween Sires 10 .8664 10 .2147 8 .J659 B .0705 9 .4997 9 .1466 8 09845 8 .5926 
lfithin Sires 

Between Dams 76 .5194 76 .1184 58 .3127 58 .u06 70 .4694 70 .2127 55 .4225 55 .2996 
Remainder 449 .1074 376 .0822 303 .1052 264 .0611 401 .1399 326 .0893 301 .1998 206 .1833 

Components of Variance and Estimates 

Hatch 2 
Statistics -

Contribution from sires s .0071 .0022 .0013 -.0012 .ooo6 -.0016 .0139 .0098 
Contribution from dams D .o669 .0068 .0376 .0100 .0548 .0243 .0391 .0276 
lfithin families Q .1074 .0822 .1052 .0611 .1399 .0893 .1998 .18JJ 
Total T .18tli .0912 .llilil .0699 .195'3 .1100 .2c;'28 .220 

Heritability (based on 4S/r .157 .096 .036 -.069 .012 -.057 .220 .178 
observed%) 4D/r 1.475 .298 1.044 .572 1.122 .867 .619 .500 

2(5-tD)/T .816 .197 .540 .252 .567 .405 .419 .339 
Heritability (ba.sed on 4S/T.p(l-p) .312 .257 .080 -.167 .022 -.098 .J46 .JOO 

Probit scale) Z2 
Maternal effecta (based D-S/T .330 .214 .2.52 .160 .278 .2Jl .100 .081 

on observed%) 
Maternal ef fee ts (based 

_o_n Probi t scale ' 
D-S/T.p(l-p) .655 .574 I .559 I .Ja1 I .51a I .398 I .157 I .136 

~ 
\0 



Table JO 

ANALYSIS OF VARIANCE, CCMPONENTS, HIBITABILITY, AND MATIBNA.L 
EFFECTS FCR HI\.TCHA.HILITY IN SILVER OKIA.B.Ul I NEW HAMPSHIRE CROOSES 

Anal.ys is .2£ Variance 

Hatch 1 Hatch 2 Hawn J Hat.c n 4 
Source of $ HT I HF S BT S HF S HT % HF % HT % HF 
Variation d r MS d :r MS df MS df MS d f MS d f M S d :r MS d f MS 

Total 508 470 401 387 493 398 424 318 
Between Sires 9 .1881 9 .0093 8 .2293 8 .0724 9 .8267 9 .2848 8 .9808 8 .0763 
'Within Sires 

.89t11een Dams 71 .2152 71 .0852 63 .1925 63 .1187 70 .4892 70 .2018 58 .4588 58 .2900 
Remainder 428 .0980 390 .0563 330 .0989 316 .0855 414 .1553 319 .1053 358 .2003 252 .2048 

Components .2f Variance ~ Estimates 

Hatch 1 Hatch 2 Hatch 3 Hatch 4 
Statistics Svmbols % HT $ HF $ HT I HF f; HT i HF· S HT $ HF 

Contribution from sires s <o;"a0005 -.0016 .0008 -.OOll .0068 .0017 .0111 -.0061 
Contribution from dams D .0187 .0050 .Ol.68 .0062 .0540 .0156 .0408 .0348 
'Within families Q .0980 .0563 .0989 .oa55 .1553 .1053 .2003 .2048 
Total T .ll62 .0597 .U65 .0906 .2161 .1226 .2;22 .233~ 

Heritability (based on 4S/T -.017 -.107 .027 -.049 .126 .055 .176 -.104 
observed%) WJ/r .644 .335 .577 .274 1.oon .509 .647 .596 

2(S+D)/T .313 .l.14 .302 .ru .$62 .282 .4].2 .246 
Heritability (based on 4S/T.p(l-p) -.037 -.366 .065 -.130 .217 .131 .278 -.179 

Probit scale) z2 
Maternal effects (based D-S/T .l.65 .lll .137 .081 .218 .113 .118 .175 

on observed%) 
D-S/T.1J(l-o~ .363 .216 .375 .269 .187 .JOO Maternal effects (based .379 .331 

on Pro bit scale) ~ 

I-' 
N 
0 



Source of 
Variation 

Total 
BP.twei=m Sires 
Within Sires 

Between Dams 
Remainder 

Table 31 

ANALYSIS OF VARIANCE, COMPONENTS, HERITAfilLITY AND 
MATERNAL EFFECTS FDR HATCHABILITY IN SILVER OKLA:&\RS 

Analysis of Variance 

Hatch 1 Hatch 2 Hatch 1 
% HT ~ HF % HT % HJ!' % HT '.I, .ti.tt' 

df MS df MS d ;f MS d ;f MS d f' MS d f' MS 

491 441 406 359 401 339 
9 .3518 9 .1066 10 .2864 10 .0818 7 .5331 7 .4954 

67 .2607 67 .1014 63 .2796 63 .1176 59 .4270 59 .1889 
415 .1117 365 .0571 333 .1203 286 .0712 335 .1637 273 .1203 

Components or Variance and Estimates 

H;:itcr h 
% tt'l' % HF 

df MS d f MS 

380 307 
9 1.1456 9 .7212 

52 .2839 52 .1917 
319 .2128 246 .1886 

Hatch 1 Hatch 2 Hatch 3 Hatch 4 
Statistics Symbols % HT % HF % HT % HF % HT % HF % HT '.I, HF 

Contribution from sires s .0019 .0002 .0002 -.0011 .0021 .0072 .0226 .0172 Contribution from dams D .0233 .0079 .0290 .0100 .0439 .0135 .0116 .0006 Within families Q .lll7 .0571 .1203 .0712 .1637 .1203 .2128 .1886 Total T .1369 .0652 .1495 .0801 .2097 .1410 .2470 .2064 

Heritability (based on 4S/T .056 .012 .005 -.055 .040 .204 .365 .333 observed%) 4D/T .681 .485 .776 .499 .837 .383 .188 .001 
2(S+D)/T .)68 .248 .391 .222 .439 .294 .277 .172 Heritability (based on 4S/T.p(l-p) .118 .049 .011 -.168 .071 .442 .581 .580 Probit scale) z2 

Maternal effects (based D-S/T .156 .118 .193 .139 .199 .045 0 0 on observed%) -
Maternal ei'fects (based D-S/T.p(l-p) .)JO .477 .407 .425 .353 .097 0 0 on Probit scale) 72 

I-' 
I\) 

I-' 



Table 32 

PERCENT .ltCiiTALITY BY PENS F<E. THE FmsT HATCH 

NH NH X SB 
No. No. % No. No. % 

Pen r.h; r, lt-i:t T'lo:in lln'T'+.- P.h-i n lra T'lo~n U,vr1". _ 

2 46 1 2.17 43 2 4.65 

12 33 2 6.06 48 l* 2.08 

13 37 1 2.70 32 0 0 

14 45 0 0 45 4 8.89 

15 29 l* 3.45 31 0 0 

16 34 1 2.94 25 l 4.00 

17 42 2(l*J 4.76 38 1 2.63 

18 36 0 0 32 1 J.]J 

19 46 0 0 28 l* 3.57 

20 30 0 0 36 0 0 

Total 378 8 2 .l.2 358 ll 3.07 

l** 32 0 0 39 1 2.56 
*Siclc-at 10 weeks of age and classified as mortaJ.ity. 
*MC:ontrol Pens 

SB X NH 
No. No. % 

H:•n Chicks TlPad Mort. 

11 54 1 1.85 

21 53 1 1.89 

22 36 2 5.56 

23 31 1 3.23 

24 44 2 4.55 

25 44 1 2.27 

27 40 3 7.50 

28 0 0 0 

29 37 0 0 

30 53 2 3.77 

392 13 3.32 

26** 43 2 4-65 

... -
SB 

No. No. % 
Chi~ks T}p,qn Mn'T'+.-

54 0 0 

36 1 2.78 

22 0 0 

32 1 J.13 

31 2 6.45 

35 l 2.86 

45 4 8.89 

0 0 0 

46 2(l)if 4.35 

35 2 5.71 

336 13 3.87 
~ 
I'\) 

48 2 4.17 



Table JJ 

PmCENT MCRTALITY BY PENS FCR THE SECOND HA.TCH 

NH NH X SB SB X NH SB 
No. No. ~ No. No. '1 No. No. '1 No. No. '1 

Pen Chicks Dead Mort. Chicks Dead Mort. i:>on r:n;~k~ Dean Mort. Chicks Dead Mort. 

2 32 2 6.26 28 2 7.14 11 44 0 0 31 1 2.70 

12 23 0 0 35 J. 2.86 21 38 0 0 25 l. 4.00 

13 29 l J.4S 25 0 0 22 33 0 0 9 l. ll.ll 

14 41 1 2.44 36 2 5.56 23 28 l. 3.57 29 2 6.90 

l.5 8 0 0 12 0 0 2h 37 7 l.8.92 33 4 12.12 

16 35 l 2.86 22 0 0 25 27 0 0 21 0 0 

l.7 36 0 0 41 0 0 27 44 l. 2.27 42 0 0 

l.8 l.9 l 5.26 ll 0 0 28 23 0 0 16 0 0 

19 45 0 0 37 1 2.70 29 29 l 3.45 28 2 7.14 

20 27 0 0 30 0 0 JO 47 2 4.26 28 l 3.57 
f,-J 

Total. 295 6 2.03 277 6 2.17 Total 350 12 3.43 268 12 4.48 ~ 

l** 17 0 0 32 l 3.13 26** 34 0 0 40 0 0 
**Control Pens 



Table 34 

PERCENT MCRTALITY BY PENS FCR THE THIRD HATCH 

NH NH X SB 
No. No. :x, No. No. ~ 

Pen Chicks Dead Mo;rt. Chicks Dead Mort. 

ll 42 1 2.38 44 4 9.09 

21 30 0 0 34 0 0 

22 34 0 0 9 0 0 

23 19 0 0 31 0 0 

24 4J 0 0 40 l. 2o50 

25 40 2 (l.* j 5.00 37 l 2.70 

27 32 l 3.13 42 2 4. 76 

28 18 2 11.ll 14 l 7.14 

29 31 l 3.23 40 6 1.5.00 

30 56 l* 1.79 30 0 0 

Total J4S 8 2.32 321 15 4.67 

l** 10 0 0 19 2 10.53 
*Sick at 10 weeks o.f age and clas:.:;ified as mortality 
...Control Pens 

SB X NH 
No. No. p 

Pen Chicks Dead r.fort. 

2 )6 6 16.67 

12 24 l 4.17 

13 42 0 0 

14 32 0 0 

15 0 0 0 

1.6 18 l 5.56 

17 44 3 6.82 

18 21 0 0 

19 19 0 0 

20 26 J. J.85 

262 12 4.58 

26** 46 0 0 

SB 
l NO. No. 

Chicks Dead 

37 4 

37 5 

21 0 

30 l 

0 0 

10 3 

31 1 

27 0 

6 0 

32 3 

231 17 

33 0 

p 
Mort. 

10.81 

13.51 

0 

3.33 

0 

J0.00 

J.22 

0 

0 

9.38 

7.36 

0 - ·-

...., 
I'\:) 

+-



Table 35 

PERCENT MORTALITY BY PENS FOR THE FOURTH HA.TCH 

NH NH X SB SB X NH SB 
NOe .NOe ;ti .NO• .No • 7i No. lfo. ,. No. lfo. ,. 

Pen Chicks Dead Mort. Chicks Dead Mort. Pen ~hi ra\ra T\ogA Un ... + __ ~h; "\ra n...J:llA .. , ___ _._ 

ll 25 3 12.00 24 l 4.17 2 21 0 0 20 4 20.00 

21 17 0 0 15 1 6.67 12 8 3 37.50 17 5 29.4J. 

22 l.7 1 5.88 4 0 0 13 31 0 0 6 0 0 

23 15 2 1.3.33 22 3 ].J.67 14 20 1 5.00 8 0 0 

24 32 1 3.13 l.6 l. 6.25 J.5 l.O 0 0 24 5 20.83 
2$ JO 3 J.0.00 7 1 14.28 16 27 5 l.B.52 14 1 7.14 

27 l.6 4 25.oc 26 8 30.77 l.7 22 l. 4.55 28 2 7.14 

28 26 1 J.85 7 0 0 18 6 1 16.66 J.4 l 7.14 

29 13 0 0 l.6 l 6.25 19 6 0 0 0 0 0 

30 21 0 0 18 1 5.56 20 25 l. 4.00 35 2 5.71 

Total 212 15 7.08 155 17 10.97 Total 176 12 6.82 166 20 12.05 
~ 
\Tl 

l** 8 0 0 22 3 lJ.64 26** 33 2 6.06 26 2 7.69 
~nn+ .... n "1 "UaT,., 



Source of 
Variation 

Table 36 

ANALYSIS uF VARIANCE, CLMPONENTS, HERITABILITY, AND MA.TE.RNAL EFFECTS FOR 
RESISTANCE TO DFATH TO TEN WEEKS OF AGE IN NEW HA.MPSHIRES 

Analysis of Variance 

Hatch l Hatch 2 Hatch .3 
df MS d f MS d f MS d f 

Hatoh 4 
MS 

Total 313 277 217 120 
~tween Sires 10 .0142 8 .0188 9 .0308 6 .1877 
Within Sires 

Ibtween Dama 40 .0322 42 .0202 42 .0183 16 .1375 
Remainder 263 .0206 227 .0215 246 .0235 98 .0764 

Components £!. Variance and Estimates 

Hatch 1 Ha+.,.h 2 Hat - -- -

Contribution from sires s -.0006 -.0001 .0003 .0029 
Contribution fran dams D .0019 -.0002 -.0012 .0116 
Within families Q .0206 .0215 .023.5 .0764 
Total T .0219 .0212 .0226 .o 
Heritability (based on 4S/T -.110 -.019 .053 .127 

observed %) 4D/T .)47 -.038 -.212 .510 
2(S,,.D)/T .ll9 -.028 -.080 .319 

Heritability (baaed on 4S/T.~ -.845 -.155 .411 .383 
Probit scale) 

I lla.ternaJ. effects (based I I I on observed%) D-S/T .114 .096 
llaternal. effects (based 

on Probit scale) D-S/T.~ I .875 I I I .289 

~ 
°' 



Table 37 

ANALYSIS OF VARIANCE, C<J4PONENTS, HmITABILITY, AND MATEfi.ful..L EFFECTS FOR RESISTANCE 
TO DEaTH TO TEN WEEKS OF AGE IN NEW HAMPSHIRE X SILVEh O.KLa.&R CROSSIREDS 

Analysis of Variance 

Source of Hatch 1 Hatch 2 Hatch 3 Hatch 1i 
Variation d f MS df MS d f MS d f MS 

Total 364 249 297 107 
Bat-ween Sires 10 .0293 8 .0092 9 .0973 7 .2629 
Within Sires 

&!tween Dams 55 .0295 38 .0171 46 .06J6 13 .0877 
Remainder 299 .0293 203 .0158 242 .0505 87 .0972 

Components of Variance and Estimates 

Statistics Svmhols Hatch 1 Hatch 2 Hatch 3 Hatch L. 

Contribution from sires s 0 -.0003 .0011 .0123 
Contribution from dams D .00004 .0002 .0025 -.0018 
Within families Q .02930 .0158 .0505 .0972 
Total T .02934 .0157 .0541 .1077 

Heritability (based on 4S/T 0 -.076 .084 .457 
observed %) LD/T .005 .051 .182 -.067 

2(SiD)/T .ooJ -.001 .133 .195 
Heritability (based on 4S/T.p(l-p) 0 -.746 .370 1.270 

Probit scale) z2 
Maternal ef fee ts (based D-S/T .001 .032 .026 

on observed%) 
Maternal effects (based 

on Probit scale) D-S/T.~ .007 .314 .115 
-

..., 
I\:> 
-.l 



Table 38 

ANALiSIS OF VARIANCE, C<l4PONENTS, HERITABILITY, n.ND Md.T&hhlL EFFECTS .r'CR hESISTANCE 
TO DEATH TO TEN WEEKS OF AGE IN SILVER OKIA.&R X NEW HAJiPSHIRE CROSSHi:EDS 

Analysis 2!_ Variance 

Source of Hatch 1 Hatch 2 Hatch 3 Hatch 4 
Variation d f MS d f MS d f .M s d f MS 

Total 394 336 270 14.3 
Between Si.res 9 .0115 10 
Within Sires 

.0687 9 .0625 6 .0946 

&tween Dams 57 .0319 51 .0285 41 .0246 23 .mo 
Remainder 328 .0296 275 .0217 220 .0408 114 .0466 

Components of Variance and Estimates 

Statistics Symbols Hatch 1 Hatch 2 Hatch 3 Hatch /.J. 

Contribution from sires s -.0005 .0013 .0008 -.0016 
Contribution from dams D .0004 .0013 -.0031 .0134 
Within families Q .0296 .0217 .0408 00466 
Total T .0295 .0243 .OJ85 .0584 

Heritability (based on 4S/T -.o68 .213 .083 -.110 
observed%) 4D/T .054 .213 -.)22 .9ltl 

2(S+D)/T -.007 .213 -.119 .484 
Heritability (based on 4S/T.~ -.460 1.719 .453 -.445 

Probit scale) 
Maternal effects (based 

on observed%) D-S/T .031 .257 
Maternal effects (based 

on Probi t scale ) D-S/T.y .210 1.0)9 

~ 
CD 



Table 39 

ANALYSIS OF VARIANCE, COMPONE1'1rS, H&UTABILITY, AND .iitATERNA.L EFFECTS Fffi 
RF.SISTANCE TO DEaTH TO TEN WEEKS uF AGE IN SI1V.Eli OKI.ABARS 

Analysis of Variance 

Source of Hatch l Hatch 2 Hatch 3 
Variation d f 1l s d r MS d f MS df 

Total 372 253 209 l.41 
Between Sires 9 .0396 9 .0530 7 .1118 6 
Within Sires 

Between Dams 58 .0464 40 .0309 33 .1001 22 
Remainder 305 .0402 204 .0342 169 .0531 ll3 

Conwonents 2f. Variance and Estimates 

Statistics Svmbols Hatch 1 Hatch 2 Hatch 3 

Contribution from sires s -.0002 .0009 .0005 
Contribution from dams D .0011 -.0006 .0092 
'Ii thin families Q .0402 .OJ42 .0531 
Total T .oL.11 .03L.~ .0628 

Heritability (based on 4S/T -.019 .104 .029 
observed%) 4D/T .107 -.070 .585 

2(S-.D)/T .044 .017 .307 
Heritability (based on 4S/T.p(l-p) -.089 -567 .107 

Pro bit scale) z2. 
Maternal effects (based 

on observed%) 
Maternal effects (based 

D-S/T .032 .139 

on Probit scale) D-S/T • E (i2p) .150 .514 
·--· 

Hatch 4 
MS 

.1900 

,1799 
.0736 

Hatch h 

.0005 

.0217 
,0736 
.0958 

.020 

.907 

.463 

.059 

.221 

I .645 
~ 
\() 
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GENERAL DISCUSSION 

Heterosis 

In this experiment, Silver Okl.abar X New Hampshire crossbreds had a 

mean 10-week body weight slightly higher than the New Hampshires and con­

siderably greater than the Silver Oklabars. The reciprocal cross yielded 

a mean 10-week body weight that was slightly less than the mean of the New 

Hampshires. Statistical analyses ("t" tests) showed that the difference 

between the means of the crosses as a group and the breeds as a group was 

highly significant. There was a significant difference bet'WBen the means 

of the crossbred males. The mean for the males of the better cross 

(SB X NH) was significantly higher than the mean for the males of the better 

parent (New Hampshires). There was no si6nificant difference between the 

means of the females in either of these comparisons. These results show 

that a heterotic effect on 10-week body weight was present when reciprocal 

crosses were made between the two breeds used in this investigation. How­

ever, the crossbreds were equal to the mean body weight of the better 

parent only when Silver Oklabar males were mated with New Hampshire females. 

No definite conclusions can be drawn as to the cause of this heterotic 

effect. The statistical analyses showed that non-additive gene effects 

were absent or negligible; thus, heterosis cannot be explained on this 

basis. This leads the writer to postulate that increased heterozygosity 

due to crossing breeds which had previously been bred as closed flocks was 

the cause of this heterosis. However, this postulation is not supported 

by experimental evidence. 

The crosses as a group did not differ significantly from the breeds 

in 10-week breast angle, hatchability, and resistance to death to 10 weeks 

of age. The means for Silver Udabar X New Hampshire cross exceeded the 
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means for the breeds a.s a group in all of these characteristics but these 

differences were not statistically significant. It must be concluded that 

no heterotic effect was present or that this effect was too small to be 

significant with each of the above characteristics. Since one cross con­

sistently averaged higher than the average for the parent breeds, these 

results suggest the need for a more thorough investigation of these traits. 

It can be concluded that the Silver Oklabar X New Hampshire cross was 

superior to the reciprocal cross. A question might be raised regarding the 

economic soundness of usin6 this cross commercially. It is the opinion of 

the writer that commercial use of this cross is economically sound. The 

crossbred progeny 111ere equal to the better parental averabe (New Hampshires) 

in 10-week uody weight. Since this is one of the major characteristics by 

which broiler stocks are evaluated, it can be seen that the cross was ade­

quate in this respect. However, this characteristic alone would not warrant 

keeping two breeds to produce crossbred progeny. The deciding factor in 

favor of the cross is the fact that Silver Oklabars possess the sex-linked 

gene for silver plum.age color that is dominant to the red color of the 

New Hampshires. The crossbred progeny will be predominantly white birds. 

Processors are demanding white feathered birds more and more. Since breeders 

cannot suddenly switch from a colored breed to a white om to supply this 

demand, crossbreeding seems to be the answer. This system permits the use 

of colored broiler strains of birds that have many years of intense se­

lection behind them, and also maintains genetic diversity to meet the 

demands of producers, processors, and consumers if their demands change in 

the future. It is very likely that their demands will change. 

Heritability 

Heritability of 10-week body weight ranged from -.47 to 1.16 with a 
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mean of .45. Based upon the sire components of variance the mean estimate 

was .62 and based upon the dam components of variance the mean estimate 

was .28. Sire components of variance gave higher estimates of heritability 

because they contain sex-linked gene effects. Since sex-linked genes can 

be additive in their effects these estimates are correct but do not repre­

sent true estimates of heritability since they are not contributed equally 

by the dams. For this reason, heritability estimates based upon a combi­

nation of sire and dam components of variance are considered to be the best 

estimates for 10-week body weight. 

Mean heritability estimates for 10-week body weight by breeds and 

crosses 11ere as follows& .45 for New Hampshires; .48 for New Hampshires X 

Silver Oklabars; .52 for Silver Oklabars X New Hampshire a., and • .34 for 

Silver Okla.bars. The higher estimates for the crosses possibly are due to 

increased gemtic variance caused by crossing two breeds which had previously 

been bred as closed flocks. The difference betlfeen the mean estimates for 

the breeds cannot be explained. It could easily be due to sampling eITor. 

Heritability of 10-week breast angle ranged from -.23 to .91 with a 

mean of .46. Based upon sire components of variance, the mean· estimate 

was .38 and based upon the dam components of variance the mean estimate 

was .56. Maternal efrects and sex-linked gene effects each were present 

in 4 of 8 cases. These effects were not consistent and it is not possible 

to determine the exact extent they influenced the magnitude of the herita­

bility of 10-week breast angle. The average maternal efl'ect was 12 percent. 

If this percentage of the total variance had been removed from the dam 

components of variance, heritability estimates calculated .from the dam 

components would have been equal to those calculated from sire components. 

Heritability of 10-week breast angle would have been .JB calculated on this 

basis. In any event., heritability was within or at least bordering on the 
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range llbere individual selection is more efficient than family selection. 

There was considerable variation among individual estimates of 10-

week breast angle within breeds and crosses, but the mean estimates among 

breeds and crosses differed only slightly. One cross (SB X NH) yielded 

an estimate slightly less than either parent, but the mean for both crosses 

was about equal to the mean for the parental strains. 

Due to the presence of large maternal effects on hatchability, herita­

bility estimates calculated from sire components of variance were considered 

to be more accurate estimates than those based on dam components of vari­

ance. Heritability estimates based on sire components of variance varied 

more for the different hatches within each breed and cross than the mean 

breed or cross estimates varied among themselves. 

Both crosses yielded heritability estimates for hatchability that 

were less than those yielded by the breeds. No explanation can be offered 

to explain this. The Silver Oklabar X New Hampshire cross gave an estimate 

of -.14 for hatchability of fertile eggs. This is even more difficult to 

explain since both breeds gave positive estimates. 

Calculated heritabilities are only estimates of the true heritability. 

For this reason, mean estimates for all breeds and crosses should be better 

estimates of the true heritability of a trait. Mean estimates on the 

probit scale were .20 for hatchability of total eggs and .OB for hatch­

ability of fertile eggs. 

Heritability estimates for resistance to death to 10 11eek8 of age 

based upon sire components of variance were considered to be more indicative 

of the: true estimates than those based on dam components because of a large 

maternal effect in the dam components. Only those estimates based on sire 

components of variance were converted to the probit scale. Mean estimates 

on the probi t scale -were as follows a -.05 for New Hampshires; .22 for 



lew Hampshiree X Silver Oklabars;,32 for Silver Okl.abara X :New Hampshires, 

and .16 for Silver Cklabare. A large negative mean eatimate tor New 

Hampshires and one large poei tive estimate in the caee or each of the 

crosses caused the mean estimates for the crosses to be conaiderably higher 

than the mean estimates for the breeds. It the 3 extreme estimates were 

eliffiinated, the means for the breed.a and crosses would be in a rather 

narrow range. Thus it seems logical to pool all estimates to obtain an 

average estimate of .16 for resistance to death to 10 weeks of age rather 

than consider each breed and cross mean aa separate estimates. 

T;vpes 2l, Q!!!!. Action 

A.pproximatel;y 47 percent of the total variance in 10-week bod;y weight 

was genetic variation plus a small traction due to maternal influence. 

Since maternal. effects 1191'9 detected by inf'erence., it is not possible to 

calculate these effects exactl;y. These data show that about 2 percent of 

the total variance was due to maternal effect.a. Roughl;y 45 percent of the 

variance then was genetic in nature. About 2 percent of the genetic vari­

ance was due to non-additive gene effects; thus., 4.3 percent of the total 

variance was due to genes with additive effects. S~inked effects can be 

additive and need not be separated from autosomal genes with additive effects. 

In fact it would be impossible to separate sex-linlmd gene effects exactl.;y 

or determine the exact magnitude of them since they- were detected by 

inference. 

The different breeds and crosses varied in percentages of the total. 

variance due to different types of gene action on l0'"'118ek bod~_weight. 

Four percent of the total variance in New Hampshires was due to non­

additive gene effects; no non-additive gene effects were found in Silver 

Uklabars. Both crosses sho11ed non-additive gene effects in onl;r 1 hatch 
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each. Sex-linked gene effects ranged from 8 percent in New Hampshires to 

12 percent in Silver Oklabar X New Hampshire crossbreds. Additive gene 

effects were about 4J percent in New Hampshires, 47 percent in New 

Hampshires X Silver Oklabars, 48 percent in Silver Oklabar X New Hampshires, 

and Jl percent in l:>ilver Oklabars. Since .:)ilver Oklabara contributed as 

much to the additive 5enetic variance in the crosses as the New Hampahirea, 

31 percent appears to be too low for the additive genetic variance in 

Silver Oklabars. For this reason, an average of' 43 percent appears to be 

more indicative of the additive genetic variance in 10-week body weight. 

It can be concluded that approximately 45 percent of the variance in 

10-week body weight in the breeds and crosses used in this investigation 

was genetic in nature. Approximately 2 percent of the genetic variance 

was due to non-additive gene effects and 43 percent w~ d.'.9-~--~~~~s with 

additive effects. About 10 percent of the additive genetic variance was 
• 

due to sex-linked gene effects. The small magnitude of non-additive gene 

effects and the inccnsistency of their occurr~nce leads the writer to con­

clude that these effects on 10-week body weight may be ignored. 

Approximately 51 percent of the total variance in 10-week breast angle 

was genetic variation plus a fraction due to maternal effects. Maternal 

effects were detected by inference and as a result, these effects could not 

be determined exactly. The average maternal effect was 14 percent. Removal 

of the average maternal effect from the genetic component of variance leaves 

41 percent of the total variance as genetic variance. Two percent of the 

genetic variance was due to non-additive gene effects and 39 percent was 

due to genes with additive effects. Sex-linked gene effects accounted £or 

8 percent of the total variance. These e£fects can be additive and need 

not be separated from the additive genetic variance of autosomal genes. 
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The different breeds and crosses varied too much in percentages o! 

the total variance due to different types of gene action on 10-.ek breast 

angle to draw definite conclusions on the different breeds and crosses. 

Most of the inconsistency was due to the inconsistent occurrence of sex­

linked gene effects and maternal effects. This appears to be due to 

sampling error ,to some degree ,since dams in some hatches would contribute 

large maternal effects but the same dams in other hatches would not con­

tribute any maternal effects. On this basis., it appears that the average 

percentages for all breeds and crosses are better estimates of the types 

of gene action than percentages for each breed and cross. 

Due to the nature of the hatchability data and mortality data., these 

data could not be analyzed as diallel tests. As a result, the different 

types of gene action could not be determined. The average genetic variance 

in hatchability was 20 percent for percentage hatch of total eggs and 8 

percent for percentage hatch of fertile eggs when expressed as a percentage 

of the total variance. Sixteen percent of the total variance in resistance 

to death was genetic in nature. These percentages are relatively small,and 

any non-additive gene effects might be important regardless of their magni­

tude. 

Maternal. Effects 

Maternal effects on 10-week body weight were presen·t in 2 cases out 

of a possible 16 cases. It can be stated that maternal.. effects were absent 

or played such a minor role in determining 10-week body weight that they ma1 

be ignored. 

Maternal effects on 10-week breast angle were evident in 4 of 8 cases 

and contributed an average effect of 12 percent of the total variance. This 

is a sizable amount of the total variance but the accuracy of this percentage 
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might be questioned since maternal effects were not consistent in their 

occurrence. Silver Oklabar females contributed an average maternal. effect 

of J6 percent when mated to Silver Oklabar males but these females did not 

contribute any maternal influence when mated to New Hampshire males. The 

results suggest that sampling error played a role in estimating maternal 

effects. New Hampshire .females contributed an average maternal effect o.f 

8 percent when mated to New Hampshire males and 14 percent when mated to 

Silver Oklabar males. 

A relatively large maternal effect on hatchability was present in 

every hatch except in Silver Oklabars in the fourth hatch. The average 

maternal effect of all breeds and crosses was 36 percent of the total 

variance on hatchability of all eggs and 34 percent on hatchability o.f 

fertile eggs. Silver Oklabar females contributed a 17 percent greater 

maternal effect on hatchability than the New Hampshire females when the 

former breed was mated to New Hampshire males. Silver Oklabar females 

contributed a J percent smaller maternal effect than New Hampshire females 

when mated to Silver Oklabar males. When the maternal effects 11ere pooled 

by breeds, Silver Oklabar females contributed a 7 percent greater maternal 

effect on hatchability of total eggs than New Hampshire females. However, 

New Hampshire females contributed a 2 percent greater maternal. effect on 

hatchability of fertile eggs. Due to the methods of determining maternal 

effects, it is doubtful i:f these differences have any significance. There­

fore, it can be concluded that New Hampshires ancl. Silver Oklabars contributed 

approximately equal but relatively large maternal. effects on hatchability. 

Maternal effects contributed more to the variance in hatchability than 

did the genetic component. This suggests the need for a more thorough 

investigation of the nature of these effects. It is quite likely that some 

of these effects arise from egg characteristics that are hereditary and will 
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perm.it improvement in hatchabili ty by indirect means. 

Maternal effects on resistance to death to 10 weeks of age were present 

in 10 of 16 cases. Calculated by breeds and crosses on the raw data, maternal. 

ef fee ta ranged from 2 to 10 percent of the total variance. Due to the low 

incidence of mortality, conversion to the probit scale caused this range to 

increase to 11 to 33 percent. .Mean maternal effects were 6 percent and 

26 percent baaed on the raw data and the probit scale respectively. There 

was practically no difference in the maternal effects contri bl ted by the 

females in the different breeds and crosses except among Silver Oklabar 

females when they were mated to New Hampshire males. It can be concluded 

that the ability of chicks to survive to 10 weeks o.f age was influenced 

more by maternal influence than by genetic differences. The nature of the 

maternal effects could not be ascertained. Undoubtedly some of the maternal 

effects were due to egg characteristics that are hereditary. Fbr example, 

egg size might influence a chick's ability to survive, particularly during 

the early stage of growth. The weight of a day-old chick is largely a 

function of egg size. The contents of an egg are limited by the size of 

the egg; therefore, the amount of nutrients are also limited by the size 

of an egg. These egg characteristics and other characteristics possibly 

contribute to a chick's ability to survive to 10 weeks of age. 

Correlations 

Phenotypic, genetic and environmental correlations between 10-week body 

weight and 10-week breast angle were calculated separately for males and 

females by hatches. Phenotypic correlations ranged .from .01 in Silver 

Oklabar males to .41 in New Hampshire males. New Hampshires showed the 

highest correlations for both sexes. The mean correlations were .19 for 

.iales and .lJ for females. 
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Jenetic and environmental correlations varied too much to draw any 

Lte conclusions regarding their magnitude. With few exceptions, 

Le correlations were positive and environmental correlations -were 

Lve. It can be concluded that positive genetic correlations and 

Lve environmental correlations of questionable magnitude were present 

~n 10-week body weight and 10-week breast angle in the breeds and 

~s used in this investigation. 
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Data were collected from 2 aeries of diallel matings (4 hatches) 

among New Hampshires, Silver CJclabars, and reciprocal crosses between these 

breeds to study the genetic am environmental variation in l.0-waek body 

weight., 10-week breast angle, hatchability, and resistance to death to 

10 weeks of age. Thia study involved 82 airea, 440 dame, and S,35S chicks. 

The results 119re as .follows 1 

1. Heterosist •t• tests showed that both crosses had mean body 

'Weights significantly higher than the combined pa.rental. mean. The Silver 

Oklabar X New Hampshire cross equalled the better parental. mean (New 

Hampshires) but the reciprocal cross did not. The crosses did not differ 

significantly from the parents in mean breast angle, hab:hability, and 

resistance to death. 

2. HeritabUity1 Mean heritability estimates wre .4S tor body weieht, 

.46 for breast angle, .20 for hatchability ot total eggs, .08 .for hatch­

ability of fertile eggs, and .16 for resistance to death. 

J. Gene Actiont Approximate percentages o.r the total. variance in 

body weight that were due to genetic differences were as follows t 45 per­

cent for total genetic variance; 43 percent for additive genes; 2 percent 

for non-additive genes, and 10 percent f'or sex-linked genes. Sim11ar data 

for breast angle were as follows: 41 percent for total genetic variance, 

39 percent for additive genes., 2 percent f'or non-additive genes, and 8 

percent for sex-linked genes. The nature of the hatchability and mortality 

data prevented the determination of the different types of gene action. 

4. Maternal B.f fects I Mean maternal ef'fect11 expres11ed as percentages 

of the total variance 11ere 2 percent for body weight, 12 percent for breast 

angle, 36 percent for hatchability of total eggs, 34 percent for ha.tchability 



of fertile eggs, and 26 percent for resistance to death. 

5. Correlations: Mean phenotypic correlations between 10-week body 

weight and breast angle were .19 for males and .13 for females. Positive 

genetic and negative environmental correlations of questionable magnitude 

existed between these traits. 
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APPENDIX 

Table 40 

DESIGN AND ANALYSIS OF DIALLEL MATINGS 

I~ A B 

a n chi.JC n chix 

b n chix n chix 

This is- thfll simpl•st d~sign of a diallio•l mating. It contains 2 sires, 2 

dams, and Ln chicks. Each sire and dam has 2n chicks. L sets of this 

design may bP us~d. 

PoolP.d Analysis of Variance 

Source or Variance Degrl""!S of Fr~fl!dom 

Total (Ln-l)L 

&atw~49,n Sirfl!S L 

&tweflln Dams L 

Int•raction L 

&amaind~r 4(n-l)L 

S = &twP.fl!n Sir,,.s M.S. - Intfl!raction 11.S.* 
No. of Chicks par sire 

D : &twfll•n Dam 14.S. - lntfllraction ».S.* 
No. of Chicks ptDr dam 

I : IIft""raction M.S. - &,,maindfllr ll.S.* 
No. of Chicks pPr dam P""r sire 

Composition of 14fllan Square 

Q+nI+2nS 

Q-t,nI+2nD 

Q+nI 

Q 



Table 40 (continued) 

Heritability 

{a) estimate from sires, h2 • 4S 
fit 

(b) estimate from dams, h2 : 4D 
r 

( c) combined estimate, b2 : 2(°;5) 

Sex-linked gene effects a (S-D)/T*** 

Maternal ~ffects • (D-S)/T*H 

Non-additive gene effects= I/'r*** 
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*lhen the Interaction ll.S. was less than th~ lumainder ll.S. "I" wu 

considered to be O and the Remainder K.S. was used to calculate S and D. 

HT. Q+S+D+I 

***Only canponenta with positive figures were calculated, others were 

considered to be o. Thus either sex-linked gene etfect1 or maternal 

effects werfl. positive and the other was O. 'I" • positive figure or o. 
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Table U 

SAMPLE CALCULATIO?e DI THE ANALYSIS OF DIALLEL IIA.TIHOS 

Sample ot Data: Ten-Week Bo5!z We!ght 

Pen 2* 
s1ru 

Dams Sire A Sire B 
a 2.20 1.73 

1.99 3.08 

2.40 2.30 

f.I 6.59 1.11 

£I(A+B) 13.70 

a2 lL.5601 17 .9693 

b 2.40 2.84 

2.37 2.40 

2.37 J.08 

iI 7.14 6.32 

il(A+B) 15.46 

fI2 16.9938 23.3120 

Totals 
z.I 13.73 15.4.3 

fX(A+B) 29.16 

!X2 31.5539 41.0813 

ifiiis pen is representative of' 6 pens used in thi• sample calculation. 



Tabl~ 41 (continued) 

Calculation or Sum of Squarea 

Step 1: 
Total s.S"; : xi+ x~ •.•• x2 - (iIAs)2 

12 ... Ch....,i-c ..... ks_pe_r """'P,_e_n 

: (2.20)2 + (1.99) 2 ••• (3.08) 2 - (29.16) 2 
12 

: 72.6552 - 70.6588: 1.7764 

Between Sires S.S.: (tI1 )2 • (tx8)2 -(£IAB)2 
Chicks per·s1r~ Chicks per Pen 

• (13.73) 2 + (15.43)2 - (29.16)2 
12 

: 71.0996 - 70.8586: .2408 

BPtween Dame S.S. : (tla)2 + (iXb)2 - <£.x4B) 2 

Chicks per da.m Chicks per Pen 

: (13.70)2 + (15.46)2 - (29.16)2 
12 

: 71.1169 - 70.8588: .2581 
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Subgroup S.S. = (£.IA1) 2 + (i_xBl), 2 + (lIA2) 2 + CiJB2) 2 - (txAB) 2 

Chicke per dam per aire 

: 71.3941 - 70.8588: .5353 

IntPraction S.S. = Subgroup s.s. - (Sir~ s.s. + Dam s.s.) 

: .5353 - (.2408 • .2561): .0364 

.RPmaindPr S .s. : Total s.s. - Subgroup S.S • 

= 1.7764 - .5353 = 1.2411 

StP.p 2: Repeat thie procedure for each pen. 

StP.p 3: Pool aum of squares for all pens to get total. 

Chicks per Pen 
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>le 41 (continued) 

Pooled Sum of Squares for Six Pena 

l Total Between Sires Between D&ID.8 Interaction Remainder 

1.7764 .2408 .2581 .0364 l.24ll 
2 .1047 .0057 .2497 .4022 1.4471 
1.0451 .1657 .0520 .0019 .8255 

.6189 .1681 .0027 .0065 .4416 

.9108 .0002 .3468 .0456 .5182 
l.894~ ·.5377 .0227 .0674 1.2671 

;.al B.350 1.1182 .9320 .5600 s.1L66 

Pooled Analzsia of Variance 

ire"" of Variation d • .r. s.s. ia.s. 
,al 55 8.3508 
; ween Sires 5 1.1182 .2236 
;.ween Dams 5 .9320 .1864 
;eraction 5 .5600 .1120 
t1a.inder 40 5.7406 .1435 

: Sire ».s. - Remainder M.s. = .2236 - .1435 = .0801 • .0134 
Chicles per sire 6 6 

: Dam v.s. - Remainder M.s.: .1864 - .1435 = .0429 = .0012 
Chicles per dam 6 6 

: 0 

. 4(5} : 4(.0134 .0536: .33 ) = = -T- .1 1 .1641 

) = 4(D) : 4(.0072) - .0288: .18 --T- .1641 .1641 

~S~D): 2(S+D): 2(.0134 + .0012): .0416: .25 
T . .1641 .1641 

:-linked gene ef'i'ects • S-D • .0134 - .0072 • .OC62 • .038 
T .1641 .i64i 

.ernal effects = D-S • 0 
T 

t-additive gene effects • I • 0 
if' 



Table 42 

PROCEDURE FCB CA.WUU.TING CQBRBJ,A'.tlONS 

Bx:ample ot Data 

Dl* D4 D7 D10 

D2 D5 D8 Dll 

D.3 D6 D9 Dl2 
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i!Bach cell contains l dam and each dam has J chicksJ thus ea.ch sire has 
9 chicks. Data includes 4 s:lres, 12 dams, and 36 chicks. 

Partitioning of Variance and Covariance 

Source of V aria.nee Degrees of. Composition of 
or Covariance Freedom 11.S. or Cov. 

Total xyz-1** 
Between sires x-1 Q + zD + yzS 
Within sires 

Between dams x(y-1) Q + zD 
Bet11een .full sibs xy(z-1) Q 

**See pages 3 and 4 for symbol.8 and definitions. 

Step 1, Calculate analysis of variance tor l0-11eek body weight. 

(1) Correction factor : (a)2 
total chicles 

(2) Total SS • X12+ •••• 1)62 - C 

(3) Between sires SS = (£IA,)2 + •••• (£:ti))2 - c 
Chicks per sire 

(4) Bet11een dams SS : C£Ii,1 )2 + •••• <l%o12 )2 - c 
Chicks per dam 



Table 42 (continued) 

(5) Between dams within sires SS • Between dams SS - Betwen sires SS. 

{6) Between full sibs SS • Total SS - Betwen dams SS. 

(7) Calculate mea.n squares. 

(8) Reduce K.S. to their components. 

(a) S : Sire M.S. - Dam M.S. 
Chicks per sire 

(b) D = Dam M.s. - Q 
Chicks per dam 

(c) T • S + D + Q 

Step 21 Repeat step 1 for breast angle values. 

Step J: Calculate an analysis of covariance betwen 10-week breast angle 
and 10-week body weight. This is accomplished by repeating step 
1 and substituting the sum of the cross products for the sum 0£ 
the l's squared. 

Calculation 0£ Correlations 

Phenotypic 

(l) rx1X2 • '«1.12•Dx1.12..Sx1I2 

.Y < QJ:1 +D:11 ...Sx1 HQx2+DX2..S~) 

Genetic 

(1) rr ..... , r-- • LDx X 
'"".A..Jt. -~ l 2 

(2) : 4Sx1X2 
f8(4Sx1 X 4SX2) 

(3) = 2<Dx1X2+sx1t2> 
12cnx1-iDi:1)l 2Di:2+aX2) 



Table 42 (continued) 

:Environmental 

(2) = 

(J) 
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Table 43 

Analysis of V aria.nee 

Source of 
Variance 

Total 
Between Sires 
Between Dams 

Within Sires 
Remainder 

d • .f. 

~-1 
x-1 

x(y-1) 
xy(z-1) 

SUm of Mean 
squares squares 

* ** 

Steps in Calculating 

1. Degrees of freedom 

(1) total = total chicks hatched - l 

(2) between sires = no. of sires - l 

(3) between dams : no. of dams - no. of sires 

Components of 
mean squares 

Q+zD+yzS 

Q,+zD 
q 

(4) remainder: total d.f. - (between sires d.f. + between dams d • .f.). 

·2. Sum of squares 

(1) total = a(t-a) where a is the chicks which survived to 10 weeks 
t 

of age and t is the number of chicks that entered the brooder house. 

(2) between sires = the sum of x,a(t-a) terms., one term computed 
t 

separately for each sire family. 

(J) between dams : the sum of x,a(t-a) terms., one term computed 
t 

separately for each dam. 

(4) remainder : total S.S. - between sires S.S. + between dams S.S. 

~). Mean square = thn appropriate s.s./the corresponding d.r. 
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'able 43 (continued) 

.. 

• 

Components of the M.S • 

(1) S = between sire M.S. - between dam M.S. 
no. of chicks per sire 

(2) D = between dam M.S. - remainder M.s. 
no. 0£ chicks per dam 

Heritability estimates • 

(1) h2 : 4S 
"""'T' 

(2) h2 - 4D - ...,. 
(J) h2 : 2 (S+D2 

T 

Materna.1. effects= D-S -,-
Trans.formation of estimates to probit sea.le. 

(1) MuJ.tipJ.y each estimate by p (J.-p) where p is the .t'raction which 
z2 

dies and Z is the height of the ordinate which truncates p of 

the area of the normal curve. 

(2) Calculate p and find Z in the appropriate statistical. table. 
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