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(1) 
I IifiiORtzC!IOJ 

'l!le maJor11:!Y of p aont c1aV an� breeding metbDU haw i:beir or.f.a1n 

tn pre-aoientift.c ttmes. !they have large]3 evolved from tbe empirieal 

&Ylclalco o£ huaban<lJ:oymen mo ha been keen and cri ti.cnl observers o£ tho 

perfbrr..onc of their stook, and it 1s only relati:ve]¥ recentJ.y that the 

genetic be.&is � the va:rioua pi"'O-edurea haa been cieter.minod. 1hie in tum 

bae lod to the reallsation 'that arq pennn.Vlent improvement 1n the inherent 

abiUtu o£ an1m&ls to procluce more, rests upon the suc.coseful Dmipulatlon 

ot these gemtic factors. 

In the genetic inpl"'ftlment of aheep, the breeder 1 oonoerned with 

replacin6 the exto� population of 6GftOfupea with enother whioh is euperior 

in some particular :teature ot � t. Selection iB guwrc.lly conceded to be 

the JZBin force Lt the broeder'o oommo.nd far acoC��Iplish:i.nt; this purpose. 

�, &election � be def'inod o.a ohoioe baaed on information. It takes 

pl3oe at mu!G' phases of al'\Y llveatock 1nduat;zoy, beginninG with tho solootion 
cd the \Ype of production, and paao� tb.roQgh the selection of o. bl"'ed or a 

stroin to the selection of' an individual animal .  In pe.rtloular, thCl within­

t'loak aeleotion of 1nd1 vidual& may be dmpq cle1'1ned as tbo non-rendom 

udgnati.cm ot an11Mla to be parent cd the noxt generation. SUeh uaignatlon 

1a ilrtended to oha.nGe tbe mean ot' tbe population by increaainc tbo trequeno7 ot 

t11o alN4 . • rt ta , 1arae13 ' upon the o.butv to 

o1 !a4iv.lclual in of � JVr tbils 1'8880n1 1t la 

at tet1ne4 f.D ., 1te •�le OM8qtl820 a, aa, " ncm-

llld!'.,.. 1 ,S). 
uautUO illllt'OW..-tt la SA iD tiel¥ u 1a. 111tb a numDGI' 

paeaom .. 'lbtoJa 1Dal � a , 



(U) 

4:1ft'eremes t.D ma:t.lns ten4eneiea. fleeund.tir ODd &u-ation � nproduoti"Ve 

coped V (� 1955). lndee4, the tert.Ui ty of indlvJ.dullla c11Ncta the 

� poesible in a bNe4 w t1ooll:• large� deterrnining tbe proportion 

ot aftllcl>le Mimala that mat be retained tar breeding• and hence the morgin 

o� selection thnt i postd.ble. 

'fhe p1"8oent trend of sia J.Jl t.bo � and  practice of all 11'98-

stook bs'ee4:lng • appoare to hi.Dr'je around un tnor� awareness of econon1c 

merit. In order toorportion the �..:e ot e� oba.rueter in tems ot 

i te contribution to the net t1Denc1sl tum e4 a t1ook, tbo concept ot 

relative eoonomic values bo.s boon eq>l.Qyed (Huaol 1943) • 1'bis concept 

al.lotts broe<U.na ob3eet1. ves to be mtionalieed and plaoed on a sound 

economic basis. with the result tmt the ft.nnno1al progress to be expected 

tmm aeleots:ve breedil'l6 can 'be oonsidembl3 greater than when the brooder' e 

icleeJ.e are contused, fluctuAting or erroneous (IIa.aal and Iuab 191.2). 
Although tbo economic �eo£ an adequate lnel ot t"lock repro­

&lotift parfOil"'lUmCG has alwqa been 1'V006l\iae4 in a genwal �, the ef1'art 

of Hew Zealand� ram breeaen haft largely been 41rected towards imreaedns 

il:aa:lYlchtal. proclDDtidV in tleeoe wcd8bt, tleeoe .Vle, caroaa conformation an4 

�t4 �. lae (19Sf..) haa abDa that th1a aituation 1a oC��pletaq out f4 

atap w:Ltb tbe Nlatiw e ot the wanou obaraotera 1n tbla 

"- ted ftnanctal �'dum t.Nm c:me t!.on ot e.1.rlgle oba:nlotel" 

eel Uon lftl11oa a a htGb• tor _, 

l'bl''lftll! . .... IIIQ4..�t1c:lo � tile lmDGPt�· 

_ _. llft:IEHI. 01� OOiliiPa:l:'l.ll:tN � .BaiDIIIt .. liP Ull� 

OOUIDtlef• a. tteiDp 
.PQ1Nel118 Smol 

�_, MIRUI·W� f4 
J.nftlr'E.atioa � 



(W.) 

Rae (194S, 1950, 1959) haa re't'1ewe4 11'101\V of 'the pertinent tudiee ancl concluc.l.oa 

that tlltW merel,.v serve to outline the general structure o£ the breeding 

inaustr.Y, and to indicate \Vher'e inton�t\ion ot a more specitto nature is 

lacki.na. In view of tbo wide geogrophioal distribution o� the breed, 

togetbor with the tact that it is expocted to pro&loe both oeat a.nd \vool, 

it ia not surprising that bnedsra' opinions vazoy ae to mat constitutes en 

i4eal. ahoep. � eituat:l.on lt\Ya i\!rthar etre.as on the importanue of care-

1\Ul.y aeftned selection obJocti fte and tedmiquee, which are considorod in 

l"Glation to the broa.d ecsonomic ond plvsioal onv11"onr:lent in td'd.ob the eheep 

are required to produce. To this eDCl, t'urthar work is needed to gnid.e breeders 

in 'their choice of efficient broeding techniques for the improVEillent of the 

ooonomicall;r ��t chi.ln\Oter, tertili tq. 



'lhe 4U'tioul'fi' o� olase� 1n41Y14uala in terma of tboir genetic 

worth lS.es 1n tbo f'oot that tbo obeenoe4 pbeno-eype of an animal is 'b result 

of emironmental intluenoee as well ns of inhe1"ent poterltial. Thue, the 

'ftll'iation � exiete between animo.ls 1n their Olq)l'esaion ot the desired 

qualities, 1lhich is the mator.lal available to the brooder in tirect.ing the 

population tot'm"de hie goals, can be aubc11 Tided iDto cenetic and en..'V'!J.oonmente.l 

sources. !be approach ot present c1a.y BGnetioe to this problom in from the 

stvndpoint of" asoensina the 'Value ot ditferent indicators ot a.n a.ni.Jwl's 

bl'OOding merit, 1n the nenae of ita c.bili\Y to lea11e superior o££aprinc. 

This appl"'OOb, v.trl.ch is eaaenti.nll\v ututistical in naim-e, has led to tho 

modern t.heor:f ot population genotioa. 1'hc main :l..ntogratinJ..; concept i!J the 

o.ddi ti ve genetic ve.riance between 1nd1 vid.uale and 1 ta related pal"'O:leter, the 

herl tGbUi'V. 

The meri. t of this approach liee not eo tll.lCh in 8U{mtta� now mw ot 

ln'tprowment, but rather 1a proYltine a mtional metho4 ot 1ntegroati.nc eeveral 

rotb.or 41WA'll- pbiiDOII*'lE� 
aeleott.oD ..,:»>e&u�, tile uae 

ea:ap.le• the pre4Uttion � paetic gain fzram 
and 

ctl.trennt a tor/ aitla 8Gloot.ton, and t.be 

all be OCNOhe4 in ....._ ... ot un..w _ . .,...,._,.,.ts.on 

• lD tld.a 



JJ.:sh ( 1;)l0) point out the ;n'"Ocloo �.nin ;s of these tc.:.>: ..s .. 

reproduction. mue focundi tN oopresents i 't8 quanti to.ti Wl equi. Ynl 

As t-:00t {1950) and Sbarat"eldin (1960) �. the main 1"0un.on fur the 

1n the 

po�ble. On this Gl"QJJI4• it ibm-efbre ems Jwrt1f'J.abl.e dum tleo.l f.n6 1d. th 

rxwr: als to use the term ftrtUi\Y to repre1�·t both �_.ualita.ti and quan._ 



.. 

lamb production, is gai..ni.ng populari v in current eoienti:f'ic writings. 

In the present state of peysiolog1ca� knowledge and technique a, the 

practical measurement of fertili v is lim1 ted to those stages of the 

reproductive cyolo where 'Visible expression is possible in tei"l!U'J of the 

number of oft'spring produced. Goot (1950) bD.s discussed mB.l\Y of the COifiDOn 

methods used for estimating tertJ.li V in sheep, and suggests seven indi.ces 

for its caloulatlon. All of these assess fertill't\v at lambing or at some 

aubsequent date. 

In any stuey of fertility in mamaala it is important to realise that the 

e:tt:tciency of reproduction dependa on chains of events, each of which determinea 

the upper limit of the succeeding one. Workers have variouszy considered 

aspects by the following three major .st.:1ges 2 

1 • The number of ova shed 

2. The number of ova fertilized 

.3. The number of zygotes carried to term. 

The first ot these is largely a character of the daD, while the second 

may conceivably be influenced by either the sire or the &:un. While it ffJD3 be 

tenpting to regard the ti1.ird couponent as a function of 'the viahili -cy of the 

yo'llll,C, the potential influence of the dam, quite apart tram her contnbuti.on 

to the genowe of the litter, cannot be ignored., In a4clition, aaoh of these 

separate processes 18 capable of moc1.1fication by n whole host of internal and 

external factors. While the mo,Joriv of the c%'UCW.l reproductive o'VSnta 81"8 

gO'hmed � aeverel intoraotinB harmonea or by Oftrlapp� ae:riea o� hormon • .. 

1" la alao lmcmn that the nenou.a a.retem 1a troqu&ntq equalq izr;tortant, 

(lWbtm&w 1958, •96J). 



D1e couplexi'W of tertUiir, bowewr, aooa not en4 with lta Dlltiple 

� 1JJO number of J'Olms born in IDfll\7' speciea ot IMJII'l'lal e baa been 

ehovm to be subJect to a strong materml. etrect, Qo,pendent upon the weiGht at 

the cW.m. A larger mother tends to pro4uce a 1a.rgor litter in mich ind1.. vidual 

weigb:ts are coneoqum� clepres:Jed. Should tbie ef'feot carr.v over to the time 

when the daughters' repl"'duce, tbero r;rq result a nagat1 Ye daug.b.ter-&un 

rel4tionship vidch, in m1oe, has been found to maek tOO positive genetic patJ:u�y 

mcpected for a hori table character (Falconer 19.55). 

'Dd.s diaeustdon hae been presented to Ulustrnto that f'ol"tl.licyo mey' 

regarded as a qua.nt1tu'tiva oharaoter, but that it ic one of oonsidsrnble coapl d.eyo. 

1\irthormore, it is to be elq>OOted that tortill\V is oc.pa.ble of be:tne c.f'fecte4 

throughout all staees of a.n uniLlal' s life in tht•t � period of untuvournbl.e 

conditions �upset tho &lotion o� the mechanism oontl"'llin(:; it. For tho 

aamo roosons, a OOI'Ji>leto dasorlpt1on of the genetics � t'ertiliey mtl8t be 

regarded us a gool far the fUture rathar tllO.Il u pl"Qs&nt achievement, requiring 

e. detailed anulysie of the eboracter into its oomponants and u separate but 

integrated investigation of each ot tlleae. 

So fo.r as individual variations 1n quantitative tortili'fU measureroonte have 

herecli'ta17 basis, thqf are eub,!oct to eolectioll, aDCl the awrase of tbo t1ook 

1a up te4 to be cbooge4 _. ec1.UaeJ metbo4a use4 for inpro� othor 

charaotera. 'h extlent to 1lb1ah obaracter can be lDt'luonoed. by aeleot1w 

� 4epen4s upon tb8 4e{r.Ne to 1lldch the Yariowa � iDtluenoea 

oan tiaoountocl and tbl .._ � 

c. 



� � owes 1n noral ha.1ndl'o4 English t"loaks, sue;seatad n. ve pt-qaiolosioal. 

f'actora which rrey affect the beredituty expresoion ot fertility. In order of 

�e he considered those to be tho plzy'sioal condi t1on of tho ewe, tJle 

mtrltion of' the �, 'the district, the � of the G\'Je and� S&l.DOn of t11a 

year at rdlioh mntinc ooourrod. Sinoo this tiJ::x::, tbo ei'l"oots of a � number 

o£ environmc::Jntal fu.o-tors on ot'1G fertilii\f hnvo boon invoatLu-atad for fX.l\Y 

d:ift'cront breGd.e run under o. wide ro {'8: of enVironmontal conditions. nwse 

have reoon tl3 boon rovievrod in connection rri th breed:lnG problana by ltcovo and 

Robertson (195,), Ch'ant.1 {1955) und SbarufaJ.din (1960). As a rorult of this 

rork tl� has boon a. conoii\oroble inorew.oo in too underafun� of tho 

unilorl..ying plvsiolQtii,cal mooh<miao.o, u.."lu, rnaro i.r!portant as f'ur cs aeleotivo 

broeQ:inc) in conoon10d, u :w.r_;o ur-Jount of infu:ru•.tion ho.o accur.Jtll.J.ted on the 

qu..:>-ntit.:xti ve lJle..l.Otl!'e!'U1t of' theoo e!'i'oots unC.cr r:'!l"Jl'\Y' conditions,. ::Ji..">Co a 

l.jivm 3et oi' ostir.:ntoo is otriotl,y q>plloo.blo only to the p,!I'ticular populu:tions 

far r.hich they uero OOrivod, there oxioto soco juatifio....tt1•.m :for such u \:ide 

r�. In addition, k:nowledBS of their under� biolOGicul b..'1.00s provides 

uaef'ul �nMtion f'or a p� a.sooaOl:len't of tl-e poesiblo � tuoo of 
these a£focta, and rcy oleo prove of oonoidorablc vulue in suweati� neu 

approacnoa o.nd �quos for thoir accurate ana eff'loient oetlmtion. 

In this 1'01'1ew particr� attention will be pu.ld to those eftocts ha.v.tng 

a usofU1 appl1oo.t1on 1n aeleoti breea11'l6 achcmea, ana epeoiuJ.l3 those 

perta.1n1ng to th Roamy bNe4 ot tb:1a o0UJ'Jt1.7 • 

work tt 

u � 1n otbcr pcoi • ot 

... �.u:n.ttcma . ttd.a 

bl'eoCWatt l.UG. eertU!\Y � 

1 



lustina a lll.1ll1ber of l!wbint.;s (Itoopo 1&)9, Jonee an4 Rouse 1920, N:lohola 1926, 

Joh::lllSaon and Ibnoaan 191.,31 Barton 1947, Doooi m.i �;intera 1�5'h, Goat 1952�, 

fbrt and Stevens 1952, ttr:teht o.nd &tovens 1953, Racub and � 1954., KDrom 

1957, Hiokey 1960, Sharof'eldin 1960). Diff'erancos in the sho.po of too [J.(JO­

tortili'W rolationdl!po found, could bo attributed to SOvat'Q.l iz:portont factors. 

In the f'-1....rst p�co breed d:U�orenooa havo been dsmonstrated (Reeve and Robertaon 

195.3) • Sooondl,v, Q(."C and yoor oft' oc to a.ro c0CJ!n01'l]3 confoundod in r:u..ny of �10 

studios Cl:1ltiod out. 'lbirdly, tho lli(;har lovel of fertUi cy da::!Onatr._teJ. by 

mut'...a...""e coos 1 uould in pi.l.l'1; be due to th�. solooti ve ellcination of lowly 

fertile yotm[; t!.lli.ma.la. Fourthly, cl:iffel'Cnt onVironmontal conditions OON rosul t 

in u. dii'i'o::.�on� fert:l.liocy rospo:.ae in evJes of dif:fOl""Ont tl,GCHl• �oe 

poonib11·ltics CL:pllW:I:i..se :t110 necossi� o:f coneidorl.n.:; �o-fe.rttlicy acfK-cio.tions 

th.t ;::.ro directly ap:Jlicublo to tho popul.l.l.t:l.on of a.nirltlJ.a 1'or which the inf'on:ut:lon 

in U.Os:i.I 

Te,bi\e 1 
Tho E!'foct ol' <\_;c cm the :r'ortiliey of L'ooo 

Daricm( 194.7} 

;o�l ... '.!:" ·:o 
L:� luL'l 
( ) 

Goot (1950) 

i01.1 -.1 
U!0•9 100.5 
1l2.0 UB..) 
1J7.� . 120.4, 
.,.,., 120.06 
t24.8 tO'J..J 

olasr. 

rliokey{ 1960) 

L:�,- ... ).�; d<)C] � ' 
: "':� r;-, :.-:: �-.:.·1� 
t.:: :H::. : 
It . ) 
\I 



Bnrton's (1947) roport also d.oolt with the inci<lonco ot ba.rrennes& 

and the level ot Ulmb deaths 1n a stud t.lock o£ Ntm Zealllnd Romnoy Gl10n. 'lbe 

incidalce of barronneso o 13 seasons uvorocod 15.tl. for a.1l 0\'JG.s • with e. 

strikinc ro4uotion troo 25.2i· for two-tooth �s to 13.5, for foul-tooth& • 

.-'.oot • a stadies refer to tr10 f"J.ocks ot tlovr ZO..'lla.nd Roz:11t.w stud cr«le a.nc1 

a.lao dsnonstratod a lligb incidence of ba.rronneos in tm-tooth ewes. ftpprox­
imlte]3 �- of tho wtal variation 1n barromess wan found to bo attr.ibu�'l.blo 
to use (Goot 19.52a). Goot (19.50, 1952b) nlso ft)und tbe.t vnrintion.s dUG to 

otl'Br ft:n>tlli'W 1:101.�. 

Th() mtorlal unu.lyscd by liiokqy ( 1960) uue collooted froo a GrOUt.) of 

co-operat:i.tt; oomoorcial farms (lfler a poriod of six successive yo; ra. D:roed 

uverocos r:are not spocif1ed. 

Ilnrt u...'1d Stovona (1952), and l.rJ.eht and Stevene (19!:>3) have also diac,J.OBed 

0{::;&-fortili eyo o.ssocin t:l.ons, t1h.Ue Gh' ung 'a ( 19� 5) rulOJ¥sis detcotod oi{:;ni.ficdn t . 
e£toots due to '-�GO end yoor on the incidcneo of ba.rremasa, sily;lo birtlla and tni.n 

births in Nar; Zooland Romi'lay ooos. 

It is of aom intorost to oonoidar the bioloc;loal baeis of �£ortllity 

relaticm.ships. Coop (1962) has SlJ88SBted that the looer bzoeec1.inG pertClll"'D1CC 

of tuo-tooth oooe 1A conpo.fteon th thoir ol.d.er oon�es, can bo explcdne4 

thia poaaotUt,, &ltb&Juab 

W'e4 imeotlgat.Soll tiouldpe in't81 • ,or 



pNYJ.oua �ie•, 1a oleo l.Skeq to be a �t of 1bo aso ftflOt, and u 

in toot auooosted by �ldin • s ( 19Go) WOl'k on the cffeot of the oee of the 

ene at b:lr t'irst lamb�. 

'l.bo eurviV'c:..ll of lumba is a furtbor aspect of repro<luctivo o£f'lcioncy that 

haa boon ooosiaered 1n roh1t1on to 'the iJu"Q of the orJe. In flOOoral, it appoors 

to abort a s1Di.l.D.r tzoend to t.hD ago-14lmbine rela.tionsll:ip, (Rao 191..6, nurton 19J;I, 

Goot 1951, Purser and Younc 1959, Shurof'oldin 1960). In this oase, the under­

� biolot;ico.l bards l"IOUlcl appear to inwlve of'!'oots a.saociutod mth tho 

lad>'s birtbrroir}.lt (P...tram'" and YO\ln6 1959), tile coo's c:Uk yield (Do.micoet 
ot fl '9)6), the number of' lnoba bom (� -allu.co 1949) and suoldod (rc!c.aon nn4 

!)a.sOO 195't-, Alo.xnntJor c.nd Jhvies 1959) 1 nnu tho boM.v.iour of the m-20 (l:J.o::andor 

1960). 

Yo..Tly vnriutiona in tho lambinG nbili fir of enes have 'bcxln roportcd by 

Goot (1950, 1952a, 19521>), Deooi and Wintora (1951a), Rlle<-lh o.nd la..ar (1954), 
Ch'� (1955), Siduell (1956) and sm.roteldin (19Go). 

'1be ( t'foot r4 tift'erent yoars on ti10 f'ert.i.li 1(,1 ot cmo is c. bJoot rnlich 

inoludea the tnnuenoe t4 mDf\Y foetal'." which are diffl.oult to 1eol-..to and maaul"e 

aW.tt.on, senatt.o � 1D 

�l:l ftl"tnt:lcma. 
Qoot (19 ) NpQI' ..U.�in 

1»81-. .. 79Q1"8• end RbiN..V W:'ft1:'8J111)08 a1ao pl"OftCl 

._ar.>·u«a iD tiJe DJUibezt of .,....NI le�� 



3. IJIE lfUljtJlf.iiCE OF .OTHlia fiON-GEUL"l'IC E.l!'li'Jt;Di? 
Roow and RobGrtson ( 195.3) hl•ve rcviarled the et'foots of tbo bodt; rroight 

of tl10 orn3, the tir.le of roo:ti.110 in rola tion to tho ll01"mUl brevdi.l'lG sa<.� and 

thG practico of Hf1usl:lil'l6n, in oonnoction with their inf"lucnoo on t11o incidence 

ot nU.tiplo births in sheap. � conclude 't'.hut thooo factors rtiJ3 hnvo an 

iq>ortnnt ef'foot. 

With gru� anirrls, the c1uo..nt.ities of tood eaten ore not ousil3 oousured, 

thouc;h chLulges in the liveweicht of tho o.nir'cls 0.re roo.dily dote::.mntld, o.nd 

probably form the bost v.nd oost convenient meL:.auro ot tbe lovol ot nutrition 

to tilich anlm.:.!.ls oro subjected. Ifowewr, TJith roopoot to the eft�oots ot 

nutrition on fertill'f:W, the1--c is olour]¥ u very roal ncod to ostc:!.bl1shl> botJ1 

f01"- the reurl.n(; phnoe u.nd for dift'oront tir.10a of the yco.r throU[;hout tho 

breod:ine 1ifo of tho f'l.oolt, tho e.ver.J£:,'0 livmroight (51'0Wth cnrvos .-.n-tch \7ill 

loud to optilluro ropro<lnct.ivo efficionoy. Until ouch info:rontion becomes 

avu.ila.ble, thoro is li ttlo in the u-.J3 of prooioo cri tcria. which will holp t.�e 

breodor allcm for nutri t1onnll3 induood vari.G. tions in the fortili ey of dif'f'eront 

erd.mal.a. Some rooontly roportoa. investiiJo.tions aucccat thut usotul inf'onJU.tion 

ie cominc; to band. Far oxrq,le, rocent mrk qy Tribe anA Seebock ( 1962), Coop 

(1962), Coop and 11t\Ym0n (1962) and Wallace (1963) has bean ooncom,,d with 

tlifferent1atintJ be't\-JOOn the ef1"e�ts of li�t Ql'lci l1WYA9i(;bt obonco oround 

•• Work ot this no.ture should help 

elucidn pJ:Qeisel,.v the ol.assioal ooncopt of "tluebtn3" that has ariaen 

· O'ftll" the )'ear • Aa Mou1e (1962) polnta out, 



"tbe msJori ftr of the �te to inwat.f.eate "fluabing" 
haw not baen proper]3 1ool<"tted, havo not been �eel, 
and both oonfb:omo.tor:f and noeutor.f results mvo been 
obtnined because ot bad desisn and tailuro to control 
V'UI".L.<tbles" 

'lbe offeota ot the otJ10r enviromnontol. t"aot.ors knoon to influa10e 

t'ert111 tq DJ:'e not considorecl m thin tJw OOOVG o£ this reYiett, due, primaril;y, 

to the tl..i.fiiculties involvod in tboir isolation and precise c�"l,Dttl"'ment in tJ10 

present s.tato of knowledae on their underl3ing biological�. 

Hi:rl:orioo.lls t.� appl'OOOh o:f' studies on tbo inhori tc.nce or i'crt:Ui:cy in 

ahoop has been sic:r:U.�l.I" t.o thooo on othclt" chsro.ctors. Po�5 oorzy attol:].?ts 

nt sir.l?le i,.,endoliLw on::J.ysis, the total phonozypic correlations be� relu.tives 

\?0.1"0 inveati{j"Utod Rnc ( 1956). It w�e not until the statietioa.l notbods 

dorived fiooc tho t.hoocy of population .senotics wero devolopod b'<J �,I1£;ht, Fiahor, 

variation in raproduotiva ei'fioionoy. !,bob of' the eilrlior oon� bo.a been 

reviewed by Roevc and Robcrtson (195,), Ch'ana (1955), Rae (19%) and 

Sbarute1d1n ( 1960), and V1il.l only bo briO'f'.cy' oonsidared :1n conJunction with 

more rooent pGl"t.1neftt atudioa. 

1t 

er:tata little 1D tbe 

ti£-"8D:Mla be1--ID biNIOClA 
loo '1956). 
(194i) 



... ,. 

�. WlUW! DRj§lW G,ij�::?IC X!iWI91l 
A number of studios hn.w succeeded in produoil\3 ovldenoc tl:lf.�t tJ1e 

variunce Tih1ch ex1sto betMoen indi Yidlta.l.a in their l.arnb1.na ahU1 ties, u 

� duo to 6QOOt:1c di:r1'eronoos. lhloh of the Ot.ll"lier tro:-1:, hor.:�, led 

to a num'bGr of contrndictory opinions and prov.lclcd little :1n tho WU3 of 

quont1tu.t1w oot1Cl.wdons 1n terms of prooioo horita.bil11;ur oot:l.r:lutoe. In 

retrospoot suoh a si tuo:tion is underotanooblo in View of tl'X) c1:1oodvun��;oa 

o£ a low roproductive mto, the lona interv-..U between �_;onort:�tions, u.nd the 

h.1.(;h coat of ouch individual, \lhich aro tlii"f'ioultioe in usin.:; the o1JOOp ;_,a 

an OY.por-.iamtv.J. an:Jrcl. 111ooo, to&-othor with tha DJJJ.W onv:i.ronr::ont...u �nrl 

pl\Volol.O(;i.C<ll fuctors which u.rc invulvod in tho OJq;>roooion oi' fertllicy, 

haw r.:aa.nt tl:ut l.arge eJq>erioontul floolcs ure requil"'U £or tho c.ocuruoo 

eetirlntion of effects o.nd V'..u-iv.nc� oonpononte. Duo to such d:.i.£f'ioul tie , 

lDl\1 o.trly estir:ntea wore busod on cbta t'ft)m oomroercial broodors' t�..s and 

bJ:rood reei:rb:y records, whore odeqttato contl"'ol ond eat:lmut1on of onYlronrnantal 

COOIJOllSn'ts of .,...u'L:.Ltion vns oftal not tbcr � foooible nor 

a1at.istioall3 poaaiblo. 

pal'tomonoe ahcmD tlldmaJ •• anA eometimea 

cpJst.lon Id �t:41ta euob rea:mtahl� 

�tal tao 1a 1:be t;!IW01il1em ti!Dlll:laS.sod 
papulat101l .I!Rftet!Jta 

o otoute� 

• 



be� gl'Otlps o£ a.nil.'la.la• the rocoe;niti.on o� a tee champion p�a bG:l..nc 

of lessor il!porto.nce. 

(a} � of .!inb meet: 

Indicat:lone of the 1nbori tence of reproductive ruto hcvc boon obtainod � 

c� tbo t"artili -ey of ewes born .:1s t.rlns with eooa born c.e f.\inJle6. 

?.'he efioot of the 1flpo of birth of tbo elL ond tha sire on the subooqucnt 

lnmbing ��1c00e oi' the 011ro • llaa ..Uso boo..'l studied. 

Riots und Roborta ( 191 S) ancl.ysod extensive cbtn from tho /� 

�shire Shoop llooord with a vicm to tost:ina Iieo.pe's (1899) st<...tonont that 

"Ha� is S<Di) reuaon to beliovo tllEt tnin lambs ,;roduoe ooro 

twins th ... 'ln oi."1t..;le l.nr.Jbs and tl1nt tho influonce of horodiocy is 

brought to bet� . 

ibeoo �s ckrnonstrotod 8l2llilll positive usoooillt.ionc bot\'roen tho eype �birth 

of tho m.ro. the clam, the ID!ltcrnnl fJl'antlao and the torPG o:t birth of the off­

spring. Vlent\vortb an4 SWeet (1917) also studiecl brood rogistry rooorda and 

reached JI1.1011 the same ooncluat.on&. 

l'JOI�:UJ. and �otts ( 1921) found tbflt tbB b1tJhe t l..amb1na portorn:uwe wna 

GBhtbi lv a!.nglo-born a pQI'8nta both tw:�.ns. N.o-bo.m erroa 

touDd to bo 4. prollt:lo on a • tban � a • 

.uaiU'RJ on4 BobortaoD ( t9S)) aD4 X!J$ RuSld.on tJOrit 
\lb1ob bae rosulto4 in � a.e to 



Romnov sheop 1nG1catod o. cla�t.er-daln regrosaion of' the oruer o� 0 • .29 

(noove nnd B.obertson 1953). 1tJwrin•s (1938) r10rk on the RoD:mov, booover, 

ga.w a dauGhter-don �stAion of' o.at.t>. 

Conflioting results VAn"' also ro!;ortod by Co.stle ( 1924), t'lbi:Lo �sui 

and W;;a.nters (1951a) found that tm.D-bom arJGo cnvo birth, on a:verv.co, to 

0.12 coro lambs, ond showod a hiehor frequency of' triplet production, tban 

�le-born �s. 

RaGtib Wld 1\Sker ( 1 ?Sl..) wo�c::t.nB m tJ1 the KavPtinn Osoimi bNod, .:t.nd 

Kc'U"O.rl ( 1957) with Rnllllll.!lli owes, both ooneluc1od thnt the 1\vpo of birtlt o£ 

the awe hu.d no effect on her �1.rlnina performance, ul:thr:n�_;b their results 

indicated a �11 l.nmbi%1£5 poroontace adva.nt...�_:o in f'o.vou.r of ttlin-bonl !'ocnlos. 
Sharnfeltlin•s (1960) �,rsis of r;:'oml. Ghccp daclon.otrl.ltod dL4'f'arenccs in 

tl10 intonsi 'G'f o£ wo of birth o£.reots 1 the birth rank o:f the owe horaolf' 

tond:i.nG to h.'! 'VC a more consietontly pronounced ef'feot than oi thor the bir'"Jl 

rank of' har Biro or 1� dam. 

In 'the rlotv Zec>.land P..amney &rton (1947), \JriGb;t and Stovona (195.3), Rae 

o.nd Ch' ang ( 1955) and \'iallooe ( 1958) bnvo reported f'ert:U1 tq d:C 'ferencos 

between twin- and sinGle-born ooes. Darton • s ( 1947) f.l.Dill3s1s 1ndioatod a 

di1'toronoe of 4.9lambs per 100 o.t lambing, although when onJ3 'thotJo OfiGO 

broo4:l.na £or tbo firet timB as two-tootba l'1We ooneiaere4, the lornbin{; 

pel"tomrlDoo ot the tw,i.no.bQm 18 eli(;h� interior. al$ found that 

a� aniools Mli.lw to bRed a.a two-tootha a parti.�]¥ 

i.nter1ol> pcrtcmaance at t.heb.- �tb AD4 later lambba .. 

1'1l • • on4 ( 19,) oooclu4a4 



eves. OVer four lambines twin-bom anicrus o.wraeo4 .J6 DJre lambs per 100 

ewes, tharl ewee born as sing1es. R6e unc1 Ch'ans (1955) demonst..roted c 

aimilnr di£:ferenoe in tbG amual J.a.tib.in{; poroentage o-f: s1nBJ.e- and tuin-bom 

Wal.laoe ( 19.56) found that tba proportion o£ dry �s was ep:prox:i.t:latal3 

t:wioo ruJ groat, and tho :tnoi®ooe of� hoJ£ ae large, for t"'Win-bom 

ewes in oornparieon with those of si.nt;lo birth nuAk. 'lhis obsarvation was 

� on the laJbirlts porfurmunoo of t"\10-tooth ewes born in n i"1.ock solootod 

for hit;h tw:lnn.ing mto. At tbe i'�tooth und six--tooth QGOs, ho'tl'leVer, 

the porcon�o of dr.r eooa u.."ld the tfJ:i.nninG r<.�to �-ore IIIlOb the sane f'ol" both 

birth r.�m cl.rulaes. 

(b) EetJcootsm o( the !W!StAAili'i£ ot R!BF£duot\D �9: 
� ropeatallili"tur o� fertili:ey rot'ors to the conaiste.� of the repro­

ductive perf'ormenco of the SLll::.e � at dif'faront laobings. Repootobilitq is 

u� est:lrlnted as e. OOl.TOlation coeft'i.oient -m1oh Empl"'ssos tbe 'VOZ"iat:l.on 

in tl'X! parforr.JW100 of the same � s.t dift>EIX"'nt lambtix;s a.e a proportion of tJlS 

to1iol. variation 1D the o�ter. In genetic tems ropeo.tnbill-ey mo.sures the 

dee;roe to *'oh tbe character 1a fl'!eo ffom � tntlutmOe of diverse or.lg1n 

(Lamer 19S8). Ill thia WIW' it IJCIII'ft to !ndtcate an upper limit t1o tbs 

heritabUli¥ td �. o.ltboash 1t �tol. tl.one M 

� afreote on a ""�C�Uete, the ooettto1ent or ... 

abtli'V . 11 of the •· ;tabW. a1DO serftle 

indica tbe � nlfltiN'\ -uae la .u.��u. JGJ�,_rM)& 

(t"' .. ). 

culltJaC: uaa:�t�a 



Roove and Robert.eon ( 195.5) and Cb' ana ( 1955) • ti1o hElve I'CV!eoocl tbo 

litoro.ture, note a pauci'W o'f infc:m:ntion on the l'opoutabiJJ.w of 't.ha rrumbor 

ot l.."lmba bom por 1:�. Jobnnsoon and l .son ( 1943) r:nde e oote.ilod 

eenotie ena.J.3n1a of EJXten.tliva S\<Jedieh f>'..ll"t'l rooords, calcu.luti.."'lC o. vrithi.n-brecd 

repootabilley ooeft'iaiont of the order of 0.100 to 0.18.5, �-; both intZ'a-olcss 

corrolation and linotlr regression oetboda. Usin5 t\"JO binomial. �thods � 

o.nc\Jsaie on tho sumc boc\v of �,_m, Rendol (1956) obtained averUt,"'EJ ropootubili'f(f 

cooffioienta of o.11 . and o.09 for tho incidCD'Xle of twltiple b.i.rtlls .. 

Us� the intzoa,..ol.ooa oo..TTOlation mothod Deooi ond Uintcncl ( 1951b) reported 

a repoo.tabill-cy est:S.mato of o.os!. 0.03. stmilnr ostimatoa ooro ob'U.'d.nod by 

1� ( 1957) for the �tian IUnmi brood (o.o6 .:. 0.04) and 'tzy' t r�so.n und 

Do.soot (1954) tor Ital.inn I£!J\;ho ahoop (o.oo). Folts Qt AA· (1957) �JeVCr, 

obtail10u an oct:t.Ewto o£ 0.24 :for tho ropeatabiliey of tbo nur:Jbor of lX<bo bom. 

In tbi ZooJ.[md Romeya Ch'o.ne (1955) obtainod rot1.sonnbly oom:iotent rc3Ulta 

uGin(; tm tochniquoe for t10U� tbo omount of usoooiution in diocroto d.c..tn. 

The ost:i.I:ntoe for tOO ll1.1IOOor of lambs at birth runeod from 0.12 to 0.25 {r ..... e 

and Ch'� 1955). 
In Allatrallon Uurinoo 1.\lrnor G ql.( 1958) report en intrn-c\'Jo corroliltion 

of 0.30 for tbo cd lambs per birth, lo more reoontzy You.t�g at Q\.(1963) 
fotmd the repee.tab111\Y of tho � lembs born and the number v.Gunod, to 

be of tbB or<1e.r f4 o.os God o.oe, l"G u w13. 

Same DOt \v t.ho � 
lDd:lcatea that ......................... 

( 1938) OOI1CIIll*34 

&u.Nt'JIIIIQa ( f9JJ) Ja �alm:laf 

tfoft�- (11 . . t ) 

t 



(c) �aolJP1��-�1iD�t 
iiot"itabili'fQ haa been datined by r.uab ( 1940, 1949) us the f'ro.ction of 

the oboervcd f1C pheno"tuPic v-�e which is due to d.ifi'eronces botweoo the 

�s ar aono'fzype.s o£ individu .. 'll.o. More preciooly, tl:w definition of: 

ber.i ta'bili cy :in tbe no.x'1"'W sense is the truct.ton of the observod pheno-cypic 

vnr.i.a.noa of o. chm ... ootor which is ooused by Cldd1 t1 vely aoootio differenooa 

betweon indiviuu;.:ll.s. It is th.uo e l:ie..."tSUl"' or the uddit:lve uenotic vuri .. lllee 

\U thin a. popula. t:ion. 

I.b!W techniques and zoot.hc>cla o£ eatimn.tinG the heritablli-ey of different 

troite have boon developed (Lush 19tt-O :tnd 194..9 _. �mor 1950 cm 1958. fulconer 

1960, Jobc.nascm 1961 ) .  'lbese mathoda £\ll depend upon t11e �t of tho 

similarity bet\ieen indi.Viciua.l.s rolutod by linetU. or collateral dosoeni;, u .. s 

oocpurod wl th 'i.llU"Glntod in<li vi duals, of'ten a..�� va.r-louo .AOOtults ot.'"' tho 

reco�)aia:_.:blo omrlronoontal oontributiona to such ai.rrll.·•.riv ha.vo been ollmiru:�.tod. 

Depend:i1')6 upon the method used, tbe estimo.te obto.inod uaunJ..zy lioo somovJhare 

botrteen the nm'TOW o.nd brood clofinits.ons. '!bo estimate almoat a..lTr.we includes 
o. littJ.e oi" the epistatic vari.anco and aometimos a portion o� the doo:1n:u1oe 

�e. 1!le.ee source of �tion dopend upon inter and intrn-ollalic 

gene combinations r&spoot119l3• Due to UendeUan e�ticm and rooonbinntion 

eaeh �tion, tbo e�ta of those oombtnationa � 4Lminish in a 

1argo I'Olklom mt:Lna population. 1 1t 1e the btni..tabil.ltv' 1n 

cm the inbGri tanco !4 tert:llJ.fV' in sheep ba.e 

BolN�Ml (19Sl), Cb• (19SS) ana (199G), 1d.ll 

• th1e 



iDberitaace oooounta tor, a't tbo most, onl3 10..1$: ot tbe total variation 

in one lambing reoOI"d, thia bo1llB baa0d lore&l.v on the detaU.ed nnal;rsia 

meWs by Jobanaaon anA rtmsson ( 194.3). 
li\Jrthor VJOJik also substantiates thi.e £,"Gneral concl.us1on, althout.;h nnlOh 

td it is be.l.Ged on lim:l. ted aniOUI1t of do. to.. Tht1a, for tbo � of lambe at 

bir'th El'oonb:rodk (1952) reported an esttnnte o� 0.17 for the Col\ld)ia. ana 

T--clJ:"Ghoo broodsJ Ra.e;ub ana Aaker (195ll.} an os�te � o.o;56 t:or the OssirJi 

brood; Ko.zoom (1957) an estima:te of o.oe for the RalJinn1 breedJ und Folt.s 

et J6.(19S7} an est:tnnte o'f o.ooa. Si&?Oll ( 1 9.56) eat:i.r.nated the horitt1Mlltt,v 

f4 birth rr.mlt as 0.22 n.n4 0.12 tor mature cro.asbrod and Nuve.jo m·JOO respecti w]3, 

ond also eo.loul.:.ttcd an eatia:lto of 0.18 from Vientworth und Srroot's (1917) c.1D.ta 
tor Southdowns. In the Toxal brood S!1L1ru..iold.1n' a ( 1960) Cll)[l).ysis cuve ocrticr�tes 

of 0.112 + 0.100 and o.QIJ3 + 0.104. fur the number of l.nr'.bs born nt the �..rst - -
lambin:_; o� 0\'lOs. Ka.rom and R.o.{,"'.b • s ( 19 50) cst.inn tea for the sur.X) brood oore 
o.266 .t. o.1oa, o.;38 .:,. o.14S a.nd o.29n .t. 0.330, as obto.iood by tlU"v'"'O difi'orent 

methods ot cmE!lysc :3. In .AuatTslian Merinos Y� gt e1.(196J) havo recently 

reported bel-l to.bili 'GY estimates oe 0.09 .!. 0.09 tor the number of lcnbs tJea.ned., 

and 0.19 � 0.10 fw the DUI!lber � lrunbs bom. 'lbosa os't.t.l:!ntos oero bc..ooo on 

tbG sum t4 two year ol4 ana. throo yeDr old � recOl"da. 

ID the lb7 Zoalan4 � ltzteecl, Cb'ang (1955) loyed seYOral di:fferent 

ataUattoal � caloulate tbe herltab111iq of tbe �er ot lambe bom• 

tbe tnoi&mce of tbe inoi of tairwd.. In �. the 



rrtlO existoncc of t.d.,£rn.:ificant diff'OI"''nCOD OOtuoon siren in t;b:) f'crtilicy 

of tbci.r for.Blo of':t">sprln;J SOl"'VVS to Clalonstruto t!lJ ir-�ortanco o.f t11o si.."'G in 

�isoittir.J this chuructor to his da.�jltcro. Such un ar:2c.'Ot cawt be cloo.rly 

<list ·i.Q,'Uie.'!!OO. fror:l t.ho plwsiolQGical ,end p::wch.olagiCD.l in.fl:leOOC of.' tho sire 

on t110 f'ortilicy o£ m,-os to dlich ho is rv:tod , evon thouc.�h thin m'.,"o..;t ;:cy 

uloo !Y:.VO C eorotic OOeis. 

:J.tl10tQl oonc o.:n-ly t70rlrot>n (lbrs!.1d.l und Potts 1 921 , nororo.cov 1939 end 

1951 ) h .. i.VO considercil. poo:Jiblc sire o!\oots $1 it in of'ton not clear !'ron their 

::J't.::·ta X3n'ts n �'ttlOr> i:i�WJ noro refortinc to LxJ.lo or fon:.W.o f'ortili cy. DotJ1 

Jahc .. "".noon !.!1<1 ZL:wson ( 19:;,5) <.J.nd .<IO&u n • . �1 . •  ,· ·into:a. .. n ( 1951 n) f' ... !.iloC. to ila::!Onntl ....... �to 

cl, ·Jui'ic.:.!.nt f'o tUi �· (l:i.:,.':�'G.I.--cc ccs bctiJOon __ ;r'O:_l�;o of' i..Litl�ht(;_",:; il:'o:...:: J.i:.:':'oroot 

(1);:)6) fu .. mcl ai,:,.-�.L':lc��"1t tl.:i.fi'ol:'cncco bot\JOon o iroa in the :lncido:"1 .... c o:: t-.71:�..-_; 

:Ll"l tltcir OfffrPr:L"''i..�'  dlilc: Ch t c.nc ( 1:.. 5::>) �U'ld f;}.lOI'Q.feldin ( 1960) cl 00 fou.':'ld 

o:l..crnifi�t siro dii''forencce rdth ftlfJPect �..o the !1UL.bor of l.cu..b a born. 

Gi1Jal the l'XiiCOaoo.ry oatimte of gm�at1o poro.rnetor8. population gonetics 

theoJ:7 o.l.l.ove c'OI"tain � to be oade concGJ1"Dinc the rote � �tic 

it;pro� poaatblo under epect.f1 selection prococlur'o Col:rlel"sely • 

beri tabil:.l tes em oheakod • oxrainJne this aotnal chances liXlDCEliCl 

1n a populatiAm• i'ollorliDg the licaUon or e t1on 1ntarud. tu. 
!hi� J!Jf.T1 be oanlri&irl'od as n Cl?rJI&CdLO opplioat:S.orl � populatlcn ��tnn tboar:Y• 



lV' P&looner ('t960). 'lhf.a � la podlapa tho mori et.teoU V11J8 � 

�'t:l.na tbe poportlonate am:mnt of o&l!tive eenetic 'l'a1"'1oncG, and 1n 

edditicm 18 no aoubt the besii WJN of a.eaes� too pmctical utUiey of 
p1"'0p0£10d � �. I�, nhen one or ooro generatio..l'ls c4 

eolootion have been �, the precise meaaureaont ot the genetic rosponae 

� obtainecl 1.ntz'oduees ooverol problana. '.lbere are mttora t4 

proooduro rather then priDoiplo and have boon di.tJOUeSed in detail ey 

Falconer (195.3, 19!54, 195.5. 19Go) . �son (1958, 1961 ) . !tend.ol"son � §\ . 
(1958) and Smith (1962). 

Unfortunnte.'ly ool.Gction rDporirlent.u in J.c...raer daoo3tio ani#'!UJ.l.a aro 

beset vd.tll pru.otiool end ecol'111"lie diffl.oulties. Thoeo l.itlitutiono l:uvo 

seloc:tion. 'lh:i.s vrould eppO<.l:t" to be especially true £'or loul:f hori table 

characters micl1 1"eqq.l.ire lt:.reG numbers of c.micuW.e fa�!. an o.doqu.nto Ol'lL'l.l.ya!.s 

of selection rtnsponec. In spite of tho c11ft'ieult:les, a fow oxporll:Jcnts 

have been o.."l.rl'"ia4 out a."ld cOllf.!.rm that larnb pl"'duction is a character 'timt 

can be �  tv eelootiw broodi.rlG (Klaer and Christ(jau 1940, WaJ.lsoo 1 956, 
·Turner et Ql .19&2). 

In of throe aper:lmc!mte the plan � lnvolvod t.llo twmnilion ot 

sinGle- �iDG f4 abQep cm tbe bca1a td tbe ' · birth 

ftnk, �tc:w oan tendeiK\1 to pl'0(1uce a1ftBl • , anc1 her anoeatra1 
4t.,oait40D �l and ua.ns. 

UDIIuG �� abo1ce ol tbe at.l'loa. 

abl':I�Wl'� 19¥)) 81rpiJI"J..ICift'l1, iJmt19ilt8 ��)I IXD/'OPISC:W� 



bracl 1n the M groups indicated that tho tvlin croup exllibi tod a � 

tort:Ui'f:r{, ulthouab the dif'teronoos doorcaood in lD.ter yoo.re. 

\7ol.looo • s ( 1 958) aolection �t uith New Zealond �s ulso 

ooplow,/00. a control :f'l.ook in which no clirect attentl.on we pcdd to tho J..onbin3 

history of tlw ewes or their a.ncostors. Each f'l.ook wns run on a strictly 

sel£-cont.,-•.:i.nod basis, vrl th tho anrual soloction of 0\·�e and ftlr.1 l"'eplo.cooonts , 

unc1 the o,uLlinc o� about ooo hall' o:r t..lw �o after their tJ'lird L."'Llbin:; ao< 100n. 

Rosu.l ta over a ten yoor period doo::motr-...:.tod fortili tJ difi'oroooos botnoen the 

lli(;h ond low tninninc f'loolul, espoc:tru..J.y o.t tho i'OUJ:"o-tooth and m.tbacquont 

l.m:1billBB of the G\lea .  At six yoora o'f �'0 the � p01--contaeo ot lanbs bm.'n 

per 0\10 lcrJbil · ,. ww 1 62 f'or tho hi,�.1 <.:md 122 im" tbo lotr fcrtill cy !'locl:a.. 

In tho t:or:l.no expm�irnnt of ?urnor �. ( 1962),  all surviving P!'Ot:ielW 

ontol"Cd the croup into cllich they r/OI"' born, no ou� of m'Klo bo:lnc pr.:.;.ct.:lscd. 

AB vrl.th VloJ.looe '  s ( 1958) floolr..s ,  ea..""G was takon to onauro th.:.�t tho selection 

51"0UPO roooiwd a.a nQilr identical environt:10ntal. oonditiono es possiblo. � 

unoolocted dauehtcra of the base �s abom::xl a dif:f'aronoe in lnlnb drop botv1een 

the too groups nbioh awro.ged 21 mre lacbs born per 100 ooes I:lnted c.t tm to 

six years o£ 0<:,--e. As ms also founcl by Wal loo�, th1a difference to!lt1od to 

inarenso m. th age of the dQushtor e ,  � .51 latlba per 100 <mea 

mtod at six yoars of age. 

Bae ( 19� lna 4eaoribecl 

IIIUQIBUII"EJO. lv total Gt 

GJ�P.-li!JOilt ia atlU 1n t 

UllliiU� ol 8Plltl'alllllll1le:l¥ 

GXCtai"Jmetm ror 1aDh proc1not1on aa 

UlOQBrl 'tJlll) 

• 

lltU iD a&lleltMit.'teliY cli>OUI.UtcJI O'V'.IIaeDIM �:t.VtldD� to 

'NDDN "' '11Wlft'H.ftll1 8811DC1:I.Cift I'OI:IGL"'tod. 1D 



U.tera'btu:'e. 'lUmer a pl..(1962) br:iefl3 OOI!IOOntetl. on 6 ez:cl.l eroup of owe 

1\"om 0. � vmare eolection for 1'l'lll tipla births h..'1.B led to the fm"CJ).tion 

of! a r:w:t.i.plo birth .tlook producin:; 1 Go l..3:rbs per evlEl , n. ted at tro a.'1d three ...- " 

Colburn ( 1�) hlls out.linGd 80l.1a ol' the lOOthods ho has used 1n oo 

ondoo.\'OUl" to inprow �oooy, � O.."lpacJ:ey, and grorrtb rutc in a 

solf-contained tlook o£ Clun Forest sheep. & m::Jkea no att.e"q>t, have'vcr, 

to assess the l:Crlts o£ his scheme ,  nor the �  that h.. ..e been obtc.iood 

Aa Roove Lmd Robertaon ( 195.3) eonclatle, 

ntllei'O ie ample ovidenoo that o. rnll:lbor of non-(,--enet:l.o f'ootors 
such us u.__joe of acm, ourlinona of J.c.J:lbin:.;, bo<\Y ue1cht of the 
ooe 1 und both the level of nutrl tion c�nd otllU\;."eS in this 
lewl at tir.lo of r::nting1 1m3 h ... �vo e. profound et'i�eotu on tho incidonce 

� n11l tiplo births. 

CCI!Ibined \li th the low 1&.-i to.bili 'tu ®drl.bi ted by tortili -ey ol'larUCtors 1 this 

suooests th.:.t �"'Unetio eouzocea of variation would have to be el.:i.minD..ted as 

tar po sible bet"oro DUCh genct1o proaros.s could bo �ootod to rosul t ttoom 

aelaotl.one � ancl W!Dtel."a (19S1a) M 41acruaeod tbo GlllOOted incroo8e in 

,�..,.., tor lt:nGYin an4 �le 

� 111tl.uenoea on """'""'-........_. ....... t,. 1n ISlJI:�tm• point ••• 

omllb'C ... m� tsc'lion MOIU.G aoc:�rt for a aubetantlal � Id tba tal 
Wil'D!lae the I!Gil�Wt..:!i:ft 

Uwlf' oaal�, 

' . 



al.tbou6h a1l.owance 1!'fJ&t be roods £or �� �tion and the posatbtll v 

of bins a.rioing � tbe 1ncl.uoion or UDoGiiDBt.U"'d non-ganotic ottecte. In 

addition different (D)UDt& ot noo-edditive genotic tnflt.lOOOQ& urq helve 

beeom3 incorporated a:oo.� to the method of estioat1on uood.. 

1baro is a GUg&:.estion � the ei'fects of CI'OSa� on the fortUi fiv' 

of sheep (Roo i952b), that non-acldi ti w aenottc oft'oota rfiiJV be an ltport£mt 

eouroe of vuriation in this oharaetar. Diekerson (1951 , 1952 and 1955) 
and D1okeroon 2'fi Q!. ! 1954.) have cl.iscusood �vidonoa bo� o.''l tbo 1\Yl)othesis 

ttlat ncm-addit:J:ve gemt:lo variation ney bo �t in tJOt\V tcrt:Uitq 

ohcruotors, on the anfll.q>tion that � w.Ul h:�vo al.\7!\YS posooeood pooitive 

eeloot-..tvo vnlue. Robertaon ( 1955) bus rndo oseentioll3' t."lo suoa conoral• 
ioot:ions. 

Dospito low es"ti.nr.toe o:£ horito.biliey, it to gonoruUy v"'OOU tt1..�t some 

iopro'llO!Xmt in tho fertili 1(! of tho pro(.,'Ct\Y � bo accocpllallOd throuch the 

eelootion of ftn.lle �ts. � WO"J.l.d ta."ld to bo cont'lrr.OO ey the few 

solaotion 02p�tn roportod, ulthouch prociso moMuremcnt ot' their 

Gft\loti woo.as is difi"ioul t duo to u:no01 .. tn.:Lntiae cone� the �l(;ni t-Ilde 

of the aenotio rosponee obtainod and tlw ooasut."'ttJ3nt of the intenai ey of 

aalootion applied. In addi 'ld.on, the 8l:ll3ll siae o£ the tv ot: f'.hAJIIA 

aelection gi'Oap& � and tbe per.l.o4e �ar wtdch 88l.octt.on bna 

furt;ber Umtt the �tt011 or . eu1 

l'll'ilii!IM the her1Wd1iV 0'1 a tor 1s 

r&KIIIIIU� iBAlft&wla � .m� taleo lml, ter � 
be plaoe4 - teeta. 

( tN). 



For oxarple. Dae (195S•' 1958b anA 196.Jb) has f!R.tGSG ted tha-t the leotion � 

both ewes cnc1 J:W::1S � lamb �  mf\V be u� aiaed - intOI"D:l.tian 

� to l�:d.stere' �. rto speo1fto as soent of tbe 

offl.oiGn03 or pi'QC'tioal ut.Ui � of such rotboc1s � � sheep fertUi iW • 

appears to haw boon ropartcd 1n the Utoraturo. 



?.'he � of writ dlich has been reported �ts e. number ot Cl"1 ter!a 

and oothoda wh.i.oh rM¥ be £1PPlied to tbo �t o£ lDmb proCiuction. fbe 

gooo1'W. oonolut:'d.on to be roach.ed• however • is tha.t further cri tiool work is 

necessary on the iP.portD.noa a.'ld into.r-rolationshipe of' tho f'<letors aft'bot1nt:; 

l..:.!Db production, botoro mw aec'.lt'uto asses.eaent cen be w100rtc1::on of the ooot 

prot'1 t..1.b2e ney of breod.i.ng for this che.raotar. 11-rl.s in eapecially t1'uo in 

Viot1 of the vo.rJ.nblo und o:t"'oon oonflictill(; results thnt have boon ropcrtod. 

1>\u.oot.ho.t•�:!lOro it soooa th.�t oert...;.in ootbodn fX13 bo noro cN'iciont and ounier 

to C'.pp� tlrn othor !JYJthods 11 u.n-.t thdt these ohari..!.Ctorlatlco u.rc li..'!.roly to 

be ro1<..1tcd to t...� pu.rticul..'U" condi. tions ot: envlror-.LX.mt • husk�iili:O:' t.'..nd 

indas'f1cy orcnniaut.a.on t.u"lJ.er which the flocks uro run. 

� tho purpooo of this stuey is to t\lrtllOr consider GOr.lO Ufl?OOts 

of the problems and oethod.s of wi tb.in-flock oelooti vo broed:lnc for tbe 

1Izt>roVEm�Cnt o� the ebil:1.1Qt o-r lie\7 Zealu.nd RDmneu awea to pro&.loe lo.r:b:.i• 
1\.E.lpocte dlich haw recGi VOO. particul.aJ." t'tention are :  

1 .  Problema :lnvol ved in selecUna for lDc:l'eaood ln.mb production 

utillttinG 1ntornntion on the number � lambs boZ"'l por ow. �a aectlcm 

covere -

(a) pecrl1iar:LUoe � the eoal 0'1 l.DOll.StJI'QIDelrlt 

(b) cl birth 

(tt) fd JIOPOQ�- mi:NleUI'eallll-

(4) pnb1aaa ol bftNMI 

wa.llo.UH ot 

� -

.. or ao OD1CDJ.'a --lonB 11Dltoo. 



':il"'.ich they for.:J C!. con crcicJJ;T ocl.cc.b1c _;�&.:et. 

boo,: chcoc� fui' the i'oll:mi.11.� roru10� : 

of selective bl:'C\...>dince 

1\v.potbesis put forourd lu CockrcD (1962) that. 

ut · 

"in (;enercl, tbe DOOZ"etr to the !nit:lo.l gena o.otion a character 

can bo measaroo. tbe h18her nUl bo tbe ber1 t:lbil1 1\r8• 

• 



to too other cc::mponent.n GtJ.d:lod, CC�Ckrem • s Jwpothcsis Di �t not o:.l:rnws be 

strictly correct. 'lhio is becnaoo horlt..'Willey is o. rotio en.1 m:;y c.ltcr 

wi tJ1 cl��os in oi thor its t'lU!l'Jm•at.or or D.enom nt.' tor. 

Dcs;?itc tl:coo oxhor1;.::rtia..--w ,  tho prot;or:tly (;..V'ai1Dblo tcch .. 'licJUGS lioit 

the oa.rliost pra.et:tc,:.\1 lt'.l"GC acc!.le r.:ru.."U:k..I'Ol:lQ'!t of f•c,·c.lc i'retili 1i:f to the 

ntl!:lbcr of' LlLba preDont a.t birth. It is in'OO.roctin:; to note thut in 

Austr-.lli:.m ! :Orino;.; , Y� et a.l. ( 1963) havo roporiot1 �� conDidcJ.'ably h.:i,_-jn r 

horit:::bility for this ns:unro , in co:::p . l"'ioon uith c. r .. XXlBi.!!"'; :(t::t bc�vd on the 

nur:Dor of' of'i'cr..rin_: tJOJ.."led. 



·g:'/-

� data. studied in the pNsent inVoS'tiaa.ti.on lnve been obtained i"J:rocl 

a i'lock of new Zecl.!md Rooney shoop osto.bliahed o.t Maasey t;er.toul turcl. College 
in 1 ?44 to investigate oothods of &JI9ootio �roveroont in this brood. 

:r.nfol"tl{.ltion partaininc to aspects of tha reprodueti ve performance of the 

owes of this flock tr<.la ca:thel"Gd o.s pm"1: of such i.nveatiga.t1ons. 'Ibis stu&W 

r:.nlms uoo of data. collected over 14. oonoocut:lva yeora and includes aptJ1"'0Xi..cntozy 

800 dlludltar-&lm pain. 

J)(;}tcdle of the £look oonoorood and tho aroo on tlhioh 1 t n:�o boon run 

11.._"'-vo boon doooribod by Rne (1950. 1958e) and Ch1ang (1955) . Only focturos 

of i te arlnten.-u10e a.ncl t:'t:UlB.i""unent wh.ioll fl..:L'O pm-tioont to the pror..ont stm'4y 

'i7ill bo don]. t \ :i th hlri."''. 

'1!10 flook uua 1n1 tinlly run on tJ10 Pohie. tua nl.ool!: of tho l.lo.ssey ColloL"' 

cl10op fo.rn, ooinc t::t>ansf'erred e,2"1y in 1:U;.-9 to the furtUe fkt [;J.'O.:.J.D of' 

tho 'fucpclal mook. ruo eit.,"llifiao th.u. t the f'look has . in coror:.U. , boen 

r.laintcdood in en m1Tlronoont dti.oh IJn3 bo con:rl.dorod to bo sio:l . <11• to thut 

o£ u lnrt.,--o proportion of the CCllllllerCial. ellOOp un1 ts 1n the tbnawatu aroa. 

ibe m:1xo4 age ewe tloak, ub1oh init.ial.q eetabllabed fi"om looa1 

hill-country abeep, wus run w1 th aou*'\Y rams fl'oom:..itl-Moroh 1n oaol1 year 

for a pel'lo4 of up to alsh� • ibe � rams tben w1 tbc1raa 

an4 o :t �'8mB in1:ro4uo84 tor a sbcrt per1o4 ( t4 a.bout 2 ) • Jllom 

1946 tbe errt1n �lock in 

ftlr t:hl!lab. conaocutt 

ft'!eJ!Ib biatall ol t:uo-to01ib 

vAII..,.tT dllftDm �a lnftl 



several � md flocks 1n U1e Mu.nawatu...Wl'drarapa �. ibeae footuree 

e-.:J.wur the a.s8Uil'ption that inbrooding l'lAa not been an iq>ortvJlt 80\U"CO o' 

variation in tb.1B do:ta, and t.hat, genotica.ll;y', ti:t:J flock rr:e.:� be retr.w:>dod. as 

a. fv.ir)J roprosontat:l.vo �lo o£ loocl sheep. 

tw&s were ra.nc1.ocl.y nllooatod oo.oh yeor to appl�tely equv.l-�.ood 

r.1atin::; crouPs , rr.l.th tile restriction th.�t the tl.&'O eoq>ositio:'·1 of tho eoos 

in oo.cl1 �:n� � was kept .:1a unti'orn ':.S possible. One Romnay :roo 

rt'.ndor.Jy allooo.ted to O£'.C.h oot:i..nc r:.;;roup ,  th:.le 'DoinG a ayston of cr�tinl; 

ooor.x.m in oam:l)l"Cial et'ud pt��tico ond io ona vzhicb allows the ieenti1"ictJ.tion 

of.' on :i.OO.ivitUwl. ' s  p�. 'l1rls fea'tm>e of tJ10 rnt:ing rr£111L.t.._;oment is 

coq:x-..t:tblo m.th tho ('):().."ltontion thLt.t tl:w flock is oaoonti<.�J..zy u rt.'Jlilon 

bred populnt.ion. 

Younc repl..'l.Ccmcnt m7es were oolacted at rcJ.ndom fl:'OI!l those ��v.:�u":Jlc 

each yorrr, and wero o::.tod to laob for tho first tttae :..:.s ttro-tooths. 

Lbturo 0'1!108 \'ro1"'0 t L'.D c. cenor-..U. rulo . oust ror . ;,;j"' n.t approxinn.toJ.y fivo 

and c half' Y'Q(lrS. l�To dslibornto eel&ction foz• ;,.my chtlrt1C'ter wus il�J.otised 
tlwoU{jlout the histocy of' tho f'l.ock. 

!.."rCq)t durine tho m� period, EmOs v.oro rotat.1.onn.J.l3 t;ra.zeci tl1rouehout 

the year in mobs th.D.t \"�en) qui to i.nc1epen&mt of the ma't:J.ns croups. I.c.r.ils were 

bOftl 1n Au(Just and Septcnbor and d th thoi.r until wccnit\S took 

place 1n ear� JallU&l7. DIG lamb sbom, tbe 8hoarint:; of l1oOOe'ta 

tak:i.n6 1n October, 'WhU abeaP1J1c .eccul'\N4 �ial;y cme month 

1a • tie or con81dclro4 to be �teal o1 tho 

in 1l1bt.ob t.l.oob 01"8 Mamwatu 41.a1lriot w1 th 

G'.�Clr»ttona t t!aB • ta 



preferential troatomt to individnnl anir.W.o. Such a plrul WU8 adopted 

w1 t.h the intention of' avoidi.nt;, .: ta tD%' aa poeoiblo • the exietoncc o£ 

oov:irO� induced cor.L"Clntions bctwoon pa...l""Emts !llld off"epr:l.n6 end 

betwoen OOL'lbo-- ·a of hc�l£-&istol' O"OUPS• 



A. 

ns h .. . v.l.nc prodtt..:cd ei thor zoro lt!.nho , one lumb • or two lc.mb.s. All a,,'\Jn , 

exoavt the rol��tivezy sual1 proportion m1ioh p.roduoe throc or more ltlt'.b&, 

will i"cll into ono or other of �se LI.rtuc.lzy excl.wdvo olussov ut uw ciwn 

l.atlbinc. 
At f'i:r-Dt ai. 1rt th:ts �tar appo .rs to full outsi�o'lo tl'X} �'ll of 

quc.ntit..�tivc ,;oootice , in th.:.t its pl.10no't({pio distribution dooo not m:irlbit 

oontinuot.ID vu.riation. fJllis disoontinui ty o£ :'beno\Ypio vuluoo is s:i..Liil<!.l' 

Lmd hc:.n pl."ob�-bly been one of th.e reasont:; wizy I1lCh of tho o :.rlior tJorl:: wo.a 

a.il10d · t imroatigat:J.rle \7hothar sir:>-1)10 : :Cndcli&l i3 invol VOtl in tho inhed. tuooo 

of fortiliw in .faro aniz:u.la. Such atudios , bowovcr, h:lvo rovoo.lo<l th ... -:.t rJOst 

tortlli zy tt:•.::ti ta are oor:t>lexl.Y cleterminot1 nnd are , in (Joner-..U. , inhori toe. in a 

!21lti£o.otorinl o:m.1er u.nd, at tho s.;.u::e t.:tme ,  nro often bjootod to substo.ntial 

modificu.tion by tbo onvironaont (Roeve ond Robertson 1953 , Rue 1956}. 
On tbie basiu i � eoems 1"'0W)()ooblo to l"e6£lrd the cbDracter • n..unbor of 

lad>e nt bil"tb, as depe;lderlt on one or � continuoue uadcr� Vt!Z"iutea, 

the value !4 oecb ot 1tb:loh 1n a � itdiY1Gual. 1a tbe roBUl t of both 
6ftfti�A an4 � • '1bf.a ftGw ha.a pl'CipOaed 't\1 Wall (19lt8, 

1956) aD1Il Gh'ans (1955) Oft a lo lituat:lcn ada'-

tor tore in'fol� stance doa.th (kllll gt aL 19481 RobertaCD 

�DIIIP .. ,.,, t950. f ). of 



•J1-

�ter as lt uppear on the phenoi\Vpic acalo of moasurement, e.coordi.ng 
to this view• clepends upon methor or not some 'tl'lroshold lovoJ. on tM 

tm&r� eoale ia exoeedocl. t.lbat is , it 1o postulutecl tbo.t the 

oba:racter hno an tiJ'ldorzyin.s �ontimicy, but � to t.ho nature o£ tho 

ob.1.raeter ita phonoeypic emproseion can be oousurecl only on e diacrete 

aoal.a. t.a a conseqoonoe ot' this oodol there w.Ul exist no visiblo phcnocypio 

d11'forenoe bett-roon two eeooticall.y disU.nct individuals whioh are both on 

tTl() some 8 �000 Of the partincnt throsholdoe »'or the 8t:.00 �On, U !}eOOtiO 

oh::lflGO nUl produco no pbano\Ypio off'ect unloas it rows tho 1nd1 viduol. 

ooroas u tln"eshold. If' this occurs evon a ar��J.l cenotic cll.J.!.1U"'El r� hc.ve a 

rel.:!tivel,y lo.t"<:,;o phonocypic etfoot. 

1111 itport<.nt <.f.!Ostion is v:hatl10r or not popu.l.ation � ;onoti�s thoocy can 

a.do�tcly cq>e w.l th oharootm·s exhibitine thiD diooretonoss of pllenotypic 

vol.uos. 'lh. .t ia, L"l \lhat wcy ia thio phononcnon lil:oly to in!'luonce &--onetic 

"'t1ins from sel.ootivu hroccling, <mu tllLt ef'!•ect is it likol.Y to h.•.vo upon 

tboir prodiction? Tho J.attor question tdll bo doolt with :f'i:i'ot , rnlile the 

absolute end rau�.tive e:rfeotiveneas of' vuriouLJ xoothods ot soloction t7ll1 be 

tioouslled later. 

1'bo efteot1ve UD)Uft't ot ooloct:lon p.rellsure in all oaaeo mare selection 

ia appl1e4 tor or cgninst 8!\Y tra1 t clopenda upon the degreo to V1hich 

pheaoflplc YariatJ.on, on 1llbicb lection 1a � 1a reftooted !v' go tic 

"IQI"1atton. Dle hori taldl.i'W parameter woul4 to be equoJ.ly il!portant, 
I'GP.IIM"dlla&a ot the na t4 tbo pbono1i'Jic 4latl.-1bat:Lon ehoml b;v the abano • 

DUDODJt:.tad:tq "' the �Uoll • to t 

88'1m'Eil. P•i-..a.UWO in Uoal tlGn f4 baaio 



B. SJ�9N 2»' ,G1gF;tiC.,P� 
1be presently avniluble etatietiou.l teahniquee ft»r the ootilzE.tlon 

of l'epootabiliv ond hal'i tablli:tu dspend cm the c.na]QBis of variation an4 

the est.tmnt.ion of oova.r:l.ancos and cowel,c..t:J.�;ns botooon rol<ttod indiVidual • 

Since these toohn1ques were ftlloped in the mill for oharo.oters distributed 

1n a continuous � 1 it 1003' be expe..;tod t.bllt tho1r uee on dit.Ktretoly 

diotrlbutod aa-ro i8 likely to present soroo difficulties. Such difi"icultios 

t� to be oxpoctod porticutarly in oonnootion trith the oulculut..ion of 

BUJplitu errors end 11. t4 tests of siGnit .. icOJ.we. 

F.'Or thoao rc..:�oon� , tlw �tar tbo rrtlti!xn-- of U1f'roront ot..ltist.icol 

oothods which al"' 1'oun<l to civo oorr.paru.ble rcaults f'or the o.:.10e date, 

tr.c o--outor tbo roli3nc:a dlioh otJ.n be pl�.\Co<l on the eotiuutes obtc.dnod, c.nt! 

on the biolO{;ical interpret.: ·.tiona m&:>. 1llo r:ethous o£ tmulysin onplo�--ed 

in this thesis nJ.so poroit oonsidor< �tion to tx� c:iven to other u.spooto oi' tJw 

estir!ntion of aanetic par-J.mCtors in cl.iacretely distributed t'ortiliey &�ta. 

"'ll10 rosulto ob� trlll be cli.soussed in l"'lc.tion to tho ooqn.trnble c�tGa 

eal.oulated by Ch • OJ'll.: ( 1955) for tbo &"1tle m:perir.xmtol :rl.ook. 

eta a II!Vl!bor o-r tboorettoal � tlh1ch alSt be 

eat:f.aft.ed. lD Ol'dor to rep teblli v u t.ht!t :1ntn:l.-claaa oOft'elo.tion • 

ita uauo1 o£ OAlou1a J!rutl.v' it la ��cK.l. 



-�tl- tl%'0 lttroq to be mOO on the llD!nsnla ht .� QSOD, � effoote 

ehould bo COft"'CC tor, in 01'\'kr to obtain a. COGtn.ciont t!ht ta ewlioo.hlG 

O'Om" all tho oeoo oorud� 

'n10 oocood a.sour:pt.ion !J:plie:1t 1n the cono�t of' ropoc.tabUi.<W i:.1 tbBt 

tho ropoo.toel �nto 00 tho � indivldoo.l !lrO :lndooe. c -�'mta ce 

UlO a:u-.10 C.,"'t10'Mc abaracter. m tba 0000 o£ U!t:lb pJ"'duo:tion thic ii:t' l. io& 

that tho � 'i.Jildorlain3 'ftlr'lato � bo b3ld to roprosent the ai. tuution c.t 

OL!dl luclb�e If this UCStU.'Jrldotl 10 not �.Uid1 then the V.:.J.riL!.Z'laO bo'b.'70011 

tht:l eotm.G � iBU?i&.� t'liU be Gl\Ji'XIl\�d by aWi tiorul � � 

!MJ �;rut � ')0 tcm-.cll.v �r-J.od � intot-c\.Otion � t.� �-..'11:1 tho 

onvlromon't porta.i.ninc to t..'1a t.1a3 or loc.:1tian of a L"C:.suro::lO!lt ( I'.....lconot" 

1900). 
A t'\rther qooat:ion to be c�'Cl in rol.:�tion to t:� ror>c:lt....,bllity 

of :L.d> �ct1on :la the "i.ntorprett:.ti.on of t.hc vlouel aca.lo of rn.�atl...� 

:.ille o:>o..J.e 0� rlOO.e�""rt i::volvin(J nero .  oro or mro :1..anbtJ llUS boon chooen f� 

:1. ts oonvonlenco. Howe�. it can be roodily �;lnod t.lutt too � 

bctmxln =ora and one lt...d.l r'.JAfl not bo t..l1e euoe in moo on the pootulntod 

unlor� scale ot potont.1al � �noit.y. es the cl:it'f� � 

000 ltd and • Ie tbU ia 1t ttnt. mth respoct M �ld.ool •e 
bMII.WO,en u i'J%!:1 � • a sinclo-

mnlrooontoi \f • 

Pl'OOODt to CIV a:t.l"IIDG. 



lncreMonts. 'lbo � is true � tbe 1nU4'-ol.ass correlation method c.n4 

fbr tho l!lethods of ceasur:t.na a&SGCiation in d:l..oorote &•ta uaod � Ch'OllB 

(1 955). 
rn this connoot.ton a. furthor point ,).rises. l::VOO i£ the Ui:l:'ftxronces 

1n the p1�obo.ble l.cd:dnt.; abilities of dry, fJint;le-bcaring Cl1d twin-boor:lng 

erros clo justifY �nt on a linear ooo.le of visiblo mcpression vdth 

reforoooe to one �u.l� future lacbing {303 as e. f'our-tootb) • thio 

0000. not neccasc.rU,y be tba cuoo with respect to sooo other aubso·.J,Uellt 

h-nbl� (e..a a � �). Sucb a. situ..'ltion coal.8. perbu,ps be L�";ined 

to trlse whore the nur.:i>or of larlbs born to a Yount; aniLla.l could blve a. 

di.f'.rorc.-1ti<.:l ef'i'cct on her {;ror:th •md �turation, or in:t•J.ootlCe llOl' �V'Ol'Y 

follovd..-u pul"ttlrltion alli'l l..'I'J.Ct"!tion, and t.lm'oby a:tfODt nor reproduotivo 

por:fun::<J.r1:o < Lt her auboe:-;uont 1-'lr:ll>i.n,!;. Such an ei'f'oot �o in i"c.ct eur; _;oatod 

by the l'Ol'oo.u.biliey ooof.'i'i.c1.onts prooontod by Ch'unc (1?55) , and m:mld 

3GOm to :t"'qu1re nerru.tion oo�orc �-�'0 :i."lter-oarrel:\ti.o:w can be vulldly 

co!!i>inod i."lto a �i.ngle int-:-<.�-clc..oo coofficiont • 

.Anotho:r possibilii41 is th1t the snr..1.l.lor �rlc.tion 1n lar.1b production 

at the i'irst 1nnbii'Jt) o'f u awe rtiiJ3' oake the Clif'feronco of ono l.:lr.Jb at the 

first lsmbins moan lD()1'0 in �t:io terms .  than Uifi'eronoo of one lBmb �tt 
tbo second or tb1rcl l tne. 

A rartbo4 ot attaok to the problem � enua· 

ooaraolN tertW.v t1a 

iD a'bo11D ..,_.�, ... "' PIPCXII.\GIIIIt an4 ueec1 b 

luah· Nf:l:&"GGtd<lD malbAI!l- l.nwl 

e bom at a 



_,,. 

oonaecuti'Ve series 0'£ latnbin:;a, on t.'le number of lc:lnhs bom at the 1r:trat 

lanbine or 00100 othcrl" prior lambing. For �le, in tbG oclculation t4 

the rapoo�.billfi' o£ ftrot ltlmbinc records, 0\'IGS · are  mare� sorted into 

those 'Wh1oh aavs birth to no ltll:lb , to ono lanb and to � ltu:Ds ut two years 

of ac;e. Within aaah of t.heoo tJu--ea groups the coon mmi>or of loabs bo.nl per 

lambine by tbe samo euee in subooqusnt yoc..v:-a , i.s then oalouluted for oooh owo ,  

�:ol uveroo>"Od ovorPu tbo ones in c croup .  'Ihe diN'orenaca between G1'0UP 

aver.Jgoa (i.e. botr1oon sroups ssoro o.nd one, nnd betwoon 61"'0P ono and two), 
rw:q thGn be poolod to obtain a a:tnalo ostilm.to of' the reuression coe� ficiont. 

'll1. ·.t this eoef:fioicmt is the dcairod ropeatubUi\v oa�to me boon 

dooonatr��tod by IJ.uilh ( 1 9.56). In the cu.ue of the two-tooth o..�lo .. JI'e:.ientod, 

tho coof'ficiont obt.: d.nod. indiootoe tho v-.JJ.uc o£ th.e r:int lar::binc.; rcco.::-U as an 

indication of t.ho onir:'X'.u • s future UllllUi.u L..U!lb production. The coo:N'icient 
obtci.l�tl io inJ.opcmdo:nt of tJ10 na::;bol .. oi' aubooquo::1t lar:bL'L :o .:.vor;:1.(;o�, ...::.a !uah 

points out. Tho ropoo.tabill ey of L..tor lur.1bil\;s io ooloU:l.c:tod il1 u sirrl.lar 

m.:.nnor, .. u. tl�h 1 t l1il.l n..'ltural.]3 :i.nvol ve the o.vcr-�··inc of' femr subsoquent 

records. 

� mdiftontioll3 ntde to this baaio reareeaion Oi)proa.cb involved an 

atteq,t to i'ind out, ftratl¥, ftbet1.ler ropootahllU;y cnn be oonaiaerod to 

be tm ea.rno botvJOGD clUYerent lambinc;a, and aeoand:q, whether the Npeat-

6billtq of barrolme& 1a ot a etm' ar order to tbo ta'bU1t\v t4 �. 
both a.re cons.l in JIIGlntlon tb& ladJ pro4uotlon of 

elft6le-bearirrs � .. 



• 

lfdbed.J.t 'lbe Least Squares Fitt:i.nt:; of Constants • 

( 1) l!ethod of £Ulll.l3eis: 

M wi tb the rear'GSSiOD meth ,d of wsh t e, e\700 l'IGl"e Cl..."lsaif'iacl OD 

the busis of some ini ti.ul lJ!U'!lb� performuooe into t!Jr:oeB ln.ub!nt; statue 

cluosos accoi'tl:i.n.f..; to wbethcn- they produced � • one or two lumbs ut birth. 

'll10 :nll llllCJbor of eoos produoi.Jl{J tJU"'c or core lar.'lbe ut this in.1. tial 

la.clbing hwe bean e..-wludi3d i'ra:l tho nn. .. 'Uyoou . �l(l averc..sc rltltlbor of ulebe 

producod per ewe o.t each o£ her oubsoquent lar:bi.nt;s m.J.S considered sopurate.ly 

tor ench eto.tuo ola.ssi:ficution. For eXLIL.--plo • the ef'foct of c. 01.-re ' a  two-tooth 

lanbinc status clasailiootion on hor lamb produotion •711et'l she boca::le a fotu-­

tooth. u Dix-tooth (\flu a 1Ull-mouth m10 , y;rcre cati.r:'.uted lzy' ! X)ans of' t!:a-oo 

sopurato o.naly"ses. J:hree further a.na.lyaoa were involved in osti.ml1t111(; the 

oi"fO\.:t of the four-toot..l-} and siX-tooth sfutas classificatiotm. 

Si.roa the lo.mb production of a G\'IG h..LS boon shown to V<J!Y with of'f'oote 

associtlted v:itJ1 tho yo;�r�· envlronroont � -�-e of tho erro , it ����a eonsidm."'ed 

desiroble to oBraimte these influonco(i .::.a f'ur e.a possible. This ttJ.e dono 

by the sinl.ll tanoous fitting of oonot.::.nts to represent the efioots of tl10 year 

of birth of the owe. Sime all ewe3 in this s'bM\Y wore mated to 1omb for 

tho1r tirst time as two-tootbs, and ai."lCe only tbone animala with rooorda 

over oonaoouti yaara were inoluaed 1n thi amJ.yala, all a mdo tbe1r 

tlao-tootb and aubaequent :feOZ'a within th1.8 yee;r 

� birth olaad.t:Loat.ton. 

4ftd. le Wua te4 ta to11ocd.ng e:m��ple ot 1ft 1lb1ch cbta 

waa llftr:l &t o1aaatficattona re.pro tS.ns cUttcront birth an. 

•• a, arda WfA"tt all. 

• QRII.ma.l� bom in •91.5. 
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T..arnbin6 
Aee yoors 1946 1947 1 9Z.S 1 91.,9  1 950 1951 1 952 

2-tooth 0.1 � a, n'+ &5 l.\6 c7 
z.,-tooth a1 a2 B

l � � ao 
6-tootb � � a3 '\. as 
8-tooth a1 c.2 a, \. 

i = 1 • • • • • • • • •  p ;  
j c 1 • • • • • • • • • q; 
k c 1 • • • • • • • • •  n1J• 

tihero - Yl.jk denotes tJ.1e lamb production o"£ tho th shoop born in tho 

:i:th yro:r ,).nd bolonc,inc to the j:t:1 lumbJ.na a�1.tua � 

f is tile canar-..:..1 1000.n VtJ.oo coonm to all owes. 

Bi, is tho ai�i'o,;t of tile l:th yor;r o£ birth. 

tj i.s the oft'oot of the Jtb lambing etatus. 

OiJk is a reaidu..l.l r.mdom de'Yiation asoociL1tod with yiJk• 

'lbe "SJJc were assumed to ha an upootation ot 8Jl'I01 to be tmeorrolnted• 

and to haw the •:uno VU.t� (6�) . 1'hoae asstq)tiooe are suffl.o.ient to 

awl.? to b l.onat aqut.lfts method. or timtlon (Kecptborne 1952, r� 1 960). 
teat1za6 tbe c11.ffcrant.tal eft ta ·et the claaait'lc4t1ona, tbe o1Jk 

DUet, iD .u..tri'lu 

laod � ita fd 

. ,, � tl• porU.oular 
or of :tiOJII, • - � (fflf - r - ... • 

populatiOD 

the 

t,)2. 



i'be 'f'aluos 81"0 giftn by the solution of tbo least aquaros normal equatione 

wh1cb :reeult tram tbo ...,.. ot .U.r:t'erentiol calculus • nheroby•IF• l.  and�� 
t4"G set e..{Wll to 181'0• 

Equation for r t 

6:1. • . 
tJ I 

\'Jbore Y • •  

/1 +lflt � N • .p l 
1\ A rt1.p + Ni .ot 

N•J]l +l � L 

=f/iJk . N • • 

·� r�.J tr= J 
J\ • fn:t3 tJ= 

+ N•J tj.= 
= � ntJ  

Y • • 

Yi • 
Y • .1 

The equations aa tllQY stand huvc no uniquo solution c:�s the n1.tr:tx of 

coef'.f"'.icienta is not of' f""'ul r...mk.. To obtuin a solution, some restriction rwst 

oo :l.1nposod on the �W.re.t.OOtcre, anti th.�t eOJIIJOt'll3 used isL� ::: 1: f... "" o. 
{ J "' 

Undor th:i.s particular oooattuint the roeul t� osti!roto of f is t: :c r1Cc:l1 of a 
/ 

l�''LX>thotioo.l popull�tion in Vlhioh o.U sub-class rrumbora ore CtJUil).. Ib.-.over, 

the condition inq>osed h11.s r-.o offocta on tb3 eatim:xt:�ble quanti*10s , those 

boin(; the sub-olase �.a and f\100t1one of tJtem. \'Jbon the uppl"'pl·"i<�te sub-

tractions to the coeft'ieients in the least squares oquv.tions have been m.uie 
/'l A A 

(jtnrvoy 1960) , tbo reduoeJ sot of equations r:JJ23 bo solved tor f• '\1, ond tJ• 

F.ram tbo eatimatoa , the roc1uoUAm in st.De of aquaroa due to tbe t'i t� 
of all cODBtan ( r· st. t J) was obtdned. 9le qu&nti'tr R. <r· ot. t J) 
is oqwa1 to f <0> 'if.. + f tJ Y. �· \'be Uon in BWMl ot .I!IC'W:ta'IGA 

ozao.llfla.Y elaaa1tl.oattoD 7U 

a ,,.. &f.} • r �2 . 
' 

·� la 



least aqt.14l'OB sums of squares for testing the ei8nitioance of' the di£iffl1'enC&a 

amoncst the ol.asaifioations mtS obta.inocl by dii"rorenoe. 'Lbua. for testinG 

the sign:U'ieu.noe of difforeooos amo� tho lambing status olaase , the ouma 

of squores m� obtcd.nod 1<r<e h <r, "'1· tJ) - R <r, "'!)• � r.san squares 

tor ef£oota ware ea.oh teatod against tbe nsa.n square �er GI"rrl" + interoction. 

If" the aeauq>tion of' nd<lit.ivi'GY' iupllcit :ll1 the modol is to hold, 

intart!�tions between tJ1e two classes ot oft\ .. >O te �I�Wt too sl10m1 to be non-

R (f, Bi t  � kt) iJ) • R (f' a.t, tJ) whore R (,, &J,, tJ (at) ij) 
= IY1J2 

ij !'lij , 

the uncorrootod sum of squares betwoon the PS sub-ow.soe. 'J.:ho into:r·.c'lction 

m<J.n syUAl--o w, ,_s tosto<l acninst tJ1o \':i thin sub-class SUl:l of a,�tk'lrGS , or error, 

which is t..--1 ven by tho relation L y2 ijl _ I t!JJ 
iJk : i.j llJ.J 

Fra:1 the inverse m:1trlx of the reduced set ot equations for the t_, , 

�ntod to include tho eler:ents tor t3 by requiring that eooh 1'0\'1 tU'14 

aolur.1l'1 aum to 81&'0, the a1:nnc'lard Ol'TOrB of tho tJ can be obtai.neu. a clJ 

1e the element tor the 1-th Rttv ana J-th oolumn of tl1o mtrix inVerse so 

obta.ined, tht:) stanaari. � of  a 

�(ti-tJ) = J (cU + cJJ - aclJ)6 
Pat.nziao o� Sll'lOJ118 b:l 

( 1955) IIU1 tip le ftml:nl D'alii!IW ( 1957) tor u 

Dt.J:noan•• 

au:tereDt ani ccr.rela In tlllU 

to t1n4 Uft'I�IRCC� ru,......a atll.mauiCl mODi:� is obliCainuu. 



to be � a:ienifioont, whore i i and i 3 aft) the two rooana. 1be Bicnii'icant 

studantiaod range (� .rt.t ) can be obtsincd t\'om Dunoo.n' s ( 1955) tables for either 

the Si· or 1�, levels of probabiliv. 

Vvben the anaJ..y.sia of Vtll"ianee demonstrates a significant intc1'f:3.ction 

et'f'ect, est:l.altes ot: the main affects as c;iven '1:\Y the abOYO model are binaed. 

When 1ntoreotion eft'ects exist in the two-rnw olans1tiontion, and aJ.1 aub-classes 

are t1lled, Ii'or'vey ( 1960) ha..e demonst:rn.tod that tho ooit;hteJ. aquD.res of r::ama 

a.n.."ll3sia is equivalent to tJ1e complete loost squorea anclyaia with co natants 

f'ittod for ull rnin efi'ects and the intor<:�Ction. The f'onoor r..x1thod he..s boon 
used in thia otucy, a.nd sinco the procedu.re lv.1.s baon described in : 1lf\V 

statistioul books (�4ledooor 1 946, Gouli.lon 1952) it fiill not bo repootod horo. 

(1i) Reeul:ts a 

'1110 fol.l.cmlne exnmplo llaS boon chosen to Ulustrnte the 

couputt..,tional prooea:.1es involwd in this neth:>d of uno.13sia. � eT.D.Zl'ple 

represonta the �is of the etreot of the two-tooth �  eta.tus o£ o 0\'10 1 

on the number of lwnbs produced by the enme a.nSm.'ll as . n  :touro-tootb. 



ifWl:E i· 1bs Lee.et Squ.aroe Equations tor the Ef\fect ot i\?o-tooth 
Iacnbi:lg sta tua on Four-tooth I..ul:lb Production. 

!}i£$b YM£• � • §tAtua 

f a I � a, � a,. .,., 86 a., as � £\10 t1 t2 t, [ :� 

f 951. t 19 1 68  1 8  67 1 02  200 20 8,; 1 18 59 1 27 60G 221 1 187 

� 1 19 1 19 7 7l 39 1 58 

e.2 168 1 GS  26 91 51 187 

a, 18 18 0 16  2 27 

� 67 67 6 42 19 107 

a5 102 102 1 5  63 24 127 

a6 200 200 23 142 3G 239 

� 20 20 3 16  1 Z1 

sa 83 83 7 51 25 104 

� 1 18 1 13  28 75 15  143 

a1 0 
59 59 13 Yl 9 68 

t1 127 7 26 0 6 1 5 22 ' 7 28 13  1 27 155 

t2 60G 73 91 16 42 6.3 142 1G 51 75 .,., Go6 755 

t, 221 39 51 2 19  24 36 1 25 1 5  9 221 m 

� 
... oquatiODG were solft4 tor <r + � in teft1o of the t's 8114 the 

GJrpftasiona eubat1tute4 iAto l qunUons to eiW tbo ttoll.cm1Jts Nlat1 I foG -
-79.67J709 

-27.t ) (� ) (�,�� ) -79.S'7l698 21,.,,.. .. -1 .960JJO 'a • - • ,..... 
-rt.f7868t -t.J6 1 tJ!t225 ., 

� 

A t • 



.-1 
J\. 

o.OOl.32999 -o.00164421 
0.0021.5178 

-o.ooom57 

-o.002G8.578 
-o.OC1Jr:JJ1'!il 
0.00319335 

1be t j est:i.nl-ttos obtnined o.nd the OO!l'parisoos llCX)llget theo aro as 

tollowe : 

" A 

= ..0.1.381,.6 t2 - t1 = ...o.15Gn 

,. A 

+0.<">18.31 t, - t2 I; +0.1018ft. 
J\ A 

T0• l f!01 ,5 t, - t1 :;; +0.25861 

� analysis of v, .ri<�o to tu at tho s.i;jflii"i,:e .. '1Ce of :l.ntoru.ct1ons is 

ehovro. in Table '· 

Sourco d.f. s.s. 

Totlll A 95t.. 1�.00 
R. ( fl• n1, tJ) B 12 1186.67 
R (f•a1, tJa�)iJ) C ,_,b � SOt.. 1ft. 
Intercet101l e -a  17 7.47 
b»crr A..C 925 )18. 

a ........... _, tw 20 on4 1000 .., • •  

_., -�� .... 
p .. •  os 1a 1 . 

...,. tor 

n.a.• 

d�Laelaoa la �� to 1Dl DIIDDor cd t1 ttod aub-olaaaoa• 1 

••• • • • • • • • • • 

, . 



'1he oatt.ma.tos ot of1'oots end their sums of quares GL•vo tho anal3.s1s 

of varianco ahown :ln Table ,.._ 

Source 

1.rror and 

A 
D 

intorootion A-B 

R (p. a1) C 

Lanbin:; status B-C 
R <r- tj) D 

Blrth yo..a�s 

954. 
12 

942 
10  

2 

.3 
9 

l\ p < .01 F values a d.f • 

1 823.0000 
1Z.SO.G708 

326.3292 
1491 .4.762. 

5.1946 
1483.2749 

1.3 • .3959 

2 and 1.00, 

P. 

o • .)46 

7.51 

P a .01 ia 4.66 
P = .os ie '•02 

Effoote statist.icall.Y signifi.c61lt at the 1;� l&vm of probabili� 
b P < .01 J' value I clJ. 9 and l!OOt P a .01 ia 2.46 

En'ecta sta� a1gniftcant at the 1$ .. le a. � probabUi'fU 

• • • • • • • • • • • • 

.. mm:1.800. ill .MHoJ,jM;J s. Dota1la fd 

ot �  ha not 

UIJ1iiJ.IIUttOil or Aaa:IDUt« 



W.LI !I• .Est:lmates of the Efrocts of klmbbe st..'ltus on 
Subeoquent Ulmb P,duction. 

(t1 = barren oooa. � = s:J.nc� ewea, � = � eoos) 

Age EartiiiBtoe Wvels of S:i.gnifieo.nooa 
.,...,.,._ 

d.£ for At 

J 
At 

Statue tnmb t1 t2 t_, Error 1.. � Birth -
Cla.ssif. Procl. -t r.t- �ts.on Status Year 

er«t;m, ication Asaesa. 

,m 

2tb 4th �.138 +0.018 +0.120 942 n.a. P<.01 .. o.o1 
2th 6th r-o.1)8 -o.o57 ..0.194 843 n.e. O.o1 ·, 0.01 
2th 8th -o.037 ..o.oG1 +0.098 582 P<0�01 b b - -
4tb 6th -o .. 191 ..0.01 8 +0.209 83S a. a. P<0.01 o.Ot 

4th 8th -o.141+ +0.046 +0.0')8 m o.s. n.a. c P<o.01 
6th 8th -o.123 +O.oo6 +0.1 17 571 n.s. 

c 
n. a .  .01 

. .  
a �otcs tho level ot sign:tficn.rJ.Ce clooonst.ratod by the unal, yais of vc.wlLlnoe . 

J.bus, n.s. intlicutea efi'oote Ll.X"O not stu.tistical.l3 si(;llii'"lc.c·:.nt o.t tho 
� - lovol ; P<0.05 indicates efi'ecto are stutiatioo.J.l3 sVdf'i,cant at 
tho i lovel. J and o.01 indic�u.tes a t, lowl of signi.fi.oance. 

b .Analysis of' V..Jrillnoe Jf ctYecta !-;ot cc.rried out. 

c Stutus ofioots 3\18t below oieniticanoe ut the 9; .  le'V'Ol • 

• • • • • • • • • • • •  



Rosroasion at SUbaequsnt ImTJ) Production on too ln1 titl1 
� botrJeon :Baftoen and �� lWJos. 

Ace td Initial. JtfJG of Subaaquont Lamb Procluctlon 
� 

Class:tacut1on 4th 6th 8th 

2th o.157.t, o.osa�a o.081.t, o.OG2 n. e. I • 

4th o.173,t o.on� o.190,;t. o.095(1 
6th 0.1 29� 0.122 n.s. 

Regreoaion o-r Subsequent Wl:lb Production on the In1 tial 
D:l.t'£oreneo bo'tt'100n � and �d.n-Bo&r.lng nvos. 

�-e of Ini t:1a:l At._."'' of> SUbsequent 1...aob Production i\nnoaornont 
� 

Classification 4th 

2th o.102+ o.Q47"tt -

4th. 
Gtb 

GtJ1 

o 251 + o os-o�"' . - . 

0.227� 0.047�"� 

8th 

I b. 

o.� o.oGo n.�. 

0.1 1 1� o.o57 n.o. 

while n.a. &motes a �cant oeti.mto ut the !fv l.nol. 

i Die � of vo.rianoo shoneci the pz'QSODOO t4 a dgn1ftcant in�tion 

be�m 

leaat �U�t�a:r-o.a eltinate obtalno4 .. o •• 

ol•M'ftca 



but showed rolat1vel.y lares Mgilti'm values fer tho � three. nw 

method 0� �sie invol� tlhe �htod 9qtm'OS of fJOOJ:lS gave tJJG roUovd.llg 

oatimteea 

(iii) Discussion: 

?:he roothod of fittil\:3 oonstw'lts by loo.st squaros roprooentn a 

eenornl. mothod of e.mlyais whiah is opplioablo to Dll.tiplo cl.Ll&sif'icutlona. 

The mot.bod all.ot1s tho aopat>ation o£ confoundod effects retJUl t1.ng from the no'l'l!­

ortho{Jonali t;r induced � o:l.o� sub-classes e.."ld dttproportionJ.to subclaao 

�� (Yatee 1�.3.3). � eotimntea obtainod uro lineo.r, unbiased ni.� 

V'..u:oi<.'l.IlCO cstil::Etos of tho UJ1lmotm pnrGJ::x)'tors. 

IJ.b3 ofioote of t.lw laobing etatun cl.Genos obta.inod P.bovo , r� bo loakocl 

upon nn the average dii'fo... 'tlt"leea botooon irWi vi.Uut...lo of d:U"'forcnt ol.t.n::.".es , 

� the contl"J.butiona of offects associ.:.�tod. with yoc� of birth h..1.ve boon 

ol.1I:l::i.Inted. In this l:l.:;ht tbo me'tbod of onu.J3oia is �tible vrlth the 

l"'C'l'CSGion method of ropoutubill'f:W eet:liJo.t:l.on proposoct by web (19.56). 
Dioouosion of' too rosul ta obtainocl lW tb1e method nill bo m. tJ1hold until 

the eooand mtbod of osts.mtlon hae 'beoD o� 

AtWIAftta ln9ol 

8ftilnblD. 

1rtteat-



W'ld unbintl04 ootJlOds of eet.:l..mation can 'bo Cleoidod upon. When intcructione 

between roc\in effocts are neel1g1blG the cost efflcient oot:l.catee of the · 

min Gfi'ects are obtained by ft tti.rlg constants to repreaont those m1n efi'oote 

onl.y {Yutee 1933). If intort'..ctiona cannot be .ienored. tba oHioiont eot:i.r:ntas 

of the min effocts ore the ooune or the subol.UDs L'X){llltJ {aaa� tho nultiple 
clasaificution to be oomplote) • rot11cr than the cltl.es mouna. '!his oriooe due 

to o. 11D.l"t:lal conf'oundi� of tho in�..ction anc1 nnin effects oo u rooul t of 

unoquol eubcln.sa Dl1Sbera. 

'lllo c;eneral st.etiatioal. approach to this problerl ia to lot tJ1o test of 

si�lo£UlCo of interuotion ef'f'octs bo a. 8\lido to O!>tho<ls of ost:f.rnatine r..nin 

m"fects. As !¥Je boon pointcu ont tho tost rot1uirco the aamJr:1pt1on thl::.t 

the rcsidu:.u m-rora in the lioo.:.::r rJOdel tU."'e norrJu.lly Ui:rt2.�butod. This 

� ooct to t.-e inconsistent with tho l.ikoly distribut1on.!.l properties o£ 

cooreo.Jy grouped lnob production dnt.: • ,  [.J.thou[jl:l Coohrtm (1 947) sho\JB thc.t 

Q£l[K;J.'"i;t.u:-e f'rom llOrT.JCl.li t({ OOOS not oppoer to introch.1cC LLf\1 OOriOUS CI't"'OI"D in 

the o.�;nii'ic�o lovol of the "il test. Nevtlrthcleaa . one should porhcps not 

tukc tho evi&mco of rdg.nifiount intero.ctlon too litorull3. i.von it intor­

uction i5 E.d.gnifiount in 't.l'le &ll.:lpla ,  but thero is good reason to bol.tcvo tmt 

the intorootion in the population is �le. the loaet squorea e�t.:mte 

estimated in a � model w1 thout an interoot.\on tot • are atul etf'ioient 
o ttmatos ot tbe Dl1n effects (Goulden 1952). '11 con oe 1a ul..so true, 

/ 

al't:bol16h ae Iflmpthome (t9S2) has �i it le necG'88817 to be specif1o 

out ftbat etteota 'tlbeD lntoroott. prosent. 

ln OOMi 14cm interest f.D oatlmat:lns 

� -

01.8�,. on tba ��t�.�� ot 

ent�IDDiatal lnl��•• 

Pft�tl.aU ab' lt toto a ot £lld.rna1e o1aeaU1 lDto tbrcle 

H1�01:'D'Jirll0e• U' 
t on  



�s, then the cethlntos of' the effects obtoinod will be �tod 

to vary aco<»."'dina to the yoors in wh1cb locbilx: portorr.Janooa aro a.asossed. 

In statistioal ten:w t.hia moans that an inter.JOtion between ltll!MnB stc.'Wa 

ana yoor of birth con bo ozpected to ocour, and its ins:1enif1eo.nce 1n the 

.fii!Jor11U of the obo� oaaoa conoicltlrod, f!1J3 ooll be relo.ted to its OTJBll 

!006'flitudo in rel.o.tion to other aou.roea of vo.rintion. 

For prodicti p'Ul'poaes tb:> 1doo.l tor such a si tuuts.on uould be to 

endeavour to rolo.to the d.iftGronoos in .l.odlinc stattlS to sooo rooogniaable 

be ef'f'ioicntly carr:iod out, howevor, tJw ard.mnl breodor is interestod in 

t.ho si tuc.tion <-'.!3 :1 t oxiett'l for a popul.:.1.tion o£ possible yoo3.'n ro:thor thon 

tdth du.t is tho co.so :ror the pnrtioular yours £or uhiob Ue.tc. in avuilcble. 

the popul.:J.tion of ezdrule of difforont birth yoora ,  tho oubc.lrula OOlll'l5 ore 

off'icicnt ostL':1l.ltoo of' tho 1\YPothoticu.l subolBSa l» :ns of tlliO popul..1tion 

saq>lOO., roac.rillooo � diaproportion. Ckl tho bneia of thia rou.soninc the 

oothod of tJC.iGhtod meon dii't01"600oa llt:.i.O boon El!ployed. 

In this method the uVOJ:'tl6"0 l.D.cb production of groups � euea cla.ani.f1ed 

into l.arlbinc ata'bls outegoriee haa been once OGA1n oalculated ut oool1 of 

ono lamb, Dd.e pooJJ.Dg ms aoo<»�pli8hecl by 

fftitJ.W:��Cets 8000l"d1n3 to tbo nmiMlr o� 



a�"e ].ani) production ot anim:.\ls in the t2 (sin6lo-borrlng 8\19) stutus 

olaoo dlich wero bom 1n earae yoo:r. Sinoo x1 end Y1 a.ro ooch tOO rnev.11e ot 

unpaired vnr:t.o.tos based on �t l'llii1bore of ewes , tba vorimleo o£ tho 
n + 1)-(l;if'fm.�e (Y1 • x1) w1ll be Givon by the forr.nla � ::  sa _xi 1 , 

nx ny 
i i 

uil01'0 � is the tr.lance ot (Y1 ... X,.) • S: � the � a£ e. 

clit'f'eroooo, l'x l"epfttscmts the nUC:lbcr of onir.nls a�d in x1, and I'.L 
1 . yi 

� A 
aot:.i.nx:.to of' ropoo.t.:.!billey (a) 1 haa boon ool.culated a.e , R ::: :: :).::::1,', il)i 

il 
1:::1 tii 

\1haro D1 = (Y1 - x1) and N in tba number of birth yoors ovor vzhioh tJ"'.e 

A 

� OO£plil'l6 VOI'innoe of tbe poolod ootilnatee (�) ha boon oolcu.lnted 

a.a that of a �tod moon 2 

• 

(U) lellll t 

(N-1) � i 

metbo4 ,.. � �� 

.... ln "Q.$U.&.�· 8 



Besreaaion of SUbsequent Lo.tb Production on tbe Initi&l 
Dif:ferencc between lm':ren and SinBle-Boo.rinc aea. 

Age of Initial Nse � SUbsequent lamb Pro&lction Assossamt 
D:l.i'f'arence 

Cl.<?.�si...<'ication 4th 6tll 8th 

2th o.1 � o.o69 o.085!_ o.a..s -o.at.Ol. 0.146 

4th o.1GS.! o.11s  o.m.;t. o.1o' 

6th 0.15-'.! o.oe1 

Regression of Subooquent !.nmb Production on the Ini t1a.1 
Dif:terence betoeen Sincle-Deurl� and ':i.\d.n-Doaring f.ms 

Jl(JC ot Ini tieJ. �� o£ Sub&Ct:IUGnt uwb Production Aooo:wnxmt 
D.i..f'ferencc 

Clasoifi.c<-�tion 4-th Gth 8th 

2th o.1oe.t. o.Q44 0.251.;t. o.or.6 o.153.;t. 0.074 

l,.th 0.228.1 0.047 o.oso.t. 0.093 

6th 0.1 10,1 o.06.5 

(Ui) D18cuas1oau 

1be l"eaul obWmd 1\v tb1a method azoe etrlldn6� stm11Dr to 

obtn.iJ»cl _., the l!m"8 eopbiationtecl least aquares method of Gna13sia, 

TJOl"J .... � t1ift�nt atattatioal �lld.(J181 

dtll 

8 

au1 � ....... ... OO'a!l.laXl 



B.egressicm of Subsequent Lamb ProduetloD on an In1t.tol 
� of ODe Lamb. 

Aco of Initi.al Af:J'O ot 8ubooquent l'snb Prtoauotion Asoeasmant 
Differonce 

Classifioat1on z..th 6th 8th 

2tb 0.128 0.187 0.074 

4th 0.212 o.cY-J7 

6th o.ua 

'lt1e geoorol ftlnl:il\1 of the repentabUi 1or ooeffl.oientG reported in T£\blo 

1 0  is s1m::l.L.l.r to the ooq>arublo astit:ntcs obtained by Ch'ana ( 1955) for tho 

snme flock of sheep • tl8.'in6 nsthods of <.m..1J3sia considered appropriate for 

mea..sur1n6 tho amount of association in dioo.t"etoly distributed do.ta. '!!10 

one 1noon!d.stenoy in tb1a conparison is tho lOI!ler vulue obt..'liood in t.h1.ls 

stuc\Y ftJr tho rel.cttioneh1p between two and eight-tooth rooords. 'l!'lis is 

possibly related to tbo lldenU'loant interoot.ion v4th year o£ birth deoonstro.ted 

by the looat-oquu.roo method f'Qr this ouoo . Purther oont:S.r�Jntion of thi 

Jvpotheais ia prov:l.aed by tho d thin you:r � birth �o tor tJw 1 952 

and 19SJ birth �s. Data tor these ye;xn nere not inoludDcl 1n Ch•anc • s  

�, but: 1n tbo years oontri.bttted largo negnt.1 w value 

be'luoon 'bar.nm Btld � • 

DltlrJIIIIlllle·ta.1d.oft ot f.n Va.A...uo of !abl.ea '• 7, 8 and 9 
la iD Uabt � the  � .... � oot:lmtee. 
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is botwoo:n aero un<1 one lumb or botweon ono lamb and tt.3, only in tbo o.aoo 

Hhoro trro conaoout1vo l.o.r:lbinc a.eos t'!.l"' oonoiderod. m1e ostin::Ltos obtu.inod 

botooen non-conooo:1tive lor...binG [�jOB tend to bo lo\f('.J? for ba..-rennooe thct .. n 

for ttril'li"rl.n ;, 1n ooq>n.rioon d.tl1 s�lo births , uhon tho initial lunb 

Pl .. O<luction ol::l,st'l:tl�c[�tioo is buDou on trJO-tooth roc or'-i.a, nh.ile tho roveroe 

in evident f'or the t�ol, .tionship uotnoon 1'ou,�tooth nnd i'"ivc yo .... -:r old laobinc; 

.orki.n_; wl tl1 . .  Lls'trv.ll:.n . 1urinoo , You.; ;,� ��!:!· ( 1 %3)  h �vo !'OOo��tJ.y 

ro;,>or"'�-<1 cocf.:'i,;:to .. d;u :f'o:: tlto ro:-?-"'Onaio.) o:..• ct.iboc �ucnt .L ;ZJ!; pr<Xhction !.'Ouor-�;.o 

' .'!.J.Oi.r cnlcu: , .tlr)l l!!l , . .J.."'C bt �ood rJOro 

a:.rt.h.d:;}y on l nsh ' s  ( 1 :)%) :t'or,.;rvosion nppl."'i.:.dl p in t.i.Lt the out Doq..l ... mt l. :.t.:.b 

prO<..!.ucti.on corwill.t!l'v ... '. :involves t he , VOJ.."'P�_.'O nunbc:t· of' .L:-.rlbo por 1-. � ilin._;, i'or 

roprooont pooled V; \luca ovor. t·rJO-yO<.:l'-oltl to fuu.r-ye<...r-old :lniti.L :l ;_� _;en , , !flcl 

inclicc�tc tl�'.t the di.i' . . 'o :onco bot\'JOcn ono �:ml tt10 l.:.•ros born is tnico i..;.S 

ropootublo <.\8 the <lli':�.:"'o.:conco bctt.·:oon ooro <J.nd ono l...lf.lb '- .t uirth. 

�1900 Austra.l.iu.n wor1:erD have o.lso considered tJx:> in:flucr�c of .� :o on 

repootabilley by r.eons or tllOir I'O[;rooaion opproach. The results presented 

� them indicate tJ ·· t tho churootar, number o£ luob born, in 001'0 

repoata.blo nben a.ooeosocl on the pori'Ol"'r!nDDO ot three yoar olcl Emeo , 1n 

coqlGI"leon wi tb roo.on\a mile at two ond tour year of 08&• 
1s not t in the pro nt data., as 

la i.Ddicatecl � tbe poolod row w.l 8 of Tabl&l a, 9 to. ere 

p1'08GIIltod !D �le 1 t .  



RepootabUi v of kmlb Production Rooorda at 
Di:fferont /t60G• (Pooled vc.J.uea 0� �'blos a. 9 and 10) 

l1i.:,'O 0� Ini tW. Ini t1al Difforonco Ini t:L..'1l Di.ff'orencc 
Clnnaif'lo<... tion llit. Zero t� 1 W.cb Dotnoon 1 !' ... !rib /: 2 

2tll o.oo o.1 7  

4th 0. 1 9 o.1 s 

6th o.1 5 o.1 1 

Pooled ovor the 3 in1. ti<� �--cn 

A'VOri.J.0'0 Vulue 
:for a.n I.'li tW 
Dii'f. of 1 h"lb 

o.1l-. 

o.1 G 

0.1 2 

o.14 

ini.t:t:•.l di:f.'fm•cncoc 'b�Ytlioon :roi"' .:md ono lurlb unu ::otnoon oru lunb (.:.nu two, 

'Jllin io dorx>nstra.tod by the follcn7iru ronultn (J.U.blo 1 2) , in nbic11 

subsoquont l.acb production Ius boon calculatod ..l3 the nvor<:.�_;c number of 

lad>a barn �  sue par �. over all oonsooutivo lombinca filr til1ol1 

records ware avaUable, 'lhe.t 1o, tho mroru.go subeoquent l.oz:t.b produotion 

rooords tJOl"e a'fa.il.aDlo. Diftoronc03 'GGI"' nin wei.Ghtoci and pooled ovor 

tho � birth yeon. 



A80 

L">th 

4th 

Gth 

_,... 

Re�onion of Aver'O.u"'' Subsequent Lamb Production on 
v.n Init:lal Ditference ot One I.ct.li> (rlut!lbor of Subsequont rooords avar{l{.�d 1'ror.l 1 to ')  

Botwoon Bo.rron r- Sin6lo 1Urths Dotvreen SinQlo t: !i'r1in lli.rthe 

o.12  0.15 

0.1 7  o.1 5 

0.16 0.1 1  

poolod ovar �·f'oront birth yours '-:Zld o.lao over GrOUPs of o-.·;oo nhooo 

1\_."'0 

2th 

l.,th 

6th 

Ra:_::rosaion _ .n'ti.r JL�U.w i'or Pooled . ol _;hted l.>irf'oroncco of 
CnJUpo ot""' :..'\'.JOS vr.i.th Coo:put":..blc �h:u:lborD oi' J£v:-ibil\;s. 

Bot\100n Barren t; Sin{;lo Births DetriOCfl S:l.nele t: 'l\r1in llirtha 

o.os 
0.18 

o.1 G 

1J 

efteot 

o.20 

o ... ,. 

o.u 

t:wao-tootb pa��nae of an 

IJl'CI.IWlllb� masB:Bt.l in the 8111 ta rorWftO'Mll 111 

pi"'Cluot.1on, anc1 on 6'UIIiJUGtal)1liv 
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(b) �OOWU!ioAS 
As Ch•un'3 ( 1 95.5) ht.lS noted, toohniquoa for ooa.et!l"'lncr tbo ocount of 

aaaoo:ta.tion oco-� in aioorotoly d..i.::rtz""lbutod dL1.tu v.ro foo. Rue ( 19l�) 
hl;a I�VlorJOd a n.u.."llxlr of rx:rthods tJ 'lt u.ro nvo.ilablo nnd Ch ' ... \flG ( 19S:J) !1.. �e 

applied two of thoao to tho probloo of ootin.�tinc tbo rcr�oc:t.J.biliey of tho 

nu.I"Jbor of l.ar:ba a.t birth. ';llQOO nothods GdVO oatir..utos wh:lch fulJ in lino 

ni tb tho ontir.lL!.toa obtt�lnod by otla:::r \iOrkero on other broods 't:JIJ mourw of 

�·-�ysoa i.."1volvin:; int:t� und ilii:;or-cl, ..ao corro.l.•.t:lons . A l:x)thod of 

tlnH:WGis ... l.JJPlicublo to dnt<.:. tiiets.--lbutc-d in an nl.l-ol'- nono cun.Tlor into tt'1o 

eutoJoriOs !ua boon uoot.:. by nondol ( 1 9%) to oati.!..J;..:.te tl1o r'Opo.....t:.lbili ey of 

nv.ltiplo b:trths, n.nd co.vo l''oo,,·; � COl1_n1.ri �blo \d.tll tho intm""'Cl<.�os col"rr:.utioM 

:1-!;cl 1�.,ruoo.:i..onn obtrdnou by Joh::..-1ooon < '.l l<l !hnoson ( 1 91:,3) !'Cl .. tJ.lC u n.; i:x)czy 

:.D p . . Pt of' �n at·toDpt to clcvolop e.:;tin.f'i..l.Ctm--y nothodo of' ani.JJt;�-; 

ti.i.sm .... otc u._..,_t.. �, ':'J�li.a ( 1 9t}2) h.:..il roocmtly pabliahed n ootlxxl of' cct.i:.":.'.!tiil� 

tb.1 d0£.)."'1.)0 of correlation, uitll p . ..:..·ticuL:r ro!'m"''nco to tho [,"'notic <.;.i']Lllysif! 

of a11ocp fo.rtllicy O.t:t.tl:!.e �lC r:cthot1.. io h.�ood on r:x.�..Un.ll'J likoWwod 

estimt!.tion from 2 x 2 r 3 x j conti!'J0.>GI10Y td.bloa � on tho u.aour:ption t.J.u t 

an uni!:nl ' e  potent1Bl to procluco oft� is � dietributod. '.il1o 

met.OOd ban not boon ueed 1n the pre ent instanoo • mJnly because of tbo 

opp&"eelt inBooostJibilltu of tables of ordinnto of tbe bivoriato norsml 

distribution. In acldition, it is not o t whether tbo posiU.ono of 

tbo threshold la obto.f.nocl 1(1 this ootho4 can bo oo.aU..v 1nterprot.od in 

I'Olo.tion to tbo � YOUil8 ( 1 96J) 
aetaUa o� tbe � tblo to 2 • 2 � tables in 



appornl.i."'t to thoir paper. 

The adv-..mtueae of wsh . D C956) oosio l"''<'Jl'()O:lion approuoh to ropoutabilley 

ost:l.rution will b.�vo ulrtx� booomo obT!ous. Firatl3 • tbo r.ootho4 providoe 

a rx:xms of L'l.nenorlng tho quontion ot whothor the di.t'toronco botueon zero 

lanbe nnd ono lar.lb ie oi' tbo �'Xl oiw , in toi'OS of futuro lunb 

production, as tho cli:f::t'oronoo bo� ono lnob D.nd tuo. Soconill3, rGu-�ss­

ion oooff':leionts oot:nuro tl¥) ar:X>u:).t or esoocintion fra:l tllO point of v-lou 

of l'lrodict:Ut fut',U?e pcrl'orounco on the basis of aooo proVlouo record tllld 

uro thoro!'orc tl.i.l:'ootly npplio�blc to t1lo z;robloo of rumen� fuwrc 

porforr:.nnco. 'lll.ir<1J3, the rXJthod io o...sily .:\PL)lied to f'ortilitf data. end 

:t."fl.st 4lts fi>on <.Ui'f'cn--ont �;roupa oi� · 10op '\I"C 01 oily pooled. 

':110 IDO'J.1to o.t• thin atud,y 1 in conJt:uotion rrith thooo of Yo·�U\; yt ql. 
( 1 9G.3) 11 -rrou..L<l sooo to indicnto tl1'!.t ttd .. nnin_) and bu.!Tonnco�: r..o;.., not •2-lt,_;ye 

rcpronont �• s�.r:rlL �· under�)[; '-'"'uotic phononon ., Lmli t.l1.. :t 1.i OOIJO c�-ct.:uJ­

au.nooa Goloc�;;lon for- t\'t"J..P..S Ed.,_�rt llG fJO!'O offoctiVO th.-...;1 oolocti,n::; <'.._ :.:.:.i ;st 

oo.J."'rClmooc in incrounin; tho lll'otJ.r.J.; la :�L production of: < .  flock. 

1. ;1 th I>..-:rticul,.il'" roforenco to tho �uoul to ob"-... uinoti. u.liovo , :1 t is t.lJC 

prodictivo v, J.uo of t\'Jo-tooth bo.r:L'{)nnooo thut soor...s to roquiro pc2"'ticu·l.�;r 

consido·.�u.tion. !lho ropoot.::t.bili'tif oi' barrarmeso at tho too-tooth 0(;"0 ia 

important in ooleoti'VO � pruotioa for tno roo.aons. I..11 the tirot 

pl.aco a. lrldl proportion ot OOOG is likD]¥ to bG clry tlv.lo-tootho und t1 

brooder.- wst c1oo1 t to 4o with the llll1ml. • Sec� • the UJo-

tooth record is ftrat cU.root item t �tS.on the brooder hlls on n 

'a l'Opl"'t\uctift , 011d aqr that rti.W bad frcm 

onlltna baee4 011 � bo without 
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consequent dall.\V of waitint; for subaoquent rooords. Some pertinent 

in:f01"!:10.tion ooncornin{; the subooquont porf'oi'I:!lUme of O:r:t two-toot11 oT;os 

nill now bo considered. 

Invostica.tiona on Rotmeya r.ndo '"�t the \'thatarnut..'1 Hill Country Rooonrch 

Sta.tion hnvo shorm tbnt ovor a poriod of ni..� ycx ors only ubout 3;.� of' tho 

orroa haw boon clr'J for trJo succosoivc L:� 'hil\) OOt. !.SOn.S. Of tho dry trX>­

tooth m.'Oa , 81, . l.:.:.nbod the follorril1( ; yOt r : .:;,  :t"ot.n-tootil6J of tlXl ou�s 

dlioh l.anbod , �a two-toot.! \El ,  82,: lwubou tho !'o.Uot·Jinc yoor aa .ftr;..tr.-toot!w. 

From ttoso obooc�1.tiorw �er ( 1 �!)0) cot1Clur.lod thut 0\·,ua uhich r10ro dry us 

v.-.�tr-...otha TIOl--o j;wt :..c..-:; :.Wwly to l:_:.r:ib ��a fotlr-"'oootha , . .a tlw oo rhlch h:.!.d 

J.c:J'Jbod tho preVious yee.x.·. At ·,:hat. .w:1L.r'V-.,, c'l.JDD tdlicll £;�:iloC. to 1. nb in 

two succonsivo :JL'L>J.'C ?'li.tVO boon ro·t<.!.L10 · ,  f'cn: dDt�J. ) cJ. t:�t;..1cy. ;�5 of 1 14 
tr:ico clrJ e'..¥.)D u:.r:ho<}. in their th:i.r-.l oou:�on ,. Oi' t11o rou�i·dn'; l;:� tl.u:-:1.ce­

bnn.:-en o·. :os , olu.u,;htol .. sti.:td.iee a!lOWLd tv�. :'(j 1 9  hw..cl bloc.i.:od f-.llopic.n tuboa , 

11 ha<l an into•:r.lp\.:ed p!'O()>o.:ncy c.·nd. 5 h . . i1 , ;,11 :lni'ant:l.lo roproductivo u_ .. c.ct. 

ob Ol:lf.'V(J.tiona , to(;ctho.� �Jith c. oot)ar:.:t.o ox;•.ui.nntion of � otiOB ol�"u�)l� 

ut o. f'roczin:; noo.�zw led to the conalu�ion thut porrno.ncnt otorilicy in 0\Joa 

is rolatiwly �ortunt. � 1 .2-c o£ the t'lhatawhntn coos oore dey' for 

t.hc'Oo euooessi t10 seasons. 

On tbo ot.OOr lwnd, narton•s . (1947) analyais ot the rocords O'f a 

Zeal.Md. B.otane3 stud flook in 1lh1oh thoro bacl been no airect eelootion 

86Q1D8t 'ba.rrennells. 1n4ioa 

Q � � of a..,. 

a c1t.tf\veut a1tuu:tion. Data collootocl. O'V'er 1l 

1lhtob tail to l 

oloalau.l,&JG ... tlllo-'illoc)t.ll�. 

h Cll 
ftol'OI1ce8 in aub equent 
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In the flocks i.'"lvol wd in his tuin.:i.i.� solo. tior! ox;:>or-l::xmt � 

�,wJ.J..xc ( 1 9;:;8) fO',m<l tcu1t crros eh-.; eo t'.;o-toot.!w t'JOrO L10ro prone tc be CJr.y 

en tlrl.o bes:l.a it is o:q>cctod thwt 

busbo.nc!r; �cos (o Ll'• tb3 t'l otudiod by lbrton 1947 • C-oot 19� end 

8l.loce 1958). tJOUl4 m e aarJ.lar proportion of nninals 1n tbia oo� tban 

t'l.ooka rtm Ul1der ldll cotmtr;v ��.au.a.tt.ons. In this oaoo 1 t io alao o�ted tint 
a h1Gbm:" zoepoo.tald 11 \v of lJal'l"miDWSS muld be eviclaDt. 



Tho tlook concome<l in tho J.:>rooont invent.iGI:.tion, L.S t�.:.s ulro�4v boon 

pointod out, hti.B boon l"Wl un .. lor cood uonox.'<:J. nutr:l tional una huob�!.mlry 

con<litiona, th1.3 lxd.nc; 1n oontr-.... nt to the cond.itiona lOl'tninL·'lG to the 

;.:a...�o no k3 conr,i(loro�. by Yor_ ne SLt ��- { 1 %3) ...;.�l:. \,. ODCl"iUO·.'- lzy ":tlnlor 

ot t�. ( 1 9S9) • ·indet> t. lCDO !�ol.:t1 VV �JOVOI'O condi tioruJ it � .i,�ht ovon bo 

th .t.. < the tuo-tooth. 

\ !oru r �. .:tnJ.y poot•JJ con,:.itton. :.l C\iCB y;iJJl fup1}in:.; ood._y\·.'tl.l., ;htc ro •.nc..: ti tc 1 v  lb . 

I".L1.r!: or lo::.c . Coop ( 19G;2) h . ..n obt.. :.inci.l DimiL..r l'C3'U ta l'rOi :  �.�n < n  . •  lyoiG 

of' tho urccd:tnc pol'f'ol"l'L.ll.CO of o. l.ur ;o mu.i>or of orJOe of �1 var:tod history. 

7' to t Ltu CnJ.o mo..l.inJ.y i'l�J Corrie<1.J.c flocks ovor '-· period of 1 5  yo:.....rn , [Ula. 

shOi'lCd on uveraco, thut 6, of the �s r.ntcd fu1leo. to produoo l.aobs. 

In relation to livooei ;ht, howovor, the interos� :finc:lin.:; tLS t.bclt 

the inciclence of barrenneos in croups of Em'eS appearod to be rclutively 

independent ot the meun liVOt'roit.:;ht of the ewas ut tuppiJt�, provided thio 

a l!!b099 tbe 90-1 00  lb. rMr. At 11 hts belcm this orlt1oul le� 

tharo o:d. ted a rapidly inol'008in6 of be.rrenoosa \'.d. th � 

�it;bts. tronda q»pliccl to botil turo o ,  and to th 

orroa mated 2 WIDI:ucn 



The sienil'icunce of t.11osc t"lndi!\;s io ot pnrtioule.r rolevenco in 

rvl��tion to the t\n-tootl'l cno � .. nd. poi !ts vut.'Y :Jtl a .. ;l.y to tho nood to roar 

8:iJ::u.lcr concl:uti.ons l1..�vo boon t'O; :.ohotl. f.'rvrJ hOt� �et ru.u•il'lt..i s tml.ics l"cport'-'d 
Cl 

by Coop d.nJ. Cl£\rk ( 1 955) Coop ( 1 9r. ) {>nu Gl.<:lrl�c ( 1 958) • 

f:oroo further Anstr..U.iu.n liON on the :. �orino is of intoroot in ro.!.ction 

to the roL.,ti vc cc.ins in l:tfot:inc pcrfol:'! :.unco f'rom selection for tvd: :n.i.r�_; 

D::.r•rett nnd ':.il� ( 1 9S[l) rcpo:.d;ou. th� .t :tn four out of' f•ivo : ·0rlno flool� 

· , r-'l.; • · .. , ,. •• ''"'�-. O L �- "1 ( 1 '  ,-� ) )' .. ..,.., . .  OH! - J .. . .... tJi lF'> ·.i '" _1_iJO t 1r>· • 
.:t. .  ,__. , , \"lJ.. ..... '-.d.. �· -� � J  .t.\.., • ..J. V • .k - (.., !;....; � " --\. "_. 

'lhe intru-o\Je correlation oocf\'iciont 

Wc.l:l o::rtii:ntcd :.s 0.30 fol"' the number of' la.r .bs por birth. 

( 1 9G2) f'urthor reported on tho subsequent p�orm.-.mcc of theeo 2 ()l"'UpS of 

0 t 

g.roup. nd.a al tuat1on 1a tl to 1n liDo tti th the ftndin6 f4 JJorn>tt and 
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!.'.ay (1958) , the ad.ditioml locba in too prooont cuoe boiJ'lb clue to a llit;l1er 

proportion of multiple birthll. Over the s:lx youro 46. o:f '-"ll p&turi tione 

prod teed a.Utiplo birtha in tho t\iln i.,.Oup cor:·>o.red with onl3 14  in t."lo 

'l'ho nbove work Ju.s boon considored to dononstruto that '-"n ini ticJ. 

d.:i£forenco bot;roon zero o.nd ono 1�.nb is likoly, tu1dor ocrt.:iin o:1viron:1CI1t..."\l 

· ."1 ," y·..", ' h4 l '''""' ""'�' YW.> ..,."(' " "'iOn ,.,,<.. ·i t ·· · · ol· ·  · � O""'Y'I ·"d , r. !:v� U!M ( "1 1 • :· ·. \  ·"O'.,.., r<n � ·� ..  1>k, o,..c ....,... lo .a . l.v\J • v . ...,- � a...r toa .. o,t \,1" . -.�. . ... .. J - ""-'L' .. ..:...: , �v .. · � • \ �' •«- J . - w .... � 

�iuoough tllC roJ :tionship betrroon tup:"Jins 11 ver;oi �ht end 

&tbneq--.tont rcproductlvo pcrfru."! .u.noo� thooo potontinll.y fortllo oniu.:. J. c  r.-ey 

tend to ohoo un int'01"ior ropro ··.lctivo porf'orr.-:.nce o.t tJ1eir next lo:.:bin_; 

(\'icl.laoo 1 961 , Allen Md Lwm,� 1 961 , Tribe and Seebeck 19G2, Coop an4 

J�n 1962) . An effect of this nn:turo acting t1U"OUGh livmcl<.�ht oocos 

liltcly to be rolati ly more inportant bot\'IOen tho tm•tooth and four-tooth 

l.ambinca, beouU&e of a l"'lativo� groster pf\voioloaloal stroin of pregnancy 

and lactation 1n l'OUJ16 ewe • SUch an et'f'ect r-.y be responsible for the 

�����tab ill V of tn1rm1nB botwoan tbe two-tooth and 

tour-tooth ase bG 

ln the pre ta. 



1bo c�ect of mtri tiono.l und grootil lnfluoncoe uooociutcd \'Jith an 

a.."li.rnl ' s 'birth ronlt rna.v LU.so influoncc tho prodio ti ve vuluo of the tuo-

tooth lanbin..; rocot"(l. 'ihln <...a:>oct rrill Le discUEJnod 1'-ltor. 

! t so uno CJnco �- · ;, :.ln oooil."'nblo to 001 :olclUJ... . roula.1o ol' i'cr'cil.i cy 

U(X �O'-Ircr.'llmt on �l!l ... rlthr.ot:le; oc<.tlo or v-l.slb1o u<:pronsion in ro.:. .tion to 

of [l V�T:.I tti..i'i'o...'r'Ont nuttll"' 1rcn t!lo inhuri t;.:�n..:c of fm.�t:ili't;y- , tile two of n 

lint�<.-:r M"lo eo-- ; ·  d lo, ·d. to the lA'On ; rcL �ti. vo cq>h: uia bo� pl�.ccx'\ on clr'J, 

s.in ;lo-buc2->:i.n. (m<.l tvln-t:)(), rin · oucn in c 30 .i.c,·cti(m pro:->1.",1[.: 10 ovol�..rctl fi"'n 

in·�orprtJ ... , .·:.:ton. Al 'thou.:)1 t�10ro o.-;lst ocv01·,� roCOv1rl.zo,:. ori toj:•la., (' t 

1<"-<' 3 t i'o · thtJ cc,�o 1f eh; .ll"-.\C torn ohou:L."1c; c� contirruoun <.Llotl >:l bu tion , .ri_)xt 

( 19  52) po.:nts out th.:� t t.hc Uiffo:ron� ori tcrin aro oftal inconais to:1t in the 

acc.lo tl1q1 :i.nUico.to, end the ao.ne criteria �p.liod to the :KIOO o!'Ul.raoter 

1ndica to o. different scale 1n diftoront popula:tions. l!.athor ( 1 949) 
proposed that for tha purpose o:£ genetic analysia, 'f1i th particul.Lr rofcrenoe 

to tbo estimation � horitabilitt}', Geol.o should bo ohooon Y1ith the object 

of ol.ir.dnatlDG all 1ntcroctiona eone loci. Given eufficiontly 

deta.Uod knoul � e of ceno action on apprq,riato scco..lo oou14 

po ibla bo clo'fia , but einoe !Dtemction D\V tab 4:lft'eront torms. n 

oonsidemblo EUliOUIIt or l1.koll" to be 1nto1 

Rae'e ( 1950) tecJI'd.qu.o of fiMIDC n 8Clll to maximise tbo I'CtJI'OSllioft 



of offsprine on pcront is no uoubt u use�� ono in relation to �10 conotic 

pl�crcns posniblc fro� aelootion. 

it opplioo to d:.Ytn on tlw nur:lber of' la!.'lba bom to oTro o ,  luvo been 

Since hor:i..t. �bilicy ootlrutoc dotorr.!i.ncd 

oo tJ10 ad(Li.tivo conotlo v::u.·l • ...nco, it cun:1ot l>o inf'orrcu th.:t tho c: .. .:tc JLtod 

( \ ...-.."""'"to"" " "' . 1" -,r: · ,..,... 1 ( · ! ·-.:.J' ) -�·"!." .,;,-.) .!. •, 1,.1 & � . .I..#; #� ...... .;.. , _..,. • 

A second r.c.x-.lcirotion prooodu:re tu.cl:lod � Ch'i.J116 (1 9S;;) inv-vlvc..xl tro 

et.tme.tion of the pntornal � ib OOlTO.iL.tion. It is oooont� of tho 

'fi'pe o.e tOO ohovo , tho thoory in this caao haYi� boen dooJ.. t vli th by 

Plabor (1 950). Srulpl.ing errora ore expe,:.:� .d to l:to lartlo 1itb this oathod 

ot tabUi v ostismtt.on• and 

uea that 

of � b 

1Dbari � 'ftaMlt ty t.n poultr,v ( { , 948 .. on4 aobertson run 

�1\QZ' 1949) In 4l8o � to a.beog tos-t1l1 t¥ de.ta by Ch 'M6 ( 1955) 



Tho lutter worker vtt� oonoerood with oatin>-ting the 

herH£ibilizy of multiple birth rate, \#hilo Ch 'une np)lioo the tL.>Chni<pos 

to oatir-1� t�; tho ht:�l'i tnbili 1<1 of fu.iluro to li.u:lb �mu tvrlnninc. �110 

eirdJ.ori zy or 71'10 ostir11: �1:oo obtu.inou lrJ �h 'c�16 ( t!10J u .vcx\ ,__;ell 0. 17 ;..n<1 C). 1 3 
ru&pcc ti voJy on o. oealo of proLd tn) , s-.1_;;_ ;osJ ... n th; :t L'- lin{..!<..J.:' cc.::.Jo ! ::1 )lt 

'2110 cnt.i.rJ< .t�vn chould 

c:L .n�:::L. ':J.otl .. 

c L. .. r.b u.nu t.i'lOmJ t.hich \.tJl '0 bcrron. 

�"�" ).o 1 >orl t .hl : it./ o:.' ·tt::ln:rtn · u n ont:l.u. :toL. �.n c� s 1: :::.L.r 

ono l.:u ll  t u i.:.•·lh, uh.U.1 · tiw hm."'1 t._bili i;y o::· tu:tnn:ln,; c'� ".l.�::po�1 ... ��:� 'l;.; t 10 

. ·enct.tc portion ut! 'tho phonozypic di ffc::.�EX I:.;C 'bd;rro�n 0\'70:1 >roL. cirl__; ono .. :.nd 

Fot> this %'0; :.nvn prcc iac ir;torp:t'C-:;.. .tion 

(a) l;;i)thod of Anal3sia : 

In an utteqtt 1io investiaate soalo peoulillritios the method adoptod 

It ie ba.eical]¥ s1milar to tho 

cl in the pre9io 

BellowinG g1ven lambtn · • damo have been olaaoif'lod into thos 



producing 2)01"0, ono or t-m lambs ut birth. The uvertJGC lamb prodllotion 

(nt�ibor of lur.lbs o.t birth) of those :rorclo ot'tspri!l(;, Tihich h:i.VC entered 

·wi.thin your of birth oi· the oi'S:'c:>rl:-:lt.": mJOe. 

;{ n Ilyi J• � 

1. ) - :1... ---
n.., n..,. n x . �"'· ·I· yi :s. • · i &. 

• llt·re n o._; .  1 ·.: .s tho n· <: bcr oi"' o:ri'n_m::tn ·: CfJOC b. l"fl ln tl1o • ..11 '""L.l" und " ·' ""'"" V - tJ """' .. i 
hclun ;ii\,;: to thu i'l.r'J·� U.ur:1 catocor-J r;ny ,  o.nd n _ t: lC nu:Jbcr born in the c .. ·.;:!o 

yi 
ye r bu� bol on ·:in,:; to (', occ ond (1.nl:'l on Wt ;ory • m' c re-'Oorti.a woro rup ..__;_ ·.tod 

±\;� -t.ho o..·1se rfloro noro than ono o!' hm"' fen �lo oi'fsprin(; mtorcu th:...: t'lock. 

Sinco this 

eff'oot &ee1"illd l:Uml3 to be d: to a low level of terUli� on the port rA 

the nalo, these sire f3S'OUP8 \10rE) exolu4od fl'-om tbo ooin lJoCW of too uoo.J.ysi s ,  

d Uks]¥ to clisturb tho �tion 

teat 



rear 

1,.7 

1948 

t� 

1950 

'"' 

f952 

195) 

1951. 
------ ----

� or  Lambs Bom per Ewe Muted ( LP) Classified J\ccordi.nc to A{,.--e , Year of Dirth and l.lotl's 
'l'Go-tooth Lambing sto.v..�s. ( Ofi'spr� o£ two-tooth d..� excluded) . 

-

t.emMna .... .... � l:.-tooth 6-tooth 8-tooth Lif'etlme 
statua D L.P. n r�.P. n L.P. n L .P. � 

Production 
0 1 1 .00 1 1 .00 1 1 .00 1 1 .00 1 .00 
1 21 1 .09 1 5  1 .67 1 5  1 .� 1.3 1 .1 5  1 .31 

t t  1 5  1 .5.3 1.3 1 .62 - 1 3 1 .69 1 2  1 .75 1 .64. 

0 6 o.fi? G 1 .1 7  G 1 .00 6 2.00 1 .21 
f 42 1 .o9 39 1 .26 39 1 .2B 32 1 .56 1.28 

1 1  21 1 .19  20 1 .25 20 1 .25 19 1 .68 1 .34 

0 10  o.Go 1 0  1 .00 9 1 .67 9 1 .56 1 .18  
1 90 1 .o6 87 1 .24 81 1 .59 75 1 .37 1 .31 

11  .58 1.16  35 1 .26 30 1 .63 29 1 .52 1 .37 
0 2 o.oo 2 1 .00 2 0 .50 2 1 .50 o.75 
1 ' 1 .00 ,. 1 .50 4 1 .50 l> 1 .75 1 .41 

1 1  s 1 .00 3 1 .33 3 1 .67 3 1 .33 1 .29 

0 9 1 .1 1  9 1 .33 a 1 .38 - ·- 1 .27  
1 24 1 .29 25 1 .�2 24 1 .� ... - 1 . 29 

11  1,. 1 . 14 1 6  1 .38 1 6  1 .44 - - 1 .33 

0 8 o.63 9 1 .CO 6 o.67 G 1 .33 o.89 
1 78 0.95 72 1 .24 62 1 .24. 59 1 .05 1 . 1 1  

i 1  ,. 0.76 33 1 .1 5  29 1 .34. 25 1 .44 t.1 5  

0 ' 1 ·'' ' 1 .33 3 1 .33 ' 1 .3.3 1 .33 ' ,a 0.81,. 36 1 .14 34 1 .1 5  32 1 .,34. 1 . 1 1  
11 12 0.92 12 1 .17 9 1 .33 10 1 .40 1 .19 

0 2 1 .50 2 1 .00 2 1 .50 2 1 .50 1 • .38 
1 .36 0.94. 33 1 .1 5  32 1 .1 9  25 1 .20 1 .1 1 

1 1  1 2  1 .17 13 1 .1 5  12  1 .58 10 1 .50 1 .34. 

I I 

I 0'\ 
-.J 
I 



'lho of �oot of <..1. ooo ' a  birth r-dn.k on her ropl"'(lucti vo porf"ol"!;�e 

11:18 clf'..O boon stuili.od. Dirth r-..Jl'll: rofo.; ·n to v-zhotho:r:• tho indiv-lduc.l t7UB 

bom '-'S u mml>or o:r u twin pu.ir ( tuin birth rank) or not ( sint_;lo birth re; ;1�) . 
It conao•-J.ttontly 1Jt'Ovi{,UJO ·lnfol'rlt �tion on whc-t'.1or or :�ot tho i.nd:i.vtUt��l ' n &1;1 

prod lOCu mo k: l>s or ono at t.h.r-� t la.:'ibin� : , 't \7hich tho enir:cl und.ol... cons:id.or-

c.tion rk .o bol"fle J'.cco.r>tl.irx;ly the oi'::·eci� of* lJ:i.rth ru.nl'- h.J.o been otu:.U.oc1 in a 

:d.nil ... .ll" nm.nur to tho r.�hovo r:l0t..'lod of' mli �cio, Ot'JtH� in thio unoe boinc 

c:J .. ansi:f:i.od into tTlO c;·roups on tho l.Ktsio o �· thoir dn.o' a roproducti vo pori'ol.'I�Juncc 

u.t th::·.t l<.:uuln:.; • ,t nhicl! t!lql rJCro bo1--n. 

(b) H.oat lto : 

(i) u- .::'llJ .;)PO\luction of Ci".'C�1 Cl; .t ;DL'loti t."'.OCOr�J.lr _; to the r:�nbor 

':'hJ 1.Lrotl::l0 L.l.!Jb production of' o:._�ch of' 

tJ.w roup a is �.loo ( ;:l vcn, Lnd roprononto the tot. .1 !T-Jr1bor or lu;::-.bs . I'o�.-}WC;d 

por m:te por lnz:ii.Jin,.,;, vtth no correction for .:.!t · of cr.rc c..t lc:!J:lbin...;. ';'ho 

three l..atlbinc status ccAto0-orioe o, I end n, indict1.te that the &41':1 of' the 

ewe produced mero ,  ooo .. md two l..'U!lbs at birth raepootivaly. It 1a to 

noted tbe.t EmOe born to two-tootJl bavo not been iDcluU.Od in this t!l'10ly�.is, 

as such czWoola v10uld contribute to statue &T0Up8 I an4 II onl;v. 

The weiehtod man clifferencea between tho statws oo�ories 0 and I ond 

I llJJd II poolec1 own"' birth , prssontecl 1n Tabl 1 5. 



Statue ·-

d.ift' .. 2-tooth 

I-o 0.26 

I I-t o.os 

'loidltod doan k!mb Production Differonooe betvTOOn 
l'.nmbine Stt.,:tua Catet.,""''rlos. 

(Ihrren airo croups elroludod) 

flee Pooled Lifotir.le 
ovor L:.w.b 

z,,..toot.h 6-tooth tooth all egos Prod. 

0.1 1  0.1 6 .21 0.10 0.10 
0.01 1 0.1 1  0.2.3 0.09 o.O') 

Diff. 
botmon 

Glaee 
means 

0.07 
0.1 0  

pro&lcoo per 1£� po:ii? a • .'o !'l<'.tod ,cor::bino�. c.n t'lO:l._;hted oo�!.l1 ovor>: Tl , , ·os �'-ud 

lnol:..tdil'lt; e:ma born to '1:\'10-tooth &ne in the <-�sis did not z:nr1�oc.ly 

int,.luonco the pooled woi;jxtod rxxm d11'farenoos in lii'ctir.D lnr...b prcxluction. 

'lbooo wc:ro 0.09 and o •. ;7 for the st<.:.tus di�'f'oroncos (I-o) i:'.nd (II-I) 
rea.t�tivoly • while tho di.n'eronce betv�n c:l...'l&n m<A:..ns indioutod Vtlluos r4 

o.oo � o.09. 
� inclusion of a number of the s1ro 6t"'OPB which exhibi tod an 

abncrr:cl.ly hi8b incid.onoo of bnrrennese c� tbe pa.ttom of' results obt<:dned, 

as u abown by tbo ooof'N.cionta reported in �lo 16. 



-70-

�m 16. \iei31tod IOOD.n Lr:r.1b P.roduotion Dif'fcl"E1nnCD betnecn La.r:bina 
Stutua Classi£iea.ti.ons. (Sovorcl bcu"ren sire croups included) 

st:.�ru� /l(,"' Poo.lod !.:i.t'c-..:.i.:f'f. ,.._.,.,._ over 2-tooth �tooth G-tooth 6-toofu cll �-ea t:i.o9. 

t o.22 o.oG 0.1 1  -o.25 0.05 0.05 

n-I 0.07 0.02 0.14 o.20 0.12 0.12 
- - • 

In this table anon born to trro-tooth d..'infl have �e a,:;.ain been oxcladod • 

o.o� fbr (r:-r) . 

prcsooU)d in Tnble 17. Lc..t1l1b pl"DCbot.ion hne boon Z"eCoriod an the pe�on� 

o£ ln.r:b s  bQl'D porooe matod. to Give re.aulte cm-o di.rootly co�lc mtb those 

of oth<r t70l'kers. SinGle born an1mnlD oro cJenotod lzy C! and tm.na by' T. 



,; 

tAN lZ 

Ar;e 

Lamb Production et Eaea Clasa1f'1e4 eocording to B1rth Rank• Ao<-e 
and Year ot Blrtb. 

( L. P. "" % lam b p,.od.uc l i o 11 ) 
2-tooth ,.,.tooth &-tooth 8-tooth f.UCJtime 

Year B.U1h n LP Jl l.P n rP Jl LP La.nl) � RMk ?rocluct-
ion 

1947 s .38 12i .05 29 1 55.17 27 1 2!i.93 2S 120.00 1.)1 .9' 1 .. .20 
'l' l.6 1 19.57 ,a 16D.79 ,., 140.65 35 14£.86 142.95 ( o.ao) 

1 948  s 62 104.84. 59 1�.03 59 1 27.12  lt9 1 59.18 1 2G.G4 0.78 
T 37 1 1 G.22 J6 12.7.78 � 12!}.00 '' 1 74.29 135.42 ( 7.05) 

1949 . s 59 100.48 53 124.53 50 1 62.00 li) 120.57 1 29.82 -� .37 
T f SI.  1 07 ... ,.. 11tli 117.81 1.)1 1!4.96 1 20  140.00 1 20.Z.S (�.Sit.) 

1950 s 1 1  90.91 7 100.00 7 8!).71 7 142.86 10.:i.1.5 3!).,3 
T 14 �.86 1} 1 5!jJ35 1) 14{;.1 5 12  1 66.67 1,0.46 (+�.67) 

s 50 1 1 0.00 S2 121.1 5  so 15(:.00 - - 1 25.00 12 • .)7 1 951 T .J2 120.1' ,.. 12.G..,..7 '' 1 57.58 - 137.,-r (13.72) -

1952 s 1.6 "·'' ,., 12!).00 '' 1}0.Tl " 122.22 H7.39 -1 1 .75 
., 78 «4TI .,., 114.8'7 " i tG .. 95 '' 116.36 1®.&1. 

f9Sl s ao 1 1� 20 11 5.00 ., 1.56.&. 19 126.'2 1 �.08 -1 �.55 
1' J7 .78 " i U .ItJ  J1 1 1 2.90 -'0 140.00 1 10·'' 

. 

.,,.. s " '�� JS ut.11  ,s 1 1 1  27 12t.6) 1 14.06 J 
� l2 101 � t06.2J '1 t.JJ.48 JO 1)0.00 120.00 



� di£forenooa OOtooan birth m.�: Olt\3BOS e;ivon in bro.o!:ota in the 

final oolurn of ?nble 1 7, ropro:;ont the lD.r.lbinc pereent&..;o dil"fercncos 

ropor".;ou in tho papor :rood by l':iw and Ch 'a.n.:; ( 1 9:J5) . 
':i"l1o pooled wo�hUx1 00/.lll di.i'foroncoo u.ro prooontod in ?ublo 18. 

tJlO v�rlo.tion:J :round. 

,., 
J\ :o o{' ""' lJE:i..':i 

2-too"'dl 

4-too"Ul 

(,-tooth 

8-toot.h it 

I 

· .ol..}rtod ; �uun Dif'fc:.:�os botuc-on the ?m"Co::u ·o r..::-�Jb 
Production of 11\JvL� 'Uot•n i.:o 3in _;los c ::1tl :::rrlns. 

-·--=oc:e . 
�. . ·u of. Bno -'�· 

2-tooth 4t-tootJ1 6-tooth tooth 
-- ..,.......... . . 

.... 9 .?9 1 1 .70 2,5.6!) -14.96 I 1 0.14 -1 1 . -74 •1 0.93 35.33 
2 .42 10.0.'; � % - ;:; . · 1 1 .37 

-1 0.i� -1 �.07 - 0.9.3 1 .135 

t"'oolod 
ovor 

o.ll <-<JO:l 

3.32 
4.02 

3.4.. 

-7.32 

' 

,............,...........,. • �-·"-

..:V.ns o£ !Ul - o.79 o.o;s 0.93 a. -?G 1 .71 
i�'OS - - ...... ·�· . ... • ·�--.-;s; .............. � 

� t.JQ:i&lted mea11 ui:('fel"'DJo in the lii'o't:.i.oo 1omb production o£ si.rlJlo-

o..nd t\'1: born O'A08 avoroaod 1 • 75, • 

o1aaadt1 cl cm tbo ba.e1& ot 

• • 



of OtJOs clt�sni!\j.ed into two �ups accorc1inu to v.dwthor their On.r.le produced 

tuins ( '..:' croup) 9 or diil not produce ti'Jins (:1 (;rOI.tp) o.t thoir too-tooth 

c.ppropr-io.te l"m'!G of Table 14 uith tho " d.rth  rt.n\: &rt;. .. l'or tvro-tooth &:rw, to 

-�vo tho rJCUn po1"'Ccnt of lru:lbD ;}rot.l.:ucod by tl10 Il and � croupn or otroo . :ho 
diffot'Ol'lOOa ,  (T-iT) , bot�7001l tl10 tno c ,1�ot1p3 r..Gl"' COl1hinod ovol:' tho birth ycx..rs 

roprono: rto · 

·,;oi[;lrt:.od i'".oon :l.lift'Ol"'O!'l:.;o ii"'l t:ho Pm"Contucc L. -.r.;b ·""rod­
uct-lon of: 1 lr:os �.le .soli:i.od on the ':-:'U .-tooth �� 1inn:inc 

flori'm.�t .!lCG Of t!toir !)o.I:.tee 

---�-. -�.;!(! 2-tootll 
. :u. • 

i 
tooth G-t.ooth . _,..._._.,. .,. ...... �� -...:o! .:})i:oG><l 8-tooth r OVu-."' - �l f 

_ ___, 
. ..t 

'.:if'c t:i.J:oo i 
! 

I 
"' 

';:-n i I I 
. -

l, ... �� 

( :.>.20) 

- .. ......--

4.17 14.00 
( 51 ) ( 1 6.�)0) 

1-· ..... w 1 I 

1 1 .01 
( 13.48) 

r�_:oo · 

� ............. , 
7.9<- ! 

f 
(9.!:.3) f 

t 
i 

' 

---, e.ou : 
(9.�0) f 

_ _  _j 
':'110 rrn_;o of valuoo obt.."linod u:. :.a  :·lOt a.ff'ootod by tho inclusion o:r o:lre 

c;roups o:thibi tin_; a lli{j.'l inoie.ooco of Q:cy ewes , an is Uluotrt'.tod l-t'f thG 
braokotod vuluoa presented 1n �le 19. 1his also fotmJ. to bo tr..to nhen 

cla itied on tbo baai& ot tbc tour-tooth 

OI"Cllll04!l& p ... ,.--�tecl in Table 20 



WoJehtad Hoan Dif:f'wonoo in th.o i?er\xutc&"' T...a.OO 
Productdon 0'£ li.ws Cllwaif-lod on tho Four-tooth '1\'t.t.nnirt; 

Porforcrmco of t.!loir l'nls. 

Status 2 .... tooth ,.,.tootll G-too·t.h tooth COt:lbinod I.ifotioo L'itt. 

T-N 

� ovor all 
li(;oa 

9.50 1 .54. .�l9 10.48 5.12  3.79 

and four-t.Doth l..o.cbilx;a. 
2. Group HT, nbose dame produood twins at their four-tooth J.cubini; 

o.n:cy. 

'· � 'It!, dJIC)SG 

ara:q. 
Group 'l"l, tamo 

VRI.'II'liM lamb pro4Dot!Gft 
�CUll ..LOEUU:JS 



!IN 

n. 

1024 

L.P. 

llea.n Lamb Production o� Ewes Classiftcd Accord11'16 
to the � Sequence o£ their Damn. 

rr.i."' 'll� 'IT 

n. L • n. L.P. n. L.P. 

121 .00 S38 121 .9' ,70 121.&.. }61 1.35.18 

{c ) Discussion: 

The estioo.tos reported 01"G oonsin'Wnt with tuo conclusion tl1:..t the 

horitlibili't\Y' or the 1o.mb production of coos io 10'\'io � indicate tl1i.lt a 

aooociated fr.i th soocthir�.1 lose than ono tenth oi' o. l.L'l:lb born pol"' lc..r::l:>inc 

in ttlOir of'fepr.l.nc;. �:cnplinc orroro of' those ostiratos have not boon 

roporto 1, but thooo tho.t \'JOI'e calou.L.'l.tod wore J.a.r,_;e in rolt'l.tion to tho sioo 

of tho ostirntco obtainou. 'ilrls is to be oxvcetod on the bo.ais of' the 

v:.:.riation oxbibitod in ?o.bles 1 lt., 17 o.nd 18, anu tho siao of tho SOI:lplinc 

errors reported in the ropeato.billey studies, oapocislly when it io 

� that ro-voatllbili tu studieo, :ln gonercl• t;nve h:J.chor ostir�:vteo of 

tho enoots consi� and were lmso<l on a la.rt;or volumo of data. In this 

118bt it becomes obv-loua that large amounts of ta are roquirad to nnrl'OW 

tbo OOI'lft.c1eDc intenals that oan bo pla.ce4 on tl1e ost:Silntes o£ acmottc 

�tV lsnb p�tJ.-on. 

t 



_.,_ 

f'all within t.be ranao of eat!mtes reported � Ch'an,g fort the same f"lock ot 

�. tl1ouoh tl.ltw in generol. tend to concresate o.t the lower encl. of th1a ranae. 

Wamers � the litarnturc on tbG inboritance ot fert111\V in 

sheep l1a..e !'ailod to distinguish betvreen tho bari tabili tq of number of 

lombs bom and the beritohiliitv � IIW.t:tple births, too roporte<l cstinntes 

bein::; low 1n both ooseta. � analyses on &nocl1ab broods con<luotod by 

Job.-uloon & !hns son ( 191:3) ond Rendel (1956) pX"'ducad ost.inntoe of both 
A 

theoo k:t.rlds. In aonaro1 thoro exietod no tcndonoy for the estiDntoe 

of ono kind to be l..argor than t®ao ot the other, on the OOsis of vclooe 

�plldablo to ono larid.tx; record. fjl� oc100 is true !'or tho ootirctoe 

obtained b3' Ch' ol'1<J ( 1955) , aYld wuld GOClO to oo contil'!.� by tl� prooont 

stuey. 'lh.i..s, the rosulto reported in Tablo 1 5  indicate tha.t a �o 

of ooo 1.:-lnb at a O\'l'0 1 e tvro-tootb laobiz\a ia on nvercl(_,-·e a.o.eociatod uith D. dif't"• 

o£ rbothar tbio init:tal dit.foreooo i.e botuoon aaZ'O and one ,  or 'botueon ono c.md 

tt1o lambs at birth. 

'lbe inclusion in tOO anolyois o£ a ema.ll mmber of sire {):'OUPS which 

exhibited a ltlab level of barrermese, hul led. to a c11tferont pattem r4 

OOlTGepond.trJs lnoree.Do iD the lamb Pft(blotlon t!S.jlftli�m botwseln tbo ata'bla 

8\1Bi�b8 iblt 1n tb1e ease • 



t.be consistency of tho cha.r�"G in the pattom v.d.th QGO soatna to � ... 

thn t the UJ.lo inf'm"'tili ey lli.�o intro<l:.lccu o.n olCDOnt of rtl.f'ldor:nosa into 

conetio nn�o.oooont or f'ortiJ.:i'cy ln cr.·;os . 'lih:ilo thic o::'i'oct in intorostinc; 

in th.::--�·l:; it a�'">Qoto t!k'1:t g,,_�o problon.o : -o;; (rl::.1o Ul"k re oonQi tions rirlOrob'.J 

h..lt'!'OntAOOD m"isoo u �(;o.'l.y no (' rooult of j!o.oeicJ.ontv.J..ll irli'l.uon<..:oe dl1.ch h . �vo  

li ttlo or no OOLU'lQ(; tion ui th un n.n:b.cl u ::_.'0110tio rop:�.""'duc ti vo pot<Jnti ... ll ,  the 

O!d�rOOnCO of ti':ds ;)D.rtica1o.r p0�1S1bilicy has 111..-tlo J?I":Wti0("\l Oi,:_;nific�nco. 

�-his is bo,�'-�uso undm."' ,;or.:r.Dro:L:u hus'!xulll.7 comll tions , a ono io ci von the 

op;}or-ttmi cy of concoi v-ln;; to ; ·-:'V' one of' aovm"':...J. dii'i'oront n1loo dur:i.n;; tJ10 

tappinG period. 

:;:!10 :l.nd.ofi.nito Of'-200�0 rOpt:X\."'t· (l i.11 tho ti·�:r .... Ltu.."ro f'Or the inf'lUOf\CC 

o:C -�:i";!O of birth on l:. inb � '�f'O,Juction n ... ll�o prJ.Ot:i..c:.J. 1.'0oor�X>n.1. .tion.s 2.li'i'iou.tt 

by the c ;:.;, . pl--oooniod in .', .i;l.u 17 ' 111\..!. 1 8 . ':'11.0 di:.'i"'c�!'Oi1Gas �.n . lii'ctir:K:J 

J.....:.i.iJ .!.').l�J .. ction p-rosontoJ. :J.. 1.ou t.:looo sil.J:tu�"".H:V to tho Vt >J.uo ... Popox·tuJ. :tn 

tliD o:;."i_:h!.l paper p:rooonto(� 1;y lL,o ! '..'1d Ch • :  lOG ( 195!)) l'or tho a�!!JC f."'locl: of 

.:;± :a.�n. :t.10 one excopti.on occurs in the o:-.ao or tho ost:l:Lto for . .  � :if;l:_J.a 
bort1 in 1 :J50 vhlch ia, lJO!iroVCl", �t.Ood on a ralo.·t-l vozy orna.l1 t\OOunt of U.C.ro, 

Tho a.'Ver< ';o �l rank of'£oot obttlined by Ro.o ond e-n•� vma around tho 1� 
narl:, fJilil.o in tba present data. tbo poolo<.l. uoi£:;htod mean difforoncos itldicnto 

e OJOh louer uvo.ro.ge whioh is of tlle ardar o� 2-,, .• 'lhis appears to be mainly 

duo to tm extra baequont year ( t952 t.o f95l+) ineluaod 1n the proaont atll-.l:Teis, 

and a h:J.ell voluo found. by the pre'fious a tu- a.niools born in 1 946. AA 

1a shown 1ft 'rablo 17, � t9S2 i9S.J indioato t!xlt tm.n bom animals 

exhibited an interior rrep� perrlonanco in ®q)ar1BOD uith thoU. c1ncle 



1EJmbi.nG peroentoao fur 't:b.3oo o.ni.l:!nls aLS bel.ot7 a�. espooi£'..1l3 o.t thG1r 

two-tooth l.w:::lbina. 
Evldaooe exiata nhiob sucgeats th .. '"lt tho v-c.l.lue o£ birth mnl: Q..'l a oritDriaa 

of roproducti vo potontil>...l f1JD(f depend on cnvirolli:X3n�� oond:l. tionc , c.nd 

enpooiu.l.l&' thoeo ru)oocin ted w-1 th nutrition. Rc.o { 19o3b) bae diocuoood 

thio oopcct o...11d a�stD thL>.t an o.ni.rx:U. • s birth ro.nl: not only provides o. 

r.w;,notl!:'O of' tho da..r:1' a  fortilicy for t.l1£.1t pu.rtiou.uJ%" l.:.&nbi�; , tmt also :l.nclieatca 

tll.:�t tho on:tr.rJ. i tsoH.' llLLn h:.ld u a'l.tornc�ly induced on'V'i..J."fJtr.x:mtnl hondicop 

iz.posod on itD c;rowth. f.JD.rw uori::c-J..'s lUl.W fouoo tLut cN'c.-cto Lbo to i�lpe 

of birth l'..:ai rot�·� (U'O en ir:p .:;::.'"'-vf'.nt oo,:�rco or vor.L:.�t:lon :i.l1 y;o._,_� oo:1£)1t. 

L"l �n _.;:t"'00�1t £'1ocl: Gh1 ..:11.._; a::tl :�.ao ( ·l%1 ) ho.vo da.""'lmwt::�u·bcu -:l1nt n.i.n._;lo 

k roc ru"' ct?i:n:-o:-:.t!:�:�:o.ly 1 0  lh. htJ .. ,vim"' nt no.:.nin:.; thr>.n tnin :!... .noD . 7!:1-. ..or 

oond:.ti.onn o-£ poor nutrltion it in oor.:rxm'l..y 1-.ourul th .. �t • �-t.. ·the·!.:' i':::..:."c:.t tnp·l·�nc 

mln horn trJO-·t:ooth CH'OC l1.�VO C. lOUCU.' £WC1'"0. '0 :ivm;o:l.. ;ht t! U:!.l1 oi.n,_;lo born 

an1rnls , an�l th.io cun pooo.ibzy be c�ttributod to n poroiotonco of tho r.t..�tol�x!.J.ly 

i.L'posed r;ronth handioop • In thie vcy t:!JW intl•.lrurl.c &raootio supo:::•.i0ri "cy of the 

tm.n bor.-i Ct'i'O ney be mskod by a posit.ivo env.i.ron:lOn'f:('ll rol.:itionohip botTioon 

'blppinc 1:lVcv!O:icbt und subooquent reproduotiw porfon:nnoo. '.ibo , •roviously 

cootioncd rosulta of Vlallooe ( 1 958) are pertinent in this ros!)oct. � offoot, 

1n tu n, J!r:\V cl. mean that an enirool ' s  too-tooth po�e oey- not 

!VlCCsnc.ril.y bG a good GUlc'lo to b3r potant1sl rq,l'Oduotiw aci 1U, tl'lBl" 

tb1s bo 0() iCie.Nd in ro.lsUon to the aubeequent perfon!nnco � the � 

c.tell or m l"'lntlcn tbe � or her oft� or other fGtlllle 

ts.w. 

In tbe cas or , Gh '8116 (p • ocmn.) hBa. 

touD4 that u ' •  1d.rth � 1a �KltJIOil'lbJI' not aaeooiated. tb a 



li�ieht c.l.:tt'fGl"OOOG prior to tbo two-tooth �. Noverthelecs the 

poocibilicy ezists tbnt tho (,.-ooth pattorn of an onillnl, as O(;CI..inot tho 

curzulativo infiuoncoo oou.� qv boc\Y"t!0:1lj!t, rng l:Lve oooo boarir�; on the 

probl.oo. In thia oonaoction tho cz-.:. t.lcc.l ho:.;crot �"1..llt..; pcrlod r:xJii bo 

:iq:)orto.nt and t.ho f.:let tlmt this coi:n.oidoa clooo]3 witJ1 tho onsot of p� 

� l'lEIVO sooo opooinl �fioo.nco. 

l'Urthcr ovi\lcr'.oo der:lonstrnt!Ju tho posoiblo naoousicy of l'1..Daoos� n 

t\lnolo ' o  b:irth ronlt in rolation to tho onviroru:o1t :to providod 'trJ 

Doloc..;rndsl;:ii ' e ( 1 940) contontion, th .. t tho dif'f'OI'\.lncc between bin roaul ts 

.:1nd tl1ooo of St:drnov ( 1?3.5) u:.s Que to poor o:.m.� :cocnt under 'dlioh tho 

GGmticcl'Lt,:r I�iel' prolificr�CY o-5: a::d..t•ilOV1 e U.� �ot and q� �1plot 0\.'0e 

could not ho c�JNG1Jt,� ·�us o1'ib,;t mr.·1 bo ·i.nw..rprott.Xl u.o u.n irrOOrt. .ction 

t.l.eproo:::dn:·:; cf'f00t on the :to:.•tili'fv' of' olroc born in l'!lll.tiplo births. 

iJicl':Oroon ( 1 %;::) 1-ua diso-;_woof. tll.O �rrobLeno introduood intv broodin:� stzx1:lo.s 

by ofi'o(..; tn o:r th.ls nc.tur'O . 

DolO<,_;rud.skii ( 1 'J40) l'OOOz;m;)..tlits t.h .. t t orron should oo oolootod not onJ.y 

booouae they ooro bom in n.Utiplo b:lrtl.UJ, but cl.ao on tho basis o£ the 

tortili fN loVGls of tJw linos or families to \'Jbioh � oolon...;. Sl10rc£olain 

( 1960) batl also sueuostoa t.Mt ooloctl.on on tho bwds of birth r.:mlt inf'orm.:lt.ion 

should bo applied to the � pl'OCluction ot linea, rother tJlUil on tho 

��'da ol incliv-lducl.a. 

ID Yl ot the n!J"facrllh D£&DCAOifliP l.S.lmq to be � on 'trd.n bom a 

it �t other MII'IU.iW� •acaNa ot the unlwraal 

app1.1ooM U 1D 41acr.1m1nat.'I.De potential. r4 Y"OUDS 



porfut l.llCO of the do.c ut hor tno-tooth J.nnbinc bee [;rO(J.tor praili.ct.i'OO 

si;:nii"ioo..'100 , tlWl hor tv.hmil'\1 port'oro.moc at tll..:t lal:fuiax; nt \1h.ioh the 

o�:oprine thcmool voo fJOl.'O born. 'l'h.lo 1o SUCL;otJtod on the basis o£ tJ.w 

lD.r.lb proU.uction dii'forenoo bot\loon oriOo nhoso &u:l.e pro&lcc:u trlina '-.nl thooo 

\�lODO ili.\! ·'1 (lid not , t'X'.G G.l"'O\.UlU tho [3-?, rx!ri>":,_ a.nd 'to..'1dod to bo lSL{jOI' o;t· tJlO 

s ix.- J'ld�ht ... tooth la.ubin{js of tho ot'JOO thn .. "'1 o.t curlier l.�'1JS. 

t:ndor fJ.ooJ.: r:.l< no�. ·onont oondi tionD , 'l'i.1or-ob'J un:Lr-i.:.lG (�'o n:;.tod to 1. u·'lb 

for tllo fir et 't.:i.o3 d; two yol.1.ro of a,�_;e 11 u.nu .:J.l.l fu:l. :l.o o:f'i'spring c.:ro 

ca::-r-.i.od tin"'u. ;h i;hc:lr f'il•st tlintor, nt 1U:'.Dt tno lu.z .llin,:; roool'(!.o on t."K: Ji.ns 

r.d.L i.)() �v:J.l, :U.o on vhlch <locisiuno C::.\:. \.>0 :.·.:<.;_,_:.J.) .... o to dllch 0\..'00 O.:wW..c..t bo 

c1.i.f'f'o::encc in tho J.. !:'JJ proU.nction of onoo r� 1ooo !L'..l· lt)  pz·oducot1 i•1rl w , �t 

their fo�toot··; l.n:'.ioin._ ;, ood thooo ui1oco (l,. •;:w did not, ou.1 of t.ho 0!."'t.l.ot• 

of 4-•!J • 

This po.ttol"\!.'1 oi' roonl ts muld sooo to i\111 in lino f1i th ':'m·p:Lll ' a 

( 1962) SlJlro'GDtion thut the � l.aznl>ill£.; rt�-.e td .. th ot,"Et providoo u eluo 

to ool.eoting i"or tninninc :1n sheep. tfu�o fouar oweo l�vo bd.ns at their 

f'irst lambing, it is lfr.elg that tboeo thut do have oo a rtl60 potential fer 
tw.t.nn.1ftg dlioh is l� tbora thoeo eo-ea tm.iol1 produca tmtns at theu 

aooona '*' later l.adlinl;a. otbDr to part:lnsnt to this t)l'Oblem. 

'lho tiOiliOt.'l� VU"'.lution ot aq( mB3 with age U 

test tbsU- aft�"�" � &DC:aGPtw'i.a to t.bo aae or 

ot &nllal.c,pa� t4 GDi:IIIU., ar U Ollai'QCtor 1 te4 bu Mf''f"m�tmfl 



� at cli� at;O&. �� the �� inf'loonoe of an�tol 

ftlctars ·i'J.eOd not necessa.rily ret!nin constant mtb .E60• For those reasons 

tbo he1"'i tabill v ratio DtW" wzy with �o in e1 tber e. fUster:wd;ic or eooplete]3 

rondoo l!llmler. 

Ch '� ( 1958) has rcp�uOd. heri tabili tQ estiontos for nucbcr of lo.dls 
born, acccrd:i:nc to tho ace at \"Jbich the o!Ju.ro.ctor t'lUS oon.&Ured• In 60!"Vl"el1 

hie �� 1"CG1"'03sion aeti!ntcs oll0t7 c. dooroc.sinc V&lue oi th iml'OOSing 

o.co, dlile thooo obtained us pc..t.Grlnl n:::.lf•sib co:Tclatione shou tho reverse 

trend. Since SOQ?1..i.nc errors a:ro �tod to bo U:lrGe the ai.c;nif'looooe of 

.further conjactm."'G on those t.i'ondil is doubtf"ul. 

'.:!1.0 horitobiliey oot:u:ntos ot Joh:.-msson and !bn.sson ( 19�) for the 

Cheviot b.racd c.loo �1rovloo oooo ind.i..T>OCt evidence on tho relative size of 

!�to.bi.li't;v in younc coos . 'Iho.)' obt::inod tho fo� o::rtir::r.:.tea bcoou 

upon m thin f'locl::. �htcrc·<'loo �soion: 

One loclbinc at 2 yo,.�s of av� (1324 p!i.irs) = o.�, 

A�o of t.hreo Ulnbi..�n at 2-6 yot.:'Z"o of' ttP ( 659 pairs) ::: 0.178 
On tho basis ot a mtb:ln fl..ook repootability eatinnte of 0.1 72  fiw vo.luo for 

the �  of t..T09 lanbinc;s can bo re4uood to an e.� ootir:Dto of 0.000 

tor the beri tabiU. tq ot one l.afrN � l"GCCrd. Since thB lU!IxJr of o1'fepl"'1Qg 

Z'eeoris a�. does not iDf'luonce the aim of the �sion of on-oprillg 

on parent• th1a BU&,�ts that tbD �tive ne � the first tll:ree 

darle• reoorc1a (o.<a>) 1 � tbm that rfr the nret 1ezrM1t6 reoord (o.at.�.). 
On tile othc'.r heaM\• peou.Ut.r.l:tie& Cll'lal1ls t1.ua tbe amaU m•bor of cetegcri.ea 

'1!1!111 1ntJuDe4 a btu iDto ._,. on I"EECC1"d• e.n4 !B 

saas.. tae � 414 not oarNOt tor the t4 l.ttter 



Young et W...{1%J) prGsantod data mich indicates that tbe heri't­
aLill'W of IJlJ.Il'bor of lt.mi>a born� and nUll".bcr �. arc hieher when 

r:�a.sured ut three ycll.l"S of '"1.[ :o in co.r:pnri sa1 ni th two•yenr old records. 

Tbqy st..-:.tc that tho opttr.nl Q(p [;roup froo \7hieb to oolcct is <.et prosont 

undot> invonti..J�tion,. 

nest ooctionv 

i:l'JOn scloc tion decisions can be bused upon r::orc th.:k'l one l.:J.r�bin,_; !"(';l(X}rd 

�K"ir ncG::trt:.c,:;- la m�poorod to bo ;,:oetcr. ':l'hi�J l:.:.�n 'OC.'O!: s.b.:rnn l�J L.tsh 

( 'i9l�) 9 �li:to po:l.nts ol.r'.:. thc.t it is uildcr corul· ti.ons or lou rop€Xtt:.:l>lli 1;'y ti.J...�t 

'l:hio is ooll 

illu:.:rtz·: .too. 'bJ tho !li[;l1�X-. h.or.i.. t.:>.bill tur ostiLJC:tu[: ob"U.daJu by Joh:.:nooon o...l'Xl 

:1�1::::non ( ·t9l0 ) fu:::' the c.vor . .;;o pc...'"'fat•r:c.n ;Q . .  t -tlli"Cc J.LJ.t;.bin; ·so 

:>:::� v:h:n O'l . . t110 poacJ.J;.".e C£'---?..-:1 vur cfi'oc tn of 2'l.."''OV'lo· . .2s ruprod.tctivc 

;;o::.·•<'zn.�.:e:.::<<::o on dn c:ni. .. 1. � e  c. ;:.·�cnt l:>Cn"'.('Gl.��.r;;mo � to1 ;otr �a: ;·zlt.: tho po�·s:i.i.>ilizy 

trJ. . .. t ·iho L·:llm"it.a..�1Co oi� f'ort··Ql�y ':'iJiY v.::� r.:-:t·t:-:. e.cc, it. !."..OU' -!1  lli:o t.I t:,; t ot110r 

:21 do B(.t01�: to :i.ncl.i.cutc t.hc.t the �tic <lil""i'cron..;e between � D._l'ltl non 

tfrl.nn.in_; fow.-tootb. G>Jes doe s  depend upon 1he±r tw-tooth tw;in:-in,_; pc:M."o�:L.noe. 

It is propoaod to investi66to. in gi'OBter &:tail• i'lrtlwr o.q,octa of this 

probl-em 1n tbe mar tuture. 

C. EXP1f1j;i) GAP!S pou SEL§W!N 
In this aootioD it 1a pnpoooc1 to ccma1.4or the m oh tb:t cbaract-

ortstio C08ftiOD9&8 fd gzooupmg ar f'ertilitq �nta nasecl Sn ot 

JlWlJbel•a � oft'spring � i.nf1usoce-s tbe gains to be fDPGC1:ecl ftooom 

aeleci'oton baeecl cm 1.b1a criterloa. !1bo � CW'to1n td.da to aoloct1on 
ror f.b1s ter m..11 a1ao be 



1 .  l@lVIDYAL OR lJA§S SW.;Ffl(J! 
(n) B&ooonoo to §eleotign: 

For discret.;elJr distributed char-ueters, the rooponeo to selection will 

clopend upon the oolootion dit'ferontial. as is the case for a continuously 

� c!llll'.:!.Ctel". � aeleetion differential , bouover, will no1: a.l�s 

depond upon the proportion of O..'linn.ls rotuined i'or brocdinc. Thi.s is 

boc•:t.ttoe t.l):J breeder csn only cliscrinine.te betwocn those indiviclt..wJ.o that 

fnll into a dift'orent pbeno'f�rpic elass; trl thin each phonocypie clasn he is 

not able to discrirnin.�ttc botooon those wlth h1sh and those r;ith low vc�ues 

(on a.n �lyitlg soole of potcnt:L� reproductive cupooiey) . For this 

roo.son • unless tOO prcrportion o.f inili v.iduals required :ror ''roodinc is exactly 

oqa:u to the proportion of onir.:: ... 11S f£JJliJ'l6 into thu ciesi� clc�.cn {or cl.G.scos) , 
crlll)' (or ;.ill) O£ tho ool.cctcd indivldu..'1.J.s con On:ly be r-..:ndooly cl.."lOOCfl froo 

the .lone W::lnircd or tx!.rg:i.n..:.l clu.ss. Thus the nolootion diff'arontial is 

creatost ohCn the number i'P..llin_; into tho dosired cl..uss(os) is oxactly 

equu.l to tl10 mll!lber req-uired !'or brocd.ing purposes. In thin ca.::10 tho 

ensurlzt iq>rovuxmt txRlld be ex,_;ootcd to be e:xact13 equal to tho tbooroticel 

oitwation roood on d:.lreot selection on the under� vari.ate. On the other 

bond, mere a l.orcer or emller number ot parents is required. 1t is G3peete4 

tint tbo offl.ci0007 � 1:118s selection TJUl be lcmer by on amunt clepooding on 

the heri t:lbilif6 • tbB lnt:ensi 'ti.V ot solocUon and tbe proportionn of ind1v.idunls 

in oech � tbe pbenottvpic olasses. 

Vli.th part1oular to cbaraoten ola.ea11'1ecl into two separate 

classes. Web 6 tl-(1948) 1  ster GD4 Lerner (1950). aDd Cb•eng (19SS) 



nor."T;,lly ·:J.:btr'lbuted 'alldol .. .!.3'in;; v�to . the re.:;:-oad.on of pi on n in_ .;!Yen 

by a sivX>ld ourYe which tor sroo.l.::. varl-..t1onn in R,.L\ n. - ap:�toc o. 

straie.ht J.ino of rl.ope =• In the oaoo of the cenet1c responoo to solocticm 

ao"'t:dnat �..r.renneoeAR 1a si VeD _. � • -'Ps. • 

chu.tlae in the iDC<J.QJ�;me 

"' Ch'e.n.g (1955). (191.8) otate 

of tbe 

'faluoa ot p1 (l. • for a low iattS.al levol t4 bn:r.l'lmll!IOU) and UIIIJerentkntioD 

tor 1ofJ o. 



Using n beritebili'ti:v u� 0.17 on the under� scaJ.e ,  

( 1955) calculated the roductions in the pereentnco incidence of bsrronneaD 

to be expected per aenerst.ion daen o.ll barren e'WS are culled on the OOsiS 

of one l.ar'bing J."''Ooro. Thooo aro pJ:eOOZitcd in 'lbble � and �;.?ocr to be 

cor'-"eet oospi te the formula. error. 

llilpootod Roduction i."l ?erccnto.u--o &.lz'rennees per 
Goooro.tion fi'om Cul.l.ine those f.i?Jes FniJ.ine to kd. 

� leygl of �s (1-l 
50 

&mootsd aow_!Ct;iop 
2.75 

/1) 2.1 1 
30 1 .Z..7 

20 o.B3 
1 0  0.29 

5 o.O') 

T10ao i"lrr...ll'os da:lonatr-ltc sane of tho conclusions roac!l.Ou tv Dcq>ster 
und I.crnor ( 1 950) �t "Mass aelootion f'or e. ��tcr of hieh inoi<loooo 

(or aca.inet one of 1«7 incidence) loa& to sliaht (;ain5 only. 
'l'h:l.s ie &lo to wry lOt1 ei'.footiw rurlt;.:�billv, cOI!lbinod mth 
the fu.ct tbnt aal.ootion intonaitq is also perf'<woe log. For 
intcrz:lediote incidence tbe gains obteined 81"0 rolotively hiGh, 
but further e..'Uft of iDcickmce does not prodme Clleh greater 
ca1na ,  because the c1ec1'ea8e in efiecti ve heri t.£1!)111 v offsets 
ancl eventuall.y overcomes tbe increase in aelect1on 1Dte.!lGi v 
cm this Ghitt. n 

eel � aoleotloa to 11810• ddlc in 

tea\ to loner the etfeott eot1GD ... �. pa.rticul.ar]¥ 
.GaDI:te 1a � lcnr ( ). 



On Uw lnsis of similar as:Jllq)tions ond reasoning the curpeotA 

par o:;oorution in tbe lcwl o£ tm.nrrl..nc � be calcula.tod• fnr the c...-:.re 

t'2hen onJa tbose Blli.mDla p1"'ducinc tm.ns o.t a Given lacbin{: are rota.inod. 

f'roo CIOOJUSt thooo ewes ttJdoh l: I::lbed. �so ore :.;tvon in ':nble 2.5 a..tld 

ora prcaonted in p�e�nco to tboso of Ch'anc ( 195.5) aa the lc.ttor cppocr 

to be in ers:"'re 

fuq:lootou Ga..i.n in Pereo.'"ltnGO of ':d.nnin._; EfJOB par 
Gcnen:.tion froo &:!.vi� thooo 2-"'lt;on ?roducin� '.:.bina. 

5 
10 2.00 

20 

Doe to the � in dtlch the data haw boon cl.e.astn.ed and the � the 

e:apectod sa1na ooJ.c-,_.lated• tbc at!!Ul teneoua omsidorat:l.on of the 1Dcidence of 

bd.n b.1rtbs and the inaidsnce of barl"ameae ctm bo used to �o the o'lerall 

bean choaen to 11.1.a8trate the t;da 1a la."rlb!Jte \'lQI'OOtltw-:e at birth • 

· aelAaot:lon of tld.ll � <Dl8 1'l'I:D &lDOJI68t all e present at 

a gl ]BrnM DG-

8JDJ:Ktae the ild:tlal podttaft ft1pl'OaleatAMl � 0. ' lnel et barren 

lnnM•· 'I • pat1tJoe ft'l't[AA. t.lbta OCJilft8ponde 



to a lamb� poreon�c at birth o£ 96r···• '1be expected gains per c 

givoo in Tnbles 22 and 23 l!YJieo.tc that in t.lte oft'spt'i.n6 t:,'O!lerO.tion 

iooidence of' barl:'enness \1i.ll be o.8.3. lass, mile :-!t tbe sa.oe t1oo 2.5:t· 
tlClrE) of the cmes lm::bi.l\:; uil1 p�e t-::tns. �s corresponds to a lanbin(; 

percentc�.::c o£ just unlcr 99, .::;nd represents a t,cin of a bout .3 L:lrbs lx•::n p.-

100 ovos present ut k!"Jbint;. 

It r..'1ll3t be 6q?hesiooa.. llorJ-ewr, fJLt t..lrls ro='..!.':plo ::md tho f'ic-Lii'Os 

presented in ?eblos 22. and 23 ore :.p,ro�::--i""'.a.tions and apply only to the c� 

t'lhero cl1 coos oi' <.1. civo..'l l::::J.b:ll\ ;  at-..:..t-..13 .:;roup m� rot .inod for brco�. 

Furtha..� , tJm uothoC.. of culcuJ.L:.til'ltj c�.ootod cnina req·rl..Y"Os Q.Il osti."".ete 

of horit:lrlliiv' on �om lWPothcticCJJ undczo\:,rin,: o.;ale. 

�stor �ld !�-·nor (1 9:;£>) !.uvo Ca-Jonstr��tc..td the orror:J involved in 

ooti:::.:_�tin:; . ;::i.!Ul on the b�.sis of' visible cc.�c hor:it.:cbilitioa fu_ U1o e2.se 

of ch:::.rc.£tcrs f:Jlliflt. · L'1to tr: . r::ntu:.:l.zy a.�L:si ve cL:lsses. Fur both the 

cc.sce tmen cl..l int.F.ivl2.:.2 .. .  1 o in the desired clc..ss el�e selootoo. and r;hcn a. 

proporti.on of indiviiliKJ.l.a in the undosiroll ck.sn rust 2l.so be rot..!.inccl• 

tbt!q point out t.t-u.;.t only Otcl.1 dis.orepancles exi3t betvnm t1w acttcl :md 

the expected cn.i.ns uh� tho solect1on intcnBi 1:\f is low. ond cspccj.� Phere 

the incidence of tbe ohorooter i.s neDr SO, o.nd the addi ti:vo hcri Ui.li 1w on 

the untler� sccle is srnn. 

(b) �� Reeaseoat.ioD or SclesWea Btseon.ee 
The �t ot the incidence ot l:Janoenneu, trr!m11ng, aelection intenait3, 

ancl aeaetic Geale pccu.llarit:ies .  on the gldne to be a�pootea frcD aeleotloa 

based oo the IIIJlDbE>r ot lambs born. 11 now be Ulustmted in eraphlcal. tom. 



011 subsequent lii"otizro roprodueti ve porforrKnco • tht� the ooleotion of 

ilan'On l:tros ( t1, X 100) .,.) 
( r  x 100) 

s 

1'lock I 
��'-'*tS� ... 

25 

55 
;;() 

floc± TI 
..,ZOd$ • ...... 

1 0  

1.:0 

50 

e..�it an a� of nud>or laobs bom per ewe of x, y and z rospoctivoly, 

n.t OOI!J8 rubsoquent laob:inc, o.nd thet the flock a.� in the same _yeur is i. 

'lben, lattln,a '\ represent t.bo aubOf)(flont lamb produotlon cU.!':ferance between 

� aru1 bGrrao , ana 'tt the aurorenco betaecm tuino. Md s1.ng1e-



x = 

(y - x) = ' 
(a - 7) = tt 
(s - z) = 1t, + tt 

•• • Y = (x + \) 

(1oo;.s> + (100!9-:v) + (10L'!I•a) 
100 

= la.Z + I8.;, + �rs 
= :In.: + I8(x + 1;,) + :t.r<x * te, + tt) 

= x + I8.tb + :r,.c� +- tt> 
.• . <�i) • -I8� - �(� + tt) • • • •  • • • • • • (1 ) 

S1nd lr..r:zy 

(y - .i) 

and 

(: - i )  

• • • • • • • • • • (2) 

• • • • • • • • • • (3) 

1..ett:in6 Bn• ss• ADd s..r represent the proportion of tho be.rt"en. sinc.lo­

bouring. and tr� eros retu.ined tor t\!rtbcr broedin.':; roapcctiwJ.¥ • 

c.nd aosumi.ng that twJ.n-boa.ri.ns ewes ore retnined in proferenee to sine;le­

� ewes. 1!ihleh 1D turn are more clesirnble then barren ems. the fb� 

f!oftrnla. irltice.tes tbe gnln in 1omb� bo1"n per 100 coos reta1ne4 (4G) 1 



� these four i'omuloo the �octod. t;ainD to� diffo..."'Cnt lovolo of 

cullin.u• u...lild for v-....r-.L..�tiona in 1;, und tt have been calculD.tod, ror t'locl:a 

I a..'1d II. b ooobino.tion� oonaiclo:rod nro =  

� 
Gc..oo a. 0.14-

(;coo b. o.oo 

'anc e .  o. 

Ca.so d. 0.1 7 o. 

end tho rcm.ilto 11....;.vo boon plotted in e.l�;�l"' 1 .  

(i.i.. ) D-loo .!an :.on : 

cl t .: ·:tionn et- :U:io 

da...'l()IWtr<.J.tin£:; the principle t.�t for "Ult'Qahold ch:::Lrc...ctors tlw ocount of Ga.in 

ie a roxirum dlon tbo incidence or the dosired claae <:t.r> oqtnle tho proportion 

of the population oovod tor furt.hor production. Jar loos intense lovola ot 

soloction the expected pins fall o� due to tbo less dosiro.blo cni..r-nle 

d.Uutilu the ofi'ect o' reta.1n1na tho superior ola s. 'lbis fcll off i:1 repi4 

at tirot, ospooially in tlock I mnch erldbl to a lcJtr lewl of ttr.J..n:ninc, duo to 

tbo cU.lution offeot ot 1ncl� on!mls at r::mdal!l tree the � c;roup of 

singloe. 1bo rotG t4 c1ooline 1n �ootocl QCl.1na rea as with � 
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drop in selection intensity , until when the proportion culled equals the 
level of barrennes s ,  the [pins are once '-l{;ain equ.ivclent to those obtainable 

could the selection be bo.sed upon a continuously c;ro.dtK� ted pheno't1JPiC sccle , 

shO'I'Ji.n::; the s.:1me coefficient of' repec.tabili ty. \"i'i th e. :f�1.rthcr drop in the 

intcnsi ty of selection , t.he ccins fo.l.l off o.t ;��renter rc.te \7hich ;3'!'C.dually 

diminishes m th decreasins intensity of selection . 

Four critical poi.l'1ts (labelled (., 6, / and S) are shown in li'iuroure 1 .  
1hese represent the points through which the plot of exp ected c;ains <. :.::;ainst 

selection intensity would pas s , could selection be based on a continuous 

scclo of pheno-cypic values , provid.inG the ropoa.tability on t.�s sc:.:.le is 

::.lso 0.1 4. The d.iscrep.:...:rcics botueen this hypothetical line end. t!1o .::;rcphs 

:::;iven i'or flocks I .:.end II th'..ls t.;ive an idc:J. of the roduced selection c:fl"iciency 

t..h.:!.t rcse1lts !'".con the COa.i'SO cL-ssificc.tion of fertility &:l.to. ne-.s�:.rcd on a 

sc.:.::J.e of Lnb s  born . TI1eoe discrepancies nre soon to be �c�tcct d1oncvor 

the pcrcc::'t.:.!..�o of' o.r:.i:: · .ls to be s�vcd fer brccclinc f'c.lls r;i t:1L'1 one of the 

bro-::od phenot(rpic cks:cos c!.lld especi<..:.lly if t:lis cla.ss is c. Llrc;c one . 

Vii th respect to the selection of rcpl......co.ce_.tn to enter the brccd:inc 

flock as two-tooths , a cullin.:; rete of �und 40-505- seeJS npplicc..blc :for 

quite a wide ra.nce of variutions in lambi.% pcrce!ltace , o.nd the mortc.li ty 

rate of ewes and laobs (Goot 1 947, Hickey 1 960) . It is intercs tine to 

note that for this level of selection intensity , the e:xpe..;ted c;ains fn>o 

selec tion based on one la.r:ibing record of the dams , are ne er for below this 

Jvpothetical ma.ximw!l in flock n • a.l thOlJBh in f'lock: I tbEO' mey differ by 

2-3� lambs bol.'ll per 100 ewes� Hickey ( 1960) baa demonstrated the way in 

'ft'hich the cull.in€; rate amongst young replacements is influenced by the level 

of flock fertill V. !bus in flock II. a culling rate of the orfer of 
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50-60}., c:iJht bo moro applicable • this bci.rle the aroo of tho eroph d1ero the 
• 

ef'N.eacy of et70 soloot.ion. 

ohcro a oolootion intonaH:\V of th.o order of 1 -2, is n<U"C l:iJ:oJ.y (Goot 1947) , 
the diffCl"COOon in tho c.xpC'..;tod 02-ino a:re cp.ito nar1 

COCJporinono of flocks I and II da.':lOnatr�.:tco '£o:.'T'.i11 1 s ( 1 96, ) D��.:ccstion 

Co.sc b. (Graphs Ib c.nd ITh) : 
Th:i:J �ittw.t:l.on oco boor. otudiod in v:tcr; o:t" t!u:. possibilicy tlle· t the 

predi.cti vo V-.J.uo of tJ10 d:ti?f'orcmc botr�cn ono lc!.cJb end zero L.:'!lbs , ic lot'JOr 

t.bc.-'1 the prodictivo vu.luc of the dif'f'eronco botroon two lnobs and ono . 

� genetic parameters choson are thoBO OUC:.,""eSted by tbo nvorcce p:rodicti.Ye 

values �or tbo tt?o-tooth rooord presonted in Table 1 1 .  
'lba differences bettrJeen the ezpoctod e:tdft8 fur tbi.e a:l.tuat1on o.nd tbo 

of case (a) above ,  are in geuero.l., small � in both flocks. For f1ock 

I, wb1ch 



until a level of culling of 70-7� .  ia roo.cbed thc.t the advazrteco of the 

slichtly � predictive vuluc to1.• ti:dlll".in.:; ovcreooos tho lot1or prodicti ve 

value of bm:Tonness � both t\� and ba.rronness beine; considered relu.ti w 

to the rubooquont porforn.:.ncc of sirtle-� CVJOs. In f"lock II, !>..o-;Dvor, 

tb.o crcctost dif'foronce occurs a.t selection intcnsities oorrespondinc to the 

level of tcr"..t.nnii\S or hichor. 'lbo dif'fcl"'nea in tius c.::we corresponds to the 

di.f'fC.l"COOO bcttJoon tbo tt �UOOS of 0.1 7  end 0.1 !� c.:00 ic the .oo.no C.S t!lct 

oo�t.li"r'i.rt in f'look I c.t selection intensitios �teE' than 0.20. 

( G-mplw Ic , IIc , Id <.:nd !Id) : 

"Jc..!'l"C!!DC.os .�m<l the ooloct:lo� for tninni.n_ , tno :r:. T"'��lOI" s<.:Jr'lC;J of ,.:;rcphs 

!-J ...... ;vc boon rn:-cnontc·,<.l. ;;ro_:,hn Ic end IIc corrozponu to a �� vrcdict:lvc 

effect of a zero value for �· 11rl.s is seen to be c,roo.tost in f'.lock I 

uhieh h:::::.o c. hi:_;hor iooido..'1Cc of barren ot�s end a 1�.i-cr lovol of' tl.� 

�arison of Graphs o and i indiccto that et loo levels of cullinG a 

positive "t;, value is mre ir:portant than a positive �t value of the &liDO 

size. In tlock II this ia true for cnlU� lovels up to about 16-17, , 
but in f'lock I tld.s poaition holds ftor rates ae }ddl as 5 , 

In all tbe Gftapbs presentod gains rise t11th iDorea.se4 culli� rute 

until a plateau lovol is ree.ohed, *1oh is c}Qpendent upcm the reltltiw 

aeleetiw actcmn't:o6es � the 'l:br9e olassea ot ammals cmd tbe pz'OpOI'tlona 

of ammols 1n eaohe \'ftJero tbe twirl oJ.aas has DO proclicti'IO a4vantege over 

tbe single-bee.ring ,. this pla'beau 18 reacbod \'lhan tbe le'fOl � eullf.na 



is oqunl to the incidence of barronnoas. 

In cooo oo.nos a fourth phe�ie fertilicy class 1JJD3 be aV<li.lc.blo on 

crcntcr ed'Vt'-'l'ta(,'O d1en !lit_;h intoncl tics of ooloction arc posniblo, due to 

the oo:::l.l nunbOI"' of tr-lplot-be<::rinc orJOs in root brccdo o� shoop. For 

o�lc consider o. :r.tocl: tdth tho follouinc propo::tio:1n of o.n:i..G..un -1� t!1o 

1\··u� ores 1 0. .  

�'"l(;lo-bc:o.rinc coos l,D, 
':Trln-oocrinc et10o !, .. ;7, 
?riplct-boo.rinc oves 5, 

Tho selection dii"'fcrontinl eo TCsponUi.n ; to a 9.5 c·.:J.lin[; r-�tc in 1 . �5 , �.:1d 

r:i. th c rcpoo.t.J.bilicy of 0 .14, t.J1e _:;,.in o::..?cct..oU. �rur2 rot.:..ini!lc �J.l the -".r--l_)lot 

bo..."U"'.i..nc coos is 21 .6 :L::lrbn per 1 00 or;os . '.Jlo O:::}Oct.od �ain i')r a. 4D. culJ�i!X) 

rot0 is 6.6. lL..!l"Jbo per 1 00  euea o.nd tJrls la on]3 o.G of a. � hij1or t:J.On tho 

{c ) SubdiyicU.ng the Phenotrnio cwm: 
� procoodiltg discussion& mve demtmstrated that special di1'ficu1 ties 

in brGOOint:; for threshold obaracters &1"1 fpom the e ea of tbo phono-

fapic cll.Z3trlbut1on. No pr1nciples QI"' lmol.VOO.. but 
of reeot:;nisin6 UDder� �tions in potootia1 l'epl"'cluott 

TalT1l1 (1962) bae pt&8ente4 aata ab.teh �ats tbat thi pl!'Oblec of 
brcoo4 cctogoriee 1:JD3 bo o-terOCmB to acme oxtent. On tbo basis t4 tboir 



tw � old reproductive porf�e. he cla.esllied Raxnbouillot arJOs into 

tho �ollou.L"lt; six pho..'lOfvpic elc.acos : 

1 .  Izlfortlle 
2. Ono still-born l.mJb 
3. Ono live J,.,-:lJ barn 'but not tX�C.ncd 
4. One 1i w l...tib -.iOC."l").cd 
5. One otill-bo!"n L::ib b'.l't foster lcrb no;_"1Cd 
6. 'Mn U:.<nbll born 

t 'i th roopoct to �10:ir s•.:booquont U.T.b production t'ron three to oi:r :;cc.:rs of 

rn:.�oi.JZ'C!_).:mt ahooon in a. po.rticu1ur cc.so uoo.ld aoco to ciopond upon the 

det'"lnition of furtilicy boil\; considered• and this oust nooosS<::rt.ly be rolntcd 

to the purpooo ?or t'Jhich tartili�· is beir�s �d. 

Ineh ( 19U) quotes 



GODOtics uc.a ooveloped th.�t o. rntion::J. e booru:::c aw..il.e.ble -ror COO:,.'X1ring 

difi'oront l!X>thods. 

When selootion is ostensibly diroctod to the iq>roVGI'::lCnt of c. sinc;lc 

'b:-o.i t • i.ni'Ol'"l:k.'ltion ,_..bout the brooding nor...h of' a.."1 :lndi vidual orv be oou.jlt 

f'rocl ita mm pb.o.110� and froo the phoootopos of its role. ti vos .  �dl,;v 
Si�, those o...""C the only trro buses for ,,-h*c<Ct oolection l_n.""'Ccduroz , di..rloct 

soloction iq>� tlnt the solc.c tion cr-ltcrion in b�..sce on 7cl'!CO o_ the 

cln..-o.ctcr> in duch i.':provcn:mt i:; QO"s:lrou.. 7ho 1xl.Dis !'or the uoo o:: t210oo 

cddition::.l ltcr·.s o£ im:"ora..tion is the :.;on:;tic s:iniillrizy drl.ch e::-i sts bO'tuocn 

rcL�tives 0 the rlo.:;roo of vilich .:.3 l:C-.l�� L7 the cooft'icicnt of rcL·.t.iono.hip. 

broccllr� v.::..luo oo .. "1 be :L�scd by t'10 ��se ni' recoz-.,13 on rcJ.� tivos. 

Iuc..� ( 1%..3 ,  1 9e,7) f'ir:::r·'c coru:deo::."'. •=  colcc·tio:: h:::!.Dod en :"!.:tc.1ivL!.:.:._.l :=c:;.�:;:::. �..P.il 

:£'-..::ally . VCI":"..:.V'C �::il J.orivod optin"J \JC:i;ht.i:""JC cooff'lc:lontn or .. :.JJli:J, : i:L.;;:;c ·:..rX) 

t7hich 'tl1coc r:cthods ure oxpoctod to bo Dont uooful o.nd shor:oC.. th2t q_Jtin:."!.l)Jr 

coclblncd ooloction � novor loss ef:f:'iciont "t!k'ID oolootion 0:1 t..hc ;L ti:-1. v:i&.lcJ.s 

record clonc e Ho c�lso deoonst.l'c.\to-'J. th .. .:.t dlon tho heritubilicy is 10\'i' f'.:l.Oily 

seloct.ion could bo oore affootivo th.o..-"1 r:nss ooloction, e£1)ocicl.ly cllon the 

� siao :ts J.D.rge. 

Vorlous �stecs of 8Glect1on oonbini.nc intO'l'f:IOtion cm the indi viducl �d 

its rol.n.tivcs , have since been illrestie;ated by Lena- (1950), Legates tl.Ild Lush 

(1 9;...) .� (1957a, 1'S7b). la.rcUne (1,58).  stJervol,d and Odeeard (1959) anA 

Youma (1961 ) .  !base atodiea helve ebcmn tklt tbo proper amotmt o:t attention to 

be JMlid to clif'.fenmt 1'91at111ea 1D a selecti.oa pJ:"OGrODlJQ dq;Kmds upon tbe1r 

olosoae of relationcldp to 1DU'V1clual 1D quo t!tm, the number ot relatifta 



included and boo conpleteq tJte merit of e.nch relative i.s knor.m. In 

pln"'ticula.r, tbia work ms dcmonstr-J.tot1 thcct the tWO of those adrl:l tionel 

itono of :i.nfon::ntion is oxpoctod to bo of' �test V'<lluo for ch.Jro.ctc:t>a 

cxhibitinc lOl"l herito..bilicy ostim.".tos. 

In the C:."'.DO of nr-u:y ec�ccll3 inpor1Amt ��!Ctcrs in far-:J an:l<:cl.s, 

infort:li.:.tion on tb:.l porfcrr:nnce of' rol.:::tivo.�J is all fu�t is cvailtilile to J,rl.oo 

the brood.m· in his eolcction decisions. 

uscl'Ul t7.hcn it ls J.cs:irc.�blo to oele.;t l'-'1:L":l..:�s c.:rly in their lif'o w.."'lC. �lis 

c.S)OGt bocom::; ::>�.ztic:.u, "rly ai(,"ll.ifico.nt �::>r c!�2ctor·s dlich uro c, ·.)�1.blc 

of' ('liroct �I'Cns:ion onl;t• i..'t1 t.bo L • .}.� �:..t:lrr0.. 

':i.Uoroi'aro , since.. L.:.11J _)I'O<l.lCtion is scz-li:·J. to<l• hcs � 10":: ho2:: t. .hili ey 

<:....•z<l io o..:;>.:�lo o::: J.:l.rcct ��'ro::wion on1y ln �10 oo::uc..lly iJ:..tt'U'C oco , Golo:t:i.on 

procc(:.•.U"On ut:Ui.G:L6. . ini'o::..u:�tion on rol tilJDc 2-l"'O expected. to be of CO!lsi<.1or-, .l:llo 

The 

1 .  '.:he lo.ob� porfon::JOl'lCe ot Ln a..'1i.nal ' s ternl.e of:f'sprin;:;. 

2. 'l!1o l.Q.obi..'l{; pert'cm:xmce of an :m; ml 's darl. 

3. � lDnb� p�e of the rntcmal � and 

posnibl,y the pa.tomal � as  oon. 

4. � laob� �e ot the patema.l baU-eiatare 

ot an animal 1n thoae caaos t.1bDro the sire ia mto4 

f::o ClOr() than oae ewe. 



The �tion bott'1oen sires in the fe..�li�r of theil ... fOI!cl.o o.ffspr� 
dcoonstratcd b'"J OOVOI""'......l \"JOr!�I"5 ia ODD� tJith :respect to the pro��orzy' 

tentil'JG ot roos. Tbero is no doubt th:.�t this is the r:.ost accu.rL�to VI:!-¥ o£ 

de� the brced.ia� value of n rro. duo L'1r<,_;cly to t.ho f-.:.ct tlnt .:;. 

!""....10 cnn haw re.tzy" o:t'foprln::;. In the <.:.vorc _.o of thene offsprill;3 J:lCl!V of 

the �s ot ost·i.r>Y1t:i.1t ad.ditivo i..}COOtic r::or:i:t (for e..�l... those du.c to 

onvi rona::m�. llODi..'"L:..:."'llC c.nd opist.:.�tio V:.ir:L:.:'lcc) h::::.va the �<l!ti.tu.? to 

erulccl oac..� other. 

o�:.rcn i[j c..-q_Jootcd to be of :r-olntivo.ly littlo v":.l��e c1:.:r. to the s::-...:.:..11 n: .. :rJ..:cr of 

o�..:·s;:)r-irx:; r'rodi.lccG. P':::r o�;'C o.::.ch ye::'.Z'. 

doley VJhic..'l in ooriCY..?.s c!lCu;:;h to �air tho cf:i.":loiency of ro£! proc;or�,.- tomne 

in tore�s of t..'le �ootoU e.mu.:.:.l smwtic rospoil.Se (Di�on and �1 19�.) . 
'This h.1.s roon illust:ro. tccl \"d th rcf'erance to flew Za·; 1 n.nd coniii tions by .Ri.::.e 

( 19}Sb� trho points out tint the disadV&ntot.,'e would tend to �ab U' �o 

and t-..1.."15 mn:oe mtod to la.rib tor tbe first t.i.me as yoo.rlines or 1£ c.rt1f'ioial 

insoai.Mtion mrG to bocona a. usefUl tecbrd.que in sheep � 

(1J) 
ln the caM or tiscretol3' iiatr!.bllto4 ohar.-ectera it t fam..l7 

a'fel'l!lges aJ'I9 l1ksl.Y to be part1oul.ar� belpt'\ll a met be alde 

pbeno� cJaaa. lb. tbo ab.__.. ..... 

or fam:llT i.nf'orl:aatton. th1a oboice smat sar1q be 1'8lti1om :th spect 



to � cliscroto o!Drooter, but i£ ::lntorDO.tion on collatcrnl relatives is 

also a�hle, tho oolootioo o£ indivi� f1'oom tho highest producil�G 

lush 2.t .. *• ( 19'+;) �"''at<. {l t.hct tbo n.:JDO ooic!xtint_; f'octor d.owlopod 

�or continuouoly distr:l.buted cb£u.--octcra , be uood to rJGit;h ooo.L for:.izy 

dev.i.ation f>ar vnrl...'1tion in f'� s:ioo. IlotJC'\'IOr., ln"'eedi.ne problor.ID !'or 

the threshold clnr.t:l.O tor disoone rea:i ota.nco, titi.ch ms lx:d.l\3 c on:ddo:rod 

by those nO!"lrors , arc not �tly the nrao a..s thoae C-.!""1.� for 1:!-..e nu..':lbor 

of: lu.r::bn ut birth. /!pa...-t £'roD tJw di.�..'i'cn>onoo botnoon t\10 c!,nd thrco pho�ic 
clasoos, �:lOl"tc.li tr occ,Jx-ri .. � .. : boi'oro tho .:1,_�-o of puberty m"foctivoly provonto 

�,_"T".:hur reproduction. In t.rcll� 0...'1.00 t:•on, r:.:.um sulo�;tion ca.."l do no ooro 

'th:::1.1:1 (t::..oou.rd ul..l clof'ooti vo inili.v:?..dil;..�ln or u !.".-md.ou c;,: ..:·:t11c of' thcD ere tho 

aib t.oct .::lll01:ro tl):) brocx1c:· to eo .further, only i;;;"' t!lC.t.""C in : rocoou for 

fi�x-;r culJ.il\'� . It is p.:�1t.:u.la.r:cy u.oo:. 11 uhcn fuc incic1oncc or defective 

prevent tJw poosibilicy of further re:';Z"'duction, hoocvor, do.i'octivc individ>.cls 

f'ro.r::t � [300d for:dlios IOCV bo kopt far brecdinc. 'llilil -� to t!1e 

probloc, of coobininc JOOr"C than one aOU!"'o of infOl:'nr.tion. 

(c) Intomation on .Ancestor J 

�t:loa on anaestcre 1a ot no oae ntarre dctootiw indi!f'l<Jual.s are 

provmted. f'.rom OB a.ncetrtara t.l tbo case ot � t'or rsE.Jisto.noo 

to oo.rly ma1"'t.oU. v. In caeo 

ancosto.ra • U' ava1lable, 

produotlan, bOl:JO'V'Gl'. 

t:4 • 



W8h (1943) has abom that the proper m!lOt11'lt of attention to be 

pcid to oooh n.ncosto.r depends on the cor.relnticm or that ancootors pbano­

io'Po nitll tbo breodi!\.; V'"u.bo of the individual concerned• end a.lso on the 

carrolc.tion of: th::lt ancestor' s pheno-eype t'Jith 't.t'-.:3 pheno't\Ypos of other 

In the caoo of inf'orn.�tion oo just one cncestor this c- rt'Olution 

oill c1epond on tJw GCnOt.i.e robtionehip of t.ho avmostor rt1th the ·f!ldiviclual, 

Of all ancestors 

of nclcctio:-1 , t1.:o quo::r'do.ns f.lWt bo rooolvou by the brooder. Pl.rstly, o.ro 

tl1c oolcction Cc -ins  O..";;octcd u_r:dcr the ooro cocplc:t selection oonenes 

mft3.cic ·tly creetor th.:m t.hooo obt.:!inoblc 1'roD the siq>ler ones, to j:1stii'J 

tho cont i.'1volvcil i.'1 their oppllc:..t1on? Soconal.y, if tOO r::nro clc.boi"L�tc 

oo.'xx::ca :::...1"1Q more ol'ficiont, oh:!.t .:1l'C the rospective uclchts to be given to 

o.::_:.ch itoo ot i..nibrr:ntlon so thnt ooloot:l.on response is mo.xir!l:isod? hse 

arc prol>leo3 which can be c� on �t1.c.c.l c1"01.lnd8, 'being mst easily 

ll:-J.ndlcd as o.spooto of oelection index tboor.v. !his has been deoonstro.ted by 

I�l in h1a ar!g1ml selection iDdex tw\1, and by HandaraoD ( 1952, 1961 ) ,  
Iecatos ond Ws.ll (195ft.) end D1ckeraoD (19.50). In tb1a caao the procedure 

80pal'ate, but corrolatod , 
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net •. :cr-lt of' b:roodi� indi viduc.ls io .:!.lnost -..!.3 old G3 (.Tair;;J_ brood.illC 

itself ,Otc.zol 194J) , rJf.IJY of the ocxl:y uttonpts inv;.J:::.vod the ocro c.onijl-

to prot1-ucti vc rrorth. 

<. . .nd 1:'2s!:or' s concept of dlocrir--·� n..:�t i'..mctions , the pr:·nciploc oi' in� 

corurtruc'tion L'Ol'C l'lro·� e.ovclopod b"j' !.:..·-,·q;h ( 1 ?3G) rml · r.c..ool ( 19  .3 ) . 

of t}10 oolcetion :i..ndo:r.: n.p_'rQBC�'l to tJ�a 'fiY'po of problODe 

& also ou(::.;,"'otod the..t environr..ontol trends c.."ld n,_;e cff'octn could be olininc.ted. 

Cochran (1 951 ) � disouscod r..x.I�.:J of tiX3 outhom.::.:ticcl c.nd s'ti.ltioticcl. problems 
encountered in index oonstruction. limdercon ( 1961 )  • ho.s f\lrthor extontlOO. 

those theoretical coneiclerat1ons, and oos discussed in detail sovm."'Ol. iq>ortent 

properties of tbe aolootton cti terion. 

invol'ftld 1n �iracal saapJ.i.n6 investigo.t1ona ot selection inclex problcne 

(Heidhucs and Hrmderaon 1961 , 196.2). 



en inilox of' the form -

") . . .... .r, 
--- ·-" l.-

1 943, I nsh 1 J!:Z). 

thon 3ivc:: b.:;, 
E (H -fn) 

+ + • • • • + � (yN -fn> 

= �II (I -fr) 

mnro 1 �d fr .J.rO tbo ooo.n v--Uuos of II and I respecti ve1y, over c.ll 

irult'Vidua.ls i.1<1 the popul.atioD. Lettinc the corrospo� c·l;.o.ntk.rdtbvi.:.�t:tons 

oo d"H and 6I, this ct!fl bo �tod as ,  

= r. oH (tj -tx) 
<fx 

tormlatice le meN� aD eztenaion of the airple )i,'left7 predict.i.cn eqao.tion 

(tuah 1%1 ). 



The an.'1.1. 'OOrm o£ tho above robtionship represents the at::md:l.rt.1iscd 

selection dif'foronti.:-.1 or the intenoi ey of solootion (i). Provid.o<.l the 

b16;f + b26yi'"J2 .,. • • • • • 

b 6 .. , b 61. 4- • • • • • ·2 Y�--;;1 � Yr.. G.. 

• .. • • .. • " .. <t • .. • • • • • • • 

. � . . . 

• 

• 

.. • 

·!" b.. 6 .\1 Y'1Y:: 
�. b 0.. I �, • · Y;J/ri 

• • • • 

.. b.,62 . J F:! 

• 

�ll.l1CO the 

= dy �� 1 d 

= 6y �· 
")" '  <::. . . . . (5) 

• • .. • • 

= 6 y ... n . J 

t:!lOrC 6� .:: '' the v.:..rL:.xc of y • 6 is the cov.Jrlc.nco bot.-. e . , yi ...... i '  Y'iYj 
y ._..,d y � ;  �:d tf_ . ,  is t!lo oov..a-iance betwoon y1 U1d i ... Yi1" 

fksc cq:ntions � 300n to oo the sam ns tbo noroe.l recroosion equations 

of y1 , • • • • •  Yu• on H, mth �ct:l.on vn.ric.D}08 and COV'drilmces in pla.:e o't 

�le suns o£ squere8 and products. 

1be a.."'lD0 {� equi:.:tions are applicable to an index <Wsiz>-nod tor th:l 

ai1:11l.tllnoous oolootton of aewrcl cbo:ro.etero. 'DlD Oftl3 ditf'orcnce involvea 

tbo definition of brocd1nc value (II) and tbo act that tJIO present applioc.tion 

requires that � the  Gdditi genetic vorinnoe need be ostlmted. Popula:tt.on 

genetics tbool7 ce.n tbon be invoko4 intor the sppropr!ato Wl.1"'lancea and 

COYal"ianoo • JimdDrsoD ( 1�1 )  has sholm t.hL�t the ri6ht hand oecbero oi' the 



equations are :;ivon by tho relation, 

= 

rborc a.:14. is tbo reLtionahi.p of the c.n:t.au r1ith the ::.th itco o't L'1fcr.: •tion, 

follov:inc nyston: 

F h2 2 2 b 2 1 "" a1:J.l 
• • • • • c .. . ,h a1fl!l 1 I . 1 

�
h2 1 1·F�.l· 2 

E'-z.fl a 2 1 
� 

• • • • • • • • • • • • • • • • • • • • 

2 �:1h .., ., 2 U... �;�l . «(. n.rr�:".;2 
the 

,·nd onvirorr;ont.:.:l values of the ou:le inilividu .. ls ; and t.hc:..t t.llo o.'1vironocntal 

v ... !.luos of rolL�toQ indivic1:ools are c:.lso tmeort"01..-:tod (IIerulerson 1 961 ) . 

Uondaroon has n.lso indi.ollted flO\YS in tiblah tbo eque.tiona I!Jl8t bG codified 

wllen ·iOt"' t.han ono rooord is o."la1lablo per �, and when group rooans aro 

used f"or cst:IJ::lat:i.na bro� vnluo. In the first oo.oo tbe i•th dJ.oeonal 

elment of tile rno.trix 'booor!ca 1 + <na,•i )T + r1h2, tts. 1a tbe nw::iber 

Dt 



uhere , � in tl1io �c ropro3onto tho nur.1bor of rorv0ren on oc.ch ·rr:bcr o-r 

the �_;roup ; p1 is the rn.�r of :.L."llliv""lcbJls in the _;.!''Otzp ; � is tho inbro�'d-

in:; cocfflelcnt of m.ch oo:::-:bor oi' the _;:-oup ;  

<") 
.... . 

2. 1bo nuobor of l<...nbs born por l.D.obi.� of the hnl.f'-sistora 

of the aniBal. 

path coofftoient � ot FSgire 2. tor tbe case o� s lalt;e ranc1am mntilr6 
populatl.aa t4 il'a no en'f'1ronmentel corzoelat10D bo� �t.i !be 

corzoe]..!lt!on coott1c!elrta cpplioahle to these' 1 

presentrac1 1D tm 1'oll.oltl..nt; mtrJ.za 



F•tu!S! &. 8,o"'ar�tCIIL. �TtOiti$Nt'3 8ETWEEIV IIIV lNotv,ouiiL 
1T$ fbtcECTtJAS liNO ITS (oU..IITEIUU. JlEJ.ATIVE$ ,  IN 11 

RRNODI'? MJJrt'Vt} A:,puJ../ITto "'. 

h 11:\. 
� Po�� -
h 

p, /P. :� 
� Po,. 

P • phtf)o i�l'''- wt lut.. CJ'ld G • acJcf,-.{;vt. Je11tflc.. \J(J{l[e of fht tJnifrurl ituk�ctfetl 
by l�e ft.ID S C  rtpt : 

I & iJ,( ltl dlvitfuq/ k_,·,! e�.Jaluttie..tl 
0 : Jls,,.,,, ol fl,t_ '"''"ltluttls tt"rt 
JJ .. dam o1 tltt tnd ttJidfltt I 
s � sire 

'"1d ::. IMUrna( 3ramla'" 
P/4 : f<t t.,.,ttf 3Nlllti<�wt 

Pc, s "*" of -fh k t"Uonl' ol IIJ� �Q� 
;s = lfltA�t per�o,.,4tJC.e. ol n pctfu"•'  lt.JI-si6s 
p-r' : n\(Qt\ or Hat. lt\ f"((Ort/s Of\ Hac. Jl\.�� ;rt�'klfl,., 
;r,J � t'lfQII of -ff.e.. f' rtwrds ,, -H.«.. f'4�rtt4/ 'rq.,J41t't 
h : }hu,·Ja hi lily 



> 

CI pD p '� JS s pgd 
GI 1 � /K  J�A/i �;Ilfii }l£jP 
fSD 1 0 0 0 

!Sa 1 0 �2 JITP 
' �d 1 0 
� PBd 1 

�e K = • �-iT' .. (T boin: • t!lC ronootabili+"' cooff'icicnt:  1 + k-1 T ' • ....__ " -v " 

coefi':lcionts Lcy tUen bo oolouletcd. It is :i.J:nltoric.l i7Jhothor 1i1o.no equations 

ono involv.L� corrol.o.tions. �arvold cne! Odc,;t1.'Pd {1 959) e:.."ld Younc ( 19G1 ) 
hc'fe c.pprooohod the problem 1n correlation te:ros ,  ca.lculati.l'l.:J the rJCichting 

and rnltiplo correle.tion ooefficienta appropriate £or differont cul!lbinn.tions 

To illustrate the method o� oorzputat!.on and the oquivalcnoo o� the 

COft"elation approach and tbo moc1itie<1 ft)rnulao ot Benderson, the darivnt1on 

of an iDc!ex eoddrd.ng Clam and hlllf-m.stor 1Dt'<>ft'latiOD 1a pi'Osented. tt;Jr the 

caao 1'1helm ooch �- has but cme record. 

SJC D��Laltb&. • (lSD • 71 I a c 7 2) 



<-.nd P, . uUl not bo corrok:.to·l DD a 
v 

• 
• • 

• 
• • 

1 � (k-i� + F 2 
• ::unt;: ·---

1 

SiDcc • a1 2 = �1 = o. F1 = F2 ::: o. ll.tcx. = i, 
�2 ::: t, this rcducen to -

, + 'fr't& b1 

0 b2 
• b1 = � �2 = • • 

b1 :: 

� i/.12x ::: 

I( 
b2 )l.fl!_ 0,;. I 

• 2.T ::: :: ,fi l• 

61/fN 

ih2 

J 2 

�2-u. 



= 

= iiJ, j 4K + n ,. us civon by Young ( 1961 ).  
FollO't7inc the BdJO bo.aiC prl..'1Ciplos tho indices [,'ivon bolou hnW boon 

o...'llcul� tod: 

1 .  Indo:-: utilising dooa • i.nf'Or=:Jntion nlono : 

0 . . .  

=-
!2 = b ( J-i)) -} b2 ( q;C.-?) 

" b1 :::: ·�11"4 

b2 :;:: 

I3 = b1 (�u-P) 
b1 ::: �2y,_ 
b2 ::: )�2w 

+ 

r = ;h / 4f: + r: 

b2 (�P) 
r :;:: �� 4K + u 

and the IZlt.ornal gra.ndao :  

I,._ m b1 ( -) + b2 (' 8-P) + b' (P�-P) 

b1 c �'x 
b2 a �fu r a � ltK + R + s 

,, D �2u 
5. An SDdsx OQI!i)in1nc 1Dt01'1!ntlon OD the aem_ tbo paternal hal£-siba 

BDd hotb � is COD81c1crabl3 more oortplex cme to seootio relationship 



betuoon tbo patomcJ. c;ro.ndno and tho pntcrncl mlf'-sibe. nuw .  tho 

tm:idltinc :f"c.ctora for bol£-13ictars (b2) c.."ld f'or p.::!torn.'1.l crc.ndano (b4) 
bcoomo , b = h2w (��) b = h,2p (lch�1) 2 16 - lrW 4 16  - � IlP 

c 
In t.twao 1.rmcos P roproaentn t!'lCl population nvora.cc b.r:ib . Jroduction. 

�10 a."q>>etod Vt'.l-:JOs of' tho oultiplc oorrc1ntion coofi'icicnt (rnr> 

cono.iotcnt d t..� i ·eo p!'(:.etic ... W. utili ey in to:--: .D of tho coot .. .P.C. J..:..bo:ll' 

boon 't.Jron o..s 0.125 end 0.25 ronpocti voly. 

!.111 tip le Carreln tion Coof':'ic1ontn :for Four k'nb 
Pro&lction In<J.ioos. 

rJo.o:t \ Iz 1�� 
� 

100111: t\r.lme x_, I#t. 
Itooarda I1 

8 a 1 o.1n 0 22 125 o.30f. 172 0.,)32 188 
k = 2  0.224 o-261 U7 o.,,, 11,9 o.m 16o 
k • l  0.250 0.283 11) 0.35.3 14.1 o.516 150 

k • 4  0.207 0.299 112 0.361.. '" o.,aa 145 

--



expected f'.roo tho inclusion of � 's Warrntion in corr.p<Jrison t:d. th the 
adva.nw.._ ;e to be hLW. fra.!l 10 hcl.£-siator rooo��--ds. ·:ibis, tou"O't:lGC!.. .. rrlth the 

�....;t tlY!.t 'ti10 rocol .. U.S on tm on:LT.J. 's ;ro.z1dv.::... c...v>o loan li.1."'Cl,y to be l"(Xlili)3 

bo G ooro usofu1 oojunct to infarrx.tion on tho a.v.n. 

indico:toa thnt in!'oroa.tio.n on 10  p:�tol"!lO� 1D.lt'-si �tcru r �  )lt be pal"ti.eul..:rl,y 

uoofUl tman on.J3 c srnll unotmt of' Wu:JD :i.nforr.ntion is avullnblc • (i.e. rhen 

k is srr.ll). 
� 

In an a�>-""Pt to i\rthor ooceDs tbJ wJ.u o of includ:ln..1 h."'.!..l£-sistor 

inforr:x:•.tion 'in a 1.:: �]} pro<luct-lon �.n.do�� b�sod cm the pcr:rar:-_;ance of' tJX> OOI.l, 

As is iq>licit in tho thool"'J oi" inc.lm� c nstt-uo'tion, vulucs of K ;..!!id n ozoo 

never lens t.bnn :mi'GY and, us Younc ( 19G1 ) l1.::1s nh01:m, tfDir 'lmluos incrol'.oo 

with increw:dnG 11: end n. 
tt ( 1 + ( 1 )T) 
4-h ( I  .,. (n-1 )tf �s is not independent of' the heri 'tnbili '4¥ beco.uoo the 

� corrol.."\tion ( t) 1.s eivm b:, the relation t = r.ti + c2• 

to tho nature of 
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h2 vL..ry-.lnc ft'Wl o.01 to o.z." 

'2 oqucl to h2, 1 .5a12 and 2 .�2 

n oqu...'ll to 1 , 5, 10 nnd 20. 

FoX" tho oc.oo dlOil k = 1 , E is t;i van lzy' 

+ 1l e � rol.:1 ti \10 cmcio:::cy iD tla>efore, 
z. .. + (n-1 ) ·?· 

\.1}.()11 k)1 1 the siro of: t:"!C 20:)C...::.t: ·0ili� c.:;.).:.-'t:J ....n oi'f'oot :lpOn t::.� 

roL.tivo ofi'lcioncy. For tho CLOO \lOOn r:: = 112 (L;l":.;ph /1.) up:>ro:dirtoly tho 

for each of the follooine cot!lbinut.ion.8 of n !md k: 

k :::: 1 ;  n ::: 5; k = 2; n = 10; k = 4; n = 20; i.e. t1hen DJk = 5. 

1h.lt is • tho inclusion of f'l ve tii:K:ln e.s rn!lV balf-sistors as the m.tnbcr of 

don'$ rocCJl"da available , ia expeo to c;iM a. ·�: iDcroo.oo :1n too rolutiw 

of"r1cte.."1ey (d tbe inc1oz. Purthermre • the s1:ao of tb1s inDreaao wuld sooo 

to l"Olat.i:voly indopQndent o� harit.ald tttq over tbo raoso son. 

str:dlar]3• graphs :Jnc11oate that 1Dclno.1on ot 10 Ur:es as r:mv balf-sistera 

la azpeoted to 131 a incz'oooae 1ft 110lat1 � � of ostitnttrc 

� 'Yllluo• al:tboQgb 1n this OGBO the 1norooao io e� cloot at 1Gtr 

valuoe of the tUi llfl'. 



�se sruoo � reletiouOOips aro clso approx:i.a?.tel,y true for- the 

oo.ne dlero T = 1 .r;ti2 (cro:?h B) c.."ld r1here 'i' = 2.r:»J.2 (.Jl"'..ph C ) , cspocialzy 

i.e. 1:: is n. �-mction o£ b� 
1 

· ·! ' · 2K. 

bo �vcn to hcl.t"-siater reoot"fu:l t1ben n = S and k · = 1 • •n n = 10 and k = 2 • 

end til<m n = 20 and k = 4. ibis relative emphr�s b:ls br..:en ca.lcul.ated to be 
\ 

approxi.c.:!.� 2 • .}. 1b) � epproxlnBte relationship holds true .-.ben 

the rcpoatabiU.� is of the order � 1 .5al2 (grc.ph B). 
It 1 eJ.so to bo noted that t1:Je liDea of graphs A and. B are rol..ati vo]J' 

flat unt.U the t1o 14 D,lk reaches a 'IUluo t4 S. !bia 1na1 tea t 

untu thin rot:l.o is roache4 there is 1i ttle � in tho rolnti �is 



shoun in 'l'c.blo 25 oove bocn ooloulo.ted. 

VBl.uo of' ry, 1: 

5 
3 

.-. 5 r.. e 

'"I c. 

1 

/q>pl"'Jd.I.x:.to Eq.>!nsis to oo plr�cod on Iblf-sintcrs • 
PO!"foi"':ln:1Co Rol. tiro to Dc.."J' s i'.vor�.�e Prod:J.ction 

l�;?)l'O . .. 'Ln..�tc RclQtiVO :i}:p!lnSia b% 
1 

2.3 
1 .6 
1 .4 
1 .0 
o.s 

�'ho i..rrvooti,;: !.tio of Il<.:.�L.ernon .:n<l �icil!:mcs ( : 9 .)1 ) !-u�vo been conccrncil 
�rl t'1 t!ac :;roblco oi' t:10 �u::-t of i.'lli'or: ... '! t:ion cl:llc:1 C..:!..'l usof\.l.lly 'be i.nc l:.Hlod 

in o.. aclection inU:Jx. Alt.lwuch it Ei .. ·!rt be �>cctcti froo theoretical 

a.nii:nl ' o rel<..:ti vos nill not decroaoo the accuracy of ontir.-;..'l.tion • Cochran 
(1951 ) ros pointed out thnt tbe smzt>linc errors involved in the lleterDinn.tion 

o� tbo ooit;h� footara mleht ca.noel much o£ the ext.rB accuracy expected. 

Hoidhuea nnd Benderson found that it e in f'act, aa:tnntageous to neglect 

tboao rohitives vb1ch \'le1"C k:ntx.n to have SJBll partial correlations uiih the 

true brac� value of tbe indiviauo.l beiDt: naluat.ed, n tbe sample si 



c .  

(c) Info�tion on the ltun: 

r-: :G. � • • 

utilisi."lC inf'orrution on tho d:..n. !ne td:>lc in h::J..COd on the in<1cz 

I ;;: I: (� -� '  �(k '* 3)  
. �' . I 

•·· 

::;: K - Id' (6) • • • • • • • 

4(k •)- 3) l;.(k ... 3) 

In tins farouln K is tl1o tott!l ru::Jbcr of 1�1bc r;roduccd by the darn 

in k lar-.bil\.;s. 'lbc oooond tcnn of this ro.l.D.tionship is constunt for o.ll 

cnir.nlo whose d.:Jm have the 8800 n'Ul:.ibcr· ·of recorda nnd in an a.ttez!lpt to 

correct f"or ace �atione in ftrtili tr, Rue ba.s chosen clif'fcrent v-...J.ucs 
::;: 

c4 P for each ot these onsea. 

'1'he J.oo--.to beb1Dd the appl.icction of additi'VIO 0(.,"9 . correction factors 

and their iDcozporaticm into a table ot' 1ndo.x YOJ.uea is Ulustro.too. in tt.J 

tol.l.on:1.nc relationald.pa •. 
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valuos : 

AG-e Ih-..ber a£ .Eooa TotLl Inwbs rrc.-m lo.Db 
?roduced Pro<luction 

U";o-tooth n·1 p1 x1 
?oul-tooth n2 p 2 � 
��-tooth n' p' � 
r.:t�turc D::os n4 PI.,. � 

l� 
= 

�t:.ll I lJ = (n1+n2+n3+n4.) p 
- .•. ... . .. 

'l\;;o-tooths 
� -

x1 ; a 1 
Four-toot.hs xz, - x2 = 82 
�a.x-tooths : Y-z. • X, = � 

Since the total <lu-"'0 corr, cted l.ru:!b production o:f the pOpul •. tion (rffic)  
equals the total uncorrected laDb production {uP) plus tho cor.roctions for 

age • tbo follCI\1inc relntionabip lllf=\V be 12ri tteo 1 

't"'1bnoa P0 = tbe a-��OA age ecl'ftOted lamb procluct1oD. Sim1.Jnr)3 tbe age 

CU!I.Wftod l.oob <' �c> 

+ •• • + � 



(L.I>. = total lacbs bom p<r 1 00 m1es mated and pr&GODt tlt lambing). 

J.o--e Two-too-th Four-tooth Siz-tootb Eigb'b-tooth 
Yoar 

ft L.?. n L • n L • n L.P. 

19lab 132 1 2.7  

1947 186 1 1 5  1,36 131 

1 948  24 100 197 1 1 0  121.- 123 

1949 87 1 23 18  150 167 149 1 1 1  1 68  

1 950 104. 1 09 82 1 50  2 150 26 142 

1951 214 1 07 100 124 79 142 - -

1 952  25 92 200 1 20  1 00 1 25 72 142 

1953 8.3 1 22 20 135 182 157 00 1 61 

1 951. 128 86 87 1 24  20 1 25 1 72  1 .3G 

1 955 192 101;. 1 1 8  121 04 146 19  1 58  

1 956 71 100 59 1 1 5  57 121 lt-5 1 51 

1957 69 109 53 123 52 138 

1958 Q) 135 53 1 3!)-
1 9.59 58 129 

P.�Y9 aro-· p 1246 109 1 066 1 :.-22 936 11,0 696 1� 
tiaODa J ( 1267) (106) ( 1 137) (122) (985) ( 130) (733) (147) 



1bo problem io one of ftndinc a. V"ulue (%) zltb tibich a O\"'I's umo.rrooted 

lt1.� productiM ( 1) is to oo cornp..l.l"'d sucll thlt (1510 • P0) = { :1. - 1:). 
i.o. such tl)..Lt :1f = 1 + P0 - ic l1hieh on nubstitut:ion becaoos -

= � • 8la1 + ?g!] + ll£t -
M 

1 

2 
x1 

� (x1+�} 
i (x1 +�+x3) 

.', (xf•�+x_,-t·�) 

(:ivoo in tbo f'inol. row at' th:ia tab�e, roproooot the ooighted DOUM over the 

yeo.ro sboan. 'l'ho inclusion in this aaa.Jsrais of ewes ohloh lambed to siros 

ez:hibitinc; t\ h1e;h level o£ boJeTOIDD(�. and t4 ewe.s dl1ch lambed £or tl�ir 

t1rst time GS tour-toothe• U ttl cl.U'fenmco to these overall �s. 

oeloolate4 



This to.b1c me boon ca.lcul.atod from fcn-mula (6) . eooh vuluo being coded 

by nultipl,y.lnc by 1 000 nnd adcli.ne 100 units. '.ibis hD.s been done to avoid 

?Jur:lbor of' 
J,.cw.l> e ( J�) 

-
1 

2 
3 

7 
8 
9 

1 0  

k1.nb Prodl.:tction Index fused on the Dam ' s Rooords. 

t lt1c .. Jxu· oi' :� .:.. .. iuin.:;:s 
1 2 3 

.__._ .. 
94 34 - 13 

1 57 84 29 
:"19 1.)/;. 70 

1� 1 1 1  

""�"''- 1 jl:. 
2&� 1 95 

�3G 
''19 e:. 

320 

(b) Ini'oc--: x..ttion on ru:;.s unu !hlf'-.nintors : 

4. 
r -.... -........ 

- 49 
- 1 ' 

23 
59 
9! .. 

1 30 
1 (.-G 
c...01 
237 
"73 1:. 

rAlo to tbJ in'Jopcndonce of those two sources of infortmtion , tho 

lutt.cr oon bo u.aed to .supplooont the above indo:x vnlues in u siq>le cccitive 

fi!n!ler. � is true provided tbo hnl£-aistor fnctor 18 u13o codod by 

I = 1000 k 
#t(k+') 

(n) are g1 

<' - P) + 1CXX) ...!!- (118 - P) + too. D �31 

thoir 
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TABLE 28 .. Factors for Adjusting for Differing Numbers of Half-
Sisters. 

NUL1bor Factor tJumbor Factor Nunber Factor ftill!lber FM tor 

1 0 • .31 9 2.25 1 7  3.54. 25 4.46 
2 o.61 1 0 2 .44 18 3 .67 26 4.56 

3 o.as 1 1  2.62 1 9  3.80 27 4.66 
4 1 .1 4  1 2  2.79 20 3.92 28 4.75 

5 1 .39 1 3  2.95 21 4.04 29 4.83 
6 1 .62 14  3.1 1 22 ll-e1 5 30 4.92 
7 1 .84. 1 5 3.26 23 4.26 31 5.00 
8 ' .05 1 6 3.40 21t. 1 ... 36 32 5.08 

Since i.n this c:..�so only t�10 tv10-tooth record:� of the h_ .lf-.sistcrs .::u-e 

1.KJi!l ; cl.SOt1, tJ.luro is no HOOd to COnsid.cr thG problo:J of .�, C CO .:'!'OCtion s . 

(a) !Jothor.l of' /U�;.UJ"si.s : 

The e:f'.ficiency of tho u.bove two la.mb production indices in ru.nld.n6 

individuals according to their breedint; values bus been considered in terms 

of' a simple linear prediction equation. Thus , if Y is the nverage index 
, 

value of all individuals available for selection (md I is the averace value 

of those individuals retained for breeding, the expected gain in lamb 

production per generation (.dP) is giYen byl\ P = bPI (I:_!) ,  hpt beine the 

regression of the lBmb production of' the nmma.ls (P) on their index v8lue 

(I). In this t'ol'mlla.A P represents the amount by vrhich the lamb production 
, of those individuals retained for breeding {P) exceeds the lamb production 

that would ba.ve resulted had no selection takeu pl.a.ce <'>• 



mwre oP 
= the stt..•..:.ldurd deviation o:t• l.an.;b production 

di = tlw 8Ui:.'lc...ord cleviution or too ill\.lex 

(i) = tho intensi-cy oi' selection 

iiCCOl'tlin_ J.y the c:N'iciency of' the t\:10 ll.>..nb production :.ndices lli.Ul been 

coo.f "icicntc , b,'I and r ·r• '::.'hat in , the linear assoc :Lation betnocn the indox 

'llli.n ills been dono in c.n o.tter ..  pt to sinnl�.to th.o )F'..£ti-..al 

prohlG .. of' oclocti.c.n youn for-.....1::: floc!� rep:L.'1C01 . .entn prior to t1oir i�rnt 

matln_; �.s �-.o-tooths. 

,;i.Jl be :f'our.· , since tllt o�.oc of' "J do i'locl:: 11..-V"J boon c �;t ::or .. _;c fuL.o:·.::t.ru 

� .vor, ,-''0 b_ ncd on Uii'foront nudJOro of lo.r...b�s , tho corrclution cocl�.'icicnts 

indoxos unlcns they nro etU.cul.d�C:d on the SW'JC GUL.plo of' e.n:l. ulo . In this 

� .. se the ro�nsion cooi'ficicnts e.ro tbo a.ppi'OiJriate b;_.ais fbr co: .. p.:..r.loon , 

provided. that both indioe.s br�ve tho n<.JOB or ail:;ilur sta."ldard dovintions. 

?ld.s is becnusc thD u�ne of lad> production l"'OOJ'ds atteots tJ1e 

correlation in such a to cancel exoct.ly ita etYoct on the s'b.1...� 

deviation of lamb producUon. w1 tb the result that the regressi.on coeft'ioient 

is 1ndependont of tho I'.IUitlter of rfttltm'tila aYerag 

Both car:TelD.tion and I'Q on coom.cienta ve been calo�ntecl 

s 



accoapllshed by C<X:iJini.ne the intru-year sums of' s'luures ,  eums of' pro<l.ccta 

ond doe;reen of freedo 

(b) Reaul ts :  

The uithin yoc-J.O of birth correl ,tions UtiliDin . c�l ' "V, il...Lblo 

Yoo:r 
o1' 

Birfh 
n-1 

1 946  -
191.:.7 J..J3 
1948 13 
1949 48 
1 950 12  
1951 34 
1952 -
1953 6 

1951. 20 

Cm."'roktions betuoon Indo."! Values and : . .oa· l i..LlDb :T0�1:uction (Index besc-d on d&"ll ' s l'OCOx·J.s <.w.oDe J cll .:: �v..:i��<.tblo 
d.<U�htor-d.i:I . pw.irn u.tiliood). 

!lunbor o£ � ..... '"1 ' �; :i OOOI'��-� l.:;Tterin_, tho I�·.uox 
� ....... :«'#.� 

2 3 4 2 to lt- �o oLt'Kld --
r n-1 r n-1 r n-1 r 

- - - , .328 6 .l;Jo 
-.072 34 • .5.35 - - 35 . 1 ·�3 

. 597 7G 0''3 -. '- }0 .031 121 .Ol.b 

.101 96 .oo.:; 66 .161 212 .()52 
.4.78 8 -.173 - - 24. .299 

� 28 .198 21 .095 86 .245 
- 61. .007 55 .130 125 .069 

.149 1 •• 58 45 -.15la. 6o -.089 

.0120 14 .295 36 .099 72 .1 1 1 

I 



Pooled Correlutiona De�en Index \l'c.lues ('lld l;loo.n kl.mb Production 
(In4ox ba.aod on dar.1a rooorda clone) 

��....______�--�-·-����·----
-�··--------� .... , .... -................. � .... , _________________________ "''i 

A 
Number of Dr:.m.'5 Records: 

2 

a..tt. I ,
� 

6x :JS.u .. 

EntaJ:i.nG Inilex 

J 4 

J27 258 

,.7.0t 44.75 

2-4 
CodJiDed 

791 

45.04 

op 1 o.m 1 0.410 1 0.4.11 1 o.�tDJ 

• 1 o.tea l o.062 o.OB2 o.�9 

•OOib 1 o.186 o.o� o.076 o.oaa 

.B 
!l'JtJbcr of Dt:rJs f-tocol"'t3. c� 

Bntorinc.; Index 
u . 
i 2-l:. 2 I 3 i 4 Combined 

1 5l,.  250 I 236 I G61 

.38.S1 4{>.32 1 I.Jhl:.1 1 1:1�-.% 
11 o • .)OO I O.,qOO 

o.204 o.o69 

0.205 o.061 

o.�3 0.,3)8 

o.cY..,o o.1o2 

o.055 0.091 

u 

c 
Humber of Do.m.s Rooords 

Errtor-.tn,.:; !ndax 
2 ' 

1 17 1 237 I 

4. 

175 l 

2-4 
Comb1necl 

S4G 

11 37 .,; I 45.61 I 44.29 I 41H23 

o.;s}G o.,;aa 0.360 o.,c;r 

0.165 o.ooo 0.072. o.ooo 

0.148 o.o52 o.o58 o.066 

. 

I 
I . I • • ..:.. •• A ... 

i 

! 
1\) "' If 



I 

'Ibc poolod vo.luo.s o£ the correlation and �ssion c.oef'fioients 

o.ro presented in Tuble 30 toeether ui th the oorrospondi.J'lG stund:.trd 

deviations and OO[-;l."OOD of freodoo. Section 1. of th:ls tublo 1"0p:n)sents 

the v.:llucs obt.: .incd \'then ,ul avail....!.blo U....u...:;llter ,1, ,;· p .. :..irs -.;ere i.mluded in 

( ii ) T.1:"!dox b�:.ncd on rocort'.::: 01� tho 2�: and 
the h, J£-sistcrs : 

The 1>oclc>d w.luos o!' tho corr"el . .  t.i.un i.:.nJ_ I't.\.)'TD:SDion coofi'i� o::ts 

.i�le--l Ge,.--relc:.tion.s Detuoon Ind.cx '/c!.l'.ll:!s and !.;can L...rJb i 'Tod� tion 
( Index b;.....,c;od on eo, .binod W:.,;r; LID\..'. h ... : .. £-sister p.orf'oruu.noo} 

Bt.w.i� of' J\.naly&is �. I ... r 1 0V x b 

Ineludi� c.ll u.vai.l.ablo daagtor 6o' (65.41 0.4.10 o.oaa 0.055 
d.:.tm pairs 45 • .32) (o.o,&) (0.008) 

Excl.uding ooes mted to 499 66 0.401 0.007 0.053 �tile rams and (l..S.20) (o. .) (o.oao) wi tb. ncm-conaeoutiw records 

Includ:lns ODly those klghtor l.o8 66.42 0.378 0.057 0.033 a m. th four canoocuti 
roool'4e (ltt..24o) (o.�) co.oGs) 



� t'igo..res reported in brackets refer to the corresponding statiat.i.cs 
same whon the/ sample of e.trl.J.lils wu.s inda""«Jd on the bo.sis o£ thoir dam • o po..�rr:.o.ru.. 

clone. 

(c) Dlacunsion : 

li ttlo ll110LZ' unnooi, "tion ootuoon un c.nit ·.�1 ' n prodictod b:t"'{.'<l:i.� vr:luo c.:.nd 

::'h.io is to be m:_>octed in v:1.ew 

�'hone oiToots , ho . . "'vor l' 

L...;ile 1i�. tlc dii'fo.ror.!Ce to t:1o pattern of results , · s is irulic . .:tod b:l the 

re :;rossion cocf'_'ioic:<ts of �i\�blos 30 �Uld 31 . 

( 'l'ublcs }0 C u.nd 31 ) • 

'lOO �ssion cooffiaienta roportod in �  30 �eat that an i.'ldo.X 

based on tuo l..uclbirlg recorcl.D of the dam, exbibito a clo8Cl" relationship 

t'd. th the azd.mal•s ab1l.i v to pro&lco 1arJba. thaft oae basecl. cm throo or four 

ll«i.ne the GDl.Y pou llt.v the lrl 

8UGllCBtiOD U baae4 upon tbe 

ot 'fable 27. 



1 i!:'lb ,:?I"Q(luet.ion on tho 'lx.lGia o£' on illdcx of pnrent<J. pcrfor.u.moo is li!:oly 
to oo qu:ito orr�tlc . 

tzhe ti .. !.:Jnl tuoo of t!Jio !'Csponoo h.:_� OOoo 

oalcu.L.tc.l 1'01• the tv10 l0J:"-.b production inilicoo, usi� the vuluc:s oi' the 

ocluc:t::un. 

of 
Popul:.�tion 

S.."l.VOd 
. . M!LM,... 

70 
Go 
50 
IJ) 
30 
a) 
10 

5 
2 

�10 ! -cthod of' cd .. cul:.�tl ;n inwlvoc the :.:.s�I!JiltiCJn th: ci;  tho 

Bx!.)()Ctod •]., .  :.n pol'"' Ueteration in 'U10 j1:.Lil>0:i:' of .\,._..; :bs 
nom J.>C'· ' 100 :.\roo : · .. t. • : 

InOax 

DLil:l' s In:ro1--rD tion I Coc.bined Le mn 
Alono lhlf•si:;tcl- Pert'art�nce 

1 .98 1 .79 
2.54. )0 
J.1 7 88 
J.81 5.45 
Z..6o 17 
5 5 S.<».. 
6.98 '·'' 
8.16 7.41 

9.67 8.78 



�oo :rl.{;ures dot:Dnstrcte ti1o.t the uso a£ ei tbJt• indo.'lit for thG 

soloction 01., feoEi.le �lock rcp.lucel:Jenta is q>octe<.l on Cvor".li ... :o to p1"'0(l!.co. 
par Ls'Oilar(::.tion of ooloot:lon11 a £,;o.in of! upprox:ll:nt.P..ly 2,:, l&1bs por 1CL 0\"iOe 

oc.t<...'<l ·,1bon "tho cull.izlt.; rc.to is of' tho order o£ l:fl • l;.asur:xi..nc; thet tl.la 

Intonni 1(7 of oolootion o1' t..11c ciros is r�md 'fhe Si m.')...'f'k" the totnl 0cin 

pat' J)nOrw:tion t:rlll oo o.i' tro ol"\1cr of' 1 o-11 l.Lld:ls !)UI' 10...: ooos z::v.. tod. 

It 1.o dinoth;ointil\; ft'ot1 t!:v::: point of' �m_; oi� naxicis�_; ooloction 

ronp .mno to f"'.J .. nd tllUt tll:l incltm'ion of h: ,,lf'-siotcr voco:t··..lc in n co:.n.il1Cd 

L:.::wb proil!Jct:ton index 11-:.:.s .nppHro.vrtzy not ;:n.� \COO the �octcd 1n.erou.oo 

in offici.oncy"' Tho CO!"f''l(.\tionn t·•c,port.cd in 'j,llble ,31 ,_ uxt tho e:qx..'CtDd 

Gu...inn or- ':':.":::le 32 incl:l.cr:rto t!1.:.:t :10 citvn .. tc. :c �..<:l.S HCCl"'...W<l t:'ror: t: �dr :.too. 

�hio ::.o :.·nl·D::oly t:; 'Le c!>JO to n L �cl: o:f' tl.. �i'-D�.ntor JJ:U'ol'"SUtlon , 0.."1Ch 

:1...."1!llv.iili .. � avm"''.�';in.·; boi;:;(..'<Jn 1 0  '-W 30 !l.::.lf-si ot.cl"S in ;:-.; 1 hat one o"� t.be 

l'i JO ya.:.rD on dlich h.;.l:f-oistcr inf'o'.l.1C.tion wue c�vt�lD.W.o. J�!x::."t ;:.ron t110 

po::mib:lli "':;! o.r o..'111j_;lln . vur.Lt:lon, no :�LO<J..lc..to e:q>l. _ ::.1tion or ttrl.n si t.l:.otion 

appoaro to :..o av<.li.J..ablc. 

t'll iJ[{.lOI'ttl..'"lt goostion ohic!l t.rl.OOS in tho UOO Ol.' tho indO:!': f,:x)thod oi' 

oolOGtil.J;_; f:or· lnab proJuction, in rilctiJOl." tho t. blos of i; ,clox vnluoa prooontod 

cvn be ao.tiefootorily applied O'Ve1"' u nido ruQ'__;O of fJ.oc.k:s vhich are lllmly 

to dif'fer in thoi.2 ba.sic geootic pro.""t'!DJter& and in the adjustL."Dnta roqui.t"<Xl !'or 

sac oi"'foota. 

In thin oonneet.ion too consistonoy f'ouncl for tbo 'tlSluo of tho rola ti ve 

� 1D be gt to dllm and balf'-eistar 1nfor!zlftt1on for vo:ric.tiona in 

hsritobUitu and rtpentablliiU. �ts that 80t'l) � of  ecnorolity d.gbt 

bo � ibe e!nad.atlon atuc11e or lfaidbue� anc1 son ( 1961 ) proviio 

f'ouDc1 tbnt tbe ld.n6lo tra1 t 



tOO truo population lxr!tn.biliey. rus lenilo su )port to the eorolu.m.o::: th:.1.t 

1-JJ. attoc:pt lns bean rnde in this stucy to �oseas the �i tv o£ tho 
f'locks which 

table of index vcluos ooood 00 dao'e inforri:!tion. tojd:U'for i..l1 their l..·:.r:.b 

1n-o.:�tion put-tern. ?o this ancl, in!ox tebloa t� constructoil sopa.r.:::-.tcly 

i.ncorpor..:. tcr.:. i:.: tl� i:ldcx tab2os. 

a.."l'lCJv'"sis, tl'lO cor:�_H.:JX':hlc ooo:f'ficiont f'o.t> tl10 irldox or :.Llle 27 boLJC o.oeo. 

corro1o.tions bctuocn the in<lEJx valuoo cr2 tbc v:J.r'lous toOlea dcri 

tlCl"C of tho order of o.r.n - 0.99. oven for tho oo.so of tbo tt.Jo tables bc.scd 

on tho mat � l.at!b production a'VOl"'.ge • 

i'mSG consider'dt.i.ODS � that t..l)o iDdox \1e.luos M."erl!Cntod in �lo 27 
suft'1ci.ent &laptahfl'V• to allow tho1r 8(lllOral uao cnor quite c mac 

Y6Z'1et¥ � f1ock condi.-w;uua. 



VII. DI�usston 

� objooti vos a1d oot110de of ahoop 'brcodi."lt.1 ooet tal� o.coount of the 

l::.tnd of hus� ti.ut io possible, the mvironoontD in t7hioh the o.ni.;:c.lo 

aro :roqu:L'I'Od to live am tho purpoooa for t:bich they ere ltept. Dosp:tto the 

�.L:�ti.on th.:.lt oxiata in those oh.:.\l'"'J.Otcriotios, tho pro� of 0\J'Qo is 

c.n iq:>m:•t:4"'lt fuotor con'f.rollint; t11o lovol of fi�i...'1l roturno in vl1"t·.JD.lJ,y 

cll Ronnqy flockn of this ooun�J• �lO iq)ol.'t.'...'lCO of prolificc.cy ovo::· '-' \?lC.o 

rt:.�:1(j0 of huoh .. �"1dty conclti.ona opor�tf.Q1 L'1 the a.hcop indtw�� of ;_::-ro��t Ilritc.in, 

!'L.s roccr.-:tl.;/ boon ott�o:::;cod lzy the Cor:.r::t:. ttoo on Shoep F:.oool:'C1i� �d Pro:;ocy 

?cotln_; {!:.,-rris 1 %1 ) , end b;.; the ld.vootocl: D:rood:lnG Conforonco (19G2) o:."'ca.n:looc1 

by the !bt:lon.:l • (:;l"'lCUl tu.r.:-:1. /1dvioory Sorvlc'.: • It is :l.rrtcrostii'l:; to no to i'ron 

tl:cco :r-o;?orto thdt fi"'l.'fJ Dr-ltioh f'"-!-'I"''CI.'o �..re f': ..r i.l:-oo sut:l. of'lcd r;:�.ldl lcvo'. o  of 

1_:.-,b :ft'O{l:.:�ction u:h:lch c:.:t"C r, .za in o:;-r.ccsa of' t.:IDoo obt.�:i11ocl b;:/ t.oonq; i'loo�s :ln 

t!J.io COU!1tr'J • 

in tl1o roproduoti vo o:ffic1omy oi' hin f'l.OC::-7 �lrotl,y, it io ooll ootwhlialJ.Od 

ti1.. �t ouoh can bo .::cdnoo :..1'00 tho applic...'ltion of provon husDu...-.&7 rothodo. 

8o.u1dly, oinco t' 10 i �di.viducJ. £l.ock ounet> l'Jill3 to pl"'Otiae sclooti.oo and 

oulli..� if ho bc.3 swck fl'llrpluo to his roquiraooots, tilis potential con also 

bo d.irootod to o.ohiE:lvir:l(--; Oll imroooo in the lLu:lbina ahilitioa ot his �El. 

In ordor to awid 8l\V sub-opt:I.Jmao proauctiv.t.\\1, it is logical to expeot 

that tho ideo.l mtll.OCl of selootton should olloo �e to identifY those 

ontma.le to be retaim4 prior to than be� t'irot mte4, end that the ooot 

et:tieiont motbo4 wf.ll be tbBt 1lbSob �e a ba.lano betwoon tbo cerl.7 

roc06Di tlon end t:he eccumto oea nt or a.oaii"Obl.G � vel.uoa. 



Aspects ot tho o:fricioncy of var:toue oothodo of tJithin-flook aclootive 

broodin.3 hove boon dioousooo :1.n provious ooot:l.ona. frol!l thio � :1. t rxw 

be ooncluaoo. th:!t tliraot solootion prooe<larca nro onpu.blo of Dl'Oducincs o. 

rooponao in t!Xl populntion, Lt lo..'!.Gt tri th roapo..;t to tile il;provoclont oi' l.:::J:lb 

pt'CXluction in tLo abart-torr.' of> o. fro co�tions. At tho CJO..I:X) tirx:lg 

hooovor. it is ovillcmt tht-�t, the row of' G0..'10tic chc:El(;--o on a.n nrmuc.l bn..ois 

nill bo vocy omll, quit�o erratic , end tbnt it d.ll I'Oquiro the opplioc.tion 

of' � bro00or' o ontL""' ooloct1on potonttcl . � pcy nwh attantion to othor 

<�SJ?octs of: proCb.lotl vi -ey ia tant.::uxrunt to ch.lll!loninc the tc2.1� of iq)rovir(; 

fo..�li ey by direct t:lt:rt.�lodo of aoloction. For this Sf!.l.'JJ roooon ,  -1 nd.'t. vidueJ. 

'.J.J.O prob:Loo of' dlich o:: t:1o oCV0!.�2.l i.ArOCO< ::...:::"'Os � .vc:.llc.blo rrlll :.c c::-b.:::.r:o<J. 
14_.,�, 

upon y ln orl'oot, ro 1cco to dcoidlnc upon tho [QO:J .. 1'1t oi' oi'fort tho b:'ooG..or 

c...�,;1 a:f';furo t.) u.ppzy to �!lo collcotion, :lntorprot::�J.:m ,:..'1C. c.p'")liootion o:r 'iilO 

nocol'.l� r>ooo!'ds upon t!uch ti.xzy' c.ro bo.ood. lt le obviouo th:.1t oJ.l a£ t!X> 

oothcxlo cliso-.leaocl roqu:lro tho.t eortcl.n rooords be c.vailable , troditionoJ. 

mthods ot �aual appr;:1J.oo.l bo� entirely unsntiofuotory. 

/,JJ tor as pocU.aroe sheep breec1ora Ol'e ooncarnod, tho identification of 

animln ol.l.OTJS tbo portinoot inf'cnntlon to be relatiw� easil8 oOlleotod, 

o.nd involvoa CQq)arQtivaly little 1n tho of add1 tional work. m COirlOl"Oial 

can bo practisod 

Mnf!hAfl � � Minnlo can bo 

�. J'ertunatoly, tbo mAortv 
tbo po&"DWlGnt i&mtuica.Uon ot Jadl9SJ 

I!BtboCLB oonei....,.,., ...... do DOt l"E)quiro 
• but or awq, 



dlich dii'for in tlmir lDl:lb procluo tion potentioJ. • As Roe ( 196�) bD.s 

pointed out, dz*.J atKlo o:tr be relc.t:l.w� oo..ail.Y i&lntttied and cllooo.tod to 

oopa..""''.tc mbs fu� ln.d>ine. TlJO idont-lftcution oi\ b:irth rc.nl: olc..ssoe 

i8 loss easily un:let"tc:l:on. c.lthout)h un:.le!' inta.1aivo ahopho:t"din::; oon<li ttons 

tt'Jin-born aninc.ln could be a�l:ofl ...... 1.. 'f11 oolonrod tees iz:I'::x)di .. �to]3 tollo'f"liDB 

birth. Anott:.m• poosibill cy rilich c:dots under tLeso ooodi t.io:m invol voa 

..,.....,....,. , - ., ( )., ...!-or .... n.oon """ ' .,..., � . ......... Uc -� . ' ..:. ;.. !!'-"'- .., • ...V----•• 1 • 

L:. vioo o1' tb3 al.on rc:;poneo obto.inobla ft"''X!l � seloct1on proooduros , 

to.0Qthor tT.Lth tho delcy �nwl·Jed 1n Ob� i.nfOl'filC\.t1on on the onL ...Us 

�vos and tho TJOl"k inV'Olvod in obtainina �o1'D:1t:lon on th£dr rol.D.t1�s, 

rocant reaearoh bns boon ooncernod th t.b.e pooeibili v that somo iD4ireet 

are e:�;teotecl to ot condaemblo ttaluo. · At oont fcoGo.oavor, bod.v � 

and the OOCUft"'DDO 4 u� ot oo t1Ne QVOleb 1D 1omb ore uzu1or 



i.nf'ol'IllD.tion is required on the pheno-cypic and genetic reL."l-tion.ships between 

ecch of 'the chorc.cters .;.nd L."'.ll'lb pl'OW.to tion, and nlso on their herit<>bilities . 

This cllor:.a tho d.otorm:in.:.�tion of the value of each item as o.n independent 

source of info:t"L'JC.tion, anC:. whether their combined use ia lllooly to be 

prof'"lt.?.blo . The n.vr'..il�ble infora:.tion on the phenotypic assocLtion 

betr.reen f\.oc-cover .::md l..::lmb production is promisinc; (Bo.rton 1 95411 Coop 1 9.5Gb , 

Inkster 1 956, Cockrem &t., AA• 1 956, Cockr.on 1958) , althoUGh further resoorch 

on its inheri tc::nco c.nd its genetic cssoci�:ti.on m. th lamb production scans 

doJJ:tr<.�ble bc:fore accurate selec tion proc o.J:t.U"'Vs CCL"l bo spoo:if':lcd wl th �'.ssuranco. 

The outcome of �.J.rther YJ'OI'k on tho inter-rol.:?.tionshipa o:f body ·crei0ht end laob 

ocst-":ts ':':"ith l.al:lb production ls :1"tXrltcd �lit! � interest, prelirl..i1:o.zy invosti{;..:�tiona 

for C.b..'.l.'JY ;::n::t!rn , and recent resG2.i�h on cronsbreedir:c lllls done ::.uch to 
more.. 

clerloru: tr�d:;o the economic i....'1_J •Jl't.."...n.cc of l['L;b prod1.1c tion oven undor t.hc rol:..�t:L vcly ..( 
sevcro cavlrcnr.1enta of tllii.J uou...'ltry. .?.1 th01.!.Qi1 t1w t.:.dva.n�oe oi' c :f"lrnt crosn 

ewe rr.t tL :rospect to lamb production r:o;lld seo:ra to lie o£ fnirly r.:ldcspro..:.d 

occi.L�roncc (Percn et p.l.1951 ,  Coop 1 958, Clru.>kc 1962) , :further inf'ornation 

is needed to ontablish the role of selection in minta.ini.ne this levol in 

subsequent geoorationa. The v-..:_ tal question on the application ot cross-

breeding revolves around tJw WJUS in l'Jhich it oan be integrated into the 

breedina stl'ucture of the shoep inau&tz':f • To this end detailad. specif'ieation 

of purebred and oeosabrecl perfonnanoe under Yarious env.iromnEmtal condi tiona 

is needed. � poaeible value of three-breed croaae also metr.l ta investigation. 



It is iqlortant to ocphnsioo �t the fcrtili'W oooau:ro or:ployod 

in thio otu(\V is fer f'ra:l OOiru o. oo�lctc description of' tho a.bili ey 

of il.&di.vldtcls , or o£ O'QU.ps of inUivi.clJ �cls , to produco l<.Jnbn . Ibt..T-}or 

it io .:.;. ooq>ound u.opoot of u OCQ)lell: oorlos of cvonto t!lioh tJ"WD chosen 

for ita ooso of r..aoouro!Xlnt und fot' the l'.::.!.Ct it io l.:::J.r'.._;QJ,y under t.ho contt'Ol 

of' the fca'.lc pc..ront. Othor �1octa of the cowplotc cl .u ·.in of mrontn ruot 

cJ.oo be con.cidc:�:'Cd bc!'oro 0. Ooct�lcto �dornt.c.nd!...YlG Oi' tho [;OHOt:lcs of k..T""Jb 

tJ...tu:'C O.:.."e m..tf'ot:X)ly \�11 :al-:.ls�-,t,oc. tv t11c :recant r10!'k th .t ' \:··. ; 'boon ropartod 

0:1 the 0'C.motic::; of :U.:l;tor 3.int�, ir:. . ::_cc ('12.co:1cr 1 9GO, Rd;m...,..;t; 1 �; :') �C. 1 961 , 

Jo-. .c.r:n ...:.:1d iblco:J.m" 19f'.JO, :�.:.:L.:o:v:>r � �'1·:'. :�o!Jc:"t.::; ·1 �Go) • 

l.Jnb pro..l.uctlon, h..:: r-.l.."10 ilW r:i.cl;: 0� :: p:\·:ib.i1le \le1;:,�i:)l• •. ::.tion in \10ol prO<J.uction, 

the r:.:��--·t:lo1! of t':lnu.roi...� rot ..:."�m 1"0 .:.ulr"llu th�,t '-� lxll.:.mcc he struck botuccn 

fuo b cl"U�rC.Ctor-u. Thi s  farther COtl?llc.:ltGn the formulc:.tio;:; o� selection 

pla.."lS for ahoop broedinc o.n4 re4ucos tho o.nount � procross that eo.n be mdo 

in Drf3 o..-w choractor (Huol and ll.lsh 1942). 
� coopliootions to ooloetivo breccli.nG ariao mtb respoct to the 

ef':.'icioncy or unitrcl �tlon. Present &v selection methods e.ro all baac4 

on �  the l�t p�cmg aniools ea the moot Cleairo.ble 'trooo, no 

account beinG ta.kx:Jn ot the aaibU1 v thnt the ht&beat pro� rxq 

not in !bot be tOO et aN"loient. b CGinCOgt ort"-lcienoy • vbioh 

is no 4oulr.t. a uso.f'..al one 1n 4otGrm1n!ne tbe oos 1nwlve4 in pr<K1ucins a giwn 
lneraaont ot procbJott.on, le lV JllinnS Oa&i\1 to det1ne QD&\ ewn 



Cii.fficul t to rooasuro. 

T110so c�lioa.t:tonD to the conotic iq;lrovon0nt or livostoo!: in u-oncre.l , 

end to the inproVtnont of' lar.lb prcxluction in po.rt:t.culD .... ·, inili.CQte ·tn:::.t a 

coq}lotc unclerst..."!.rld.in(; of tbn fc.otoro invoJ.. rocl ic oooc sn.·� .. r:LJ.J,· £1 c;o.-:.1 ::er 

tho tl1turo. �cir solution is dependant upon lxlsio rosec.ro.t1, intonllivo 

in cpplic2-tion , but b�'ld in ooncopt:ton , cmd 01..'lbr.:l.ein_; a.n .:;.ctivc e:�:1e.!'l.G'G 

of idc.J.s � infOl.."'.:ntion bemoan pure .::.nd �pliod scientist� ::'.lid p!'['..cticcl. 
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