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.ACE 

The i11creu.ai11g c1eracrnc1 of broiler g:i;~ovtera or1 I)Ot1lt:r1""y- lJ1~eecie1~s ·to st1,r-11)lJr 
bettor broiler chicks brines about the proble:m involved in t,b.:Ls • Im
pro,rement of early grorrt.h in the domestic depends on the most ef:ficierrt. 
breodinr:r system posGible nhich, in t,urn, depends on an accura:l,e estj11crtc of 
her:i:i:, aoili ty. 

In sh.me of 19h9., tho iJTrwr 171:UJ nssie;ned the thesis nroblern of obt,ain
:ine; 211 3.CcUrtJ.te estinato of ea:cly gro-i;rbh at b and 12 weeks of age in the 
Silver Oklnbar chicirnn. 'l'l10 nain purpoDe of chis breed of chicken is to 
cross S~'nver OklEbar melos 1Tlth Nmv Um:rpshiro fen:wles to produce a coltun
bian-pat,ternod broil,:Jr chick. 

The v1riter wishes to o};:p:cess his f11;precia:c.:wn to the staf:f: of' the ?oul
tr;_v Department, of Oklehoma Asricul.t.u:raL and Hechanical Coller;e .for their 
helpful ndvice and cooper<-rLion and espociall;y- to Dr. Georc;e F. God:f:cey, 
trndc:r -vrl1ose supe1--v=ision tl10 e}rpe11 :J-111tn:-t2.l. v~~or}f 'liras c0:r·1,..j_o{l 01.rG. 111~. Godf1->e:v" 
11ns bee11 a. con.st a.rrt, rlot11~-ce oi· e;-cticla11ce ar1Ct l1as of1.i\J1"1ecl j_11\1lli.l1able con.st,11U.c
t,ive cr:1:tic:Lsrns in the writing of ·this thesis. Also, to Professor n. n. 
Thompson is extended the nost sincere c\pprecie:iion for his m;:cellen:t, coop-
eration in it pocsible :to1· nriter t,o rrork out tho aboV"e problem. 



'TJilJLE OJ)' co:.:ii:mrrls 

Po.c;e 

I~-f/RODtJ"!Jli:1:I)Jl'.l' • • • • • • • • • • • • • • • .. • • ·• • • • • 1 

1~~ri1BFJ}l1-u·p,.1~ l"'Cc.~\TJJZ~J. • • • • • • • • • • • • • • • • • • • • • • 2 

:PEJ)C}illGlJ;. • • • • • • • • • • • • • • • • • • • • • • • • • " • • G 

RI·]Sl;J};1 S .AiiD DISC;JSSIO:T • • • • • • • • • • • • • • • • • • • • • • • • - IJ 

Selection ltr.:)01..,ir1n11tJ. • • • • • • • • • • • • • • • • • • 8 

Line Diff~ol~311CGG J.10s11ltinc lron SeI.ce·Lioi1. • • • • • • • • 8 

l~s·;#, ir1.crli :L11g Eer5.t..c:b:tl:1:t:r from D;.yt,a o:t the Sel0et:Lon E:~)or:t-
1i1ent • • • • • • • • • • • • • • • • • • • • • • • • • • • 10 

Int,1,2-sire Eer;rossion o-f' Offsprinc; on --, 12 Dam • • • • • • • • • • • • 
Anc1J.;:,rsis of V c:trim1.ce. • • • • • • • • • ·• • • • • • • • • • • 14 

Coupnri.son of tl10 Three ITet:hocls of C olculatiJ:1[; :Iori'c-nbility :Ss·Gi-
n1at,es • • • .. • • • • • • • • • • • .. .. • • • • 0 • • • • • 10 

V D.riabili-ty of Grovrt,h trt 6 and 12 Woo ks of Ac;e. • • • • • • • • • 20 

Choice of Drcodins Sys·Gern • • • • • • • • • • • • • • • • • • • • 21 

co::JCLUSIOlJS AUD SU:Jll\RY. • • • • • • • • • • • • • • • • • • • • • • 3t.: ,, 

LIT r~~31\'i1'CJE'.IE CI'.i'JID • • • • • • • • • • • • • • • .. • • • • • • • • • • 37 



LIST or· ;~'J\Bl,l~S 

':Cable 

1. rrern Tieiclrt in Pounds of .All Offsprings by Gonerntion, Sex, Lino, 
m1cJ.. .P.,l,.ce ·• • • • • • •· • • • • • • • • • • • • • • • • • • • • • 23 

2. i.'.crn1 VJ"ei2lrt of Scled,isd P.e.rcmt,s b;y· Genorr:t.ion., Line., Ac;c., and Sox • 21..i 

3. Select.ion Dif:fercnticls of Selected P~err'Gs, in WeielTt f'or Age 
(Pounds) • • • • • • • • • • • • • • • • • • • • • • • • • • 

h,. Hcritr,bil:i:ty of Body Height by .Ae,o o.ncl Se::i:: Obtained from '&he Selec-
tion B:iq:,oriment • • • • • • • • • • • • • • • • • • • • • • • • • 26 

5. Estinrrtes of Hcrit,nbility of I3od;y lJeights at 6 and 12 1.ifoeka of Ago 
by Lines Cclculc1.ted from In.t,ra-sire Regresa:i.onn of Offspring on 
De,m ••• . . . .. . . . . . . . . . • • • • • • . . . . . . . ·• . 

6. Anal;y-sis of VariD.11CG of Dody 1foiglrts at 6 1:Ioeks of A[;e., Rapid Lino. 

?. Antlysis of Vnriance of Body- Weir;hts ~t~ 6 ~leeks of Age, Slorr Line • 
f'l o. Analysis of Variance o:f Bod,y Weights nt, 12 Weeks of Ac;o., Rep id Line 

9. Analysis of Varinnce of Body· Weighl~s .,.., .. , .. 
,C\I., 12 Ueoks o:E' Ar;c, Slmt Linc. 

LIS':i: OF ILLUSTii.Ki'IOIIS 

1. Dist.::cibtri:iion of Weights, First Gcn.e1~~:.tion Progeny- 6 Weeks. • • • 

2. Distribution O''' . .l, ·~Ieight;n, ~':i.rs·t. Gcnerc:i:tion :ProQ:cny Cit 12 }foet:s • • • 
3. Distrib·,xt.ion of \Ioir_;hts, Second C-enert:t.ion Proc;eny at 6 Weel:s • • • 

4. :JJ.::rtribut:i.on of Woic;ht,s, Second. Generation Proe:;cny at 12 Weeks. • • 

27 

20 

29 

Jl 

Page 

32 

33 

34 

35 



IH'l'RODUCTION 

Poultry breGdsrs in rsccmt years have become incro2,singly aware of the 

need for 6r0ater i'q;.ciroveHont of early grorrth the chicken. This has arisen., 

fo:r tho most part., from keener co:qpotition bet.ween poultry breeders as a re-

sult, of the increased demand oi' broiler growors for hzd;tor broiler chicks. 

Selection of this breeding 

r.11;111 is of her1tabilit.y for thG particular 

character in nhich one :ls hrtorested. 'l'he objective of this t,hesis is to ob-

tatn e.x:i accurate esti:ma.te of -the horitabi.lity of early growt.h in domestic 

fowl so that the most effici,:::nt breoding plan for tr{):t'D7:1..ng grovr'&h rate cffil 

be fo:rmulatcd. 



dot.ormine tho re:tio of -tho 

genetic var:Le,z1.ce t.o the ·total vc:1riance in the popnlo:tfon concerned. 

iso gen:1.c 1ines .. 

Uost osticwtes of heritability of grovrth in the chicken have been obtained hy 

eac11 E1et,b.ocl. 'These vrill be diocus-

Schrwtzlor ( 1936) d:tvicled one populrrtion of D2rred P:l:ymouth H.ocl;:s into 

r<1pid t.md slm'r r;rorrlnr; 1:Lnes based on uo:'Lgh:t 2:l; 3 or 9 v;reeks of a.go. Alt.hough 

tion of chickens cD11 1:ic sepa:rated. i1Tto and slovr grovtlnc; lines 1Tl:0h sic;n:L-

r:~1cl1rtlmr (19LJ.~), usinc; the 12.bo:ratory :mouse, divided one populcri:,ion :i.n 

~~·Kro l.i11os. 1'hccc vroro a slo-vJ line a rapid lino based on weight. 

21 gen01~c-rt::tons of individual select.ion, 

son.o sep2.ration of linos occurrocl each c;cnera'l:,ion most of the separat:i.on -rras 

o1sGni11c(l i11 ·GI1e first 7 gen.era.tio11s. 

1:ridcr, .Fc1.::i.rbvnks, Ctu:·roll, and Boberts (1946), vrork:Ln;;; with Ifonpshire 

swine, div""ided ono popu:Ls:t:l.on in tivo linos--a ra;):Ld c;rou:'Lng line and a slm, 

grm-rlnc line. 7}1is VJa8 done rGo [1GL\S1J.r0 t~llO CUt11J.lati\.re offocts of· solcctj_on 

bc1.sed on rHte of g:rorrth over s::i,1er2l generations. 

[;enorat:i.ons of -;,:rhich the her:1."c,nbil:Lty estim.::i:te for each generation :L[;-, averaged 

and 19 percent for 180 dflYG. 
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the analys:i.s of variance 1:1cthod. 

IIazol and Lamoreux (19W), using 1:Jhi-t.e Leghorns., obtained an estimate of 

heritability· of growth of 31.6 percent at 22 weel-::s of age by the use of t,11e 

analysis of vcr-iance -technique which is based on paternal half sib correla

tion. Lsrner., Asr:mndson, and Cruden (191~7), usinr, New :rampsI1ire chickens, 

applied an analysis of vm"'itu"'l.ce to calculcri;e threo est.:i..:ma:i:.es of heritability• 

These were 41.5 percent. .for ·che var:Lai."'lce betvrecn sires, 59 .7 percent for tho 

vm."iance bet;wecn dm:1s, ancl 50 .6 percent i'or tho ve.riance of sires nnd dmas 

conbined. Tho aut,ho:rs 1 conclusion was t,hat 50 percent is Ei fair heritability 

estimate of grow'0h at 12 -creGks. 

Shoi'fnor and Sloan (19413), using the intra-sirG regression rJothod of esti

:cit;:l.;j_ng horitc1b:HH,;y, obt,ained an estimate of 75.2 percent for body weiglrt at, 

JOO dey'S of' age. Uurry (1949) u-i;ilizod t,ho antlysis oi' vari<'l.l.xco :net.hod and 

compu:ted a heri·tability estinate of 38 percent. for BcJrred PJ.:vn1outh Rocks and 

30 percent for Hew Hm-w;>shiras. This estimn-t;e v.,ras for bot.h malos ancl f eri1al0s 

at 8 vreeks of age, With -tho same t.vro br0eds of chickens, a11 ostimrrto of herit

ability of groYrth .for 12-week-old males was 64 and 48 percent~ respec-1:,ively • 

The 8-wocl;: heritability was corrected for 22.2 percent. inbreeding for ·the 

Da.rred Plymotri:;h Rocks and 20. 2 percent inbreeding for the :Jew IIrn:l>sh:i.res, bu:l:, 

the 12-r.eek herH,abiJ.ity for tho nales was not, corrected for inbreeding which 

Trould make the estimate -too high. 

Lerner and Cruden (1951), using an analysis of variance, ol-rtai.ned a Decem

ber body iTeight, (ad.ult body weiE;ht) heri·tab:i.lity estimate o.f 15.J percent. 

White Leghorns were u.sed for. this ro..'})eriment. Glazener, Blow, Bos·tim1, and.· 

Dearstyne ( 1951), using three otrains of Uew Ifampshires and two s·trains of 

I3.;irred Plymouth Rocks, obtained est:tmates of heritability ·through the use of 

an analysis of vc:::rifmce i'rom 51 to 79 percent for 12-TJeek body vreichts. 

El-Ibiary ond m12i'Zne1" ( 1951) , using an anD.lysis of variance on body 



4 

weight, de:ta collectBd from a population of How- IIru:.'lpshil"e chickens, calculated 

heritability estimates of cro,7th for 2, 6, D, 1,md 10 Yreeks of age.. 'I'he au-

·thors vrore not, i.n-tores-t,cd j_n he:ritabilit.y ost.imrrtos of body weio.'1t as :.:i"nch, 

but as a means t,o explain the effect of induced hypot11;yroidism on tho genot:lcs 

of g:ro1rth in the chicken. 'i'hcir Em'c,imat,os were divided. into 'trcat,ed end con ... 

trol.. '.!.'.he control estimates are repor'r.ed here. 

Female.s 1Iales 

h2 rr2 • h2 cl 
2nd vreok 31.4;~ 0.05; 44 5c1 • i-;) 5.69; 

6th i7eek 27 .01; 14 3d • 1.:J 38.1:;z 13.1;-i; 

Gt,h week 36.95; 22 5c1 .• /J 27.0% 10.1» 

12th wuek 54.o;:.: 25.9;~ 21.05; 12.8>t 

The aut;hors s-tated tha:t h2 is the rat,io of the eenetic variance -t,o the 

total observed v·aria:nco, or tho broad definition of horit.ability described by 

Lush (l9hB); and g2 is the l_'a:l;.io of tho additive genot.ic varia.'lce ·c;o ·the total 

observed 11arim1ce, or the nm ... row definition of heritability de:seribed by Lush. 

Fron l;he 2.bove review, heritability est.imat,e.s of bods,'" weig...""rb. range from 

14 to 75 percent. 'l'h:i.s wide range could be caused by several reasons: 

(1) 'i'he population used. In -l..:.he above re-vim:r there arc eight different 

1:Jorkers or groups of workers., and even ·though so:mo of -t.hose workers used the 

same population of chickens, ·there are several different. populations of chick-

ens represented. This :means there could be different genotypes as well as 

cUffe:ren:t:. environments involved. 

( 2) The age a:t which the herit,ability estimate is calcula:t.ed. As it. is 

sh01m .in t,he work by El-Ibiary and Shoffner (1951), different, ages have dif,.. 

fermit esti.i11rrtes. 'fhe ·trend is in fa-t1or of tho oldest age having t,hc highest 

heritability est,imate. 
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PROCEDUP.E 

'.rho e:;;q)or:i.ment,al vrork discussed in this pe;por 1,.ras wi.th t.h.e Silver Okla'"'.' 

bo..r chicl;:en, one that is of ·the type that forms tho ll.n1erican Cle.ss. It, has 

a colu.rabiun-feat,her pattern resulting f:rom the dominant seJc-linl-rcd silver 

gene lU:1d the r0corisiv0 o:utosomal black :restriction gene,. The main purpose 

of this breed of chicken is to cross Silver Oklabar males vr.i:th Hew· Hampshire 

females to produce a columbian-patte:rned broiler chick. 

In t,he three years that t,his ,rork 1i;ras carried on, i-c, was a'0tempt,ed to 

rnaintain management as 1.miform. as possible from gencre.t,ion ·!;o generation. 

The roQ,-ular stai-·t,er rat.ion that -vms fod on the College Ei;p0rfr1e1Ttal Farm 

uas used. Et'!ch he.tch of EH?.ch li..,e was brooded in one house which ,;ms equip

ped -rtit,h gas broode11s. Body weights at 6 and 12 17eeks of age wore taken on 

every indivi.dutl, a.nd sexes -rmre det,ermincd at 12 weeks of age. 

On Janu.2.rJ 9., 1950, 105'7 chicks from flock matings on ·the College llir

per:i:.li'lental F~ Tie.re started ·to obtain the first gene.ration selec-1:,etl parent,s. 

From the body· 1Teights obtained, n mean and standard deviation were calculrrt.od 

fox· each se:ri.:. :Che repid e;roi::i1.ng males were select,ed from the 1111':'lles hwing 

rreic;hts 12:i.i least 0110 st,c1 .. 11dard devic:rtion above 'the meiin of the :m:il.cs. The 

rc'.!pid ffCOi'ling fem ales v.rere selected f:rom the fenales wGJ.ghing at, least one 

st2:11d;rrd deviation above t.he mean of the fonales. Sir,tllarly., the slo1;r grmr

ing mol0s were selected from the mn.1es weigh:i.ng e:t leafft one stei.ndard devia

tion below· the mean of t.ho nales, and the slow g.ro1nng .females. vrere selected 

from ·the females weighing at, least; one standard devi:;ttion below the mean of 

the fenales. These selec-ted males ~nd females con~rised the :f'irst genera'h:lon 

parents. The rapid growing selected mnles and females vrore housed in a sepa

rate flock-mnt0d pan from the slow g-.row:i.ng selec'0ed males and females. 

Each line of the .first 11:enora:t:;ion parents produced tvro hat;ches, the first. 
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September 2, 1950, and t,he second Sept.ember 10, 1950. '1:he eggs for each hatch 

vmre saved ·'tmo weeks. rrhe first hatch produced 195 rapid growing chicks and 

166 slm'f grorr.Lng chicks, and ·the socond hatch produced 180 ra.i.,;,id gro;:ring chicks 

and 126 slorr erorr..i.ng chicks. :i?ror.1 t,he rreir~1ts obt.ained at 6 and 12 1iveoks of 

ar;e the chicks that. com:)rised the second generation parants vrcro seloct.ed. .Al

-~hough t,he goal for the selected pm:'cnts was a"G l.east one st,andard deviation 

above or below· t;he rJe8n, this could not be follor1ed completely. J.n order to 

:m.aintain sufficient breeding st,ocl:., sone breeders had to be selected tha:t, vrere 

less than ono standard deviation above or below the mean of -their res-poct,ive 

line, but t,hoy wore et, least above or bsl01rr the :mean of tlw:b." line. 

The second genor,:rt,ion parent.s we1 .. e housed in individual mat,ing pons, and 

·the eggs produced by them were pedigree :marked.. Those parents produced t.vro 

hatches of m1ich t,he first hatch produced 223 rapid ere-wing chi?ks and 241 

slon grovri...ne chic ks. 'J?hc second hatch. produced 175 rapid crovr.ing chicks and 

1.36 slo-r; g:rovrlng chicks. The first hatch vrns pu·t :i.n the brooder house July 3., 

1951., a.11d t,he second ha:tch July 30, 19;;1.. 'rhe eggs for each of ·these tv.ro 

he.tches werG saved for two weeks. 

The only 111eigb:ts that are considered in "t11e anru:.1ses are the weights o:f 

chickens co:mpletine ·their first, 12 1.Teeks nf gro,.-rth. Ii'ro1;1 ·the weight. da:'c..n collec

t.ed., herH,abilit,y est,imat,es for e2rly grorrth in the chicken are ctlcv.lated by 

three mct,hods. These are the selection e:icperimont 1Nhich is based on t,he dif

f'erences bet1reen the JG110 lines., and is patterned closely from the work of 

Krider, FairbQ.nks, Carroll, and Roberts (1946) on swine; the intra-sire regrcs ... 

sion of offs·pring on dam t,hat is described by Lush (1940); and -the analysis of 

variance 1:mich is patterned aft.er that; of Lerner, Asm:undson, ::ind Cruden (19la) • 

Involved in ·this work fl.re 2969 chicks from five hatches over a period of throe 

years. 1.'he records of tw·o cornplete eenerations plus -tho fou.ndation gcnera-l;ion 

are included. The tvro cor.:q,lo-te generations are the result oi' matincs of 206 

dams and 24 sires. 



IIBSULTS AND DISCUSSIOU 

Heritability is defined in t.he broad sense o:f the word as the function 

of ·the w'.r.101c genotype of an individual in contrast to the heredity c:ind en

virorunent combined. This dG:finition includes the complete genotype in which 

is included not only ·the a.tlclitivo port.ion but also the port.ions due to domi

nance, epistasis, ar-id maternal ei'fcct;s. The genotype is not t;ra..1smit.·l:;ed as 

a unit, because the genes segregate and recombine into .new gene comb:L"lations 

and, therefore, only the additive gene effects arc transmitted. The na:rrovr 

sense of heritabilii;IJ, then, is the additive gene effects contrasted t.o he

redity and environment,. This includes only vfuat is trans:mit·ted through the 

3amete. 

Selection Experiment, 

Line Differences fl.eS:3ltin£ from Sel!.<:.~2,!!--The mean rreights at each age b-.f 

sex, line, and generation for all progeny are given in Table 1. There is an 

increase in the difforence bc'l:;ueon lin0s of the second generation over t,he 

first, e;eneration progeny• 'rl1.is increased difference between lines is not due 

to 'the rapid lino becoming hoavior, but; to the slow line decreasing in size. 

Also, not only the slow line decreased in size the second generation, but the 

rapid line decreased a small amount. 'i'his can be ooq,lained bJ t.he use of "the 

data in Table 3 in -rJhich the select.ion differentials or the amo1mt of selec ... 

tion pressure applied each genera!:,ion is recorded. The select.ion dii'ferexrt.ial 

was c8lculated by subtract;ing ·the mean for the whole population from ·which the 

pnrents were selected from t,he mean for selected parents. ?or example, the 

1uean of tho selected pnrents of the second generation rapid line is J.002 

pounds ( 'I! able .2) , and "the mean of the nhole population .from which ·they were 

selected or the first gcnerrrl.ion chicks at 12 ueolts, rapid line, is 2.599 



pounds (Table 1). The difference is 0.403 1)ounds which is t,he selection dif-

fcrential of the parents over ·the populat,ion from which they vre:re selected. 

}'he moan of. ·the pll.rent,s of oach generation should be -vreighted according to 

its munb,3r o:r progeny. Since ·the first generation i.tr this -r.rork was a re-

sult of n flock mzl:.ine:, it 1;:;as :u~ossible to calculfrte a weight,ed mean., but 

the second gun::::c~tion y;as weighted according to eech pa:rents 1 rra.mber o:t' off .... 

spring. 

'l'he first g&neration parent.s had., in mos-t instances, a larr;er select.ion 

differential than the second 50:nera-tion. Hot. as much selection pressure was 

used in selecting t.he second gener&t.ion parents as was used in selecting ·t;hc 

first c;eneration parents because, to obt,ain sui'fieien-t breedinc; stock, birds 

had t,o be used t,ha-!; were closer to 'bl1e mean vmight than were the first genera-

tion parents. 'i'his is shown ace.in in 'iable 2, the r:1ea."'l weights of the parents 

by genorat.ions and lines. Tho pBrents of the second generation r~id line 

did not weigh as 1;mch at G and 12 weeks of age as the rapid lino parents of 

tha first generation and., in Jl'.iurn, t,he parent,s of 'l:ihe second generat,ion slow 

line weighe:d mor& than the parents of the first, generation slow line. 13e-

cause the mean of the scr:ond generation parents is weighted by progeny., the 

EJ.ean of t.he combined parents of t.he second generation at 12 weeks of age, 

rapid line, is la:rger then the mean of t.he combined parents of t.hc first gen-

eration at 12 weeks of age., rapid line. This is true regardless of the means 

of the sires and dams being larger in t,he first generation than t,he second. 

Possibly some gene combinations or epistatic effects were preserrt. in ·t.he first, 

ge:1erat:i.on which were not in the second generation., causing this dec:rease in 

weight of the second generation paren'ts. 

J~nviromnent 1:1ight be another reason :tor tho difference in ,;eie;21t, of the 

second genor,T~ion from the f irs-t,. Environment :might affect one generation 

differently than a11ot,hor. 'l'herefore, i·t should affect each line ·wi:thin the 
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genera:tion about the satno a:aount. This is -the r0ason for tvro opposite lines 

bcinc used, fo1" es-t,ima-r,ing heritability; t,ha:1:. is, enviro111nefft is elilnina:ted 

leaving t.he difference bcrt1,recn lines due 'bo gone-tic causes. 

'rhe ral'lge of the first, ancl second gencrat,ion unselected progeny weie;hts 

are ohown graphically j_n Figures 1, 2, .3, and 4. These graphs show the over

lapping of tho vreight,s of the t.i;;ro lines. 'l'he range in wci2;h't;s is about, t.he 

oar1e in the first generation at 6 necks. In the second generation t,he i1pper 

range of vroichts of t,he slow line does not, roach tho upper range of the rapid 

line. In ea.ch generation the lo1,7er ro11ge of thG tuo lines is about the same. 

In each eeneration at, 12 weeks t,ho upper :range of the slow lino does not reach 

the upper range of "the raj_"Jid line. The loner ranges are .?.bou.t. t.hc sD.TI10 in 

both lines. At bo-th 6 and 12 weeks there is less overlapping of weights in 

tho second gencra:tion -than in ·the first generation, indicrrl::.ine that progress 

rras nade in the separation of the ti.vo lines by mass selection. 

Estimat,.ine Heritabilitz. from Datn of th.e, .~elec.tion Experiment~---Heritability 

est:lnates by this me'i,hod arc cG:lcula.ted by dividing the aw.ou.n:t of accum.ula

t,ed selection into t,he cmnulative difference of the two lines. An esi.;imate 

of horit.ahility can be ob-1:iained .for differences betrrnen ·individuals of the 

same line, und differences betnoen parent,al r.:1ea.'1.s. 'I1heso estimates 21'.'e listed 

in '11 able 4. 

'£he 11At1 portion of Table 4., or t,lle in'c;ra-li.110 herit.ability for each gen

eration., is estimated by dividing t,he :ncan difference botvreen unselected pro ... 

geny of the ·tvro lines by the t,otal a1::1ou.nt. of select.ion contribu:ting t.o that 

line difference. For example, t;ho mean 12-week weigh~G (Table 1) for second 

generation chicks is 0.537 pounds heavier :tor the rapid ·t;han for the slon line. 

The euraula:tive superiority of t.he ra,,,J?id line parents over t,he population from 

Tihich they came· (Table 3) is 0.357 and -O.}.f.OJ pounds, and the cu:mu.lat.ive in

feriority o:f the slow line parents under the population from rmich tlJey came 
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was -0, 'J89 and -O. 21~7 :;-0J1ds. This is equivalent t,o an intra-line difference 

of 1.696 pounds bct'r;cen rapid and slow line parents of the second generation. 

Thus, herit,ability is estimated as o.537 X 100 = .31.66 percent for 12-week 
1.096 

w0ie}1t :i.Ii the second generation~ 

The flj)tt porbion of Tabie 4, or the inter-lino heritabilit,y is est:uaated 

for each generation by dividing tho necll'l diff.erenco £or unselected ~1rogeIYiJ of' 

t.he t.110 lines b'<J the q.if:forence betvreen the means of "their pa:rcnts. For mr-

amp;J..e, in the 12-rreels: tmight, parents of the second generation averaged J.002 

pounds for the rapid line and 2.02.5 pounds for the slow line (Table 2) • I'he 

second generation progeny ('ruble 1) were o.537 pounds heavier in 'tho rcg;iid 

"l:,l;!.a.'1 the slow line. Thus, (o.,'37 X 100)=54.98 percent of the clifi'erence be-
0.977 

tvwl!m pm-e1T&al means :i.n t,ho second generation is cst:1L1atecl as herit,able. 

The ncn portion o:f 'I'ablo 4 is for t.he most pD-rt self-eJq;,la..11atol'."'y-. Since 

the first, generation h2d no accrued selec-tio:Q., t,he figure is zero. In the 

second gene:ra'0ion there h~s been some prev:i.ous select:i.on ~pplied m.:,Jdnc; soine 

d:ist.inction between lines due to genetic differencos. 

Trro things can be soon b"y ·c,hese estimates.. One, the estimates of herita-

bilit,.y of the mcll3 birds each tirne is smeller than for the f e:males except in 

·the 1tco portion at 12 ,;reeks ·of age. On the other har-id, in Table 1, ·the r.1ales 

of each gener.:?f.ion have a larger coef.f:1.cient of variai:.:1.on than the fe:raales• 

Two, the 6-week estinate of heritability is slightly lmver than "the 12-week, 

denoting that ·th0re is less Genetic vnriability at 6 than at l.2 v;eeks of age. 

kn j.ntei--estine observation is that the coef'f:teient of variation ('l'able l) of 

the unselected progeny is higher at 6 1:meks, in most cases, than at. 12 weeks. 

'.l:hin indicates that just; because the. to·tal variation is hicher at ono age, it, 

does not. necessarily w.oan that.. t,he genetic variation is higher also. 

n:stimahes of heritability obtained from such a selection e.."ltperLllent as 

has been described are r10re accurate than most o·t;her mcrthods becauso the: 
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est,imti:bes .are averages of several generations,. '\:then carried over sev,eral 

generations, it, does tuo t.hings.--(1) tends. to decrease sampling ettor, and 

( 2) epirrta:liic 0ff ects are- diluted. If episte,tic ef.feC'!;s are important., -the 

begin..11i11e gains made include this causo, but, this tends ·ho disappear i..'1 later 

generations. Gones in t,hc g.en1etes tlw.t nre produced tend, in the follovrlng 

generations, to recombine :and maintuin ~ random distribution. Lush (1948) 

st.ates that ·this proced',.ire is probably the most effective method to measure 

addit,ive genetic differences mnus episto.tic effects. To go further, Lush 

states ·tlrnt, to r;et nearer tho actuvl her:l:tabili'iiy in the narrow sense, dis-

c ar<l tho data of the first tno generations an.cl use only data beginn:Lng with 

the third generation. If this is true, then -'c.ho esti.r.1ates in 'I'able 1.i. are 

probably high or ir"1 betvreen the na.rro1Y and broad definitions of herit,abilH,y. 

The question of validity o:f' these es·Umites indicates that more generations 

an3 needed to erase err:;- doubt;. These tw'O lines are being cort-:;inued for this 

purpose. 

Tho uae of a selection ro..1:,crirnent t.o determine ostira.ate::l of heritability 

is rare in the literature compared to ot.hor methods of estimation. The .chief 

difi'icultiec ru:-e -time., spa?e, and expense, and it, is good for only one trait 

at a tine. 

Intra-sire P..ogress:l,o,_n of Of'fsp}'":ip,u 011 Dam 

'J:his method of estimating he:rit,nbility is a modified version of ·!;he re

cression betvrcen parent and offspring. The difference is ·!;hat, vrlth the i...'1tra

sire regression environmento.l corrt.ribu:!:.ions and nating pecularities are avoided 

1:JtJ restricting t.he varim1ce to t,hat Klthin the sire groups. 

Procedure Follow:od :\!1 Determining Estina-~~.s of I~it,abi;,lit:y;-The data used in 

the calcu..lation of this method are the data collected from the second sene:ra

tion of thG select,ion O.."'{_peri.ment. A. tot,al of 8 sires, 71 d.mns, and 366 
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offsprings in the rapid line and 8 sires, 65 dams, Dnd 309 offsprings int.he 

slor;r line cor:1prised this second e;eneration. Becnuse of the quest.ion of t,he 

males, for "i:.ho mos·t pr,,,r'c:,, neighing more t.han the females a'fld thu:s biasing 

t.he regressions in favor of -the males, all male r,nd femalevmights were con

verted to a percent. of an ideal 11eieht. 1rhe idca.1 1;reieh'l:.s ·that were used a:-'c, 

6 ueoks of .e.ge were 1.4 pounds for tho rJ.Dles and 1.3 pounds for the females, 

and at. 12 11eeks of age 3.88 pounds for -the Llales and J.18 pounds for t,he .f.c

ualos. The regression obtained from ·these data vras ·then doubled 't;.o obtain 

an est:imat,e of heritability.. The reg,-ression is doubled to allow for -i.ihe sires• 

contribtrtion to the genetic variation. The intra-sirG regressions and herit,a ... 

bili·ty estimates t.hus obtained are recorded in Table 5.. One observation is 

thrrt in both the rapid and slovr lines tho 12-1reek estiniate is higher than t,ho 

G--rmek estimirc.e. 

The :Lrrtr:a-sirc regression for ·U1e slov1 line at 6 weeks of age is e.x'c:,reme

ly lou, and at 12 weeks it, is a. minus figure. ?his is brought about, biJ selec

tion in the opposit,e direction fron the rapid line. '.i:hcse lon regressions 

·t1hen doubled result; in lm:r heritability est,imates. 

Estim:rt.os of herit.~bil:i:ty by ·this method can con:cain ~v'arJrlng &101.1.."ll'ts of 

1:1atcrnal effects besides the additive gene ef'foct,s. 'l'he ru-,101.Lnt can vary be

tween t,;]o e:x:t,ret1es. Ono extreme is t.hat if the direct and complete trans-

mission of cytoplasmic particles from d&m to off spring is imroltred., ·the 

regression ·will include ru.1 of the uw:'c.ernal effects. On the ot.hor hand at 

the opposi·te exi:,r0me, eff ect.s due -to B':1vironi.o1.ental .influ.ences acting on the 

da.up;M;ers, but. not m'fecting the dam's ovm performance., will no·t be at, ~l 

included in the regression. Intermediate c)]]OUnt,s of variat1ce due t,o :maternal 

ei'f ects can appear from ot,her causes such as maternal effects due t,o varia

tions in t.he darn• s genotype for mat.ernal ability. Since t,here is no nay at 

present to disc:riminrrhe between these two possibilities., one has to assu.me 
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that a reasonable estiL1e.te is somowhero in between the tvro extremes. 

Lush (19hG) states t,hat if -there is a tendency ·to select :mabes of a sire 

because of similari-ty, '0hc:re wouJ.d be some increase in herH,abili"ty. Since 

the sires ,:md dams of each line in this vrork are selected on the basis of 

high or 101.T -v-veieht, this posit;ivc assertive mat.ing could affect, the est,im.ates 

of heritability. This vdll not, ent.er into these estimates too greatly be-

cause of tw reasons: (1) the parents are select,ed on the phenotype .and not-

tho [:;enot.ype, and ( 2) the parents selected rrore not, influenced by pedigree, 

progenv; or any other method -that would iD.fluonce selection othel" th.m the 

individual ts 1aveight at 6 v.nd 12 Yreeks • 

Probably the best est,inmte of the heritability of body weight at 6 t:u'ld 

12 weeks of ago fror;1 this method is that c2.lcula:t-ed for the r~pid line; that 

is; 31 percent at 6 Y1eeks and 49 p_ercent at 12 vreeks. Since the rapitl groiv-t.h 

~ud not the slow· grmvth is rrha'l:, ·U1e breeder desires, 'the rapid lin0 estimate 

is ·the more practical. 

The :third 1:1et,hod for estimating herit,abili""i;y used in ·this thesis is the 

·a-.na.lysis of variance technique described "by Lu.sh (1948) •. This method is cttr-

ren-tly being used by many imrest,igators :ror the fftucly of genetic var:i.abilit,y 

involved in quantitative inherit,a:nce. The inheritance of body weight in chick-

ens is considered -to be a multiple geno t:ra.it (Jull and Quinn, 1931; Lerner 

and Asmundson, 1932; o.nd Asmu.ndson and Lerner, 1933). 'i1ho calculations u:sed 

a.re from de.ta of the second gonerat:i.on of ·the selection experiment. This 

involved \reights of )66 offsprings resultine from t,he mating of 71 dams cmd 

8 sires in the rapid line, and w-eights of 309 of'fsprings from 65 dams a..TJ.d 8 

sires in t,he slo-v.r line. Those ucights, as in the intra ... sire regression method, 

1vere converted t,o percent.ages of ideal treight. 



In -this method of estira/:3.ting herit,ahilit,y, the anount, of variance be

t,vreen sires., be·tueon dm .. ns lTlthin sires, and between full sibs are pcrtitioned 

i'ro:r;,1 th0 ·to·tal Vt!'Xiance in bo-th the rapid and slow lines. Each line was ·trca

t~d scparat,eJ.y instead of being conbined, because even though they came orig

inclJ:.7 from one population t,hey a.re no1:r tw generations m'lcry fron the begin

ning populcr'i:;ion. These ·t;wo lines, for this purpose at lenst, because of 

selection in opposite directions probnbl,y have a diffe:ren-c set or combination 

of genes affect:i.ng growth 2nd can be considered tvro separate populations .. 

Therefore, it was felt t,ha:t -the estimates of heritability obtained from data 

resulting fron coI!lb:inin,s the two lines would not; be valid. 

\Vi-th this method three est:i.Jnates of herit,ability can be obtained--(1) f1•om 

variance between dar.as, { 2) f'rori. variance betr:-ecn sires, and ( 31 a combined 

estimate from variance be·l:,weon daYus and sires.: Each of these t,hreo estimates 

were calculated mid are shovm in Table·s 6, 7, C,, ,:md 9. 'I'he :mean squares re

corded in the above tables ·were calcti.lated by divlding the sum. of squares by· 

·t.heir renpectivo degrees of· freedom, as shoi:m in detail by Snedecor (19h3). 

The int:.erpr.:;·~ation of -the raean squares listed in Tables 6, 7 ,, 8, and 9 

are discussed by Lerner et al. ( 19h7) • The tot.al mean square co:nt.ains berth 

·bhe genetic ( G) mid the omrirormiental (E) ""J"C<J:':Lance. The envirorm1ental. por

·tion also includes most of the non-additive deviat,ions due to dominance and 

epistasis. The mean squares betvreen sires (S) ·consist largely of one-quarter 

of tho c;enet,ic variance, that between ma:tes of each sire (D) a.no'l;her quarter, 

an<i the :moan s~-i.re for 'tl1e families of full sist,ers (W) contains the rer;iain

cler of the genetic varis,nce and ell of t,he envil"onr.a.ent,al. term. The total 

ve..riance t,he.n consis-t,s of $ + D + w. 

The anio1.ID'G of genet,ic va:r·iance that is cont,r:i:.bu:t.ed by ·t.he dam (D) atid 

sil"·e (S) is calculated from the corr.position of mean squ.ares in Tables 6,. 7, 

8, and 9. '.i.'he avcr.1g0 number of off springs per dam is represented by the 
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let,ter nz:lt, and ·the averag-e number of dams por s:i..re is represented hJ,. ·the 

letter •1y-u. '?o calculate an es-1.iilllD.t,e of he:rit,e,bility from the dam's vari

ance, the atiOUJ.'1.t of genetic vm"imce contribut,cd by the dam (Ii) is nrul"'i;i

plied b-y four anchlivided 1:r.r the tot,al variance, as shmm in the Han pm""t of 

the heritability e.st:unates in Tt!!bles 6., 7, B, nnd 9. Similarly, in tho •ton 

part, a heritability estimate tr0111 t.h8 sires :ls calculat,ed by aultiplyir1g 

by four the genetic variance corrt.ribu:"l;ed by the. sires ( S) , and ·this is then 

divided by t,he total variance,, 'i'he ncu part is calculated by multiplying by 

t,-rro the genGtic variance contribu:bed by the dam &""1d sire and dividing by the 

total variance. 

Si11ce, as _st,rrt.ed ab:::ive, t,ho contributions from sires and dal'ns each con

tain one-quarter of 'i:,he vm."iance due to ·t,he average gene eff ect,s, ·the diff e:r..;. 

ence bot,woen them ( D-S) provides a basis .for est,imat-ing t,he inporta.rrce of 

me,t,:::irmu ef i' ects. 'l'hes e are listed in Tables 6, 7, 8, · and 9. 'l'he mat,ernal 

effects listed are all minus except, 'tho 12-rroek slow line which is so low 

it can be diaregardcd for all practical purposes,. and for the 1.2-week rapid 

line vf.o.ich is about 5 percent and could influence the estimate of hcrita

bili'ty from dams. 

The question arises, nhich of t.he three estimrrt.es of ho:i: .. itabilit,y ( a, b, 

or c) is the best. Lerner, Ast1undson, and Cruden (19'l{l) S'GErt.e :that 'the es-t,i

m~~\jes of heritabili·by imrolved mieJ.sr!; be sliehly larger than -ui'e true herita;;.. 

bilitics if non-additive intore.ctions sueh as _epis'tasis dr dominence 3.l"e 

involved. In this analysis of varinnco no soparntion of vsriance due to non

additive effects such as epistasis or clom.immce 1itas calculated. Hazel and 

Lan10rou..°"\: ( 1947) , vrorking 11rlth ·white ~eghorns, fou..rid t.hrri; onl:y an insigni:ei

ca.nt anount of' non-additive effect,s were present. This work 1vas i.tlth body 

weight at; 22 ueoks. Ii' this type of variation is inipor-1:,an't,, the estimates 

listed in Tables 6, 7, G, end 9 could be slighly larger than the true 
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" he:ri'tabilities. The exact; amount is no·!; kaown; therefore, the estim.ntes ob

tained f:tom. the sires md dams contain all of ·t.he additive gene-tic variance 

plus wtrn:tever opis·tasis or dominance effects ~re left in tho S aird D po1 ... ·tion 

of the genetic variance. 

Discrepancies among the three es·c.inwt,es 1nieht, be attributed in part, ·to 

sex-link~e in caaos rs1hero the estit1a:J.:,es from -the s:tres shou an excess, and 

to matern::u effects v.rhen t,he est.iJncitetJ from thG dmn.s arc hia.lJ:er (Larner et at •. , 

1947). Evidence of sex-linkage has 1Jcen found by Uarr (1935) who concluded 

that one or aaybe more ·than one sex-linked gene is imrol ved in the inherit

tmce of body ueig;ht in the chicken. Ka1:!.f:man (19l.i7) also f'ound evicle:i.1ce that 

sex-linkege was involved in t.he @"m:.i.h of tho c1omestic fowl. Eater11nl eff octs 

have been found b"f Lerner e·t at. ( 1947) to contribute about 5 percent of Uw 

total variance of the 12-,n:iek body weight of t,he chicken.. These dii'f orences 

could in pai"-t be due to one or both of -the reasons abovB m011tioned.. It, is 

no·~ believod that these reasons rtlll account for all of the differences in 

some of ~he sets. It vd.11 be noticed -t:.hat, the 6-vl(::ek rapid line. estimate 

frm:1 sirns is over 100 percent 1,vhich is obviously incorrect. The c:rn.ct rea

sons for this is not lmovm. One re.ason. could be a trem(mdous seimpling eITor. 

For e1::c,m~le., iZ there ere 20 genes involved in the inheri'l;ana.0 of body 1'ifdght,. 

·there 110uld bo possible 32) genotypes.. The number. of birds considersd in this 

analyses f.or the r~id li11.e is 366 and for the slow line 309; therefore,. the 

sampling error could be considerable • 

.Another possibility :l.r; the mat,ing system. This cannot be checked to see 

if t.he:ro arc any full bro·i.;.h.-:3rs or sirrt.ors in eny of -the ma-tings since the 

parents of t,he offsprings involved came from a flock 1:mting. 'l'he probab:i.lit.y 

of romw full bro·ther and sist,e:r matings is quit;e low, but it. could happen and 

cause difficulty. The 6-week es-ti.mate of heritability from sires is also 

high in the 6-Neek slon line, but is fa:r from 100 percent. ':lhe t1ean square 
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A reason the n1oan 

difference betvr0en of 

sc:les m1d f,)nales involved. Therefore., becauso of the diff:Lculti0s involved 

i11 tb.o estin1c:tes f1'lor:1 sires, -Cb.e estl1ntfGos .fr1on1 seem t;o be the 

'l'hese percent for J.ine and 28 percent for 

lir1e crt 6 rroel:s of • 

The 12 ... weok of her:i.taJ:?ilit,y a.re co:nsi<lsrably closor t.ogethm~, 

espoci2.lly in the slov; line. In case if sox-linlrnge c.md maternal effects 

a:ce irnrol ,;ced, could be canceling oo.ch other, thus, causing the estimates 

·to 'l'lw posit,ivo rcirrtern~l eff ect.s :l.n t,he 12-vreek r2;pid line 

oYc-m thourh srn,ll (5 p0rc,mt), oou.ld bo tho major reason tht:J est,imate from 

heritability bact7 weight, obtained in this wo:ck ranee from 

2 percent. (rapid 6--rreek intra-sire rdgres8:Lon) t,o Hl pe:rcerrt (fror:1 sires 

fcllo,;rs. 

'I'hree L1e-thods ere to c l1lcv.late tho heritability estimates. Each 

included in error apparently· is im-

nat,e, the genEY'.:-ic vnri2nco contributed the s:Lre o::i:· dan is multiplied by 

four. This J_s done bocause the metm squ}U"e of ej:ther 

plied by four.-

Estiuat01s obtained from t,he int.:r·o.-sil"e 
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roeression of offspring on clam method Yrould also be too large., if ·t.hcse effects 

a.re 9resent., because the regression is :c.ml-tiplied by t,vro.. This at 'i:,hc same 

t,i1n.e doubles e.:ny san:ipline error and non-addit.ive effects that are present.. 'l'he 

eot.irnrtos fron the scloction m::periment are not rmtlti:Jlied in m:r:,J" way; ·there

fore, ii' m:iy non-additive effects or smnpling error are present,, ·they would 

not be multiplied and thus ·the ost,imates -vrould be closer -r.o '!',he true hel"'i'ta

hiliicy than ·those obt,ained b-y the 0·0he:r me-'c.hods_,, This is one oi: t,he major 

reaso:ns cstina:lics or her:1:t.ability obtained from this riethod are cons:lderod 

nearer t,he true hori'tahilit.y. Ot,he:r reasons why t.he. selection experiment is 

considered one of 'Lh'3 uost accurate methods available to ai.1ir.:1ru. breeders are: 

(1) t,he el:L."1lination of t.he env-ironm(mtal factor because of the t.Tro oppos:i:te 

lines, ( 2) the tendency of reducing sanipling error because of t.he mreraglng 

of several generations, and { 3) t,he reducing of' any epis'c.atic effect.s that 

a.re present. 

From the results obta.:i.ned in -this ·thesis, r-11at.er11al effects ere relat,ively 

unimportant except for the 12-,seek rapid line· (Table 8) .1hich shovra ·th.rt ~bou:t 

5 percent of tho 'tot,.tl varirmce is due to ma'i:,e:rnal effects. · If .. c.his is sub

tracted .from ·t;he estimate from dams, t,he e1ir'0iro.at,.e of.' course will be lO"?rer and 

nearer the nDJ:>row· sense of heri-tabilit.y. The 12-week reyid line intra-siro 

rcQ;roi:rnion orrt;:imate is 49 percent. If -the 5 percent mo:t:,crn.al effec".:.s ob'cained 

in Table 8 is suhi.,rac'hed :from the regression before it, is doubled,, the ro

sul-ting cstime:to will be about 33 percent. This is neB!l"er the est,ir.1ates ob

tuined in ·the selection o:o..'];)01~ilnerrt at 12 weeks of age. 

By coTIIparing -the herit,ability estimates calculated by 'the three methods, 

one cen ob·tain an idea of the amount of non-addit,ive interact,ion. Review:i.n@: 

briefq the cstj.l!-i~tes ob't.riinod: select,ion e:ir.peri111ent., JO pet"'Cent.; intra-sire 

regression of offspring on dam., i~apid line, 30 to· 50 percerrt;; and analys:l.s 

of variance from dnms, rapid line, 50 to 60 percent. 'l'he estima:t.e obtained 
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f:rora t,he selecJcion experiment. is made up of only two generations. Lush (1948) 

st,at,es t.hat if epistasis is :iniportant, ·the first. t,wo gonerntions will con-toin 

epistat,ic effects and from tho third generation on less and less opistasis. 

:7or t.hj_s roD.son considering this est,imate alone, one would e...,cpcct tho estimate 

to be high. Considering, then, the estimates obtained fro:m the other two 

methods, one could assume that epistasis is not, very :un:port,ant for growt,h nt, 

6 and 12 -i;mel-cs of ac;e, at least in the populrrl::.ion concerned here. The high 

esti.•mxi:.es obtained in the analysis of varim1c.e are at.tribU't.ed mainly to sam

pling error. 

Fro1:1 the above data and discuss:i.on, t,he estimate of hcritabillty that is 

probably nearGr the ·true heritabili-1:~y is about 30 p01"Cent for both 6 and 12 

itmGks of age with the 6-t7eek estimate being slightlJ,'- lmmr than the 12-wcek 

Varieibili:gr ,of q~oYrth at 6 and 12 Weeks ·o; ~~ 

f.'rom 'f ablo 1 the coefficient of variation of· the first. and second genera

tions is recorded. In t,he first generation at 6 ueeks of' age., v::i.ric1.bilit,y of 

both lines is about the same; 1w3.orea.s, at 12 weeks of age, the slow line has 

more vru:-iability thmi the rapid line. In the second generation EJ:!', both 6 and 

12 l;eeks of e.ge, the slow lino is more variable than t.he rapid line. 'l'his 

a0•reGs with Sehnetzler (1936) who s-lintes that ·1;here was mo1"e varia.bili·cy- among 

his slower grouing birds than among hi.s rapid grmrlng birds at, D or 9 vreel~s • 

Lat:L>ner (192h) st,ates -that variability in the live weight of Hhite Log-. 

horns is r;ree:t,ost at 5 weeks. Schroeder and Lawrence (19.32) found that t,he 

v/J!'iability :reached a max:imurll. by 6 1.veeks. 11.sr.n.mdsou and Lerner (193h) st,ate 

that -the l)Criod from 2 to 8 weeks of age is considered most, suitable for the 

purpose of st.ucy-i...,,11c genetic duference o:t rate of growth because variabilit,y 

is groates-t. From the dD:ta in 'l'nble 1, the coefficient of variation is greater 
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a:t 6 weob, the11 12 weeks, This :i.s the tot,al vv.riabil:i:l:,y due to all cmises. 

The hori-tabili'hy estir,1a·t.os listed in Tables 4, 5, 6,· 7, 8, and 9 show tha.t 

the 12-weck estimate is slightly hicho:r than t>:t 6 v1-eeks. Tharefc,re, because 

tho ·t.otnl vm-iubi.lity is greater at 6 1:reeks. of ar;e, it does not necessarily 

ucm1 that 'this is the b~st til'.le ·00 select brcad.ers. The genetic variability, 

r0c2.rdless of' '\:,he total vnriability, is what :ciost, interests the brcede1~. Thus., 

selection of b:i."eeders for growth is slightly more ~fficicnt at 12 weeks of ac;0 

-tlwn rrt. 6 weeks of age in this population. 

Choice of B:reedinG SLstell! 

The q1:1estion arises., now that an est,imate of' heritability of erovrth has 

been determined, which breeding sys-t;em should be followed. There ru.~e t,wo 

:rm:Ln brocdi.t"1.g syst,ems available for use by the breeder. One is selection on 

phcnot.y.9es or indivldual selection, and the othor is r;enotypic selection based 

on the use of family averac;os a.nd progen,y test,s. 'I'ho rela:l::.j:ve ei.'f.'icioncy of 

~&hese tvro sys-'0ems have bocn discussed rather t,horoughly by Lerner, Cruden, 

mid Tczy-lor (19h9). :.i:'herc aro 'l:,110 main factol"S to consider when cor~aring the 

·two syst,om.s--heri·tabilit,y and f'zraily size.. '£he ,vol"k by Lerner et al. (19h9) 

shovrs t.het. ns heritability increases t,he rela!.,iye efficiency of fer11ily selec-. 

tion over mass selection decreases., and also as fau1ily size decreases the

rclati ve efficiency of f anily selection over mass selection decreases. Tlwro

fore, froL"1 this -rrork a t,rai"t, such as 6 and 12-1roek hoct.r vrcight w'aich has a 

heritab:Ui.ty of JO percent could be sGlected near).Jr as cfficimrtly by m.ass 

selection. as family selection,. if the number of sisters is not over su,. 

Tli'th eight sisters, fm-ilily selection becomes a li·litle more efficient than 

mass select.ion. If t,he heritability is 60 percent, it is still roore efi'i-· 

eiont to prnctice mass selection "than .family select.ion.,. even if as many as 

eir;ht sisters are in the fani.ly.. A major reason 1'1hy mass select.ion is 
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J)r,:::,forrcd 0-,10:c fr:mily soloc-tion, :Lf' at D.11 poss.Lblo., is tho:t in i:.hB use of 



TABLE 1 . MEAN WEIGHT IN POUNDS OF ALL OFFSPRINGS BY GEllERATION, SEX, LINE, .AIID AGE 

Gen. Sex Lino 6 Weeks 12 Weeks 
No . :Mean S* C. V . ·~-~- No . Mean s-'k 

R 
2. 744 Male s 322 .829 323 

R-S 
R 

0 Female s 394 . 8o9 404 2.354 
R,..S 
R 

716 . 818 2.528 Combined s 727 
R-S 

R 154 .902 .175 .194 154 2. 802 . 502 
Male s 127 . 8o6 .157 .195 128 2.510 .463 

R-S . .096 . 292 
R 157 . 855 .144 .168 156 2.399 . 288 

1 Female s 138 . 758 .124 .164 137 2.049 . 311 
R-S .097 . 350 
R 3ll . 878 .162 .185 310 2.599 .455 

Combined s 265 . 781 .143 .183 265 2. 272 .164 
R-S .097 .327 

R 189 . 881 .170 .193 189 2. 791 . 439 
Male s 161 .631 .167 . 265 1.56 2. 216 .4].J 

R-S . 250 .575 
R 178 . 8o7 .148 .183 178 2. 354 . 298 

2 Female s 148 .586 .138 . 235 144 1. 854 .268 
R-S . 221 . 500 
R '367 . 845 .165 .195 '367 2.579 . 435 

Combined s 309 .610 .155 . 254 300 2.042 . 4).6 
R-S . 231_, .537 

.,.. - standard deviation 
~~~ - coefficient of variation 

• 

c.v.-i* 

.179 

.184 

.1ro 

.152 

.175 
• 2)() 

.157 

.186 

.127 

.145 

.169 

.ro4 

I\) 
\;J 
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TABLE 2. MEAN WEIGiff 01"" SELECTED PARENTS 
BY GENERJffIOH, LINE, AGE , MID SEX 

6 Weeks .. 
Line Sex No. Mean 

Sires 4 1 . 213 
Rapid Dams 39 1.045 

All Parents 43 1.061 

Sir es 4 0. 475 
Slow Dams 31 0.550 

.IIJ.l Parents 35 0.541 

Si res , ,B 1.121 
Rapid Dams 71 0 . 982 

All Parents 79 1 .051 

Sir es 8 0. 704 
Slovr Dams 65 o.675 

All Parents 73 0.690 

12 Weeks 
No. Mean 

4 3.$00 
39 2. 822 
43 2. 885 

!t 1. 775 
31 1. 847 
35 1. 839 

8 3.3~ 
71 2.664 
79 3. 002 

8 2. 234 
65 1.816 
73 2.0 25 

• 



TABLE 3. SELECTION DIFFERENTIALS OF SELECTED PARENI'S, 
IJ WEIGIIT FOR AGE (POUNDS) 

Age Parents of Generation . 
t 1hen 
Weighed Sex Line 1 2 

Sires Rapid .384 . 219 
Slow -.354 - .102 

6 Yleoks Dams Rapid .236 .127 
Slow - . 259 - .083 

All Parents Rapid . 243 .173 
Slow - . '2:77 - .091 

Sires Rapid . 756 .539 
Slow - .969 - .276 

12 Weeks Dams Rapid . 468 .ass 
S1m7 -.507 ... . 233 

All Parents Rapid . 357 . 403 
Slo-vr -.689 - . 247 

25 



TABLE 4. HERITABILITY OF IDDY WEIGHI' BY AGE AND SEX OBl'AINED FROM 
THE SELECTION EXPERIMElJT 

·-

Percentage Heritability 
Genera- for Weight at 

Item Studied !;ion Sex 6 Weeks 1 2 Weeks 

A. For difference in 1 llale 13.00 16.93 
weight between birds Female 19.59 35. 89 
of same line. Combined 18.65 31. 26 

2 1 ale 23.61 22.64 
Female 31.34 33.94 
Combined 29 . 97 31.66 

B. Differences in ,1eight l · llale 13.00 16. 93 
between birds of' dif- Female 19 • .59 35 . 89 
ferent lines. Combined 18.65 31. 26 

2 Male 59 .95 51. 94 
Female 71.98 58.96 
Combined 65.09 54.98 

c. Excess of B over A 1 Male o.oo o.oo 
( largely due to the Female o.oo o.oo 
genetic difference Combined o.oo o.oo 
between lines, ~lhich 
has accrued from selec- 2 Male 36. 34 2C) . 30 
tion in previous genera- Female 40 .64 25 .02 
tions) Combined 35.12 23. 32 

26 



1J:J\DLE 5. BSTil.~Jri;~~;s C~/ Ir:~Tl:.Cr.r.~.DII.I~;y· O~? ;JODY Tn:;IG{I'l:fJ f.{J; 

6 rnc1 12 \~rM:~EJ 0:7 .Acre Et{ Lit!ES ClllJGT.JI.atr!~D 1:ID~ ~~ 
~5=~:;i.1IW.-s~:2:1:; t:.EX~·.IT~·;sD10::;s l11;1 or·~?SI):t.Cd(: () .. f D.~.J= 

27 
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TABLE 6. AiJALYSIS OF V.AlILAlJCE 01? DODY UEIGETS M: 6 HEEKS OJT AGE, RAPD) LIITE 

Composition 
Source of 
V2riation 

IIec:1.n Int,erpre- of llean 

-· _d•l:.!.--~~--S_a~*~~-a:i:--~~"E~'~~~-t~t~~&-"i_·o_1_1~~---~S_q •. u~2~~-.e~~~---~ 

'l'otal 
Between sires ( S) 
Ikrtvreen dDLIB 
Bet.1,reen dm::1s 

365 
'7 

70 

160.82 
2181.37 
421.53 

E + G 
0.25G 

0.25G -rrithin ::;ires (D) 
Bet..-recn f'u.U sibs (VJ) 

226.00 
90.96 E + 0.5G 

VJ'+ zD 
Vf 

z = averc.;ge nun1ber of offspringG por U..JID .366 --
71 

y - av·erage rn:unb0r of UnLlS per sire 71 - 8.88 -· 
D = genet:1..c varic:mce contributed 

s = genetic varirnce contributed 

-re, 

011:J"i:ronnentcl var:l..ance .l:.t = 
G = genetic variance 

I'ror1 'tho co1irpos:i:t.ion of mean squnres: 

D = (E.s. of D) 
z 

( ~< C 
~ ..• v. ·" 1•1) OJ .. V = 

-0 
by tho clams 

hy the sires 

226.00 - 9D.9G 
r' 16 ;:) . . -

:5.16 

S (r~ c o·"' S) = .... 1...ue J.. ' 

yz 
(.,. s " "t)) .t:l. • or .L : 2101.37 - 226 .oo : 

t s.dc) c5 .16, 

Herit,abili.ty estina:t.os: 

( a) fror:1 dams 4D 

(b) i'ron si_res 

-S.+D+YI 

4S 
S+D+W 

98.1.i{J : .5923 
166.26 

170. 72 : 1.0268 
166. 26 

(c) combined 2(D+S): 134.60 .0096 
16G.2ls -S+D+W 

l!.e:t.ernal eff ec-ts: 

(D-S) : -10.06 : -.1086 
S+D+tf lt>D. 26' 

42.68 
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TABLE 7. AlJALYSIS OF VARI.!llIGB OD' BODY V,'EIGII'l.'S N.r 6 WEEKS OF AGE, SLOW LII.i1'~ 

Source of Ecan In-terpre-
Vnriation d f' ..... Sou are t,ntion 

Total 308 172.13 E + G 
Be-i::;rreon sires (S) 7 1026.26 o.2.5G 
Be-!:ivreeu darns 64 289.69 
Dct.vmen dm.ns 

wi:thin sires (D) S7 199.24 o.25G 
Bet.ween full sibs (W) 241+ 141.29 E + O,.:,G 

z = average mUTiber of off springs per dam 309 ::: 4.75 
0 

y -· .aver ago rn.m1ber of dams per sire 65 
e = G.13 

D = genetic variance contributed b;y· the dams 

S = genetic vm~ience contributed by the sires 

E = m1v-1roru:1E.mtal vo.rinnce 

G genetic vcriance 

Fron t,J1e composition of T:.18011 squc1J~0s: 

D = u:.s. of D) ("" (;I Lc.u. of '1) ..,. = --z 

s = (i'T Q 
.i. . .:...v. of S) (71 ~ 

l..i·.:>· cf D) = 
yz 

Her:l:tability est.in1at.es: 

( 2.) fron dans 

(o) f:-om 

( c) cor1bincd 

Ilatc:rnal effects: 

4D 
S+D..-'JJ 

4S 

2(D+S) 
S+D+TT 

= 48.00 -~------ -

= 

17i..J .• 90 

05.6~. :: 
174.90 

(D-S) - -9.21 = -.0527 
S+l5'i<l - i74. 90 

57.95 = 12. 2'J 
. Ii. 75 

327 .02 = 21,.}..i]. 
31T~ 

.2790 

Cori.:tponition 
of liean 
Square 

W + zD + yzS 

V{ + zD 
11 
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TABLE 8. AILALYSIS Ol~ VARIAliCB OF BODY YTEIGIITS Nr 12 W.SIJ:KS OF AGE, RAPID LEIB 
I _______ , OafS-foii 

Source of 
Variation 

:dea11 Interpre- of 1.lean 

. Square -i:.t:tion Square 

Total 
Be-tween sires ( S) 
Dc:ri;weon dans 
Be-tuoen dams 

rrlthin sires ( D) 
Bet.Yreen full sihs (W) 

J65 
7 

70 

63 
295 

133.oS 
91{\1-J.i 
2e2.95 

212.57 
9?.52 

g + G 
o.·250 

0.2,5G 
E + 0.5G 

W + zD + yzD 

vr + zD 
vr 

·-------------... ----------------
z = a:-vornee munber of off sprine;s per d2n1 366 - 5 .16 

71-
y - nve1~ci.ge - number of dmns per sira 71 = G.83 

"11' . 
D = genetic variance cont:ribtrt.ed by ·t;he dD.111s 

S : gono't,ic varia.'1.Ce cont.ribtrt.ed by t,he sil~os 

G : genetic variance 

Fron tho com_p::,s:L'tion of r.K~&1 oqunres: 

D (n.s. or Tr)= 11).05 = 22.30 -----z----- ···~.lb 

s :: (n.s. oz S) (E.S. of D) = ?03.87 :: 15.36 · --·~- :rz ----- '1is: 02 

Horit.abili·ty estimates: 

( ~) from da1s 
S+D+YI 

39.20 : 
135.18' 

.6599 

(b) i'ron sires 48 = 61.4li : .4545 
S+D+W 13~;:LB' 

(c) corabinod 

(D-S) - 6 61, 
---..... .,1,...,.. = 
S+D+H 13~.lrJ 

2(D+S) : 75.32 : 
'§+fl+n 135 .18 

.0513 
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T1t8LJ£ 9 • 01" ACE, ,SLOW Lnm 

--~-"" _____ c,,,_,__...-~--·~---,--------,,-~--~--c"·-(J-~i--~~--o·-·0-;--.,.1""·-"' .. "'-·,.._ .. "::""L~-o" ·Y1· -
J "'""'.i.; V -, . .,.,,.. \,.) • -

Intorpro- oi~ :.:·.loa.11 Sotrr·ce of 
\J7 t'J:iation ~"'---~---------- ______ ct_·_j .. • .. :i.._(~ !...-- _ _ _ _ Sq1-:~t~~e-~~~-------~ ·G~rt:1.01~----~2S:l~G~-----

F1 ... 01:1 the 

D 

s = 

( a) 

(b) 

(c) 

conposit,ion 

( "' ('< JL,'.t.lJ. of D) -----~·-·--
r·:" c .r, S) 
, "-• kJ. o~. . ----....=.--

o·? 

z 

:rz 

299 
7 

64 

t18Gll 

(~J.i3. 

( ,., Q 
\J. . ..'.•U• 

c1DL1D 4D 
s:;:IJ;rr 

:: 

sires 

2( I).;.S) 
-,~3+D"'r7 

-... 

= 

(D-S) .OJ .00010 
'/->{"j' 
1.o:) .LiLJ. 

161.73 
6Q~;.D9 
2t3.30 

199 .hLi 
139 .52 

SJ .. l-.(1 65 : 
rr 

V 

squ&:r·es: 

of n) :::: 59 •. 9.2 = 
4.02 

o:L D) = 1)36 .Lr5 = 
37.5"6 

.3136 

= .3131 

.Jl31+ 

TB + er 
0.25G 

0.25G 
E + 0.5G~ 

G.13 

12.97 

12.95 

W + zD 
·cJ 
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COHCLUSIOiTS 

ovor c:: 

ble. the uc;e 

of throo mot.hodt,. 

technique • 

. A by--product of cri.lculat.:l.ng: an estim3.te of horit,ability, usinc: t,he so-

lect,ion e:rperinent n12fthod, Tms the est,c.blishnr:;;rrt of two lines ( ra1oid and 

oi' poultry based on rreir;lrt ai:; two ages ( 6 and 12 weeks) • 

Those-'! ti-rm lines originally were from srune lJOl)l1la.t,j .. on .• 

of 02d1 lino have been described in this tlws:Ls. 

of' variA11co ncd;,hod were calculated from t.ho second coneration boc1w vro.iglTts 

l. 

body rreights slightly lower th.:ln tho:30 ca1c1..1.1o:ted frmn the 12:..,,-reek bod;sr 

of ctgc .• 

clu.e 

! 
L[ • selection is nore eff:i.ciorrt, then fam:i.ly select.ion for inprov-

ine; body weight, ;at, 6 end 
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