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It l!:1ve8 M great ~61l8tl:'"O $:1 prinJ,ege 

to c~reas '3T tr.ncereafi unsa or gmt\ t.ud8 tn 

Dr. Pre u~. J'o1nt ':l2-eotcr• Indian •1l"1()Ultu:l"nl 

atat1st1es -~aetU"Ch tnstttDte, tor sou•ttns 
the problc t1.Cklad 1n tbio flleals 1nt hla 11:l!:!OftU 

helv, keen 1ntGl'ont, conetnn't ete:JQ.:'r'.f:ctlt!Dt, 

C..ddc::!lee ,;..'ll:i G'.l' !!!'Vision th:"'~U.t t~e c:"ID:'Ue of' 

-r rep ".l'::~t!o:n of th1a tttooia • 

. I til Bl"atetul to nr • .J. .:a.n~, ~~l"t 

I,. A. s. 'f ... I., ror rn>v1din3 noccasaf1 i"ao!.li t.1.es 

to CJlr'l7 out tho t«>rl:.. Hy tb~ era alSo dUit to 
• 

~ .. C.;-.,QI~, SC1ootlet n-2, I c:r, tor usell,ti 

&scusn1on an.:t o:>rr'1Ct:lons ~rinn t.."lo prepal"tltf.on 
I 

1 ts:l also a-atorul t1) l·tr. r.r:.. :rro.n Etld 

Yr,. K.Va '"'-&the at tbe IJXlpUter CC.Otl'at t • .&.S..F,.IH 

tar he.11)1ng ce 1n ibo all~ -et "fho data nt the 

~utel",. 

~nt!ll7. y rtl! 1n&!bted to IM!en atuneU or 
'Jtl"lcul:tt.tral ~ tbr p:ro~d1ng ft~Bl 

l'..mtlstencu 1n th• t>m ot Fol.lmntl1}4 ~ 

(:J.D. ll.fJI) 



'Pjit11t' 

CRJI''lll:B 
,. 'llB m. 

I :trl'm>OOC'liO!J '-" 
n ~011 X'lmr YI'JR O:TB 6..1lto 

~tlA!ff 'l'Sit'f 

ttl ~O!J I!J.ll!l wtm 'N) 11-23 
gm Hor..s AUX:LU:Al'I.I 'fllAl'l3 

XV ZIVEC'! or me:msroll 0'1 ~' AUntlAii! !B.At~s O!f ma 
~ C:S:Sat OJ' '11llt n:tl!X 

iDt~am: ~3 

~l!lll!fJCIS ,_ 2. 

!'.Am. IS ...... 
• Ol!_lll!S 1-6 



Q'VetrnJ 
prM;{l)1JQ'IQV 

iho lq!o~ ot' 'JI013ltt7 ~ng tbr the p .. dUotton 

ot meat Qn4 eggs tn 1"!!1se ~ 1)~\ lowao htann n11td Uon!ll 

stanl!r>J&l of the U>tmQ? noeds DD C'l1lbald.a. "1m3 bave 'becm:lo 

"'an of tho dlet ~Wen ln sost ~tlve b=cs ~d thUp 

the reqUi.'f'f,PI.I1t of oggu tba- the COODt$' has etml$ to about 

tturee btllldl'sd milllun GEJgl!l pOl' iJ.f9 ~ cnnslda-lns t.'lrat 

onlY tUt1 pel' est of olD' 1;)0Pil1atlon to 'PO~al aonsunel" 

of ca;-;gs. Bdlea 1 t is lqJShttvo ~at we ~ .tz !'lava !Jl()4 

genotl.c stock ot M.I"&J fD QC!ltovo tb1a pl'!)dWt.\on ~ or 

ogga. 

1~ l.s en G!Jt:ablisbed .tact tllat eb, llGtlva .~eks 

are VG1!'/ poet- egg p%0i'IU00!'8 ~4 w bnvo to mostl)l' depend 

Upon nowly GV01w4 sVulns 14 ih fltgh pl"C)dlmticn l'Ctillftlals. 

~- G"OOl.vlr.n b!.&b ~~ ~ns ~til fbr etm IJ'ld neat 

pl'Ddoetlon amlns once S!:lt!OlJ'teil eztto stoeks has bo~ 

t'ri.maJ'Y ~'¥ fbr tho 'fl0ultl'9 ~l!rchem of the eo~txv 

at this 3~ (Qestion a.r18es Ulus os to ~at t7pe o't 

sfx)Qk ~what! etetbods ot ~llli.tJOns ~ d1ffe1'6Dt settdts 

bo tl1ed to develop sllpQl'lol' stoek$., 

&a ti'Jll G9 Q8S vrodUet1on la ~od,. t.t 18 a :tow 
bentabla t7-:lt t#ld ~re dlff~t metbods ~ GGleots.on 

ll1td mats.na a)'s tad a:re adopted tbr· 1 t:t ~~v~t. ':~he 



dit'fel'mt 1:1Gttlods of' tn-aedi.ng un'313 in 1l()nlb7 n:re lnbreedintJ 

nnd byb:rldizaUon, st:rtdn c1"00o1ng ont'.l breotl cmnaing. 

But the ~""lts of' iho::;O bl'OO&.ng mot11odB n1'e u:loful. only 

it we h'!t'Ve sno1:1 tbod procodU2-o of oolcctton,.. In 1nvest1gatJ..ona 

on brodnn pm~es, tho chief o.\0 ia to otU/31 the poss!b1l1ty 

ot itlp~Vins the ~fo~ bf tho stodt 1n roopoct of a gt.ven 

character etn:l tho alti'JmQt1W' oa~o by oezns of ~c:h 

this can ba ucb1oved. ~ r:te.tn tool tho b'J'OcdOl" baa tn 

h1o bc11dS ts nol.Octton. 

s:,"anotf.on io o.'l itlpol"tr.nt tool. fbr b1'1n~5 (lbc,ut 

gcnet1.o i.ot~ZO\f(JlEllta 1n qQanttt.'lttvc;~ tros.ts of liva:ztnck., 

'lba oxp£ietod ganot1o progress ner r>t;flo.'1"!1t1o1'1 f.a t!ul p!Od'.lat 

ot bor:ttllb1l1t.Y end oel.aet.ten d1 "t~a~ 'lho hGt'f.Wdllt:v 

hns n predtettvo '1'\ll.e in <ll!.D~"''J tho :rGU.aMlleyo of 

-phel'tO~'t>to v-i!..u c ru1 a aut® to ~e h~g valUO. 'lba 

pi'll:lt'IIY ~ff~t et ooleotlo!l whotb.or n ~Wal. or ~1'1c4•il 1ft 

tc esngo t;le gC!!le troqmnc1es t:md tho haquiJlQ,Y of 31itl0tes 

ctlft'1ins earta1n g<lla ~at!ol'm QUO tha.;·•cby chango the 

average of ttte poplllotton tar t'l:® tl1o ol'1atnal. poaitton. 

Howewr, ~"'n tho har!.tob1l1ty of n eba2'<1.otlar to be sr.>.laotcd 

ta:.. lo".t, ~G ooSl voiluo of' ntnbOI' cf indtv.ldUola of e pal"ticul.s.lr 

rol.ot1cn oJ"'tm piO\'ldoo w.ttb a co.ro t"dl1.ablo gU!&J to ~)o 

breedln.s voluo then tha tnd1V1dttnls ow phel:lotypJ.c veluu.. 

'Ihe eo:n-el.ntton 'hetwCGb. tho b~"l~ valtm snd ttle ~ 

typto 'V~ con be 1norons.od by CO!'Jbininz t!lo :S.n!bmatwnn 



• 

~ ono or core ralnt11ZGS ~ tho tnd!Lv!.tSO.al f'o:r Uta 

given trr:1t resulting 1n 61"catQr l"'S[;''ltl.!lO 1b eol.cots.cn,. 

:r.n poult.~?, tho t'tmUy elosnlfica.tion 1o u:mal.ly o hierarchlll 

one, V1z.., Q.nth eire ia c.nted tn o n~ of dlSlS ~d ~ 

drt:l ptodUeOS cno o:r ao:ro ottspl'it\ns.. In lfW:!l eases tho 

1"e1at1ve cali.ts ~ lnd114d.Ul'll select1on and fl'%1111 salectiort 

in b~ns for t~ ot low her.tttlbilU,y v~ first d1~ 

61 :tuab (1941) 011d to=er (19)0)• She SMGO"al conpl~n 

1o that fer t.mt\IJ i>t' low Mr1iabll1t1~ sel.oot"~n ~ COO'plota 

td 'lSos ot full-sibs ol" tlali"-slbs td thoilt ~4 of 

tndf.v!.~ ts porf011ilnnee la nora off'LC1ent than in&vldllal 

aol.eetlon. 

&JJ.eotion o'f 1nd1~"i11:\MJ on fuo bosls of index vtth 

£VJ1'0p~otG ~61~ ottachctl to 1ts t.mll porfom.ClDCS end tho 

nvoratS> psrtomnnCP of flt'd ltoa vao asvnlopod by osa,mo ( 1991) 

'lha ~tm a~G3a3 cf <~ad s~t!..on stvm by' him ares 

( 1 ) 5Qleet1on O.''l tho basts oE au tndwui1 t!l optitltz.l wetdat& 

nttad:ted t:> ~o 1nd1v1&1al'o t'orfol"'Sleta and 1t•s ttlll..sib 

fs;~Uy tlVOl'tl.BO 

(U) se29Ctton tho bns1o ot on 1ndox Ultb opttmw ve1~ts 

nttP.dled b tho 1ndiv!.t'.lttol's t>orfomanea f.lM 1t•a !lalf'

.S1b td.l.y avcrago .. 

CU1) r:i31-actton c:m the brudo off an tndc:z with Ql'ltir:ltn wcl.gbts• 

n.tttdlad to f'ull-stb f"dly nvorcgo,. belf"-tJ1b t~ aVerage 

'llld the 1ndf. vidaals ~omonco.. 



ffowGVel'~ tbo mex1tntn effie!~ VmJ f'oUM 'tt> be 

achlovod. bY eoloottcn on the ~n or the 1~ (W) 

11umtwnaa atove. 

~ oorles or brdttlnted PoUlt~? Brooding Pn:>~:ltl!iloo 

~ Upl"'V¢1l<'Dt ot ~ ptodlletton aro ctY.rNYltl:i bQinB 

un~~ in the mun~ b7 vnrtous state tbv~ts at 

tho wtuneG or Govomact O'f ~ one au~ p:<>o~e 
was tni tiatea bY Uo4l1a P~ stata <Dvomp.(Jbt at tho1:r 

nogtona.\ PoUltlT ~m at 1bopal wl fll viG'J ot' ~ving a 

strain o£ 110t11t~ w1 fb bif#l level ot 48 p~t!Detlr.m by 

seloct1ng bb-dll on the baslS of tndo:~ or.ebining the ~rtol'Z!loo 

ance oi' the Individual. blri w1 th nve1'1lno opefom~ee o~ 

the stJ"G and ~ taniUan to '«ilhteh btt*l! 'belong::. 

n~ JtO J4 ( 19'13) repol"ted tho ~uttu of the ~m~ of 

data t»'lleetlsd dtll'lng thts pmg~ Stlbsar:~ttv 

u~tn ,d .a;t (19'13b) J'GPOI'ted ti'let fb{} I:'VOl'aEe 'l"ete of lQY 

1ih1ch vas about. ¥Sf tn tho p~tton e~lt lnc:ro~ ~ 

abo~ S3:t by tba t!li!'d ~ttoo. 'Ttnlovor, 'the em& wdii~ 

wh1c?l W:lB •at lf9 3l"tCS in the fotl!ltlnt!.on stock dtlal"tallSOIJ 

to abo~\ t.s ~ by the thtl'li sonerat.ton. 'lha es~tu 

ot hcritabtliV or hte ot l.QY ~ COll81atmtl? ~ s.t•s 
value ot 0. t:;& in Ulo fot.ltdatlon t::mdt to 0.002 1n thB 

thll'd gEna:ratl.orl. It ~ t:h~o~ that al.~usb tta 

oethod of aalectton based on the 1ndo:lf ts ort'octi.vs tn 

incNas:l.'lg tho t"ato ot laY, U NSUltoa 1ft COl"Z'elated ~ 



1n tho e.wraso ogs vo1gbt, V:l1dl1a also an ec»no:u1:aolJ.Y 

1mportron.t trdt, l:ecping 1n v.t.aa, Y"nrn1.n Jll.al (1971.'119) 

dovelopaa n new iMax 'tbleb tnltos into ~unt tho 

eo1'relnUon botwocal an nllX111tU? trolt audl as ass 1401~~ 

and rnte of' 1s the traS.:t mdcu- J.tlt>:tnVa:1mt. It uo.s .fotrld 

that the omd.dtcy or tho nw index 1a alunra srontQl" 

u· eta -phenotypio and aa:o~ co:rrclntion of tbo 

at.Uil1a~Y cb~tws dld tho dlal""CCtaro U!Uial"' 1!llpmvaJeht 

nro or Ol'JJOslto s1~ 'l!lo ertect r41~on of th~ 

atlldli'#Y trn1t al'lJ tho cffid.mc:Y ua:~ ~cnmo studlod 

<tcly fbr a fmr c:mb1nat!.on of' Fmotic ,. ~eters 

1nvo1ved. 'lhe (;lf'f'eet or 1acl.udtng OO.."'G t.ht.<n o!lO .. 
nUX111~ tl"a1t en OUCh egg vet~t and osa nt ttrst 

ana ol' ozs r.l:Odlmtton was also 1~Veat1gatod. 

~e ot11n ob3eot.tvo or tho prendlt studY :la 

tb.o:ref'oro tn OO!'otruet an !ndQX ti:lic!l C;;ll tako care ot 
t.'lO~ than ono o.llld.'U.Gl'f cbarc.etor otl' r®l'lel!lia vclua 

bcs1de3 tbo lnt'omatltln on tile tr:Jlt m. :w irupl"b'tletf3!lt 

for tha cvoragoo of fulJ..sib o1ld balf'.,.Dib ,~lieu. 

In a.dditton, Ulo etfoot ot 1nclnt.Un& oMt Wt> or thHo 

nUX111'!ll'V tra.ttn on the eff1Q1enoy of em indaz has also 

'betc studtod \11th tho b.alp ot Ist gcnerat.ton data. 

obtained i"ftD stato Poultl'$" »bm nt ~ 



mli~U 

r.fjjjJjQ'§Q!i UU)t;;C 'i[W QlJ'I A!lziij; {$1 :ttlAii 

a eeleot$.on in~ 1s UBt'l4 by ihe ~ to 

si!ilultnne~tnsly aeleet ib!' S('JitaralM!lhC~ 'lhe 

1ndex 1s bused on the phenntupta value or tlle dlarac'tcra 

to be 1.l:llpmved. 5he phenot1'plo ~ue of an lntfivtt!Ual 

medli:P.ed QB e dQ!I'J.atton f'lotl tho popUlation .meftl la the 

sw or ~ ~. tile dad.atlonof l t3 ~~~ morA hl::!t1 

the ~Ula.tton ~. "' Ql'ld tbo tntll'VldU!!tl.••a tmn t!le 

totdly tlla'll'l. 'Pv t.e. 1t p 1o tho ~~0 value or 
the 1n41¥1dDal.J w haft 

.. 
I 

Ift ~of M~ ~~ whm1 the dl!!.ll'acte!' 

ondor ~ftt~t 111 dfllOtod by Y• tba 1nlllv1$ala ~ 

eypto valoo c:an. be Wl'1 ttsn as f'ollovt 

l"SJt • tv!Jk .. ~. > • c~ ... 's. •• l • t'\ .. -"f ..... > 

vhE!I'e v13k d~tmt ate t..tb P"'smY or 3-th ~ and t. ... th 

are;. ~ tho dal4atton of phenotypic value or ~ 
1nd1V1t11la.l tzoa 1be popUlation mean btm bo -par:lttoned 

i~to tbmo COtJponeata, u etvE!l below' 

1) the ®Ylatton ot flle tndl'IIS.dUal ~ ~a m$aft ot t!l8 

ind!"lldUals of' J•tb CIIJ!I and tbe J....tb s.tre (~) 



U) 

1U) 

f'-- .. "0: >• tbo dev1at1on o£ fbo tbll-.trib ~r:P'Ily '"'.1• ... ~.1 
tl'fora!e han ttle B1re tllidlY ~) ~ 

fi_ .. '~- ) tile &m.n~'lD't a1re ta:dly nverase ~ -.. .. ,.~ 
~ oTel'B11 pGt>'l'llattou wan <"f3l• 

~e oabDme (1~) const:ucted the tntta by 

Gl'llrlg &Pl>mpr!.ato ~- tD aU tho thl'ee c.'l0!:1p0ll8nia 

D'ow• • al'G lntorCIJted tn setfd!la 1he optimm 98lt:es or b1 •• 

wh:1.eb 14U mtl.'f).mS se fhe ool"l"el.att.on between the selectton 

tnde:r 1 and the GS!Otn4c va1tMl ~or the dlnnote 

aoaer ~vcet. 2t:e d1rtordlt f.nibmatton 1"61:llftmd to 

estloate bf_ •• al'e a) the pbenot7pto and gtmotypic Ynl"lances 

for flf8l7 trait eons14erad 1n the tWlect\on lnda b) ~ 

gtllDindO md 'Ptumotypto eoYn!tt't'cea batwum 83lb poll- ot 

traits. 

nov. em tla:dmJeSng the conelntton between etllOty'pio 

and phono~o index s..e. rat the mmel oqUattons f'~ the 

above 1nda ore aa tollcnatt 

b1 ltyt) • b2 Qtv (~;!,a> • bJ Cbv (Y1;i3 ) a v0cr,> 
b1 Cbv t'fatY,, ... b 2 v <~ .. b 3 ow <'!a ."f3> = a:>•0 cor,,~ ) 
b1 <bv ~1,Y1>4b2 tbv rt3;!2 ) + bl V ('!l) e~~ Gb,-0 CY1.,'!3> 



.a.. 

where v C#1d Cb"l daaotos tho pheno~ vo;l"1anees 

and ~ancosa v0 C!nrl !b'lo d~t:GD tho aono~c ~snc:e 

al'ld coval'lanoo rospocti vety • 

'Jhe abovo eqUations &J'0 mlv-ar! to get f.be esti!aates 

ot bs, •a. 1ho dotnU fomulue of b1 'a are 

pi'Oamted ln the <ha'ptol' XV. 

!lho 1n~ It• 'tlblcb was ~Ve!ilt/ !laJ'llin ~ ..81 (1917) 

- -t 1 c '\Ps • b.a Pg ,. bl 0,. + bq. 1"y 

prad1cts tho breading valts ('\.) ~ tbe f.ndf.vidllal 

tor the dla:raotezt (y) undor lcpl'O~ (rato of l.aJ) 

by CQ:lbining 1!1 Gpt10al uanuor tts ow pori"omt:!JlCO cu,.> 
for »'• lt9 ,arft:Jmsnce (P•l for another correlated cbaraot.el" 

-: C egg wel~t)• the f1VS!'Q80 ify of'tbo ¢ono~o valms -of n l)atoma:l balf"-~ 1"01' 'I nnd tho aversgo (~)of t!lo 

l)hmo~o ~ol!l09 ot l'l Ml..sibs ~07 y; ".!he oi:b~ tndas 

g2.'1aa b1 rraratn AS JJi (19m vas tho modS.tled vsrston of 
tho 1.n&m g.tvcn by N~ .9l .ol (1973) o.'\d .ls etvon 111 

, • 'rr , , 
_12 = b1 Pa + b3 Py • b 3 .17 • "4 ~ • b; I)r 

It u~ets f!w t;, b.Y CO'I'!Mntna 1n on optJ.nal caanner, ln 
addl tio!l to ~ 1nf'Olmat1on !.ncJDr.1ctJ 1n x

1
• thQ 1nf'oJa!ltion 

aUppl1Cd b1 'elo avasgo poribmatco ( Jt> of tho t.ndf.VidUal •s 

dnm fol" v~ ~ detaUs eat.imatoo or b; s 1n tema ot senottc 



-9-

In order to o~ tho ctfsct of lneJ.Udtng 1ndl.v1t!loln 

l)erf'o1!:1~ tor 't 1n ~e sel.ection inal.ceu 11 and 12 fbr 

trll1t 'I os well aa on the occure.cY of' broedl.ng v!lluas, the 

coeff1c2.ents olonn d.tb tho otflcloney of both tbe 

indices cmn-1nd1'11'1dlla1s pel'f'omnneo torY wmoe ~ad 
out nt.t:led~ fbr clltfersnt o:~sbtnntiontt of gmct!.o 

par&!28tal'S f.tWOlVot11n the est1tlate:J ot, bs •s • 

Haraln ~ .t:J. ( 1917) uolicad out tba af~eY or theso 

two 1nM.cos oVI.U" individUals vorfoma)'ico foJ.O v 
to.r tho tour co:llb1'll:lt1.0M or 1'g t)jl~ ,.~ 'tl'ta. (-0'.;, o.;); 
(0.2,.a.;)J (O,.J.-0.0) tnd (0.0* O.O) for dl.ffel"QDt 

valuas ot ~. :tn iha pro:ront s• tho relatlva efftelcncy 

of tho 1ni!1cos t
1 

end Ia ovar d11'eCt CQleetton ot lnd1vi~ 
vera stud1od:-fQr so::o more trMMnattano t4 r 8 nnd rp' 

61UCS het'l tttMlf. ty of tbo l~dJ.v!dUQlO 0SB wa1Jlbt Vbuld 

r.merolly boon ttlo h1gbor Bldo, ~ VatJ taken oa o.s wroas 

01" /c:ry 'WilD telmn a9 ana. She graphs fbr dittercnt 
f') 

voluos or r8 l1ftd r for difforcnt values or h; ueo1nst 
~ . 

tho rela.ttvo et'ftd.~ ·( m of ihoao !.nd1ccn ova&" in(jJ.v!dQn.'ls 

ae:t®ts.on Wl\3 dl"t::::m and t1l"G vrosantod in ns. 1 to 6. 'lho 

nttlbel' ot fOll..dbs on.d bllllt-slbs eonsid31'ed vora 3 one! 20 

I"'Sl)ect1veiy~ 'lbo fol.lmllng ~a UOJ"e dr'nvn t!'o:n tho 



8 ) ~e erflc1~ fd the1nlilccs was fbtlll! to bo h1!b 

b) 

c) 

d) 

tor lo.rgor vnl.llos ot 1" 
8 

atd '"p and w1 tb opfl()Bl te ol&ns. 

101' rp ~ to stm) tbe etfictonoy of' both the 

indices 'lltl:l blab ~ vas lncremttns w1 th d.so 1n 

valPe ot ~"r 

Yben I' 
8 

en a ap wns of' Sl:!!lO stgn the ortlc1encY 'tftlll 

1ncroasing as tne ll"P was lnCl'OllS1ns ¢1d ~"s was 
dee1'eaa1ng., ' 

\ttendwer ,. and· r uns of O'"'M:Sld. te sign the af't:le1eru:ry s p 
or ttwse 1ntl1ees vas tota'ld tD be P t AJt! :rcna1ned 

constant em tbe ~ ot td!Ol. tb• ln Ule present 

stu$' o..c. the gx'tlph t4th •s a -G;~ Q!ld ., a o;a 
vas ttrnw but tho ~ w1 tb ~"e = ~2 md ~"p a 4·2 

llaSII not drnsar. 

o) ~ tnc:lUdon ot :f,.ndlvl~ d~ p~ to~' tho 

chnl'aotel> " ex;,) bas 1nel"easc6 tho ~ of' t!le tvdmc 
i~ 2 

f) 

x2 oVf/Z x1 "'oll tbe conldnatitt.lD c£ r 8sl"P cruJ br maer 
studY. 

Ib1' low vatuo.s of Z'P the efftc1~ of' Ul.o f.nalae::J vas 

tound tD. be tJ~ ~r low vslun:> c.t horl.tnbtlt.tf.es tfld 



1 t vaa found docronntns a:D the b: WD:) inereasing. 
' nat w1 th tho ~ v~s of xp the eff!c1cnJS' ot 

2 
tbeso indlcoo vas bl~ fOx> a.xtraae valUos of f17 and 

was low f'or middlo Z'a)lge ot bel'ltabiU ty and o.s a 

result tha ctn'.W Q!lllU':tos tbo typical ttJ• Ghapd. 

'lba ~ tor 1b cqtlel to end fll"Qa~ 

than 0..6 '1:183 not draun bacanse ot nai!Qtive valttls ot 
b

1 
•s 1n botb eo 1nc11cen. '.!.he bi •m v~ rwgatlve ¢or sotllO' 

l'tltls.te ot l!'g Q'lld ~ QtU1 vas nogat1va c$ L'l cuet~ 
wel'e r8 Va.? CJt gppoSito uign to J"P CffJ uas zero,. 'lho 

an b1 •s vns negat1'11e onlY dlla to tho nogati--,a s1sn 

ot '\tlo dano"'1na~ 1n Ulo estimntoo of b1 •e '• '1M ali~t 

oi't'ol't$ 'If~ nn<l3 tD 1nvc:Jt1gnto til3 ~ge of r.-8 and ""P 

tov wtdcb. 12ta b1 •s ~ n.egattve. Zlo dcnc:d.M~ ( ») 
" nt 1M osttnatea o.t bs,'e 1n Indo% I 1 attO%' p11tt1ng 

t..r. a a a 2 ., 
1i a -u. 3Jli •l"g bs • 2r tfp bJlv- 2r'P ....r 

whi.cll on &Snp'Utftcntton SlVas 

1) r:t ~,_J'a )('-".~)- by2 er-r ... ~ ,a j 
. p ---y p oby 

Uow, D wUl bo ttogo.t1-w 1tf this lnoqttnlity vtll hol4 
true 

a 2 2 a 
(1-rp )(a,.b ,-> < ~ (rp•~"g h,fbv ) 



tflich is eqUal tc 

-2<1-~ ~l"t.t~a~ >2-••P t "a·~ >:l<o 

Uov on puttf.llg ~s -;a- = 0 ., 
2(1-r:) 

b. a , 

or 

r-c£.>-' 
P a .. 
r "/ •a !3 bz , • P a 
-:::) .) wtl.l bo ncanttve 1« (t) will bold true.. 

.. <I ) 

now, f1ftil the m-.arioa1 ot ,..po a r 8 ~2!;r • J(1- .::f-
'2. 2 

X ( 1- 1'1 bs ) 

- (~) 



t/.l:S.dl t.o eQ.~ to 

t1-~ ) (1- •: h
2
a 

2 

-1.'3-

a 2 2 <bY • ~'s hi- 2 r~) 7 o 

Ol" 
2 

(by • 7rJl3 ) 7 o 

11ow on d1ffont\attns (II) 14th roi"el'Snce f.D 1)• 

~"e b,cby • J ,._ !:_ <1-l': ~ ~ a 
a ) ( .. S'h ) == 0 

c) ~'s a 'ilz a a 
or 

1-~2 -
baby• ~~ a () • 

1 ... ~b2 /2 g a 
which lopl1es 

a a&a 
~ (nt) by a ~'g 2 or r

6 
a • -

rrow, Ha:ll'ft1ln 1'1.'10 u.Ul bo 

!~ !j!z _;{ 1- b: )(1. ~ h2 
X 

X a ~ -: 2.. a• +(1- ~ )' - ~ '2.. 



... a gr 
2 

.. 

t.et U.S cons1del' tho J)Oa1t1ve stgn• ftlen ~ c: 1(1:lOX.) ant'! 
on pc>':t31dor1 .. a nattntivo atcn, · 
tpo = 1-~ 

rpo c ~ ana r 8 1:1 - b.y(b11 

D =- 8 bj (1-b; ) 

wbicb pl'OOve:J tha.t D wUl. ba nognt!.va tor some 
2 

v.il.ua~ ot s-
8 

and zt,.. Tin1 on tan:tnn bY e¢u&t to 

-(IV) 

B(Jl'W) orono to tbo D \d.ll bCICI'Jtle ZOl'O. Bat ot optiollll 

vol.ne. or ~ t.o. ~ c il l' will 'become -2. Renee· on 

putt111g the opticlan vel!)) of' ~ the f'ollov1ng cond1 t1ons 

will hold good 1. a. 

D(m1n) c 21 b; c l t J.O S V -_1__ 
.y !l..hl( 

.. 

trow, on taking the optiml.il'l value of h'! ' thor ... a.; at\d 
. y "' 

D will become negative·. Hence the D ''ill alwaYS be 'Pt'Sitive 

for rp (1-h; ). 'lhe similar results can also ~e 
obtained for Index I 2 but due to the Jimi ted 

time it was not --tried. 



.:iho..."' 1 'Uti.COfJ ~ c:uwtruc:tcd to predict tfw ~ 

~ ot' Y ( Oy> of tho illt11v1dtlnl under ~vanont by 

;~ttcnttns tho tn!bmat1on t!UWlled by out:ome's 1ndo3: 

f.> or t:~Ul"' a;,rroJ.ntoo -era!~. LQt us n.~ conoidor 

tw e1uil 1tU"Y V':Ui.atog ltt cn-1 v'2 and tndo.a wtll btiJ 

.... -
,.,..b1 X., .. b2 Xa .. b3 y1 .. btt. i':!. ~ Y.3 

fO tilo ~ •a oro Cllt1oo.tot'J 1>1 ooxJrdaing tho corrolat1on 

~en ~ ~d I..,_. 'iho nomol ufi.Uattons obt~~ ~ 

~Giftg tll.o corrolatton "ll'' ~>O follw 

~1 = b'i Y .G • b2 Y t1Xa ~3 "!:;~ " bt. --ot1 \ • tt7 ""2: x1 \ 

2 2 -~2 c b,i"L ~~ + ba '[X2 <ib3£_X:J.~ • b4'[.~ 2 • b' };.XgY3 

~1 a b1"L X,lt + b2"'CXl1 ~1..,.: • '\. ~y1"f2 + b,J~1Y3 

la a b1y_x_,'l2 • bf.X2\_ + bf71 'i2 + '\,"i:.v: • bf-!2; 

13"' b .. z:lLt'f3 • b2l:Xa1a • b3r:.x9.13 • '\'i:Va "il • b1""1:~ 

Uoi:t, tor ~ng b1 •s • it 1s ncctWsaJV ~ t:now 
~ o 'lh~ty'::l!.e end gmotQp1G v'l21di1Ccs and <:ovnr.l~. 
~ tho bloo~c Cbl'l'Qlat1on c:ocl"fld.cnts battroat rel.at1vos 

~l' g1von VI:\! tl03 or her! td>lllttcs of tho cha.t""..etG1" 

bd~ otlldy, tb() (tE!lottc eorrolattonsf.lr8) as llal.l. os 



ourmm 

Shooo 1tl!B.coa cl'O c:=r.struatod to prodiat tM bNed1n6 

v.ol.ID o£ '% ( (\rl o~ tho 1ndt'lt1~ tmdeilr ~venCII'1t by 

aup.,~t!nil tho tn.to:mntton tmwlied by osho~o•a lnda;x 

by t:-.» or tJUl'O eorrolnted ~~ ~. tot us firat aoooidOl' 

~a t1:o e11:e\l1 aw vanatos x, r.;.nd ~ ond Xnt!~:c WS.ll btl) 

"W!lora Ulo ~ •c are csttontOO by ~sing, tho (X)~atton 

betwoon "'v and I... 'iha noma! O$liltlorls hbtd~ atte2' 

oroantetns tho ooJ>ro2a.tion t!l"' t'.O tol.lov 
' 

'LOl'.t = t~1Yx'; • b2 "'i:x1:xa ~3-r::x1~ • '"Dt1\ • b;L.Xt\ 

"2:~ c:: b._Y x1~ + b;i'Z:X: <~D3-z:.:xlt • b4L..~'fa • b; l:~Yl 

-em,= bi):.Xlt • ba"L'Kl1 ..bf~ • bt.<£Y4V2 • b;Y:ftY3 

<Lo ~ c tt~x.a"a. bj.x,;fa. bu1 'i2 • '<£:X:. b"L'i2 "s 1 3 ' . 
Yo 'i3 = ~"'LY3 • ba"LXa'a • 'b3"i:..Y1!l3 • \.~ia 13 • bS''"l:.~ 

Il'ow, tor tJStil:latlng b1 'o • it la naemrsa:y to know 

tbe z'l!'l~trpf.o ad ~~lo vQJ.'it!llCes end covnnnnces ... 

or t.bG b10!3.otric c:orrelatton 03oftld.cnto ~em Nlat1V!a3 

t"or Bf.vm va1uos or llarit::bllltu:z of the dla:r--~ 

tl!:ldO'!' otwty., t!lo genot1c correl.at1ons61"9l as voU as 



ph<motyp1c col'l'alntion:~ ( P ),. ~ta . .,o Olnclat1or!S 

wore preocntad by T1~n u .riJ. ( 19W)tlJld o:::n ts 

deriVed ty' U91t1Jl P::l'fh coomd.~t !Bl!l.lYDiU. 'FdlO 

l.'lOl"!.vinB tbeso eorrolntiorul tt t.ns nSO~ed that eo 
av~ ot fUlJ,..s1bo CY3) enJ iilo bnlt..sibu (~) en 
not indlude the obsarvntion ct1 tt'la !.o:tdl'tfldual <Y.t) 
b aatrlz of tto:wtrie.:l col'rolnt:Lon!l ~oo hero ls 

g!. "$) 1n ~'!Me ( .!);,. 

Y.o-..t• ibe vn.rtnnc0 nt fal1 t11$a;l8 aro ~~tl 

tn toms oK vnli'J.ntlOO oi' iruU.v.J.dllclo il'1anotypic "lllllt!a 

!.e.. 

a--:~ = -~-x:~.oto,- ' 
u 

n 

a..2 
y 

.... 1 
M 

& 1'1 c __ :a::-__ _ 

llhom n 1s tiw ~b<ll" of helf-o!bB dld 

o !s 1he nw1:lAJ" of nu:!-~w. 



:r, 
-y2 

-'f3 

'l'llblat A UotrJ.a gt nlooatJ:Sc~ O'lanlet1on tmvm Wativmt 

X:1 %:! 0,. 11 !a ¥3 

1 F,a ~"1/!1l1 f1Y * .,.. tsb.Jlvv » lr r1B bx<t by lti 

' ~~ • r2ll~vi 9 "21'f bz2 by /i t ~"ail-a 

t byl/li f'),lil 

1 t ~/f! a 
i b.y.Jii 

, t ~~-lim 

1 

'Tow, on Qalng tber1o COl"l''lattons tmd ¢(Jl0~1c 

varlanccs, the a'tova mmat eqttnt1ons for ontmating ~e 

!l;J. 's l."l ttlma or ccned.o p-:xrt~Potern can be '111'! ttcn 

in ::~at111x t'oXtl an6 lo nre:lClltad 1n 'lb.~ B. 

'lho oat:r4.lt or the nl:nw nct1t1al aqun.tion 1s ~';.ei-ttiL ~ 

.. .o.,. tbosa equations h-avo taCID aol.vod tbr dodvtnn tbe 

exN•esntcns tor ~ •u b7 tnvortlng tho s:sa tl'b end 



II 



a!tltl:plJ'ln& the invel'so uttb tho Veato'l" on B..H.S. and 

are l!l1 vl31l boloWt 

0, = "'•s ~-lttr 
0:! a •21Jbxa /bp I 

I 

\ 



trow, t.lte C)J"l''lat!on betv~ the t.ndmr Y4 and Or S..,,e. 

nay I!:! S.n tEm:l3 ot bt •s ll1"e gl'ten an f'ollov 

r.a, t4 c:r J<rrtl b• • l"g2 b2 • b1 • f ~ + t b~l 

ant:! tho relative ottlclencY or the index It. over tho 

tn.U'ft.dUal pe:rtomanco of' tbe tndt y lo Clvm by 

nov, lf' we cons1dol" t.hq caso of' K a.ttd.lia~Y ''lfil:'1nt& 

besldos tho v~ate Y mdel' lmt>l't>VEElalt• ~- oaJI' 

S.nde% '11111 be 

'!he nom.al eqlltlt.iona tor 03ttmatins tbe b1 •e attat-

1!1~81'1'18 tho conelotion ~ 0, and 1 utth retermce 
t4 b1 •a are an tol.lolm 

1:!10, c:r bt 1:.~ • ba"L~Xa • . •••• ·~ll1~.1 "1:~',~,.,_.2~1'!2 
•"r.3 yx1'-J 

t~Oya b1""LYa • b2L.x: • ..... •bx~Xg ..... fz!2l, ~.a yx2'\+brt.~~ 
• 
• 
• 

.. 
• • 

.. 
• • 

L\ Oy a bii11'lt + b~ + ...,., 
z:y,o, a b1~1.'1. .. ba~ .... ... 
u 2fly 0 b1~1'f2. • b2~ ... .. 
"L.Vlov = b1z:_x1'f3+b;L!a il+ ••• 

• • 
,. 
• • .. • 

• 



nov, bY USing Ulo Blcmatd.o col".l'Q"!nt1on ~ ph!Jl0t1'plo 

va11.onees. ua c'l!l ~te tho nomnl oqttattons 1n tamo 

or £motto 'P~otnrs ns u!'WZl tn 'lllbl.o '0'. 

row, for tho aeko ot eiopl1alty wo cnn wr.lts 

tho no.mal ~tiona a111m 1n 'htbla a b1 J~tU"t1 t1o!'lf.na 

tbo '0\c~.:t'\\k~ 1nt.D tvo p~ (1) d~ ~ tbe 1f. • a 

tbo ~\t'tl.l1Jll'S" variates and (lt) due to 1bo yl 'a tho 

eb~aC~ lJZldor tepmva:1ant £il'1d a1"' denoted es 1,bllo1:r 
l ' / 

Y:u \ L..=v ~ 
--- -t--- -~-

Lyx .: ~ J by 
end tho tndox I ns 

---

!'.ow9 tbo ba and 1lg v oJl bo ~tOll by 1nvort.1ng tho 

a?:ovo Qatri.a end t'llllt1p1.ying the e~ng ltnt~ 

by vector ~ 1 

~1 
byl= t:n 

.._..-1 -1 ~, -1 ... , 
='mr •ID ~c~-~'llll;> Ly.g; 

= -'L;,1~ (~-~ "L;_1~ 1-1 

----- -



'l'he eo~on botvoen a, end t can n1so be 

v1Gr:d a3 fAG nUl.ttpld <»rrol.n.tion eoefft.c:tun.t betwam 

tbe genotype 0, o:ruJ t!le t:zutnolly' indopandelt parts 

x...xa .,...~ .QJUl y1 'a t3M 'il • 

B~ .l"'~Q)V(ztt\l + b,a CbV (~0,) 4 ••• ~ Q)V (~,~) 

.,. ~>a. 1 Q>v co,,"-1>~ ctw ca,.•':l ~3o,v co,.;r3 , .7toi' 

on puttl.ng tho values e.t tm"'al!.nncos tn tams or gc:net.'tc 

t~Ol'fllte'tero tbe abova ~1'e:JS1ons v!ll redUce to tho f'om 

Gl"fa\ bolc!V& 

or tn toms ot l!lnt:tlz ~tat!.oa 

a • 
By c r ba '!!.v.:J r ~a • !}..:7 

wbGJ"e voctor .s; c r 1., f • t :J 

!tho rolat1va eftJ:1GnCJ' ot I over tba tndt'dl!a31 

p~mance or Y lo Glv4l~D 11$ tbllov 

B;t-=~/~ 
wh0l'Bl3ll, elo relat.\ves otn.c1c:me7 ot lndcu l ov~ the lndox I' 

c-an bo g\vi:Jl ea tollov 



( ls ppxt,ll.nry tro&u in mntdn PP\r#QD 'lab1o Ct 'l!Jo m!!1fl1 Qmlnt;l,pPQ pf tbg snl&gt1,on indmr »;f!l. 

r 1 rf 'Itt h,.cr;, 
· 1 I ~#' .o;-

'fJtJ,~ 
.. oy 
• 

I : • 
i>ttlf~ .. l \~10i't"Ei 

cry 
b; 

2 
.. h)' 

l ~ ·= 
(k•3)X1 

2 
oy 

~y:;o';1 
oy 

t ~"1JYlli1Cli1 
a:: 

~'1g ~a'lo;; 
I A!Z , 

f .. ~ OX2 

~ 
~ o:r 
• 

~ Dlsir t>z; 
• •• 111]!; a I 

rr; 
.... \~Oii 

/";} ., 
••• • 

1~1y CTi'f 

o;-
1~ 

tty 

h'1sh "'h.,rt;i 
oy 

fJ!~by 
oy 

e;$0£2 
cr:-

.. 
• 

.. 
• . . ~ 

... -~ \rqo;t *Zka\ts~~ 
cr-i crv 

lyaO"z2 • .. \&. . .crzi 
cv- 0"': 

~~~:ffl ... ~1\~Dik 
ftr J./x:fii uu6 i!hfvk~ 

oy oy 

-· --

' 
~~ 
jb2 

71 

<TV 
• b2 ,. 
1/Il 

* ha ,. 

ftr1h~ 1 
ov . ! 

' 
+r eshJttii 1 

rrv • • .• 
• 

*Fttr/'-~ 
_a, 

i b; 
2 

• hy 

1~ 

Ck+3)(k+3> 

r. b, 
I 

ba 
... • , 

,_ 

,. I' . ~ 

• 
~ 

I 

I ~•1 
ibtt.a 

l ~.3 
(k•3)xt 



'l!le data coJ.lected unr.tox- tho z.~~.n.s. PJo3oct enu tJ.ad 

•st3ttstteal co~obloaY tor &Nolop!na dftc1ont .aolectton 

procadlD'o ln poUl.t1'1 ~~~ falt!l :r;:>~a.\ J'C)nlt!'V F'.ut~ 

l!lopol dDr.1.ng '1970 ~ used t>or ~o ct.ll¢1. 

'lha toUM-:tt!on stock at st:ltn Poaltl?-1\llm ot mopol 

was o1"1g1nalJ.1 ~voo fm3 Rogtonal f'O:UltW ~. lb!:l'bJ:U. 

':!he oottng voro ow!Eitn tao bntehas o~ ~ strea. r.,ltb1n 

Gach batch a s\ro una cntod to 12 &:e;.ttJ and~ ¥ilaC b aating 

'J to 8 batches VCl'G tnkan out. <base '.lntches woro otibseqttmtl3' 

rcl.sod at 6 to 1 b~ ot' 'tt!icb t\ro usr& at tho PoUltry l?am 

nt ~nl. lbr Pl'n""'l!Jat!.ng the rumt ganerattoth hmievcJ', 

birdli raised 'lt ~l')···al. \101'0 onlY consldo-ed. 'l!la aoceoM:J on Q!& 

at tlrst as~. avornco cum ~t. totnl 038 Pl'Cauot1ott uv~ :!40 
~s ot ago alld 1nc1donca of eortoatr We!"' a»J.loe-too._ 'Jho mte 

ot laY was oxp~d as to-W eag t,m)duotion Upto ~ &t:a of 

t18tJ di'lllded b7 2\1' c1nll3 tho ago nt ft.rst 0$. 

'.lho tl!W of oarly tt~t..'PlUdUction ~r&l aa a oelacUon 

cli.torion fbr ~mvtns annual egg prodllcticm waa ~sad bY' 

DG:lstel' Cld ~ (1947). t:hon they eoph~sed tho tolection 

on tho bas1D of p3l't ezs v:ndtmt!.oD rocordst ~o conot1o 

conolatlon ~an pact enB fUll YeaP pmdltct1.on wao !'SpOrted 

to bo bt~ (nbcut O.?SY.. fb 1n ~o pl"':KJtt studY tho pnst.. 

productton ~l'ds era used end r..ro ~c than tha fl1ll vaor 



Sineo tho crus 'P~dllat1an S.o ll dlQ?Q.Ctar lar&olsr 

affected by onW.mmcntnl d1f'f'ermeos 1 t t1tlS de<!:'lod 

llOCOOcal'S' to o.jjwt tile datn fbr non...gmeU.c factors n1lCh ~ 

the dato of hatch, loe':lU.tm nnd oatomal t'ltf'octn. Ginco tbe 

da'b vnt~ not auffictent tbr e»~g nU iba t!l.reo raoto~ 

t...e., loco.Ucm, ba.tob and tllflS ettoet.. 'ihol'efbro 12le &tn 
wtll"O nd.1U9tot'l lbr location aM ~ for eacll slm so;ta2'l1to1Y• 

FbP this pW'pC®• tha Do1hQd of fJ.tttng constnnts gS.ven 

by B1l"VGY ( 19(l0} una UOOd. 

/:;tJ tho dispropoJ'tionP.te ntt:ib02' or .,rtspl"ings 9Jdst 

for each &1:1 and tor eacb loc"tion. ~ mdel usad for bloo. 

urq clao:tU'icnUon as~g no interaction f2tween &til•o 

end lo-cation ta etf'cct ls aa i'ol.low 

1tak = u • C:1 • ba • 01~11 
I. "' 1.2 .... ,d J 3 c 1,_2._!t. l 

\ihe:ra 

113k. = tbe k.th ob.sOl"'Vat\on of j.th locatlon & i-ib ~ 
U c: tile OV~ !20$1 ~ to all tndlvtd~ 

Q.j. a tha «Toot of tho 1-'fb &m 

= 'tho ertoct of Ula 3-tb locotton 

= randt'ltl ermr dlntl"tbutad 'lOtnallv around ~'l%b 
aann o.!1d s conatant v~dlco ~ .. 



ln t..lJ.e pro ... ent C1l!JO t."lo ft:rod <:ri"et't codol. bas 

bam asste:.ed rtl.1 eschof tho ~on t!lfl Jtljl~ band oif'.o 

ot tho ercuat1o'l f1) to pop.ulntion O!ll"~ of 
. be 

conatnntn Gl'e to)..~ttnateJ.. ~t!:lo.~ of' tl'lezo etmatnntn 
~ ""' ~ ......_2 

nl"' dO!!Qtad by ,.. ~ • a3 and (1'"'Q ... 

.IJ'~!l~ f2l'l least cqunro pri.ttc!~ tho t7Ditlal 

o~Uatlona f(tr t:.:::o..uav ol.ano1f1catl.on ::ro .n:J follow 

/'.. """'- ' ' /\.. 

Jl I n p .. "'L !lt i:l ·r4 b., cr '·· ... 1 
A /'- .-"'-

ot I !t:l.. Jl '9> Ui C\ .,. F l'l:i,3 b3 = Y:t. 
.... 

•j 1\~ '\ 
./\. . 

bJ • ... , p + n.! b3 := Y,.j 

It G'houltl ba notod tht.t.t tho ot;'l o~ mo"'f'le!cnt:l of itt a"\, 
.,.._ 

tn fbo p e:tttatlon oqUala tD tho eta ot morn.cunts fbr bJ 
A 

and tho. coetf'le1cnt3 t'b.r p. In adfl.tion• the stZl of tb& 
A. 

coaf'f'101(1!lts to? UtG ~ 1n a.n ~ e<:ll!'tto'l ~ tho 

eoafl'ic1ents tbr tho ~ and the totd! of t.'t.e ~ebt hand 

tlo:."!l%10 tbr U1o fi e U:lt1o:"l Stl2 tho b~ cruationn oq,uals the (!Ftlttd toto. 
al. ot 'Utt• 'lt, in orc.Ol" to col.vo ao 44f+1 cquationu,. 1t 1s -

n~$UY to illllOso Q'3rt.QUI :.-ootd.ctiolt:l on a,. •s end b.1 tu • 

~ co! e on ~ct..Um en these C<:Jt.t.at!.ons 1o to bo ~mpo.coa 

to solve fb.EI:l., "'i!lo eonrl"llUY a:ro l'Otl~ct!on is to t:1ttG 
/'.. A.. 

"i:. ti ::r Q cr"'Lb' atld tn t:ldrS flOOe:l~ Dtl'bstr'aetlOnD bcfbl'e 

1'W~U. 'iho eonstnuta o.b~1 f1'tl'!l the dil"eCt solUU.on 

of tbtl !'C-4MOd cntri3 was 1n daSi Y'ed fhm, iD onst ca.scs .• 



• 

....._ A 

4.s tbr ~~ t.r w lnl'JOill3 tho ro:ltli.ct1tm bl u n4f'O• 

p .nN estltlated oa fJ• il4 4 J.nsto:l.2 ot' 111 the 
A /"'- .,_A.. iiJ. D.lld "l o.re esttooa ao "t<"'fid cttfl brbl 1rmte.n4 ct 
/'.-at ana b~· 

'iho l'Odnced sot cr le.-:st ~ Cl'}tlations was 

~ ~ to obtain eatlnate:J o1' eo!lsta!lts 1?:1 ·~ 
('-.. .A- A.. 

~ Y.,.. '!he 11 a an.d 1J eo"!'lStn.ntn wn» obtat.ned fnm 

~e tnt:a. redlletion .1n aw ot sql.lQl"aS is 

cS-1 t..:1 

t:C]la Dt•b~) ~::'flY.~ ·• 'E,, "6i.Ci1.·Ya.,)~ ;;t ~3tr.3 .. Y.f) 

un« ~ ~ s'l:t:l of' SQ.uate3 in o'=Ul!\. ib 

L: Z:: t_ Y
2 

- ·n (a• c;.ebJ) 
1.3k tjk l 

'11\<JJ Ulo lsa~Jt ~ll31"() S.S.. fol' tast!.rg oien1ftc;lJ1eQ 

or dltrennca r::::lllliS I.Cd::tm) ~ on mat eastly bo 

computed tra::J 

f1{ ,.. \ ,_ b~).,. B tp1b!) 

\blere. a cp. ".1 > t::l ~;, 
~ n .. s 

I.e ~~· uaec~ted s.c. for n.. (tocmtiona). 1lnll.a.rl.Y1 

£or B cl'l~'ltion 

D ( ft ~~~) • ~f.., n1 ) 



t.o tl'tmb:t¢m" tm(l)rroctcd :J.S. Cor A Cln::mU'iea:t!cn.. 

~ • ih.o finnl t..nc:tys!s of' Varic:aco ltl':llc for ~ 

th~ tat:l3 (J1,ld ~tic:m ef'teet::~ 1o em f'ol!oV· 

I 

n)u..'""<:e d.t". ·n.:J.s.. iie(Jl-41.'1•) 

'2 ~ 
T)llma 4-1 A kid •00 

t.:..1 B l!: ?. ? 
toU:J.ttono ·~err •oe 
Enol' TJ..d.IA-1 B ~ 
'!Otel n..t 

1 e 
:J uhara kt= ra ... "'L 0 11 

l-1 - 1 "t. 

k2a 
'f In -."C~ j 
4-1 n oJ fl .j 

'!! 

J/'S 

I?/B 

'ibo o1gn1neanco of 1! inm.c,te:> ~ttwr iho plll"t.\eula:r 

otrect ·f.B lntl1131c1ng ~13 ~ Qll\.tel" li?tndY or t10t., 

'lbo dn~ em tho porf>oma11ca of found!'\t!.on stock 1n 

roaard to ~ p~o tlpto ~ dey'o or csa, eza at tint 

em €lftd om ...al;tlt dlroa.$' on pmc:l'1ad· c~ wore ptocessed on 

~ ~ut$r at th~ l.~.s..n..t. 'iho tb.tn inclUded only 1:hmlo 

daug!iterG ~m ttel"' .rds~ :1~ lho~ ol,. 

S'l.nce 1ha em !)lbductto!l ®on not tolta into nccomtt 

the m.tt~ae3 tn nec:J of iho birds l:hon they lilY tilG eggs ., 



1 t uea tho~t ddl"t:blo to lnclUdo tho 1'1.1~ ot lQlT mulE!:' 

preSGnt a~ bosideo tbo ot!la:r t!:lroo c?l~s. Using 

"' tmo dlarnotcrc; egg prodttet.ton uptQ ~0 d:Qs as uoll 03 

ago at tirnt eag• tho rate ot la7 :fb:r a tird w::s expressed 

® 
• 

nato ot loY 1::1: 

.6s S.t 1e a t1Ull 1mov fact that Ioention.s ~ d~ e.'moti1'J.ltl.) 
I 

au 1CT!Ol't:lnt ooul'C9 of e.nv:Lronc~tnl. varint1()n tn the e<!Otlnoi'C 

tr~t!l or IJOUlt..""Y. ~ono tm orrcotn WCl'e tostod ibr both tho 

sots ot o1m:J for each or tha fOUr f.flQ?~tol:'a ·uh~r atll¢7 

o.nd for o.::c.'l ~rs saperotel.V bY uatna ntov.e ocntt.onod UQ111ro7•a 
t.cc?mJquo.,. It va:J f'alla4 fbat the lbe£.t1on end dltla oflact 

wnn a.ffoetins t!lo cr;o ot first egg ( ~ )1 e:m ptt!dta:t1on apto 

2'40 &us {X:!)t amt t10119lt cx3> and th.a l"·'ltG of loY (:t.) 

a:mntdo::oablyln t10at of tho o~. 

'tba Qdjwtad euto. WQl'G used for <!.'Jt!tllatton of 

nm~U17, G~tyr..1o end Jlb~t¥r..1f:t ~tions- t'or 

d!J'tal"ent tl'e1ts tmdCl' atu6'.1. 

'C!leh of ~ o-e!rQ.ll 19 o3tod to o. oat or dO!:la tollidl 

eortDU.tu'to$ a~ o~ple of fm!llo pop~ntion arul o:tcb 

dao l)l'Odncos a l.ar'eG mz:ibor of offcprl!!l!S. ':!Ms ~:tot!'lod 
• 



fJ 
Let tilero b-, di <"nll'!!ltnrs '(:'<'~t" uiro "'-.1.~"1 !'! t:t""f a,_ 'lU 

the total nu:I'.:.:no of thtt!:?lt~".l'S• 'll<l l"'.Jtdoll orteet t"..oda:l 

ased t-or t!le ..n~.lya!s 1s t\S .falJou 

Y13 :: }lt a,. • oiJ 

vhel"Q 

Y 1.s t!lo t!tUUPtcla ob!l0r11ct1on for ~ .. th dllll&bter 
13 

ot tba a1l"e t..~ at.ft.. 
8t -.is the dfoct or tho.t-tl'l sira ~ distrlbUted a 
wit!l o-s antS ~l 1.-:; the 1'\1:14Xl enol" v:ttb. 7?...-itrum 

2 
0""0 .. 

ll~t.9.3..) 

2 2 a;- • k OS ... cr; 

k EJ .!. ~.- <'1 -8 ... 
j 

".iho 'total phGlat.Ytdc vQI'1!Jleo obs01'11Gd in tho t!'o1t 

uniior s~ ~ SGJ>:ll"S.tod s.nu, <Uff~t Cll'lp)Rel\-tn asutSD

nble t:> dlttercot fJOtll'CGS ~ ouW.UQd tn '!h'bla. 



6'~ = (.bvrts= i v.A •i6 v.M • :,. Va..u • ; ..... 
cl 2 ere = tT'f'- Q)v

88 
c f VA+ Vn •.1,/16 V.U .,. 1!- V ~ • 

... + vtr,) • 6y6!j v AAA • ..... 

~ 
'lb.e lntDrnction pa.rt.s ot <r-;; uo.s ier..ohd, since onlY 

r •••••• 

S!'lo.ll tzoa.at1on of 1 t co!ltl'i.btltea$ b> tho bv1.l'1~ca and flo 

lt's oftoct on ~blmlco bot;.;.~on ~.t.o.siba 2# VrJJi!Y O!!loll 

( I?alco.'lOl"t 1960). 9b0i'<M"'or.o1 

'\. 2 
~ = -t v4 e.r.e~ 

'lhe ::-.E. of berl.t::.bill ty ost!nqta::; vas ~uted b.r 

~.a.noeor at cl C196t.) and qllot.M by ~nr ( ,964>. fl9~'1Z 
DCftl12lSV ot' e;e dl.atrl.bUtlo.."l. of !tl~.J'.l.ass COli!'1"0lets.tm t 

is cw:ro~tolY c1 t"-_n bf 
... 2 I .,___ __ 2----..,. ~ 

s .. !!.(h )~ t.. J 2{r ... 1)(1-t) f14tr..1)t_, 

~ <tt..u)Cs-1) 

'l!lo corrolation bo~ 't».-'oediag vn'.UC9 (ndd!ttw genottc 

ofi'cet:1) ta ~otic eorrolatlon (Fcleoner, 1960). 'iha !!~tio 

oorrelo.t'lon rc 1o, ttl.erororot tho 1'1'\tio or tho ndt'l1 tt.ve 

SEI!l~t~t1o ClDVariance of t!lo t:Pnlt X r~d r ~ tho gOO::Jotrlc ca:m 

of' tao addltlvo esnot1c varlsnco of thooo tl'aita1 i.e. 



'l!le p:a.>ccauro outU.ned by Bcclt<n" (19'75) 'tieO follcudd 

for tho ?St1r:.tution ot r8 • 1ho sto.thtic.ril tnd goaotlcnl 

~ odeln o:ro :)r;J;t'l ~ in rt1o c::tSe cf h0l".4 tdb1ll t;y c at1t:lntc:4 

The JnoJ.Yoia ot C,.,Va:e\e:r.ae in "'"u~·arod fbr tva t.\"Q1ts 

undor ~;~tuiSY ia 

"ires A tbV
0 

(K;J') -o- k rl:JvtXtY) 

:to~Gcn proeeny 
Uthtn sires 

S ('ov
0 

(X,!') 

Cov~ ( ~,Y) a UQ? Q c ~ cooponant. of ll'>Vali.nl'lCO bat;l.<een X fl1ld Y 

<bVA (ltY) = ~"!Q>6 • !1~0 =r dra ~t. 

k 

'l!:le gonottc Gl1ll'()Oitior.of tho lfQ?s !lX'Il 

O:IV A ( 1'l) =: f/t. G:lV A •ir thV A. I\ + trz- (bV • ---AM 

'ibus, tho stro ~vo!lCUt of tho o:sv 1u tta1nl.y nlitlit\vo 

ncnetic covcl:::nco nnd intar--ot.ions e::.n bo 1~:'00 

"'f' ( "t•Y) t:~ Cov A ( x,Y) 
Q 

' I >\l'c (X) f\(t') V A A 
Sinea. oatltlntos or ecnotic corrolnt!on 1D stlb3cctoo to 
var:li'!lfi u:oun~ of oa::~pllns Qt'Tilr, eto rcl$.cbtl1t'J' of ~"g 



lo Utlitad utt.~ont dl oatltl~ of S.E. Ii:lbartson (19~) baVQ 

e1 van ttlo fblloulns f>rotlluo S,J" S.l!.. ( r8>. 

/"'-._ .,-...__ - .-!._ /"'-._ £' 'l 1ft} .. iTJX) jJ.. VA ('f) + V
0
(X) .:J 

2 -
s .. -s. <rp > = 1-rP tvn-1 

I 

lbllowlna tho a~11e oGtbod th.~ ~tlllt.od d~t!l Uel"' analYaad 

to estielatG hor1 tcl>ili. t1.P.S~t COi'l."el<~.tit·:.ns for all tho f'oU1' 

tra1 ts undcl' invcoti{3ation nlo>13 uL tb tho!r sto.fld.'U'd error 
fol." bo~ ~e satto ot sir® ~aratol1. "!la re!l'llt!l o!." tho 

!l!llll7a1s are pro::::ented 1n 'I\!bl(>s 1 l:lJld 2. 'lho enti!:lota.'l 

of b0liu.bilit1os tor x.~~ and x3 "\'L"O l!liet\tl.y h1ghor !n 

Set ! e.P Q)!lnal"Eill h sot n. 'lhe ~nt!!:loto o~ h 2 tor rata 

of 1-:Y 1s o.as-1 c.nd '\.1~ i'l set :r c"!<i 1.T ~ecttvalY. 

'iha P.tJt1clatoo ~ Ml'i tabll! w '\11111 ro.und ~ be ol1lf,\tl7 

on ftle hi~ sldo ~ CO!l!pal'~ ttlth tho ostlanto ot 
beri tclltl1t1 bY Narotn s;! ~ ( 1973). '.1?\o in<ll"'.aso to 

flo:r1tc.b1lit'r ts tla37 00 -tuo to me t::Ora ~to <=Ol't"'Cti<'"l 

of' thn data fol" lo0ut1on ntld dels orrcct ibl' the coch sire 

sapn!'l:ltel1. 

'lbo rate of 11$ 1 s fbWld to to noe,uta.v<S.y corrola.tod 

~\21 gon:otl'pla.nlly end !)horotyvie.'ll.JY W. th age at t'!.rst 



ogg ana egg w.tcht, uha.Pe;t:J ll0o1t1voly ooJ'1"01ntod \1!1tb 

eza '(l!l'OdQction nptD :!+a doYD of ceo t.n botb tb.G mts ot 
dsta. 'lheoc WJtloo.tes o.f' ber.l. t:1!lU1 t!.O!lt !lenGi:Ypio 

end pnenotyr..ta c:ll'TC1atio!la >tara used t'or 'IR):ri~B out 

the cncf'i'loS.cnt of ~ff'orcnt s-:ll.ooti'.l!l !ndl.eos 

used. 

1) 'lbo Int:'lOJt til von by O!t~l'll!) ( '1)$4'} '1u USad tn predict 

tho broedi!"'Z Vr>.ltW (~) 01' tho 1nt'!1vi!fual tbr 1!1~ cller'1.etcl" Y 

tl!ldor 1mpmvo::umt.. ':h1.a aolcotton ~t'Oeedure <!D!lb!noo 1n 

on Gf'tict<mt !!taml'.31' 1M1111,!uolsown re!"fom~ea (Py>• Ute 

aVEl::t:l.f.te oi' tho 'J}.!lcno~tc V:!'ltlas 'of n pt1t.a~nl. 

bclf' .. !J1bs <lry> end n'l7t!Z''"!.30 of ~o p!lanotVr.ia V;}.lll03 o'r 

n t'ull-tlibu ro:r Y. fit). 'ilic s:rw~ 1o e;r.vm n!) i'olltrJ 
,' I 



, 

!1 Cl 

tt= 

n 
"1+tr-t5 t~it+ 1 

m. 

1i) one of t!1.a .1odi..ces gJ.ven by ~.cin ~ ~ (1977) 

h a oodif'it:.:lt1o~ ovar Csborna•a j-Adf:.r14 It predicb 

t.'W 0,. by oo:::.blAing ill nn opt!.arA na;.me:r~ in addltlon 

to tlla inforoatto~ inclUded 1n r1, tho 1n1bmnt1on supplied 

by a trnt t co~rol..ctcd u1. tb tho trdi t t;Uaer itlprov~mt. 

'llus indttt 1o m.wn bY 

'tlharo tho \ 's nl'e dit'!'arcnt fm=l tho atove b1 • 8 o;ntf 

tJ.l'e td"'hrlY cbts. tned by f:l ::xted.oi"':C t.llo -CGM'Ilalatlotl 'r.~ 

0, t1!ld I:!- 'ihc::ro ore a!l follow 

a 
b1 c cry by c a.. p ) r/ (Oji lh ) 
'b2 112 hi (1- C f) C/D2. 

1>3 r.. 2U b~ <a.. r-~ > 7/Da 

b .. "dl h; (~ ) ~'!)2 
vhel"f) 



t!ltm:l 
6 t. 4 r. 

n2 = 16+'m by ... Wl by- l;>l b:T. l!!lZ' 

I, 2 
• (by (C..2~ 1 (J.:.i'I bf- ~M- U) 

- f ( 16-!ill h ~ J r 
2 2 

(t ~ ( 16-}j;.!b, - Fby ' 

~ 2 2 2 
'r a < 1-h; > < 1- ~ , ... b, < a.. r , 
c = x-c bx I\ 

ctz = phcnot;vr.1c str.:nd3%'13 doviation fbl" ~ 

cr.;- = 11hcno~~·1o .stundard .:lcvin.ti,~ ~r Y 

P lJPd r6 are ~t.Jplo erul 8C.'l0'3"'1C cor:rola~tw 

re:l;)Ccti veJ.y • 

~0 C01"l'Olutioo t.otvaca ~ Ulld :;2 i'!J et!1an bY 

J 
T:~I;2 = £ r3 b'f + b2 •! 'b) ~ ~ b'l .../ 

(111) 'lho ueco."ltl tnGa% ~van in r.''ll":rtu .c.t.al (1977) 

1n01Ud~ C!IOtht:~t- aUXl~niY .:!la.?·>.:Ot!>l" i:t tho ocd1f!od '731'll1on 

cf tba O::ibomo'o l'!'ic1o% gtvm1n V.:ll'llt1rrA&\..nl (1973) 

'1hitJ 1Mox predict$ ino ~ot?-..,1c vn!~ ot Y ( Oy) 
bY ®$b1nins 1n r.:'1 of:tclant r:.tetmor th~ f.nfol'tlation suppUeG 

by t;lo (WO!'aRQ l'al'i"Ol'!::lnllCO of da:!!a O'y) in nc<lltion to 

Ute 1ntcmation& u;:~n•l in t 2• ~is i."ldoot it! ctven b.7 

ll m b1 'P2 + b2 PF +b) iy .., by "P,. • bg .. D_v 
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'iha b,t. 'a o.1'e all dttfeNI'lt l"J:a:1 th& nh>vo t~eas 

Qtld nro obtdlmtd 1n s!ml!ll' t~ '1heaa eJ'e 

b't a a; b; ( C..~) (s.lt b:) I <a-; ~) 
a 2 

ba • hy ( 1-Cf) ( ~ )/DJ 

bl a ~;(a-M b: ) '1' /Dl 

a a a 
' • Y,lh, (a... r.b - ~v 1 7/!'3 
bf a '4b~ ( 3-J/Jl!) '1'/D3 

6 6 t. It .. t. 
D a 16-et.fii b • ~ b ..W b ...S~ b ...t.b .... Jlb. 
3 'I T y y , " 

• Cb: cc.2p> our b; ... ~ t&:- ·~4> 
-~ (~Hh~ ..-ltN b!J ) 

,. 'I 

'he Q)nalat1on bl tuee 0,. ert4 x3 18 tb<m glves 

bY 

~~3 = r rsb1•ba•/ibJ•i'\•ft'b,.:l 

f. tV) 'lho 1n&m 1d th raoro than ono o.UJ2lt E11!l' tro1 ts 

'besides all the other trrAta 1D ()B!x)me•o lndas (I > 
. 1 

Wel'e studle4 1n the proSGrtt irtVeatlsat!m. ~ 

1ndU ls gL v• by 



In Qddltton ta tbls e.'lOthEll' !.ndo:tr \d.tb throo an:d:Uaw 

t.rsl.ts hall been used in tha presast tna:I.VOU ~d s.e gtvan 

by 

-
t 1 = b1 PX, ... b2 p~ • b3 P~ • '\. Pr ... bg 'ffy ... b6 !J • 

'lbe bf. •a of t.beoo l.ntltees are Qll'aady t;r osel'l~ed tn 

C21aptw m 1P: gMnt dotlsil.. '.lha e»l'1"el!ltf,On I»~ 

n,. and the l)f. md t; a»e gS.vcn by 

Bo,It.. = r :ras b1 • '"t:a b2 ... b3 •! '\ ... t b' .:1 
and 

Do,. t; a l" ):'81 bt ... '"sa ba • l"83 ~3 • ~ • t b; ... 'h& :! 
nou. tbr CG':!PalinB the rolnt1ve otfief.fllle¥ ot lilY ot eta tnao. 

sa:r X,. ovor tho oabomo•s tn&nt ('It ) can be Bt.vm bV tho fo:mulo 

gs. ca " x1 I Bel,. 1 t 

tv . .; Aa tn tho pl"OSGlt stut/1 tho dsta vltll ~ s.UZ1U.o.17 

tral ts t.e .. age ot fll'Sfl em; ( q t czg p~daetton apttt ~ 

~ (X
9

_) t!lnd tho omJ ~- (!l) VaN 6Vll1lahl.e• all the seven 

posstble «mb1naUOns or thesa tl'alts 1ll.onn 'ld.tb Qabome&J 

tndb tbl" ftto ol laY (Y) V.QIJ atualetl mmor.t.~ly;. m, In 

all the tollowJ.ng elfJlt lndicoa tm>Et ntadloda 

a> t>tp,. • ba if, • b3 F, 



b) b1 PX, + b2 PV +b) iiy + '\ 1?17 

c) b"l Pl2 + bg Py + b ~ + ""v 
l- "W 

d) b1' PXl + b::! PV + bl Ily + b~-'"V 
e) b1 J>x1 ~ ba PXa• b) ~V + bt.IPy + b' ~V 
f") b1PX, • b PX • b3 p + b~ w, • bd IV 

2 3 y if .,_ 
g) "lXa. .. b2 p~ • bl py • '-., • ", Py 
ttl b,r'X, • b

2 
P"Jt2 • b 

3 
P~ + \. v,. • b~ w, "'tt6 'i?v 

Besides tilio, tm a}x)ve dght f.!ldJ,.cog ~ eltl) 

studied attar tho tncln.u!on of tndivl&l~o•a dt.a 

v0%'f'ol'manee (f7l • ~a t.ncreo.<SEJ 111 cttlelmc.r ot 
tttose 1ndlcoa u.!.tb nuxUitll'Y t:rn1-t3 uUl. depmd 

on 'the mtnb9%> o~ al\1:il'-!11'1 t~t3• the herttatdllt.tes 

or tho thi.ta d\4 on tho OS.zo end ~ of gono'ti1pio 

as wall t.ts phenof3'pic Qtl"l'Qlat1o~ tcween tbo pabc 

of tl'l.l1 ts. 

It 1s clonl" tro:a tho pl'GVlou:l cact'lons that tho co-
2 2 

ef'aetent.'l of the 1nal.eos 01"0 :t\mCtlortD ot b3 'f· hV t :II'S 

I' ,. o;" ,. 'f t o t!.'llcl n.. In Order to otudf tbo t'll'toot ot 
1) 

tneldns ~o dtrtarent eUlllll1SW trolts ln ed61t'lon • 

Ulo f.nd1'111duolo -pel'fomlll1CO for '! (l'P:tG of l!lY)l ~:t.atb 

fll)'.31l,v o.VG:ro&n for y end hal.t-sib tc::dly nval"tlgo tol" Y, 

w1Ul end ttlthoat 1bo nvo:rngo J>et"fOl'O!mCO ot tndlv!l!lbt's 

ds!l, tbo raarcaaton CDGttl.Oie~J t of tnd!eas w1 th dltf'el"d 



ar.;1b1nauons of atl:dlJ.orv traits t.o. age ot f'1ltst 

ogg, ong prodnot..on upto 240 ~s £111(! egn uaS..g!lt 

uOI'G wz'Imd out a:J.ong llltll thoir relotf.vo e.f'fl.c:lcna1es 

owr Ula osbom:o •a t.ndmr ror boa tho nets of datn .QJ!d 

a.1'a Pl'OS«l teO 1n itl.bl.Oa 3 nnd a.. ~o ~lEI:) etlnV 

thnt the ro:rct~a1o~ eosfflalcnt fbr 1ho ogg woi~t (X ) 
3 

ts constant. l:bl" o.U tho 1nd1ces !ft o"lCb sot of dote. 

!he co-ettlcient f'ol" tile ott.or two c.U:d.llal'Y tralto 

Vnr!7 alil#ltl$ wt th tho cht!llgo ln ~ttcnB of' e.~l1Q%F 

tratts 1n tho 1n!la t:f1d the f.lalO to ~ fb:r tho rate of 

la.v., 1ha btilf',.at'b fu31ly o.VeJ'llg~ ~stll t'dl.cv QVlll"a1tt 

ol'ld tor ind1vJ.dUQ1Q cia:~•u perfo~. 

~ 1ncl.US1on of a.V<aragG per;atl'l!l:ll'lce Gr lDd1v1dn31 'O 

dalll CD ) hac! oltg'htlyin~ 1ho oi':adent$' ln all v 
etgbt lrld!cos under otaa.v tor botb eo sots of' data'. 'lhe 

inclusion or tho utt:dlloJV tt'<i1ta trt ~ uol.cctton 

lndsz hod la.:-01'00 1ho d'f:teS.on~ o'II'O." tna ODbomo•s Indmr 

1n ellsost on 1;hG ~ S.n bcttb sota oi" dati. <.l\-.bles 3b 

and lib sbDv tbGt tu sot 11 the of4CioncY ot Il'l8ex uUb 

aU tho 1hrOO QJJ:dlS~ trntts cm.d 14~ t%m ntl%2l1ll2".7 

traits t.o. ess p~tloD U)Jto 240 d...<>Ya cg'ld tbQl!lo ot 

ot fl:rat esn f.a oore thC!l one. bo1'ans t.n tho RIC3t of 

tho casos o.f r.ot II the eftl~cy 1.o VOl'Y elouo tD ~ 

reblQo 3n and Ita d'low that 1n rot I tile d'ficienc:u of' 

tho index with c."tG ~lial? trait l.,o. agG ot ftr.lt ogg 

wa3 VOl"/ closo iDem ~3 the caoo to t!'Ua f'or iho tndex utth 

egg woll#lt a::J nttztlltll'V tra1 ~ ~ tn 118St or tbe eanos 



or set I tho off'J.cleftCV is con st. <bro.bl.V lovOl' than 

ona. '1ho dlffereneoo 1n the rcmllto of' tw aots ara dUo . . 
to dlfteEl"!B volllls of tho l)ar-j!lGtl'i'O entsmat:oS. "'lho 

Nlnttve etf'td.eftCY of all tho f.,,af.CJ::J woJkoa out for Set n 
is Wlitol'tllY groaw thsn tho m~ng tndtces or 

Set I and 1.Ms dlfferenco CDA be o.ttr.f.butod to ~ 
~~4-- i 

d1i"ftn:'Ol'H'lOS 1a oo~tea 01' ~ t.~U t.1 A:t.bieb. n1"' ~1 

for Got I and 0.179 1bl- Sat n. ibo deemooe i,n 

ettleiene;1 ot coB:I.fled oaboblo•a ~ tvltb oJ19 t#ld CION 

nUXS:U.ar.r tl't:dts ) ovar tbo outto:mo•.s 1ndet la t:1Q9 to 

tho sS"JO aicnn ot Bonot1!;11c ct'l.d ~tarp1Q ~t\c)na 

be~ ti:lo eu.ri~2Ql'? t:Mtts t:lld too trntt undo!" ll:lplUW:l~ 

In J:J,p1te of lot of v'l%'!1at10.'l 1tttho ~ts of' ~t I 

- n Olo inclUSion ot aU:d.l1Cl1 ~ta !l!'J.Virtg g~fa't>1c QTld 

-pbel\Otyp!C c:nl"r0lat1on tll«b op"lDs!.t:o d.mm W!ll ln~so 

the afft.cidlCU of thesO t:l0d!.f'1od Osb()me•a lndoX,. ~ 

other t!-oits correlated with t-ate of 183' satl.Dfyine the 

otova omdt t1o11 c::n bG tlte4 tor JNtttng J"ap1d eonottc 

it:lp!Dvment in tbG rato of 11%1 tv QS1ng Ula tlDd1ft.OIS 

Osboma 'o indmc t..o. w1 tb ono or t::10r0 aml1ory tra1 ts.. 



'lbo QTlalys1a ot datn colloctea t.mtlol' tile lASB% 

Pro3oct cnt1tJ.cd "StatioU.o.ll mo-.."lo(!olotW tbr dGWloping 

oftieiont ealootio.'l tn.'Ot;:ooW!'o in ~UltJ:'Y bread1ng• t'11:m 

'Reatonal PC!ll.tr.r :i'i..l'tl at 'll.ol)o!L $U'L1g tbe lfl11n3 ptU"1oa 

1970 vna conauct.Jd w1 tb a view tD ~ thO Elfric1enaY 

ot ditfarcnt oolcatton 1nd1eos ul.til eno and mom 

n!tdli~/ t%'!..1ta (r;;ocSU'iod Oabomo'o 1nda:il) ovar tho 

Osbo.me's it"'dOX. 'lho cbta litlS f'irat a.d.1P3,tad Cor dttlS 

c.'ld locatt.ouo offoota !br oaeh s1ro QQ~:~n,%'nWY.. ~ 

a~llStad data was finallY uoot'l tz:l. ""Itt cut the v:ll"lollS 

geatic p11l"<:aatcro sUCh '.iS borl tob.U1 ttos, stttotypf.c 

and pheno~ eai'TOlations. Ud!ng f!tesa g~ot1c tJ:'I J"Olll.aters 

the coeftf.d.~ts ot tbo solootton \ltd' aes along ~ th 

that!' em.ctamw OVOl' tile OsboftlO 'D 1r.flGX 

t~as •Bed out. 

'lba ro~on coot.fla1ont or tho otm waidlt vus 

fomd «~nat.cn-t t'cl" all 1he 1lliicoa tn aadl sots or tile data, 
but lt was v<;l%Y1r:g ali~tty tor tho otaGl" be aUt.llial? 

treJ. to 1.o. ano at ~t egg onJ ooo pJ1>duct1on q,to 2.40 
dQYB. 'lho rcgraGSion cootfLcien'I;S tor the ch"l'alltcr ant!oJ.o 

tmpa>vmeJt t.a. rato ot 1tl7 (Y)J hall' slb..t~ average 

for Y, ttal.J-s!b f~Uy avarr-,go to!' Y ~d the incU:oJ.dUalo 

de::~ pori'oltlcnee tbr 'i was lllDo fbaoo &cngtng t4 u:t 

ebanget.n the ~tiona or stt:d'U ril".. ~ts ln tho~~ 



-4'"3-

'lhe relative cff1ctencu of codUled oatomo ts 

tnd'Glt tbr rata o1' ltU u1 th Val'OG3 <lD:\Mnati.ons of 

tbreo an:d.li ~ tra1 to 1.0. ogo nt i"'lrst egg, 

egg pmdUe:tion upto 240 dt!1s and tho ogg "'e!.~t over 

tho osl:omo•o 1.1dex V!lfl ~una l'-'99 than one tn 

m~orlty of t210 casoa. sut tbo oi'f1.d.GO.OY of tho 1nd.ex 

wi.th nll iho throe albd.l1ary traitn end Ultb two 

nllld.l1f:ll'1 traits i.o. ega ut arst egg {ll1d egg 

produotton up ttl ~ d£l1B "tillS toand cora tllan ona 1n 

one of tb.a f:Ao sot3 of &ltn under L.iv,JI.it1gat1o~ 'lba 

all sal.octton 1nd1caawitb 1nc!Lvil!tta!a ~ p.erfbmanco 

vas ha"'ling al1£tltl.Y ~tor o.fttc:t~er as c:ompa2'01! to 

tho 1ndtcos W1 thout Uta dsl's pertomaneo.. 

Basid«l, tbls tho grapl:d.ool. dllal.Yaia of sal.cetton 

1nc!o:r uUh ono aa::dUary trait {ool11i'le4 Oabome•s lodox) 

~4 w1 th end '14 Vwut inclUGion or 1n61"-dlla1s dlltls porfom.. 

aneo V!lS alco condUcted olld t:lo rolettva offialertd' ot 
tho~ 1nd1ce!l over the tndi~&lals s.el.oot1on waa calcUlntod 

to:J:" varioua ~bi.natlons or genotypio rr8> 'll14 tJhenot)'l)lo Czpl 

cor:I."'lations. :iho gra.p!ls tbr l'if.i"forcnt <1.0:1btnnt1o~ of r
8 

and • 11as dr11un end tbG etticiencv vas found Cl)noid'U"ably 
p 

blgbor tilon on& 1n all the oasa.smdr>r studY. 
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trnblo 1 aaooty.pic rna fbmot&o1,g fPIYflGtmJ ~MaWQ til Rn3,f-=f4b wmma Cor snt-1 

't.t xa ~ \ 
o.~oa t o.1~ •0.'199: o.~-. 0, ,398 • o. '12'/ .. .,. o.~ • - o.1J9 

Ct-~>,1838.:1 
... 0.263 .. 0.0$ ~~ •• 1(]) -44~ # 0.102 o.13B • o.oso 

"" •' 11! .::1 
.. 

o. 080 • o. tk.~ -0..111 ~ o.o29 o.s33 :tO•"~ o.-G~ • 0.101 .. - ... r ~.'llo$.7 
.. o. oo:t8 + o. 021 0.1tl6 : 0. O[t, -"·"'~. o;.~ 0.~1 • O.r170 - ... -r l46,,a,a ...7 

x, = ."J.te o.t ft.rat etml "-a o r-es lJ'l'OGUOtion uvto ~ doYSI -x3 t:t ~B vat~t '4 cr mto ot lrU 
• ::&neonnla aN borltnbUi.ty ost11:'latooa Qbova <U.aconelo ~ Gcnot1\;f!o eon-olntton cr8) nnd 

balow d'1o,.eonolo o.ro pbd'lOtqpic C!Onolt~.tiono (l'p) • 

•• In par6lotal'a tho firot 10 tho nQ:lbe,w of sf.rQ::1 nru.t aooond lD tho toto!. bO• ot ob8tl:'O'o.t1ons. 
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~ble !ot (. -~ r of thn tp~f.QM =-'ith~d!f£6jffi~:i~~~ ?fi th 

'!l - !3 x-1 X ~ 
y Dy B 

2 1 a 

o.~ o .. ~2l 0.1808 o.0'13S 1.0000 

~0013 a.-1689 0.316'3 0.1293. 0.05'23 0.91:66 

O.OOZ! .... 0,.001~ 0.0'7~ <X.~Cli o-.1100 o.~ o.~a 

o.ooal - 0.07:31 o.trt41 11.1593 O~oe691 O.Stt69 
.. 0.0009 - • 0.17~ O.IJ!29S o.,, 0.0'117 04.99t>3 
-0..0005' 0.,0020 .. o,OS44 o.tt'lo4 o.167U o.~~ o.mo2 
.o.OOO? .. .. 0.0013 o.'i6?a 0.35'74 o.1257 0~0!113 <Y.~ 

.o.ooo4 o.oo20 ... o..oo13 O.oatft 0..2006 o.11'-l0 o.Ol+S16 o .. ~1 
Y~ c tho 1nc51 vi('!rznlo 
o rel'forse.neo for 

'1 = ASO nt 4rri 0339, Xa = Fas pmauction upt.o 240 dol'fl 4- -y3 = ore W1!1lt rata ot lo.Y .. 

Y~ a tho ~G of thtl phc,n,typic \fnll.13 of tull...6bs for ~ = the nvorago of v. o ~enom>to valtt® 
fly = ncY01'!lBG r-ol'tomanco '* indiv:ldllnl 's dtt3 tory ot hQ.lt...f31ba. tor y • 

B a oftlcicnQY of t!lo 1nd(m ovar os'bome •a index. 



b-tmoto gy tho,_on t thg 1natcca at l'ig2.11'!QZ p ; 

~' ~~~f1tt~ Y:; 'i'ab1e 3ba fgeJ.;z: · 

~ Y.a ~ y1 - y3 Ya 'Y 
., 

0.1347 o.~ O.'t819 o.a>1a 1,.0000 

.. o.GC03 0.1.338 o.l+9~ 0.1~9 Q.C601 "Vn!1a 
0.0001 - . 0.1021 o.4')1lg o.1m O.Q)()lJ 0.9~2'1 

o.OOO? .o.~ 0.1016 o.l,93D 0.1W9 O~c;9S 0.')483 

.o.001o - - O.'fnt 0.4781 0.17~ 0.~80 o.,,S1; 

.o.oo16 .0.0012 - . o.1fli3 o.411? 0.1103 0.01/J ··~ 

.. 0.0010 - -0.0002 0.1323 o.ttm 0.17t'6 0.09Jl 0.9~ 

·0.0016 .0.0012 .o .. oooa 0.1~ 0.~3 0.-1683 o.s&~ ,.~m:t 

' 

,_ 



1!1 O%Q.P fh.p ¢. at +Jlo xp-£1" f'l f!12 J!nlotiva <a me a 
Tnblo .... ~=Mgt~ D:Qd) 

"!!' Ia :!3 yt 'a ~\ 'If 
1 

0.1812 Ue'4'19] o-.;~ 1.000 

... 0.0013 0..17,3l. o.~ 0.1't!69 0.9075' 

0.00~ .. o.C1Jf5? O.:JJ16 0·1939 0.8331 

0.00331 .. 0.0013 O.f17'S) 0.2'119 0.13';6 0.732'1 

... 0..0009 .. .. 0.1?88 O,.r.G'/0 0..201!1 0.99)0 

. .,. o.~ o.ooa1 .. o.CJ13?tt 0..3880 0.1921 o.B'+Sa 
- 0.0008 ... ·0.0013 o.'f716 o.2Mt o.tlt-27 0.9988 
.. o.oo~ o.ooao ·OW0013 o.oa~ 0.2'100t 0.1331 0.~ 



•• 
tabla 4ba 

yt v2 -X, Xa x3 yl n 

0..13£11 n.~ 0.2038. t.oao 
.. o~ 0.1381 0.4?91 0,201~ o.-?9!11 

0.000? .. ~.1~ 0.,4',191 o.a01~ 0.9~87 

o .. OOO? .. o.oooa 0.1~ 0.473'1 0.199! 0.941.2 
I 

... 0.0010 ... .. 0.1372 0.'•73> 0.,1930 0.9SOJ 
' ... o.CI016 ... o.001a · ... 0.'19?? o.t.;~ 0.1905' ,.,o;.,, 

.. n.OG10 ... ,..o_oooa o.1!J!S3 0,.4136 0.'190% Oi9,e1 

.. O.oot? ...o.oou .o.oooa 0.19-16 o.J.t.1] 0.,1001 ... 0\, 
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