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"Iwos yourly by luabing rich
rastora do 1xlm,
Tho lambs of such twrinners,

for mwcedoers o twlwm,"

- from Youatt (1837), as quoted YLy
Wentworth and Sweet (1917).
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I LEZROPUCIION

The majority of present day animal breeding mothods have their orisAn
in pre-scientific times, They have largely evolved from the empirionl
evidance of husbendrymen vho have been keen and cxitical cbservers of tho
perfornance of their stook, and it is only relatively recently that the
genetic basis of the various proccdures has been dotarmingd, This in tum
has led to the re:lisation thut any parmnnent improvenent in the inherent
abllity of amdrals to produco more, rests upon the successful munipulation
of these genotic factors,

In the gonetic improvament of sheep, the breeder is concerned with
replacing the exiating populztion of genotypes with another which is superior
in some particular feature of rmerit, leloctlon is gonarclly conceded to de
the main force ¢t the broodsr's command for accomplishiiy: this purpose,
Broadly, selectdon my he defined as choice based en information, It takes
place at mary phosos of «ny livestock industry, besinning with the selection
of the 4ypo of production, and pasoin: throuach the selsction of « broed or a
stradn to the selection of an individual animal, In particular, the within-
floak selection of individusls may be aimly definod cs the non-rundom
designation of anirials to be parenis of tho noxt genaration, Such deaigrnation
is intended to change the mean of the population by increasing the frequency of
tho dosired genes, It is thercfore, largely dependent upon the ability to
olassify individuals in terms of their genetic work, For this reassan, it is
perhaps best 4&afined 4n terms of its odserwnble consequences, es, "the non-
rendon differential reproduction of genotypes” (lLerner 1958).

Ganstio improvement is in this way intimately associated with a mumber
of diverse reproductive phenovena which include differential viability,
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differences in mating tendencies, fecundity and duration of reproductive
oupacity (vricht 1955), 1Indeed, the fertility of individuals directs the
{mprovement possidle in a breed or flock, lursely detertining the propartion
of avalluble animels th:t must be retained for breeding, and hence the morgin
of selection thaut is possidle,

The present trend of emphasis in the research and preoticc of all live=-
stock breedin;, appears to hinge arcund an imsre=alns cwaraeness of econarric
cerit, In order todpportion the impartan.e of cuch churuover in terms of
its contribution to ths not finsncial return of a flock, the concept of
rolative econonic valuos has been ecployed (isol 1943). This concept
allows brecding objectives to bo rationalised and pluoed on a socund
economic basis, with thc rosult that the finanoial progress to be expeotod
from selective breeding can be considerubly greater then whon the breedar's
1deale are confused, flustuuting or errcneous (flugel and lush 1942),

Although tho coonomic Ampart:snoe of an edsquate lewel of flock repro-
duotive parfarm:once has alwgys deen recognised in a gencral wy, the efforts
of New Zenland Ramnqy rem breodsrs have largely been directed tovards increasing
individual produotivity in flpece woight, fleece style, carvcasa conformation and
hroed type. Rae (1954) has shown that this situation 1s campletaly out of
stop with the relative economic importance of the warious sharaoters in this
breed, The expectcd fimancial return frum one generation of elngls charaster
seleoction indicates a higher economic importance for fertility than for ony
other character, Rurther realisation of the importance of fertility has
come from recent breod cFoss camparisons involving Ramnsy sheep uisy New
Zsaland conditions,

Degpite the importance of the Romngy breed in the sheep industry of this
ocountsy, few attempts have been made to assemble the inforration required te
define the problems inwolved in breeding for the improvement of productivity,
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Rae (1946, 1950, 1958) hes reviewed mony of the pertinent studies and oconcludes
that they merely servo to cutline the seneral structure of the breeding
industry, and to indicate where information of a more specific nature is
lackding, In viow of tho wilde geogruphical distribution of the breed,
tosether with the fhot that 1t 42 expocted to produce both neat and wool,

it is not surprising that breeders'® opinions wvury zs to what constitutes an
ideal sheep, This situntion lays further stress on the importanue of care-
fully defined selection obJectives and techniques, which are considerod in
relation to the broad economic and physical onvironuzent in which the sheep

aro required to produce, To thies end, furtiwr work is needed to guide broeders
in their choice of efficicnt breeding techndques for the improvenent of the
cconomicelly inportant charngter, fortility,




Ae  ZTIRODUCTION

The difficulty of olassifyinz individuals in terms of their genotio
worth lies in the fact that the observed phonotype of an animil is the result
of envirommantal influences as woll as of inheront potential, Thus, the
variction that exists between animils in their expression of the desired
qualities, shich is the matorial evailuble to the brocder in &lrecting the
population towards his goals, can be subdivided into genetic and environnental
sources, The agpproach of present dny penetics to this prodlem is fyom the
stondpoint of assessing the widue of different indicators of an anirel's
breeding perdit, in the sense of its cbility to lscwe superior offspring.

This approach, shich is essentinlly stutistical in naturo, has led to theo
nodorn theory of population genetics, The main intograting concept 1o the
additive genetic variance between individuals and its reluted parameter, tho
heritcsbility,

The parit of this approuch lies not so mch in suggesting new ways of
improvament, but rather in providing a rationnl method of integrating soveral
ruther diverse pharnomen, For axasple, the predistion of genetic gadn from
selection procedzwea, the use of different basecs m:’nuidn to selection, and the
construction of selection indices can all be oouchad in terms of basie wariation
and its genetic components, The theory has, in this way, extremely useful
applications in the designing of breeding schemes,

In this section literature on the application of modern genetic theory
to fertility of sheep, will be briefly reviewed in relation to the accuragy of
assessing phenotype, and the value of phenotype as an indication of gemotype,



Dofore those aspects can bo adequately dealt with, howover, it is nececssury
to define mﬁ:rochntivg efficioncy more procisoly amdl to consider thw woys in

wvhich it noy be meas Ted,
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doproduction is the biological phenomenon largely responsible for e
continuity of life, ortility, being an insoporeble pardt of this general
£icld, hus boen the subject of « lurye munber of investisutions in vhich the
problen has boen tackiled from iy dilferont ales, In populor usage in the

anioxd hasbendry sonse, fertilily denotos thwe (bildty of wn andixd to produce
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of the turvs fortility, fecundify «nd prolificacy. Janes end touse (1020
fash (1943) point out the »rocise motnin s of these tar s, IDriefiy, fertility
strictly rofors to the totul cetuil reprod:ctiwe copaclty of ¢ ferwde ond e nale,
as expressod by their ability, wen mated together, to produce individuicl off-
springe lxpressed in this wyy fortility demotes a qualitative aspeoct of
reproduction, while focundily ropresonts its quantitative equivalent,

As Goot (1950) and Sharafieldin (1960) rerxrk, the muin resson for the
iopliced eguivalence of these feua in the liternture, probably lics in the
difficulty of proowring suitable infariation which would make thelir sgparction
possible, On this ground, it tharefore secms Justiflabls vmen dealing with
mary.nls to use the term fartility to represant both (ualitative and quant-
itative aspects of reproductive officiency., In this connection the ternm,
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lamdb production, is galning popularity in current ecoientific wmitings,

In the present state of physiologicel knowledsze and techniques, the
practicel measuremsnt of fertility is limited to those stages of the
reproductive cgycle where visible expression is possible in terms of the
number of offspring produced, Goot (1950) has discussed many of the ccmmon
methods used for estimating fertility in sheep, and suggests seven indices
for its calculation, All of these assess fertility at larbing or at some
subsequent date,

In any study of fertility in mammals it is important to realise that the
efficiency of reproduction depends on chains of events, each of which determines
the upper 1lirit of the succeeding one, Workers have variously considered

aspects by the followdng three mijor stoges:

1 The numbor of ova ahed
2e The mumber of ova fertilized

3, The number of zygotes carried to term,

The first of these is largely a character of the dam, while the second
may conceivably be influenced by either the sire or the dam, Vhile it may be
tempting to regurd the third component as a funotion of the viobility of the
young, the potential influence of the dam, quite epart fram her contribution
to the genotype of the litter, cannot be ignoreds 1In addlticn, cach of these
separate processes 1s capable of modifica‘ion by a whole host of internzl and
axternal factors, Whils the anjority of the crucial reproductive svants are
govarned Yy several intarecting hormones or by overlapping series of harmones ,
it 15 also Xnown that the narvous aystem 1s frequently equally important,
(Ralbandov 1958, 1963),
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The complexity of fertility, however, docs not end with its miltiple
dotarmina®ion, Tho mumber of young bormm in many species of mummls has been
shorn to be subject to a strong matarmul effect, dependant upon the weight of
the dmm, A Quarger mother tonds ¢o produnce a largar litter in vhich individusl
woights are consequantly dspressed, Should this effect carry over to the time
vwhon the danghters' reproduce, thero may result a negetive daughter-dom
relatlionghip vhich, in mice, has been found to mu:ek tho positive genotic pathway
expected for a horitable character (Falconor 1955),

This discusalon hae been prosentad to illustrute that feriilily may be
regardad as a quantitative charaster, but thut it is one of oonsiderauble camplexity,.
Purthormere, it 15 to be expected that fortllity ias cipuble of belng affocted
throughout all steges of an enimal's life in that any pesiod of unfuvourthble
conditions my upset the function of the mochanism controlling it, For the
same reasons, a oomplote doecription of the gonetics of fartllity must be
rogarded es a goal for the future rathar than a prosent achiovement, requiring
e dotalled enalysis of the cluxracter into its oamanants und ¢ sepurate but
intecrated investigation of eush of these,

80 fur as individual vurietions in quantitative fertility measuwrenants hive
& hereditary basis, they are sudbjoct to selection, and the avaruge of tho flook
1s expocted to be changed Yy the same brecding methods used for improving other
characters, Tho extent to which any charuoter can be influsrnoed by selcotive
breedins depends upon the dsgree to which the various emvironmmtal influersyes
can be &lscounted and the true genetic ranking of the animels exposed,

i BFFEL IS OF HON-GENELTIL FACIORS ON IWE FERILLIT

Ce | N EHE ] ;
As for back as the last century Heape (1899), in a study of a large mumber
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of Wreveddng owos in several hundred English €locks, suggested five physioclogical
factors which may affect tho heredit:ay exprossion of fartility, In ordar of
irpartance he cansidered these to be tho physical condition of the ewe, the
nutrition of the cwe, the district, the cgo of tho ewe and the souscn of the
year ot which matin; oocwrred, Since this time, the effocts of & lixrge mumber
of cnviromantal foctors on ewe fertility have been invostijsatod for runmy
differont breeds run undeor ¢ wids ru e of onvirommontal conditions, Those
have recently boen reviewed in connection with breedin: problems by ilcewe and
Robortson (1953), Ch'ang (1955) und Sharufoldin (1960}, Ab & result of this
work thare has been o considorable increcse in the undarstanding of tho
underlying physiolojical moechoniams, and, nare {rportunt as fur ¢s selective
broeding is concaemed, ¢ luwe e wuount of infortiition hos accurmilueted on the
quntitotive menouranent of these offects under muny conditdons, Sinco a
given set of cstim:tes is strictly opplicuble only to the pixrticulor popul:tions
for tvhich thay wero derived, there exists sone Justificutdon for such w wide
range, In addition, Imowledge of thedir underdying biologicul basos provides
ugseful information for a prelimimry assessment of the possible nugnitude of
these aft'octs, and ruy «l1so prove of oconsiderablo vulue in su;zesting now
appranghes and tochniques for tholr accuratec and efficlent cetimntion,

In this roview particular acttention will be puld to those offocts huving
a usgful application in selective breeding schemes, and especiully thoso
perteining to the Roungy breed of thls country,

e MEOLER

The age fertility relationsbip in sheep, as well as in othar specics of
domestic animnls, has been the subject of many investigations, From this
wark 4t may be concluded that during her Yreeding life, the fartility of a
ewe inoreases with age and then decreases, often after a platesued level
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lusting a murber of lombin;s (Houpe 1099, Jones and Rouse 1920, Mahols 1926,
Johansson and llangsson 1943, Baxton 1947, Dosal il Winters 1954, Goot 1952a,
Ikxrt and Stovens 1952, Wright and Stevens 1953, Racub wnd saler 199, Karem
1957, Hiclkey 1960, Shefbliin 1960), Differances in the shepe of the uge-
fortility rolationohips found, could bo uttributed to ssverul irportant factors,
In the first pJece broed difforaicos have been demonstrated (Reeve und Robertson
1953),  Secondly, ase and your effvcis aro camonly confoundod im rxny of tho
studios curied out, Thirdly, the hicher lovol of fartility denonstroted by
moture eves, couwld in port bo due to the seloctive elinmination of lowly
fortile youn:; undmilg, Fourtily, differont onvironmontal conditions mey rosult
in o didiorenticd fertllity response in oves of diff'arent yese Theseo
posgibiiitics cuphasiso the noceasity of conslidering uce=fertility cssiclations
#1 % wro droctly oppliceblc to tho population of cninvds i'or tirdch the infertution
is doaircd,

“¢ble 1 suwmarices ¢ awbor of oo=fortility asssocliitions found in tlew

Zecdond LRomney ovos,

Zgble 1
Tho LBifoct of ;¢ on the Pertility of ixms
Reference Barton(1947) Goot (1950) Hokay(1960)
ool Liorniss otod Loave } s 3 s L s 00 |
Age at WO L v TRI0 : - or o ’ S 2 : “1 '-';-v.-:ﬁ) %
loting Lanuin ! ~we put to | Yo Rom ¢ e Ren
() tRam () 1() p 05
:ﬂ?‘
Twowtooth 126,5 1011 8ot 7842 |
Four=tooth 3.0 | 120.9 108,5 ek |
Sizetooth 15047 132,0 1183 96,8 |
Pullemouth 148,6 157 1204 109,2
5 years 151,0 137,08 120,08 10846
Average of all ewes® 141,8 12,8 109,3 9349

a includes owes aged 5, years and older,
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Barton's (1947) roport cleo doalt with the incidenoe of barrenness
and the lovel of lamd doaths in o stud flocl: of low Zealund RarmGy owwose Tho
incidence of darronness over 13 seasons cvaragoed 15,9 for all cwes, with &
strildn; reduction from 25,2 . for two=tooth cwes to 13,5 for four-tooths,

“oot's studies rofar to o flocks of low Zealanl Ramegy stud ewes and
also denonstrated a hich dncidence of bdbarronness in two-tooth eves.  Approxe
imitoly 43 of the total variation in barremess was found to bo attribuiable
to age (Goot 19522)s Goot (1950, 1952b) also found thet variations due to
age accounted for between heldf and thmreee-quartors of the total varionce in six
other fartility meusmaients,

Tho miterial an:lysed by ilickmy (1960) wiie collected fron a group of
co~oparuiin; comeredal farms over ¢ puriod of six successive yo rs, Drood
averasos viare not specifiede

It ond Stevons (1952), and wright and Stovens (1953) have «lso discussed
ago~fortility associutions, while Ch'ang's (1955) analysis detoctod siynificint
effocts due to ;30 cnd yeur on the iz‘)cidemo of barremness, singjlo births and twin
births in Now Zcalind Rommay oves,

It is of somo intarest to consider the biological boeis of age~-furtility
relationships. Coop (1962) has sugzosted that the lower breedin: perfarmnoe
of two—~tooth cwes in camparison with thoir older ocontempararies, con be expluined
almost entirely in terms of liveweight at mating, This perhaps su; osts that
physiological moturity might be an important fagtor influencing fertility, and
that environmentol variation in fertility might be effectively allowed for
in terms of some function of livewedght, Domald (1962) has also put forward
this poesidility, althouch the efficiency of such a method must aweit furthor
dotailed inwestication of the relationships imwolved, Parity, or the muber of



previous precnancies, 18 also likoly to bo a oamponant of the age gffect, and i
in fact sugzested by Smrafuldin's (1960) work on the affeot of the age of the
ewe at hor first lambing,

The snvivel of lunmbg 48 a further aspoct of reproductive officiongy that
has beon considored in rolation to the o of the owe, n gencral, it appeors
to show a sinilir trend to tho ago=lambin; relotionshdp, (Rue 1946, Durton 1947,
Goot 1951, Purccr and Young 1959, Shurufoldin 1960), In this oase, tho undore
lying bilolo :ical baslis would appear to involwo off'ects assoclated with tho
lub's birthmui it (Parsar and Young 1959), tho eve's milk yield (Dornicoct
et al 19'6), tho mxder of iumbs borm (Walloce 1949) and suclled (Muson and
passn 199, Alesmnder cnd Daviles 1959), and the behaviowr of the owo (rloander
1960).

Yoorly variations in tho lemding cbility of ewes have boen roparted by
Goot (1950, 19521, 1952b), besal and Wintars (1951a), Ragub ond faker (1954),
Ch'ang (1955), stdmell (1956) and Sharufoldin (1960),

The :ffoct of dlfforent yours on tho fortility of ovos is o subjoct which
includss the influance of many fuctors which are diffioult to ieclutc and moagure
separately, Thgy cmbrace both metcorolozical and managementsl chonges such as
temperature, rainfall, 1li ht, soil characteristics and sbandry practices, In
addition, gemstic chinges in the average merit of the animals may also contribute
%0 yearly wariations,

Goot (1952a) reported thet spproximately 11/. of the total variance in
Wsmm%nﬂmmm, and yearly diffarames also proved
% be a significant source of wmrintion in the mmbder of lambs Gocked per cwe mated,

(Goot 1952d),




Reevo and Rodbartson (1953) have revieved tho effocts of tho body wodght
of the owo, tho tinc of mutdn: in relution to the nawmul bre.ding secson and
tho pructice of "flushing”, in connection with their influcnce on tiw incidence
of mltiple births in shecp. Thgy coaclude thit thoeso fuctors my have an
important effcct,

With grazin; andncls, the quantities of feed eaton are not eusily mousured,
thouch chunges in the liveweicht of tho anliidls are rocdily detormined, wnd
probebly form thc bost and most conveniont me:rsure of tho lovel of nutrition
to vhich enin.ls aro subjected, lowover, with respoct to the effects of
nutrition on flartility, therec is clowrly ¢ vory roal neod to cateblish, both
for the rexring phoose and for diifarent tincs of the year tiroushout tho
breeding 14fo of the {lock, the averuse liveweight srowth ciwwves vidch will
le:d to optimm roprodictive efficiency, Until such information bocomcs
avn:dlaoble, thore is little in the wy of procise criteria vhich will help the
brecder allow for nutritlconally induced variitions in the fortility of different
emdnelne Same recently ruvportcd investigations sugest thet useful informtion
is coning to hand, For oxurple, rocant work by Tribe cnd Seebock (19G2), Coop
(1962), Coop and ligymen (1962) and Wallasce (1963) has doan concern. d with
differentiating boetiven the effocts of livoveicht and lvewmeiszht changzoe around
mating, on the lambing performance of ewes, Viork of this nature should help
elucidate more precisoly the olassisul oconcept of "flushing™ that hus arisen
- ovar the years, As lioula (1962) points cut,
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fthe majority of tho exparinents to investigets "flushing®
have not boen properly isolated, have not been anclyticeal,
and both confirmmtory and negutory results heve been
obtained beocause of bad dosizn and fallure to control
variabhles"
The effects of the othor envirommental factors imovmn to influcnce
fartility cre not considered within theo scopc of this revicw, aue, princrily,
to the difficulties involwed in thoir isolation and precise recsuwrarsnt in tho

present state of kowledge on thelr underlying blologiosl mochiniasrs.

iHstordoally the appronch of' studics on the inhuritence of fortility in
sheep his been similur to those on othar charveters, Following exxrly atterpis
ot siimle Fendolian anlysis, the totd phenotypic correlations botveen reliotdves
vare investisated Rue (1956). It wis not until the statistiocal motiwds
derived irom tho theory of populuntion jenctics werc developed by '=risht, Pishor,
Holdine ond Lush, that recl prosress was meds in estimating the gonetic
variaotion in reproduotive eifficiengy, Much of the carlior work hos boen
reviewcd by Roove and Robertson (1953), Gh'ang (1955), Rae (1956) and
tharufeldin (1960), end will only be briofly considered in conjunction with
oare recant partinaent studles,

Despite the remarimble fertility differonces that have been found, there
exists little in the wuy of critical information as to how far the observed
diffurences betoven treeds may be of genetic origin (Reeve and Robertson 1953,
Rao 1936). HNevertheless, the work of Terrill and Stoehr (1939), Resmssen
(1941) and Johansson and Hansson (1943) leeves little doubt that genetic
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factars are involved,

A mbar of studiocs huve aiceoadod in producing evidence that the
variume which exdsts betvoen individials in their luding ubilities, is
cartly duo to gomptlic differonces, Iuch of the ouxrlioer worl:, hovover, led
to & mmbar of contrudictory opiniocns and pivvided little in thoe wy of
quantlitutivo conclusions in terms of precisc heritabildty ostinetcse In
retrospoot such & situstdon is undaratandable in vicew of tho discdvontoos
of a lov roproductive reso, the long intorval betwoon (onoratlons, .nd the
high coet of each individual, vhich aro difficultdes in using the glwoep s
an exporiacntcl andril, Thoose, tejethor with tho iy oenvironmentid (nd
plysiclozicl fuactors thich uro invulved in the exprecsion of fertility,
havo meant tiut large exparinant:l flocks are required for the ccourcdo
estimntion of effeots and wurinnce camponcnts. Duo to such diffdculties,
my o rly estimates ware bused on dute from carwercinl Wreoders® tlocke and
treod roglsiry recards, vhore sdequa®e control und estimition of enwvironnental
capoionts of wurdiction wmis of'ten neithor ccanamienlly foasiblo nor
statisticclly possible,

Roeve and Robertson (1953) have commented on cases of outstanding
perfumarpe shown by indi¥h@neal ammalg, and eartices by their descendants,
The quostion of etibuting such ramriables differonces to hereditery and
enviramental faotors is the problam aphaaiand by these workers, In any case,
populstion genctios and selection thoory deals essentially with differences



12

betwoaen groups of animvila, the rocognition of a few chumpion perforriers balng
of lossoer irportanco,

(e) Zype of Bipth Lffock:

Indications of the inheritawe of roproductive ruto heve beon obtedned Wy
cayparing tho Cartility of ewes born us tuins with eves barm es einzles,
Tho cffect of the typo of birth of the dw and tho sire on the subscquent
luambing perfortcnoe of the owoe, hes 4lso boen studied,

Riets and Robarts (1915) cnalysed extenaive data from the Anarican
2mwopshire Shoop Roeord with a viow to tosting Heape's (1899) st.toment that

"iaro 18 same roeascon to beliewo thu:t twin 1mids roduce more
tudns Hhon alncle lanbs and that tho influance of horedity is
brouzihit to beur” .

Thooe woritars denonstratod amuwll positive aseocictions botwwen the fype of birth
of tho asiro, tho dui, tho muternal srandin and the type of Wrth of the off-
spring. Ventworth and Sweet (1917) ulso shdied breed roglstry rovcords and
reaghnd muohh tho some conclusions,

Marah21 and Potts (1921) found that tho highest lamdbing perforrunce was
exhihited by ain;slo=darn owes whose parents wore both terins, THAD=DAIN owoB
ware found to be 4,7+ more praulifio on uvercge, than single=borm eves,

Recve and Robarteon (1933) und Rae (1956) have reviewed sone Russian work
thich has rosulted in conflioting opinions as to the importonce of an animnl's
birth renk, Niwljskii (1933) and Smirnov (1935) could demonstrate mo definite
relationship between prolificacy and birth rank in the Karalml and Romanov
breeds respectively, Nordreocev (1939) on the other hand, demonstruted a
positive association in Rambouillets and Belogredsikii's (1940) results for
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Repmnov sheop indicntod e daughter-dan regrussion of the orier of 0,29
(Roovo and Robertson 1953), lopyrin's (1938) work on the Ramnov, howover,
gove a dauchtar—din regression of 0,040,

Conflicting results waro also reportod by Castle (192%), whilo iccud
and Winters (1951a) found thet trip-barn owos gave LArth, on averrce, to
0012 marv lamdbs, end showod a hishor froquancy of triplet produnction, than
single=bon w05,

Ragnb and Asker (195,) woridng with the Ngyptian Oseird broed, ¢nd
Karen (1957) vdth Ralvxni owes, both concludod that the type of birth of
the ewe hed no effect on her tvidnning porformance, wlthou h thoir results
indicatod & am:11 lambing percentiye odvanti o in favour of twimn=barn femnlos,

Sharafeldin's (1960) annl;ais of Sexel shccp demonstrated Alffaremces in
the intensity of type of birth coffocts, tho birth renk of the ewe horsclf
tanding to have a more conasistantly pronounced effect than cithor the birth
rank of her sire or hor dan,

In the How Zealand Ramney DBarton (1947), iright and Stevens (1953), Rae
cnd Ch'ang (1955) and tiallace (1958) have reported fertility di ferences
botveun twin- and sin lo-barn cwes, Barton's (1947) analysis indicatod a
diffarance of 449lambs per 100 ewes at lambing, althoych whem only those ewes
bresding for the first time as two~tooths were oconaidered, the larbing
parfmrmmoe of the twin-bdarn ewes wus alishtly Anfarinr, e also found that
singlo=darn amdmls falling to dreed as two=tooths showed a particularly
infer{iar parfaruance at thelr foua~tooth and later lamdings,

In a South Island Rommey stud flock, Wiright end Stevens (1953) concluded
that up to thedr third lacbing single~born ewes are less fertile than twin-born
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ocms, Over four lambings twin-born anivels averuged 36 mare lambs por 100
ewes, than evee barn a8 aingles, Rue und Ch'ang (1955) damonstretod e
eirmlar Affsrence in the armunl lanbing percontage of sinsle= and twin=borm
ewes,

ticllace (1958) found that the proportion of dry ewes wus gpprozimately
twico as grout, and the incidsrce of tvimdny hulf as larse, for itvin=barn
ewcs in oampoardison with thoso of eingle birth nuwlz, This obsarwatlon was
mdo on the lambing parforrevico of tvo=tooth owes born in o flock scloctod
for hich twinnin; reto, At the four-tooth wnd aix-tooth ages, howewer,
ths parcontace of ary ewcs ¢nd the twinning raute were rmah the sume for both
birth mank classes.

The ropeatability of fertdlity rafors to the consistency of the repro-
ductive performenco of the sump owe at ddfferont lambings, Repoatsbility is
usuwlly estdmated as e correlation coafficient vhich expresscs the variation
in the parfurtmunce of the sape owo at differant larbings as a propartion of the
4otal variation in the charcstar, In genwtisn terms repcctubility mocsures the
dagroee to which the charncter is freo from tamporary influmnoe of divarse arigin
(Lerner 1958), In this way it sarves to indicate an uppar limit to the
heritability of the charsoter, althouch if envirommental gonditions have
permnant offeots on a ewe's ability to produce, the coaffinient of repoate
abdility vill also be partly a measpure of thesoe. Repeatability also sorves to
indicate the extent of future gains in lifetinme perfurmance fiom culling based
on prior recoxds, and the relative wvalue of repeatod records in e selection
programme, These aspects have been considered in some detall by lush
(1943 and 1948),
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Rogve and Robartson (1953) and Ch'ang (1955), who huve roviewed tho
litorcture, note a paucity of informotion on thic reponicbility of tho nuobder
of larbs bormn por larhing, Johansson and Heagson (1943) made a detailod
gonotic anoalysis of axtenslve Swedish fourn records, cclculetin; a withinehrecd
repoatability coeffisiont of the order of 0,180 to 0,185, using both inmtrs=class
corrolation and linoar regression mothodse Uming two bnordal mothods of
ancdysis on tho sume body of dnta, Rendal (1956) obtained avervge ropoot bility
coafflcients of 0,11 and 0,09 for the incidance of multiplo births,

Using tho intrv<class corrolation mothod Desei and Wintors (1951b) reported
a repcotadbility estinate of 0,05 3 0,03, Simdlor estimatos werc obtcdned by
ioren (1957) for the Igyption Rirund brecd (0406 2 0,0%) and by licson :nd
Dagsat (195%) for Italdan fangho shoop (0408)s  Folts gt al, (1957) houever,
obtuined an cstimitec of 0l.c4 for the rupeutudility of the mmber of lazbo born.

In New Zoalind Romngys Ch'cng (1955) obtuined rousonwbly consistent recsults
ugln; two techniquoe {or nocourin: the anceunt of cesociutdon in discrole dotoe
The ostirntoe for the number of lambs at birth runsod from 0,12 to C.25 (Rue
and Ch'eng 1955).

In Anstanlian Marinos Turnor gt g),(1958) report on intrw~ceo corrolation
of 0430 for the mumber of lonbs per birth, vhile more recontly Young gt gl.(1963)
found the ropeatability of the number of lambs born and the muber weancd, to
be of tho ardar of 0,05 and 0,08, respoctivoly,

Somo carlier work not govercd bty tho previcusly mentioned rewviewers, ulso
indicates that fertility is a repeatoble charector, For example, Blegert
(1938) comlimded from studies on twin prognangy in Turttemburg sheep, that
eves which bove tuins et their first or second lambings, tended to hove a
higher subsequent lambing rate than other owes of the same yoar, A aimilar
tendengy has been found by Nikoljeltid (1933) in Zarakuls, by Smirnov (19385)
in Romanovs, and by Rardrucev (1939 end 1951) in Ramboudllets,
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jiaritability has boen dofined by Iush (1940, 1949) cs the fructien of
the observed or phenotypic wiriance which is duo to édfferonces botween the
Jenes or gonofypes of individa:ls, lLiore precisely, thio definition of
heritability in the narrow sense is the frection of the cbserwud phenotypioc
variance of o charactor whilch is coused by cdditdwely gonetic differences
botreon individuals, It is thus @ messire of the additive jencetle vaariince
within a populatdon,

lany tochniques and methods of eatimting +the heritibility of diffcrent
treits have boen dovelopod (Gash 1940 :nd 1949 . wrner 1950 d 1958, falconcr
1960, Johunsson 1961), These methods ¢11 dopend upon the nmecmmenont of the
gimilorily Letwoon individuuls relatod by lnexd or collateral descent, w8
corpurod with unrelated individunls, ofben affter wrlous wnounts of the
recoznicble awironmontal contributions to such similirity have been climinctod,
epending upon the mothod used, the estimnto obtuinod usuclly lics sornoidiere
betrecn the narrow and broad definitions, Tho ostdx te almost wlwuye includes
a little of the epistatic wvardonce and somptines e partion of the dondnunce
varicnce, These sources of wurdction dopend upon inter and intre=:1lolig
gone oombinntions respeotively, 2Due to Mendeldan segregntion and recorbinction
each gencration, the effects of thono combdnetions gradnally dimirdsh in a
larce rundon mating population, For this reason, it is tho haritahildity in
the narrow scnse that is of interest to selectdon studies,

luch of the earlier work on tho inharitance of fartility in shoep has been
reviewed by Reeve and Robertson (1953), Ch'ang (1955) and Rae (1936), and will
not be repeatod here. The general conclusion reached from this work, is that
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4nheritance acocunts for, ut tho most, only 10~15: of the total variation
in one lonbAng record, this dedng bused lurpely on the detailed analyads
mde by Johonsson and fhnsson (1943).

Rathor vordt also substantiates this penexrel conclusion, althoush mmch
of it 1s boged on limited amounts of data, Thus, for tho nuzber of lombs at
birth Droanbrosk (1952) reported an cstirnte of 0,17 for the Colurdia and
Turchoo brecdsy Ragad and Aster (1954) an estincte of 0,036 for tho Oseird
brved; Rozen (1957) an estimato of 0,08 for the Rahmryd brecd; and Folta
ot g1.(1957) an estimte of 0,068, Sidwoll (1956) estim:ted the horit:dility
of birth ranlkk as 0,22 and 0,12 for mature crosshrod and Navnjo ovos respootively,
ond also colculated an estimte of 0,18 froo Vientworth and Sweot's (1917) date
for Southdowise In tho Toxol brecd Sharofoldints (1960) «analysis guve ostimtes
Of 04172 £ 00183 and 0,048 4 04104 for the mmbar of lambs born ot the first
Lubin: of cues, Forum and Ragak's (1950) cswimtos for the sume brced were
04266 & 04108, 0,538 2 04143 and 0,298 & 0,330, cs obtulned by tiwce different
methods of ancdys s, In Austruldan Hordinos Young gf 81.(1963) hnve rocently
reported heritodility estimates of 0,09 2 0,09 for the nusber of ludbs wecned,
end 0419 2 0,10 for the mutbor of lambs born, Thoeo cstimites ware besod on
tho sum of two yoeur old and tiwee year old lanbin: rocords,

In the llow Zealund Romney broed, Ch'ang (1955) amplayed several different
statistinal procedmes to caloulste the heritabhility of the number of lacbs bdborm,
the incidence of barremness and the incidence of tuimmigge In genmercl, the
rosults showod the heritabllity of these measures of reproductive performance
to be low, the estimates renging from sero to 0,15 (Rao and Ch'ang 1955).
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T extstence of significant difforences beticen sires in U fortilidy
of their for:lo of¥snrin; sarwous to daoonsiruto e irportance of the =ire in
toardtidn; this dyxawctor to his dewshters. Such wn atPect ust be clearly
dist inulahed Dyen the plhiyslological ¢nd pgychelazical influnence of the sire
on the fertility of cuos to which he is nuted, evon though this elfovt ngy
«dgo hove o gomstic bapis,

rdthouch some oearly workers (Marsiwll wand Potts 1921, llardraccv 1939 cnd
1951) have considerced nossible aire ofiocts, it is of'ten not clocr fron their
stoto ents methor they vere refeetin: 4o rode or fanclo fortility, Doth
Jolumsoon cnd kasson (1903) wad Losed and Vintors (1951a) fuiled 4o dasonsteeto
sirndidcunt fordiilidy dvdareccos belreen xowss of doushitcrs Dron dil¥orent
GLT05, lovorthelens, tie latior worizore noted thot thwe size contributed
Lesh  of the within-line sums of squures, agub wand Asicr (1934) wnd “endel
{1296) found algizicunt difforencos botweon sires in the iacidence of Hidimin;
in thedr offsprin;, whilc Ch'ang (1955) and Sharafelddn (1960) wlsc found

aignificant sire difforences with regpect to the mubor of Luds dborn,

Givan the nocessasy estimites of genctio parnnotars, population gaonetics
thoory allouvs cert:.in inferoncos to be nade conoarmin: tho rate of genetic
i—provament poassible under specifiocd scloction procedures, Canvereely,
haritability estimtos can be cheokod Yy axanmining the aotual chances induced
in a population, followin; the aspplication of e measured selection intencity.
This iy be aanaldmred 08 & Qmaio application of population genetics theary,
mmmwmmhmsm&mmwmmmmmv
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by Paloanar (1960), This mothod is porhaps the most effective way of
eotin:ting the propartdoncte amount of additive genctic varimnce, and in
addition 18 no doubt tho best wey of assessing the precticol utility of
proposed breoding sclxxes, lloower, vhon ono or more gomrations of
soclection have bean muds, the procise pDmwurasmt of the genetic rosponse
ectuclly odtsined introdiwas sowrwl probloms, There arc matters of
procedimo rother then princinle and have boen discussed in detail YWy
Falconor (1953, 1954, 1955, 1960), bckerson (1958, 1961), Hendaveon gt gl .
(1953) and smith (1962).

Unfartunntedy selection erporinents in Loxrper domostic animals are
bosot vith pructdcal and econonic difficultles, ‘Those lintatlions hive
severely resirictod the scope of nawy emporimonts and have tendcd to rosult
in the use of luboratory anbinds for chwcling the response of popud Hlong to
sclection, This vould sppoar to bo especially 4rae for lowly herditable
characters which require lerge mumbers of aninelds for an adogquato anldysis
of soloctlion rogsponsc. In gpite of the difficudties, a for oxporiients
h:ve boen corrTied out and confirm that Lyd production is a cherecter that
can be improved by scloctive brecding (Kiser and Gwristomu 1940, Viallaco 19568,
Turner gk gl 1962),

In cach of these tiroe exparirmnts the plan hus involvod tho furmition of
single= end teip-grodnoing flocks of shoap on tho besis of the ewes ' birth
runizy hee® own tendangy to nrodnoe aingles or twins, and her ancestrul
deposition towmards singles and twins, Attempts hove been made to avoid
undne effects of inbrecding thwough the choice of the aires,

Kiser and Christgau's{1940) exparisent, invalving purcbrod Shropshive
shoep, ren over o period of six years, but growp sises wove small, varying
betwoen 18 and 25 owes ccch year, The first lasbing records of the ewes




bred in the two groups indicated that tho tv/An ;roup exhibited a highap
fartility, olthough the differences decrecoed in later yours,

lialloco's (1958) solootion esparinant with New Zewl:nd Ramays «180
arplgyed a control flook in which no direct attentdon ws paid to tho larbin:
histary of tiw ewes or their (ncostors, Xach floak wis run on ¢ stwrictly
self-contoined basis, with tho anml ecloction of awe and ran replacencnts,
and the cullin: of about ono half of the owes aftcer their third lonbing; scison,
Results over a4 ten your perdod deronstribod fertility dif'forcixos botiwan the
hzh and low twvinning flocks, espocinlly at tho four-tooth end subseguant
lgbings of the ewes, At aix yours of a0 the moan parcontae of larbs boin
per owe lorbing: was 162 for tho high and 122 for the low fortdlily flocls,

In tho Niarino exparinent of Namer of al,(1962), all swrviving prod

entored 4hc xroup into which they were borm, no aalling of owos boing nructiscd,

£5 vAth Vallace's (1958) flocks, core was taken 1o ensure thii tho sclection
oups received as nour idontical environrentel conditions as possible, The
unselocted danhivers of the base owes ahowod a Aif¥farunce in lanb drop betvoen
the tiro (powps vhilah avoroged 21 oore lanbs born pexr 100 owes mated et two to
slx yoars of ase. As was also found by Wallace, this difference tonied to
incrense with the age of the daughter ewes, reaching 31 lambs per 100 owos
matod at six yoars of age,

Roo (1958) hos dsenridd a selection experiment for lard production as
measured ty the total weight of lamb weaned by cash ewe, Although tho
experiment is still 4n its initial stages, seleotion has resulted in an anmual
increase of eppraximately 2 1b, of lamb weaned per ewe,

Very little in the way of adequately dooumntad evidence pestaining to

the effectivencss of prectical selection in the field, has been reported in the



lterzture, Tumer gt al.(1962) triofly comantod on e amnll crowp of aves
froo a mopartdy whore seloction for multipls births hos led to the formmtion
of a miltiple birth flock producing 160%1;931)5 por, e ated at to and threc
yeors of age.

Colburn (1960) has outlined soue of tho methods ho his used in an
endeavour to improve proldificacy, milking capecity, and growth mitc in &
solf=contained floclk: of Clun Foreat shecp, [o mims no attapt, hovever,
to aseecss the merits of his achaw, nor the prugTress thet h.o been obicined
over the fow years in which it has boen in operation,

As Roove and Robertson (1953) conclude,
"thare is ample evidence that ¢ nmber of non=cenetlc fuctors
such w8 u 8 of dem, curliness of lmbin;, body weight of the
e, «nd both the level of nuirdtian «nd changes in this
lewvcl at o of muWlng, oy hi:ve o profound off'oct” on tho incidence
of mltdiple births,

Combined with the low heritobility exidbited by fortility cheructors, this
suggoets that nan=gunotic sowrees of wuriction would have to de elimineted as
far as poaaible befare much ganstio progross could be expectod to result fron
selootion, Dosai and Winters (1951a) have discugsod the expocted imcroase in
seloction efficiency, through the adjustment for lnown and muswm=zble
aenviramantal influences on fertility in sheep, 4s thqy point out,
environmental frotore should account for a substantial partian of the total
variation before their elimination can be expocted to inoroase the genetic
gein, In this comnection the effect of dam's age mey be relatively emxily,
and frequently usefully allowed for,

The renge of estimatos cbtained with regard to the importance of genetio

influences may represent genuine differences among the populations studied,



althouch ellowence mist bo meds for ammpling varintion and the possidtdlity
of Yins aricing from the inclusiaon of un=roisured nan~ganotic offectse In
addition diffarent amounts of noo=edditive genotic 4influenceos may have
becoo inoorporcted a.cording to the mothod of cstirmition usod,

Thero is a suggestion from the eff'ects of crossbrvodin: on the fartility
of shoop (Rao 1952b), that non-additive gonotic offeots mgy be en important
source of wuriation in this chaructar. Dicknrean (1991, 1952 and 1955)
and Plakorson gt gl {195,) hove ddscussod ovidence bouring on tho hypothosis
thot non=additive genotio wariation may o irmpartant in nany fertlidty
chaructors, on the assumption that thay will h:vo czlwmys possesaed positive
scloctive veluce Robertson (1955) hie rade ossontially o seno sonorule
isations,

Dogpite low estimntos of hordtabilify, it is gancreldly . xeold dxn:t sone
irrrovapnt in the fertility of the projeny ory be accorplished throush the
sclootion of forvlde pavonts, This would tend to be conflimed by the fow
soloction cxperimonts repartod, althoush procise osaswranent of Hheir
affoctivencos is difficult due to uncertainties oconcornin; the mynitude
of the pgonctic roaponso obtained ond the mougurcment of the intensity of
sclootion opplied. In edditdon, the ancll sise of the majoritv of these
saleotion groups, and the short pariods faor which selootion has been cpplied,
fixr-thar 1imit the intarpretetion of results,

Where the heritiblllty of a character is low and hence the ascuracy of
raniding indvidunls according to their genctic worth also low, greator amphakis
needs to be placed on aids to selection such as the use of progeny tests,
sid tosts, and information on ancostors and collateral velatives, (Iush 1943).




*23m

For axnmple, Rao (1953, 1958 and 1963) has suggentod that tho selection of
both evvos and rans for lamb productian may bo usefully aided Wy infaroation
paertaining to holfegistare' parfammoe, o specifio asaessoant of the
cffloiency or pructical utdlity of such rothods of dmproving shecp fortility,
appears to have boon roported in the M ternture,




The reviow of work which hos been reported sugpesis a mubar of critaria
and methods which zay be applied to the iguruvement of lach production, The
genoiul conclusion to be rvached, howevor, is thot firthor critical work is
noecesoary on the importance and intar-rcletionshipe of tho fuctars affocting
L.ob production, before any accimute assesarent cen be undartclon of the most
profitable wmy of brecding for this cherector. This i3 especinlly true in
viow of the varicble and of'ten conflicting results thet have beon reparted,
Aurthermoro 11 scong thet cexd in oothods my LO nore efficiont and eunler
to opply twn othor mothods, ol thit these chaructoristics wre 1i¥ely %o
be roloted to the particular conditlons of environmont, husbondyr cnd
industry orgunisation wnder which tho flocks cre run,

Iroudly the pupose off this study 1s to further considar somu agpocts
of tho problens and nothods of wdthin-<flock seloctivo broeding for the
irprovenont of the ebility of llev Zealund Ramney owes to produce lusbs,
f£8poets wideoh havo recaived particular attention are:

1. Prodlems involvod in selecting for incre:sed larmd prodirotion
utildaing information on the numbor of lambs borm por ewe. This section
covers

(a) paculisrities of the scale of wenmmammt
(b) the use of birth rank information

(o) the use of repeated re:surermmts

(d) the problan of txvad categorics

2, The walue of the selection index approagh, whereby pertinent
nfametisn on the perfornance of relatives is combined into an overall
estinate of an animl®s bredding walue,



Froo the point of vicw of imcreasin: finonciol returns, the shecp brecder
is interested in producing large mrhers of living young up o the tice ct
widch thay form o oo ereiclly sclochic sroduct, This will onorelly occur
ot wouning tine o sone subsoquent dote, depending upon the nattorns of
laghondry ond farm manacemend undertilzecn, In this thesis, however, femtlce

erbilify hos boen ossessed oz the basis of the totel nurmber of lorbs berm
(2cod or clive) por owe moted and resont ot lacdin: tice, This roocsze lns

been cheoen for the foliswing recoonss
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rmodictely followis: larbing, intc corpurcble fetility

Lo Zue to the socuentiol nedure of roproduective covoints, thio muder of
ove produced is the first ciproescion of ¢ ewe's potenticl fortility.
Mvalotion reto would possidble Do on idoal peasurement from the poind of viow
of selcctive treodins, This ic suyysested because it is loryely o caorochor
of the dom, axd is unconfounded with: offects associoted with the vicbilily
of the youn: cnd with other factors which wre possibly not associateld with an
aninel's potentinl repreductive copecity, This falls in line with en
hypothesie put farvurd Yy Cocloem (1962) that,

"in general, the moarer to the initle) guno actdon a charactor

can be mpasured the higher willi be the heritadbility”,

Although the results of Falconer's (1960) analysis on the componcnts of
1itior sise in mico do suggest that owvulation rete is more influenced by genes
with predominantly additive effects, and shows a higher heritability relctive
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to the othar camponenis stadlod, Cocm's hypothesis oi ht not clugys beo
strictly corroct, This is because hoeritcbility is ¢ retio and my clter
with changes in eithor its mmerctor or denorim:tor,

Desplte tivse cxhortaticons, tho presently cvediladle technigues limit
the carlicst procticul laxrge scale reas.ronet of forle fertdliy o thic
mmber of lurbs present at bdrthe It is interusting to note thut in
Angtrulion forinos, Young ot 21.(1963) hawe roported @ cousidorably hijor
heritibilily for this mecs:irc, in corp adson with o measurenent bosed on the

mober of off'oprin: wecned.




The data studisd in the present investigation have been obtained from
a flock of llow Zealsand Roumey shoop cstablisghed at lingscy /Agricultaxl College
in 1944 to inveatisnte rethods of senotic improvament in this brued,
Information partainin: to aspects of the reproductive parformance of tho
ovwos of this floclk s gothored as part of such investiations, hie stugy
mkos use of data colioctad over 14 consccutive yeors and includes opproximatoly
800 dmghtar=dum pairs,

dotadls of the flock concorned and tho erca on vhich it hus beon run
hnvo boen doporibod By Rue (1950, 1958¢) and dh'ang (1955)e  Only fouturvs
of ite mintonance and mwnasoment vidah ace patinent to the proesent study
will Ybe dcalt vith lewe,

Tho flock wus initicdly un on tho Pahiatua Mock of tho lnssqy Colle;eo
ehwep furp, Leing tunsferred erly in 1949 to the fortdle 1ot weus of
the Tuapala Mook, This slgndfies thut tho flock hws, in gonertd, beon
medntained in cn environment wilch may bo consldarcd to bo edrd.ar to tiw:t
of a lurgo proportion of the camarcinl alwep units in the Lanamat: aroa.

The mixod age owe flock, which wis initially established from local
hill<country shocp, wes run with Bomqy xrons fyom:id-tiorch in esch year
for a pariod of up to aight weeks, Tho Ramngy rums were then withirown
and Choviot mans intruvduced for a shart period (of about 2weelks), Froo
1946 onwerds seven Romnoy rams were used over the entire flock in each
of the years, Theso rams were in most cases used for three consecutive
seasons, being followed in the fourth yesr by a fresh batch of two-tooth
rens, Young rams were procured from widely different sowces involving




ecvernl Rognay stud flocks in the Monewstu<fadroraspa area, ‘Thease fectures
fovour the cssuption that inbreeding has not boen an importont sowrce of
variction in this data, and that, genotically, the flock mgy be regorded as
a fuirly roprosontativo awmple of locol shoep.

es wore randorly allocated each yeur to eprroxdmetoly equed=si.sed
rotin: groups, with tho restriction th:.t tho «se composition of the owes
in cach moting growp was lept as widforn s possibile, Onc Ramgy ru
rendorly allocated to cach mating roup, this bein: & aysta: of ruting
commen in comcreial stud proctico and 1c one which allows the i sntification
of on individual's podisres, This fecture of tho matdny moawy emont is
compadiblo with the contention that tho flock is essenti:lly ¢ rondon
bred population,

Youn:; replocament ¢oos ware selocted ot rondonm from those uvoll lile
euch your, ond were mated to lad TYor tho first tire us Ho=-tooths,
obure oves vere, o o generol rule, cust for 30 ot upproxim:toly five
and o hnlf yours, lo deliberuto eelection for oy charucter wus ructised
tuvushout the history of the flock,

Ixpopt during tho mating period, ewes were rotutionnlly grased tlmoughout
the year in mobs that were quite indgpendent of the mating sroups, Leobs were
born in Angust and Septesbor and remeined with their dams untll wocnin: toak
place in ecrly Jamary, The lambs wore then shorn, the almaring of hoets
taking place in October, while ewe shearing eoccurred appraxirately onc month
later, This gysten of management may be conaldared $0 be typlcal of tho way
in vhioch commercial flocks are handled in the Eanmmtu distriot with the
exngptions of the mating management followed, which necessitated the separation
of mating growps, One further cxpeption is that no effort was made to give
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prufuarunticl treastrent to individnal andmels, Such a plan vs adopted
with the intention of aveiding, @8 fux =s possiblo, tho oxistornce of
onvirormentully induced corrolations betvwoon parents «nd offspring and
betvoen maribe.e of hnlf-sister  roupse



A eve that hos boen mted to & fertile »an ray be clessificd ot Luding
a8 hoving produced either suro luds, one luamb, or two lurbs, All cws,
exocpt the rolitively @l proportios witdch produce tmoc or more lurbs,
will £:23 inte one ar other of these mmybuclly exclusive olasses ot ay given
lavbin;e

At first gicht this charector apperxrs to £11 outside the rowla cf
quentiteiive senetics, in thut its phenotypic distribution doos not exhibit
contimous virdation, This discontimuity of shenotypic wiluss is slrdlex
to the discuntinuous veardiction producod by genes possessing major eiects
and k. probobly been one of the reasons wiy mmch of the ewxrlior work wos
elned ot investigating whother sirple ‘cndeliasn is involwved in the inhe:itunce
of foertility in farm anliuls, Suwoh studies, howover, have revoclod thet nost
fortilify taits are complaxly detearmined and are, in generul, inhoritcd in a
mltifocterial wuner and, at tho swe tine, aro often subjectod to substuntial
oodification by the onvirvnmont (Reewe und Robertson 1953, Rae 1956),

On tids basis it soens rvasanutle to regard the cheructer, nuobor of
lambs at birth, z:s dependent on one or several cantimious underlyin; vurintes,
the valos of each of vwixich in a particular individual is the result of both
genotic and ryywerwtio fuctors, This view haos been proposed Yy lush (1948,
1956) and Ch'ang (1955) and is based on a compareble situation which cxists
for characters inwolving resistance to doath (muwm, Robertson and
lerner 1949, Dempster end Lerner 1950, Falconer 1960), The waluo of the
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chrreoter as 1t appecrs on the phenotypic ecclo of measurerEnt, according
to this view, depends upon whothor or not scme thresihold level on the
underlying scuale is exseododes That is, 1t 18 postuluted thut tho
character has an underlyins contimuity, tut owving: to the nature of the
character its phonotypic exproseion can be meceured only on & discrete
accloe A8 a conscquonce of this nodol thore will exist no visible phanotypic
dAfforence betioon two gonotically disiinot individuals widlch are both on
tho sume sider of the partinent tiwosholds, For the sumo roason, o genotio
chanyo wvill produce no phanotypic effect unloss it moves tho individuol
ceroas o Hmeshold, If this occurs svon o auxdl genctic clanye ruy hove a
relatively lar ¢ phoenotypic effect,

in Imortant quostion is vhiotixe or not population ;onctics thoory can
adoquoteldy cono vith cluractars exhdbiting this discretoness of phwnoiynic
vdues, Th.t is, in vhat woy is this phonorenon liixly to influonce onetic
guins {ran selective Lreecding;, cnd vt effect is 1t ldlxly to lwwe upon
tholr prediction? Tho luttor question will bo doalt with first, vhile the
abaolute and relative effeotiveness of vurious methods of seloction will bLe
@ioccussed later,

The effective umount of soloctlon pressure in =11 cuses vhare seloction
is applied for or spuinst any trait dopends wpon the dagree to which
phanotypic variction, on vhich selection is based, is reflected hy genetic
variation, The horitability parumetor would eppear to be equally importint,
rogardless of the nature of the phanotypic distridution shown Yy the chareoter.
DHMeoomtimity of the phenotypic distridution does, however, appear to present
asvaral problens in tho statistical estimotion and interpretatian of basio
selection paraneters,



The prusently awveiluble statisticul teelmigucs for the cstim:tion
of repeatudbility and haritcbility dopend on the anulysis of variction and
tho estimtion of cowuriances and correlotisns botwocen reliuted individuwls,
Since these tochlnigues wore devoloped in the main for charucters distributed
in a contimous manner, it may bo axpocstod that their usoe on discretoly
distributed data is 1ilely to present some difficultics, Such difricultics
«re 40 boe oxpectod purticuiarly in connection with thoe calcuintdon of
8:rpling aerrors and with tests of slgnificuce,

For these reisong, the greatar tho nurbor of' Afforont stutisticel
vethods vlch are found to zive compurcble results for the sune datae,
e grecter to roliancs vhdoh can be pluced on the estlintes cbtedned, ond
on tho blolozical interprot..tions mado, ho rethods of analysis onplood
in this thosis «lso portnit oonsider:tion to be given to othor wspoctso of thw
cstin¥lon of enctic paranetors in discrotely distributed fartilily d:te,
The rosults obtaeinnd wili be ddscussed in relaticn to tho coparcble cadix.tes
calouinted Wy Ch'ang (1955) for the same axparinentul flock,

There exiets o munbar of thooretical requiruamesnts which rmat be
sotisfied in ardor to compute repoataMlity as the intru-class oarrelution -
its usucl method of caloulation, FMratly, it s reguired that the varisnce
of the chorscter remain the same at each occoaion on which it is measured,
Failure to satisfy this will result in some underwestimation of the
correlation conpared with the result from the inter-glass correlation method
(lush and Molln 1942, Iush 1956). In addition, since the repeated measure=
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ponts are 1dkoly to be rndo on the androds ut dMSfurent ages, age effects
should do carreoted for, in ordar to obtuin o coefficiont th:t 1s ¢pplicehle
owx all tho cgod oansidorod,

o sccond cssuption implicit An the cawopt of repoatnbllify is thet
tho ropoated pocsurenonts on thw sune individundl are indeed moasueants of
the s genetic chorvcters In the owso of Lo production this irpiice
that /o svv underlying wariate oy Yo hoid to roprosent the eltuction ot
anch lumdinge, If this cesiuption 1s not w:lld, then the wwrlunce betuoen
tho porng of Individizls will b auzmonted by additionid wirionce ardsing
fron hat iy %0 Pormnlly regarded as inteviction between jenotype ond the
caviromont partaining to the w0 or location of a meusrount (Mleoncr
1960).

A fxther quostion to be cansldarcd in rel:stion to ¢l ropootcbility
of Laobd productdon is #hc intmpretetion cf the visual scirie of rocgimmente
The sonle of nocearenent iovolving saro, one ar o lanbe hos been chopen farr
its convorndlence, fotewor, it can bo rewdily i inod that the difference
betvoan saro and one lud iy not e the aoe in also on the postulitod
underlyin; soale of potenti~l reproducin; ouwpucity, cs tiie diffaramx:e botvean
om0 lasd and two, I this is 90 4t means tlmt; with respoct t6 an anmionl's
faturo prodable lach production, the differencos dotween o ¢ry ove, o singlow
boardng ewve and o tuinebearing ewe camnot all be adequately Terro:onted by e
constont arithmotio unit on the phenotypic scale, If presont 0 any carknd
degroe, this situction would sericusly inpair the usefulness and interpretation
of vepeatabllity estimutes obtained frem intre-glass correlotion coefficients
vhereo the difforences between mero, one and two lupbe ave representod as unit
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increnants, The su® is trus for the intar-cluas correlation rothod and
for the methods of mecsuring association in discrete date used Yy Ch'ang
(1955),

In this connoctlon a furthir point .rises, Lven if the diiyfurarces
in the probable lumbing ¢bilities of dry, sin;lo=dbourdns ond tirin=boaring
ewo3 o Justify mecsuwent on a linecar scale of visiblo oxpression vith
refaranco to one purticul:r future lardin: (say as a four-tooth), this
noed not nocesscrily be tho case with respect to some other subso uent
lading (a8 a sixe=tooth syy), Such o situation could perhups be imeined
to irise whare the muder of labs born to a youn:; animnl could eve o
difYarenticzl effect on her jrowth und natwution, or influeince her recowury
follovin: purtarition and lactatlon, and thereby affoct har reproduotivo
porfomiuxe at hor subsequent lambin;, Such an eff'ect ‘s in foct sugested
by the repcatadility coefit¥cients prusentod by Chleng (1955), and would
scon to roguire nesgution before vven: 0 intar=carrol.#dons can bo wlidly
combinad into a single intexeclass cocfficlent,

Aothar possibility is th:t the snidler wiriction in lomdh production
at the first larMing of ¢ ewe muy malke tho differanco of ono lud at the
first lading oean more in genstic tarms, than difference of one lamd ut
tho socond or third lambing,

()  kothods of snclyels:

A mothod of attack to the problam of estimating the repeatability of
coarsaly grouped fartllity data suggested hy Iush (1996), has been adapted
in relation to the above mentioned problems, and used in this study,
lagh's method, which will be referred to as the regesxian method, involves
the conputation of the regression of the average narber of larbs bdarm at a
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oonsccutive serics of lambin:s, on the number of lurbs borm at the first
lambing or some othoz® priar lasbing, For example, in tho calculation of
the ropentcbility of first lamding rocords, owes are merely sorted into
those which guve birth to no lurb, t0 onc larb and to two lumbs ot twe yours
of ane, Within cuch of these tiuwe groups the ooen number of lambs barn pear
lambing by the semo owes in subsoguont yours, is thon caloulated for cach ewe,
end overcged ovesfdl the oves in o jroup, Tho difforonces betwoen srop
avercon (1466 botizoon groups sero and one, und botwen sroup onc and two),
oy then be pooled to obtadn a single estdmote of the rogroeassion coe: ficient,
Thet this coefficiont 1s the desired ropeatibility cstinuto his been
dononstrated by Tash (1956), In the cese of the tro=tooth oxumple Tesented,
tho coofficient obliinod indicatos tho volue of the first larbing record @8 an
indication of tho enlral's future cmmwl b production,  The coefficient
obteined is indepondont of the mubor of subsequont lardbin g cvorared, s Iush
points out, The ropoatubllity of lutor lucbin;s is colculutod in ¢ similar
nnnar, cléwuch 1t will neturally involve the averw;ing of fewer subsoguant
reooris,

The modifications mnde to this beaic regression approach involved an
atterpt to find out, firstly, whother ropeatability can dbe considered to
be tho sanmc botieen @ifferent lamhin:s, and secondly, whothar the repeat-
ability of barrumess 418 of a similar orter to tho repeatadility of ¢trimming,
when both are considered in relation to ths subgequent lard production of
single-bearing ewes,
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lothod I: The least Squares Fitting; of Constants,

(1) Bethod of annlysis:

As with the regression meth:d of Lush's, evos vmre classified on
the dbusis of some initinl lambing performunce into three lubing status
clussos accarding to vhother they produced goro, one or two lucds vt birth,
The amnll mucbor of cwoa producing threc or more lanbs at this initiol
lanbing hove been exsludad fram the analysoes, The avercge nundber of lambs
producod per ewe «t each of her subsoguent lardings wus considered scparately
for euch status classification, For exuple, the offect of ¢ cwe's teo=tooth
luarding statas classification on hor lamb production when she becane o foure
tooth, u sir=tooth tnd a fulle=mouth ¢, wore cstizated by :ooens of thrue
soparuto anulyses, Three fNothar anulyses were involved in cstimuting the
ceffout of the four—iooth und alx=-tooth si:tus clossificetions,

Since thc lixnb productdon of a o h:s boon shown to very with off'octs
associated with the yoirly environment and age of tho e, it wris consldored
desiruble to ellmimte these influencces as for as possidble, This w:s done
by the aimiltinoous fitting of oconstints to roprosent the eff'ects of tiw yoar
of birth of the ewo, Sinoe all ewes in this study wore mated to lumb faor
tholr first tine os two—tooths, and since only those endmals with rocords
over conseoutive yours ware included in thiz enelysis, all ovos made thadr
too=taoth and subseyuent lambing records in the same years within this year
of dirth olassification,

This 41s 11lustrated in the followin: exnmple of the waoy in which the data
was dlstributed, the ay aloaaifications representing the differont dirth yoors.
Thus a recards were all made by animals born in the year 1944, and 8, records
Yy animals borm in 1945,




Larbing

e yoars 1916 1947 1943 1949 1950 1951 1952
2=tooth a4 (i} “_‘5 “l.. 85 (s¥4 37
L=tooth e, a, 83 ul* a5 8
6=tooth ay &y 85 8, eg
3=tooth 8, e, aB ah

The linear mathenwdical model chosen to represent the dats, is:
yi = * + % + I = 1eeecceosel;
ék ’l % J eiJk g = 1....."”(};

1.........1115.
VYO - Vi denntos the lamdb prodactlon ef the lth shoop borm in tho
ih yeor ond belonging to tho jE: larbing status growp
5 is the gemercel meon widuoe comuon to <1l oves,
&4 is the effect of the kh your of bLirth,
tj is the offect of the jth luding status,

043k is & residual rundan deviation associutod with ¥y oo

The 04 g WOrC assumod to have an expectution of saro, to be unsorrclated,
and to have the sumo weriunoe (63). These assuptions are sufficient to
epply to the locat squares method of estimtion (Hempthormo 1952, llrway 1960).

For tosting the differential effects amongst the classifications, the euk

mpt, in addition, be assumed t0 be normally distributed,
T™he 1sast squares method talkes as 1ts estimates of the populntion
pm.,n,-iame,,mmmmm”uwm

of squares of deviations, P -g;(ﬁn -p - -t
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The valuos are siven by the solution of the least squarcs normal equatians
vhdch result from tho use of differential caloulus, whercby, &, %1 ond %J

are sot cunl to servo,

A A A
Equation for ’,l H noo’: "'LZNQ. 24 "‘JZ-NOJ tj“ Yoo
Oy 1‘31.'1 + I‘-B..a.‘_ 421}3_3 s}g Yi,
ty &t Nogp +)ngsa. o fi= v
J L"iéai 3 YT 1§
hore Yoo sizsgmg y Mee = iy

ne

The equotions 8 tixy stand huve no uniguo solution ws the matrix of
coefficients is not of Nl runk, To obtuln & solution, some rostriction must
be dmposod on the porvmetars, and thet componly uecd iszgi & 2 { ¢ = Oe
Undoer this particular constyuint the resaiting cstimto (of /u isdt?;o noin of a )
Iypothoticel populiatdon in vhich ¢ll sub=class mmdors arc ovwel, Hovover,
the condition imposed hos no efffocis on the estimutible quentigics, those
boing the eub=-class means and functions of then. Vhen the cppropricto sube
trections to the coafficients in the least squures squtions have deen mede

(‘larvay 1960), the reducec sot of oqtmtionamyboaolmdm}‘x, é‘é’mfj,
rom tho estimatos, the reduction in sums of squures due to the fitting
of all canstants R (p, ey, %) ms cbtaineq, naquantiwn(,x. 8y, tg)
N A
1sequaltog(}l *‘.l.) !g. +§t3 Yeje The roduotion in sums of squares
&whﬁttﬁmqhﬁnwdﬂadﬂmﬁamddy“ = peog+ey
2
was obtained from the relation, l(}n, a4) -Z%f ¢ The reduction in
sums of squares due to fitting §4 was caloulated in a similar manner, The
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lenst squarvs sums of aquarcs for testing the siynificence of the differences
amon; st the classifications wus obtained by dfference, Thus, for testing
the sigmificince of differencos among: the lambing status classes, the sums
of 8qusres e obtuined ivom (}1, ay, tJ) -R (},’ a3)s Tho moun squarce
for effects were each tosted gpuinst tho moon square for ayrar + interaction,
If the assumption of additivity irplicit in the modol is to hold,
intercoctions betwoen the two clusses of offucts mist bo shorm to Lo none
simificont, Tho sum of sguures atiributable to intersction w s computed

as the difforence,

] (}1, e, b (ut) 13) = R (Ix, a3, t3) vhero R ()1, a3, ty (at) 13)
- )y

(J Z&J ’

the uncorrocted sum of syuares betwoen tho AT sube=clossos, Tho intorawtion

mecn square wes testod apninst the within sub-clusg sum of acuarcs, or orror,

which ia givon by tho relation ‘t2 - Z &J
i 1§ gy

Froo the inverse mitrix of the reduced set of equations for the iy,
augmentod to inolude tho elements for t3 by roquiring thut ecch row and
colrm sum to sarc, tho standard arrors of she ty can de obtuinad, e ciJ

1s the elorment for the i-th row and j=th column of tho matrix inverse so
obtainod, the standard errar of a difference between two constont estimates is -

A

S(egmty) © S8 . o3 - 6%

Pairwise oamparisanp among the tj were made by the adsptation of Duncan's
(1955) maltiple range test suggested by Trencr (1957) fur use when tho standard
error of each mean is Qifferant and the ostimates are correlated, In this

case a conservative test to find diffarences cmong sdjusted moans is ocbtained
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by roquiring thet (73 ~§J)//2{“ -zt o o) exceed o’e.zp.nz
mmmwmt,miimid ero the two means, The sisnmificant
studentisod runge (zp'nz ) can be obtained from Duncan's (1955) tables for either
the 5. or 1. lewvels of probebildty,

When the analysis of wriance denonstratos a aignificant interuction
offect,esticntes of the main offects w8 ;iven by the abowe model arc bicosed,
vhen intcraction effects exist in tho two=ny classification, and cll sub=classcs
are filled, Havoy (1960) has Jdemonstrted thot the weighted squarcs of reans
anvdysis is equivalent to the ocampleto leust squirts anclysis with constunts
fitied for «1) main effects and the intorwwction, The forwar nmethod hes boen
used in thia study, and since the procaedure has becn described in : oy

statistionl dooks (fnedocor 19465, Coulden 1952) it will not bo repoatod horc,.

(11} BResults:

Tho followin; exanplo has doen chosen to illustrute tho
cogput.otioniil procosses involved in this mothod of anwlysis, The ezarple
represeonts the analysis of the effect of the two=tooth limbin: status of a aire,
on the mumbar of lambs produced by the sume animal as o four-tooth,

The least squires equations are showm in Table 2,
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TABLE 2 The Least Squares Equutions for the Effect of Tvo=tooth
lLambing Status on Four-tooth lund Production,
Lioan Bixth Years ~Haas

poap ey s gy ag g G % G b ot LY

po 9% 19 168 18 67 102 200 20 83 118 59 127 G606 =21 1187
a, 119 119 7 73 39 138

168 168 26 M 5 187
: 18 18 o 6 2 7
&, 67 67 _ 6 42 19 107
ag 102 102 15 63 24 127
ag 200 200 23 12 36 239

20 20 3 6 1
:78 23 83 7 5 25 104
oy 118 118 28 75 15 13
8, 9 % 13 3% 9 &
t, 127 7 2% O 6 15 22 3 7 28 13 1&7 135
t, 66 75 9 16 42 63 W2 16 5 7 37 606 755
ty 21 3 59 2 19 2, 36 1 .25 15 9 221 297

N
mc‘eqtmuommaolvadm(,a+a‘)1ntamao£‘ﬂnt'sandﬁmao

expressions were substituted into the *1 equations to cive tho fullowing relation:

1“0352’9‘ "790673709 ‘27.‘7“# t" "90""&9‘
=79.673690 216634241 =136,960530 || 8, |= | = 1o43930h
Q747681 136,960539 164139225 t, 20,978849

A

A t = r
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These equations were rounded to four decimal places and solved,

The inverso of the A matrix is ziven below:
0,00432999 «0,00164424 =0,00268578
;f'1 = «() 400164424 0600215178 =0 00050757
=04 00268578 0400050757 0.00319335

The t,j estimatos obtinined and the caEpirisons apong:st then are us

follavn:
A A A
t1 = ‘00158,4\5 o) - 4 = "0015677
A A A
t, = +0,(11831 1:3 - t2 = +0,1018%
A A A
g} = +04i2C15 t3 -t = 4025861

Tho analysis of v. riunce to tust tho sijndifi ocnoe of intoructlions is
shomp in Table 3,

Znalysis of Variance for Interuction

Sourco Qefe SeSe 1S F P
Total A 95 1823,00
R(,,a, L tJ) B 12 1496 ,67
R(,x,a’_. tfut)u) c 29° 150,14
Intarcction C=B 17 Th? Oulih 1429 nes.®
Error AeC 925 318,86 Oe3b

a P wvalue for 20 and 1000 4.8, P u ,051s 1,98

b In the case of anpty sub~classes, the &,f, for the 5,3, between
ad-alasecs 18 equal to the mmbear of fitted eibwlanses, 1.0, L8
glven Wyt

(pg) = mmber of eupty sub=classes,

008Gt OROOO
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As the intoraction mean sguare proved to be nonesignificant the analysis
was continued on the assuption that the sub=classification effects were
additive,

The ostimatcs of effects and tholr sums of squares jave thoe analysis
of wuriance shotm in Table 4,

TABLE b Analysis of Vuriunce of Effects,
Souroo Gefe & Se 1.8, e P.
Total A 95, 1823,0000
n(,x, ay, 1-.3) B 12 1496,6708
lrror and
intormection ‘eB %2 326,3202 06346
R (}z, ai) c 10 1491 4762
Larbing status B=C 2 Se1946 24597 7 "n
Birth yours Be]) 9 1363959 1480 4¢30 *

s P< ,00 Fwilues: defs 2 and 400, P 3 401 i8 466
P = 405 is 3,02

Effecte statistically asnificant at the 1. lovel of probability
b P < .01 Fwalues: d.fe 9 and 400, P m 01 i8 2446

Effects stutistinnlly aignificant at the 1i. level of probability

The rosults obtained hyy the use of this mothod of analysis have bean
sumnorised in Table 5, Details of the analysis of variance and the effects
of diffarent birth years havo not been presented since the study was primarily
concerned with the estimation of lambing status effects and their interpretation
dn relation to selective brecding practice,
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dylym

Subsoquent lamd froduction,
(t1 = bdarren ewe, ¢, = slngle-bearing owes, ty = twindasring owes)

Estimatos of the Effects of Larbing Statua on

N L,

Ago Egtimtos lovels of Siznificanco”
At At d.ffor
Status | Laob t:1 t2 t3 Error Lanbing Birth
Classif Prod, + Inl- faction | Status Year
icatdon | Assesa. eraction
2th |4th  (=0.138 §+0.,018 }+0.120 | 2 Nese | P<,01 1%0,01
2th | 6th  [=0,138 | =0.,057 | +Cet, | &3 Nese | <0601 § P<0,01
oth |8th =0,057 | 0,061 |+0.98 | 582 |P<0,01 <L D
ath | 6th 10,991 | «0,018 | +0,200 | 835 2.8, | P<0,01 P<0,01
4Lth | 8th <044 | 40,046 | +0,098 | 579 DeBe | NeBeC P<0,01
6th | 8th [=0.123 | +0,006 §+0.117 | ST NeSe | NeBe® <0, 0
4

a Denotes the lovel of significarce domonsirutod y the ancl 'sis of vorlunoe,
s, n.s, indicates efifccts urs not stutisticully significant at tho
lowel; P<0,05 indicates eftects are statistically ei nificant at

5%

the 5 lowel;

b Anclysis of wvarinngce ¢ effects rot corried out,

¢ Stutus offucts Just below sisnificance st the 5. lewal,

o000 ¢o000000

and P<0,01 indicates o 1, lewel of aignificaice,

Comparisons amongst theseastinates gave the regrossions of subseguont
lamb production on an imitial difference of one larmd reportod in Tubles 6 and
7« The standard errors of the camparisons are alse given together with the
lovels of significance demonstruted hy the miltiple renge test,
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ZABLE 6, Rogrossion of Subsequent lamd Production on thoe Indtial
Diffarance betuean Barren and Single=Be:ring Does,

T&aofmiﬁal Ago of Subsaquont Lamd Productdan
Differenoe .
Clasgificution 4th 6th 8th
2th 04157+ 0,088°% | 04,0814 0,062 nese ¥ e.
4th 04173+ 0,077¢ 061902 T,095°
6th 001294 0o122 Nese
I4BLE 7o  Rogrossion of Subsequent lLogb Production on the Initdel
Differenco botmocn Single=Bearin: and Tin=Boarin: Bos,
Are of Initdal Agc of Subsoquent Lopdb Production Assosament
Diffaronad
Cleasaificatian 4th Gth 8th
2th 041024 0,047 0,251 040507 b,
Lth 00227i o074 oo% 00050 Nele
6th Oe1144 0,057 Nese

*5 and © denoto significance ot the 1. and 5. lovols of probobility respectively,
wdlo nes, denotos a non-alvnificent estimnto at the 5. lewel,

¥ Tho analyais of wvuriznce ehowed the presonce of a elgnificant intaruction
betnoen lambing stotus and years of birth, Ignoring this interuction the

lgast squares estirates obtaincd weres a, ta - t‘l = ~ 0,020

be i) - '2

Inspection of the subeclass means indicated thet the above intereotlon arose

““aml@hmm“t‘anﬂt:m&mdﬁmof
birth, mm(t. = ;) wes positive for five of the birth years

w 00.159
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but showed relatively law:e negutive walues for tio romalning tiwec, Tho
method of annlysis involving the weishited squuuz of reans guve the following
ostimtoas

8e t2~t,-+0.079; be t,-tazoo.zésa

(114) Dpiscussion:

Tho mothod of £ltting constunis by loust squarvs ropresents a
gencrrd mothod of analysis which is opplicable to mltiple clusaificutions,
The nothod allows tho soparution of confounded effects resultin: fron the none-
athogonality inducod by nlszin: sub-classes «nd digpropotionuto subcless
nuabers (Yates 1933)e The estimtes obtainod arc lnsar, unbicsed rinimm
rurionce estimtos of the unlowrn poeramoters,

“ho ef¥eots of tho lading status classos obtainod above, may be loalwd
upon o5 tho avernge dlofe ences botieon individaw.ls of dilferent clisses,
uf'ter the contxdbutions of effects essocicted with yorr of birth have boon
olinin=ted, In thiz 13i:ht tho method of analysis is ourpatible with the
rosression nothod of repoutudility estinntdon proposod by Lush (1956)

Disouaaian of tho rosults obtudned Yy this method will be withhield untild
tho scoand mothod of ostirntion hias been canaidared,

Hothed XX, Veighted lMean Differences.

The goneral mothod of fitting constants by least squares involves
congidercble computational word and frequently sispler methods are availnblse,
The general least squarcs approach, however, is one which allows the invest-
igation of the lilmly importance of interections betwoen classifications, and
prior appraisal of this possibility is theoretically necessary before efficient
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and unhicsed mothods of estinmntion can be decided upon, Vhen inteructions
betsoan muin ef'fects are negligible the cost officient cstimatos of the: -

mein effocts cre cbtudnod by Fitting constants to represent those min crfoots
only (Yates 1933). If intoructions cannot be ignored, tho efficient estimntes
of the mun effocts are the mowns of the suboluss 1cans (asevmin: the multiple
classificotion to be complote), ruthor than the cluss mouns, This arises duo
to a partinl confounding of tho intercotion and min effectn as u rcoult of
unoqaal subclicss nhabaro,

Tho generel stetistical cpproach to this problen is to lot tho tast of
sl mificince of interuction effocts Do a guide to methods of estinmuting mein
cfects, A9 huis been pointed out the tost rocuires the asswrption thet
the residul erors in the linoox nodel w e nornuldly distributod, This
rey scen to be inconsistont with the lilxly distribuitdon.l propertics of
courscly ;rouped lapb production duti, clthoush Cochirun (1947) shovms thet
depxrture rom normilddty doos not appoar to introduce wuny sordous orvors in
the sinificance lowel of the ¥ tost, Nevartholuss, one should perhaps not
tukze the evidenco of sipnifiecunt interuction too literwlly, Lven 1f intere
action is significant in the samplo, dut thero is good rvason to bolicve thut
the intoruction in the populetion 4s naglicible, the least squares constonts /
estirx:tod in a 2-wy model without an intarzotion torm, ere atlll efficiont
ostim:tos of the min effects (Couldan 1952), The converse is also true,
althouch as Kompthorne (1952) has amphasised 1t is nooessary to be more spocific
about what is meant by main effects when intarwotions are prescnt,

In the particular ease under considaration the intarest liess in estimting
the difference in the lamb prodming abilitios of aniials olassified into tixve
classes on the basis of some prior reproductive perfarmmoe, If yearly
envirauoaital influences have an isportant effect on the magnitude of these
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alffarencos, thon the ostimatos of tho offects obtainod will be expected
to vaxy accorsdng to the yours in vhich lambing parfurmances are assossed,
In statistion) terus this means that an intoruction botweon lanhing status
and yeor of birth can bo axpected to occcur, and its inadgnificonce in the
mjarity of tho above casos considarod, mny well be reolated %0 its sell
mgnitudo in reletdon to othor sourcos of wvariction,

For prodictdve purposcs tho idenl fur such & situatdon would be to
endecavour to relato the @ifferonocs in lrbing; status to some rocogniscble
and reasurable environmental corponent, o the extent that this cannot
be effisiently carriod out, however, the animal trocdor is intervstod in
the situction vs 1t exlsts for a population of posgible yeors ruthor than
vith vhut is tho caso for tho purticular yeurs for which dot: 1s ewidiledle,
Thas 1 the subclosses are rogardod as a sordes of individuwd sapleos froo
tho populi:tion of animls of diffoeront birth yoars, tho subclass monns aro
officiont estirutos of tho hypothwticcl subclass 1ovns of the popul.tion
suplod, prdloss of disproportion. On tho basis of this recsoning: the
mothod of seighted poan diffwmwences hi:s boen aplqyeds

In this mothod the uveruge lurd productdon of groups of ewes classified
into lambin: status outogaries has boen onoce ugodn caloulated at eachi of
thoir subsequent lambings, For each pair of larmbin s the differonces
between the status elassifications of one lacd and no lambs, two lambs and
one lamb, were pooled over birth years, This poaling wus accamplished by
woighting cach of the withineyear differences eccarding to the mmber of
animals in cach status class,

thwm.mmmwmm.mm
t; (Barren ewe) status class which were born in the ith year, and ¥, the
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awarnge lamd production of anirals in the t, (sinslo=docring eve) stutus
claos vhich were born in sume year, Simoxland‘fiamoachﬁwmmof
umpadred varictos based on different mimbaro of ewos, the warlance of tho

n_ o+
dif¥'erance (Yﬂ. - X‘i) will be givon Ly the forrula 3& = sg 3 %1 2
nxinyi

vﬂmsgé iaﬂnuﬁmmof(!’i-xi), S§ Tepresants the varlianco of a
difforenco, rgﬁrepmsmta the nuobor of ondrxils avamaedinxi,undny
i

the muber averuged in Yo This cshows thot tho weights roquiroed should be:

n
¥ s * __x___i - __ny, ,i_,
Px
B
Yy
The pooled woighted meon difference (T), representing the roszossion i
ostimnte of repeutability (R), his boen onloulated as, ﬁ =0 = iat"i‘)i
i
§=1 Efi

Vhore D, = (¥, = X,) and N is the mmbar of birth years over vhich tho
nean dlfferences were poolod, .

The eumpling vuricnce of tho poolod ostimutes (S%) hawve beon ccloulated
as that of a weishted mean:

% . Zwl(ni-ﬁ)z . %'win" -(%le

(W=1) 5y, (®a1) 2w,

(11) Resultss

The results obtained by this method for the particular cadinations
of lanbings for which data were available are shown in Tables 8 and 9,
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TABLE 8, Rogression of Subsoquent lard Production on the Initial
Differenco botwven Darren and Single=hmmainy; Iwes,

A0 of Initinl 430 of Subseguent lamd Prodaixtion Aaae-aaint
ffarenco s
Classi{ication hth 6th 8th
2th 01532 0,069 0,0852 0,045 «0,Q408 0,145
Lt 0,1682 0,115 042074 0,103
6th 0,153+ 0,081
TADIE 9, Regxossion of Subsoguent Tamd Production on the Initinl
Difference betupsen Single=Boorin: and TineDoorin: Ives
ice of Initiad Aze of Subseyuent Lomb Produstion 'éssasamni;
bifference
Classificotion 4th 6th 8th
2th 0,108+ 0,0 0.251% 0,045 0.1531 0,074
Yth 00228: 0,047 oo% 0,093
6th 0.110% 0,065

(444) Discussions

The results cbtnincd by this method are strikingly similar to
those obtained Yy the more sophdstiocnted least squares nothod of analysis,
and for this reason they will be discussed together,

In general it can bo seen that the repeatability of lasd production ia
low, the estimates presented being in line with those reported by other
workers using dffment statistical techniques, A more appropriate conparison
with the results of previous waricmrs is obtained vhen the cstimates of Tables
8 and 9 are pooled, These are presented in Table 10,
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ZABLE 10, Regression of Subsequant lach Production on an Iniddsl
pifference of one Lemd,

Age of Initial Ace of Bubsequent lamd Production Assesanant
D fYarance
Clasasification Lth 6th 8th
2th 0,128 0,187 0,074
Ipﬂl 00212 00097
6th 0,118

The genoral runlcing of the repectabiliiy ocoaffioients reported in Tuble
10 is similir o0 tho comparvble estimtes obteinod bty Ch'ang (1955) for the
sump flock of sheop, ualng mothods of wnalysia considered appropricte for
mapsuring tho apount of assocletion in discretoly distributed dotue Tho
one inconaistency in this camperison is the lower wilue obtained in thils
study for tho rolationship betwoon to and elght=tooth regcards, Iis 1s
poasibly relited to tho aignificant intercction rvdth year of birth demonetruted
by the least-sgjuros mathod for this cusc, Purther confirmtidon of this
hypothoats ias provided Yy tho within your of birth diffarcncos for the 1952
and 1953 birth yours, Data for these yours ware not included in Ch'ong's
study, but in the present study these ysars cantridutod lurgo negotive values
to the pooled resression of subsequent performance on the initial difference
betwoen berren and singlesdenring owos,

Interprotation of trends in the regression walues of Tables 6, 7, 8 and 9
is rendered irprecise in light of the standard errors of the estimmtes,
It does appear, however, that the walues for the regresion on an initisl
difference of one lamd arve similar, regardless of whother this difference
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is boetweon saro ond one luwb or bLetwoon oms land and two, only in the cuse
whiore too consccutdve lanbing coes axe considered, Ghe estimitcs obtoined
botwoen non=consocudive lacbing ¢os tond to bo lowxy for darrennoss than
for twinning;, in compordson vith single births, vhen tho initdd lopb
production clasaificotion is busod on tio-tooth records, viiile tho roverse
is ovideont for the rclotionshdp Lotvwoon founetnoth and £ive yoor old lambing

recoris, The standiurd exrors of tho estinutes indicate thot rolatively

larse deportures from this goneral trend muy bo espoctod to cccuwr in difforont

Jourse

Lorlzing with Justrelion lerdnos, Yows: ob ode (1963) how recently

=gk £ 2T

']

reportod coeficionts four the pespronsion off subse uent Lndb production zovoin
on an indtind difforonce of ong luwb,  Tholr cadow!cdlons cac bused oere
dreetly on lash's (105G) rogreasion approcch, in that the sulsoquont Lod
procaction considoercd invelvos the overny o mnber of Luchs per ladin, for
owos rith betwecn tvo and six lanbing recorise, The rosressions yopocted
reprosont pooled wdues ovor two-your-old to four-yecr-old intticl .. co, ond
inddeate vt the diitcence dbotvroon one znd two libs born is trice ws
repoetoble w8 the ddiforence betivwoen goro cnd ono lumb ot Lirth,

Thoge Anstralian workers have «lso considered thw influcnce of ¢ on
repoatibility by means of their rosrcosglon approach, The rosults presented
Ly them indicate thot the churuster, number of lambs born, 1s noxo
repcatable vhon :ssesscd on the parfarmance of timee year old cwes, in
comarison with rocords mude at two und four years of age,

This trend 1s not evident to any marimd extent in the present datc, as
is indiocatod Yy the poolod row values of Tables 8, 9 and 10, These are
prosented in Tables 11,
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oD 11, Repoatability of Lomd Production Recordo at
Difforont Agese
(Pooled wlues of Tablos 8, 9 and 10)

fue of Initinl § Initdicl Difforaonco | Indtial Difference | Averupe Value
Clnosiffication {lot, Horo 1 rd {letween 1 fomb & 2 | for an Indtid
iif, of 1 Lued

2&1 0.08 0017 0011}
Lih 0,19 Cel5 01l
Gth Cel15 Ol.11 O.12

Pocled over the 3 initicd ases | 0,14

Youn; @t al.(19G3) clso stato ot the regression walucs for both the
initicl df{orencos botiicen sero and ono lwadd end Lotireon one luab wnd two,
were larper Yor o indticd oo of throe yuurs tivn for an initial oo of

o effects on

o yourse Thesc worizors, howevar, did not corroct for o
fortility roocords, i the yooults would thoref'ore be expected to woxy.
aeccording to the wy the relevent ostinctes are caloulated and carbined,
This is dooonstrated Yy e followdn; results (Tuble 12), in vhich
subssequent lamd production hos Leen calculnted us tho averc e mumber of
lambs barn par cwe por lanbings, over all consocutive lombings for whioh
rocords ware available, That 1s, tho averuge subscquent lardb produotion
of all ewes has been averaged regordless of the number of lambin s for vhich
rocords vore availablo, Diffaronces wvaro again weishted and pooled ovar
tho ddffarant birth years, '
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TLABLE 424 Resression of Averuge Subsequent Lard Production on
cn Initial Uitfarence of One lard
(lhumbor of Subscquent rooords avoryyied from 1 to 3)

A30 Botwon Rarren & Singlo Rirths Detvreen Singzle & TxrAn Births

oth 0412 015
Lth 04,17 Ue15

Gth 0,16 Q011

When, hovever, the gpprosriate woishts and weishted differcncos vere
poolod over dirf'orent birth yeors cnd also over ;jxreups of e wiooe
subseguent Lardb production was assogsed fronm averyges bused on records

mede ot corporeble larbing ages, the rosulis presented in Teble 13 wore

ol

Resrossion lstiredes f'or Pooled . oizihied viliorcacaes of
Croups ot wwos with Compurcblo hadbers of farmbins.

A Botweon Ierren O Sinizlo Dirths Botvroen Single ¢ Ywin Dirths

2th 0,05 0e20
Ath 0,18 (TN

6th 0616 Q011

The tendenay for e lower repoatability of barremness than of twinning
(in comparison to the production of single bearing ewes) is once again
demonstrated in Table 13 for the case of the twu=tooth parfarmnce of an
ardmal, ond this effeot was presumbly masked in the results reported in
Teble 12, by the influence of a;e on lamd production, and on repeatability
associutions,



(b)  Ziscussions

4s Ch'ang (1955) has m'&d, toocimiquos for measuring tho amount of
associeotion ocourring in dlscrotely distributed date cro fow, Roe (1946)
hus yevicwed o mubar of nothods that wre avellsble ond Ch'ang (1955) his
apnlicd two of those to tho probleo of ostim:ting Hw ropeotudllity of tho
nunbor of labs at birth, “hose nothods geve estinutos wixich foll in 1lino
uith tho ostbiitos obtulnod by other ierkors on otiicr breods Uy means of
cnclyses involving intiv. end intor-cliss corrolitims, & mothod of
anclyseis appilcable to date distributed in cn wWlleor= none anner into two
eatogorios hus boan usec by Rendol (19956) to catinito Hho ropootidility of
rltinle birtha, and geve rusiilis  comparublo with tho iator=closs cerrolations
2nd Do yessions obinined Wy Joheaoson cuid Ibnoson (1943) Cor #he arx body
of dota,

g pezt of un attamt o dowldop satlafuctory mothods of anlysing
disercte dot:, Tedlis (1962) heo rocontly published o method of cotiting
thoe dogmve of corraiation, with piorticulir reforence to tho gonotic wnnlysis
of choop fordillly dat:, ™o rethod is bascd on mudrum lileldihood
estin:tion from 2 x 2 r 3 x 3 contlywonoy tubles, on tho ussuption th:t
an anirnl's potentinl to produco off'sprin:; is narmclly disiributed, T
method has not beon uwsed in tho present instence, mainly beacuso cf the
apparent inaccossidility of ti:dlea of orcinatos of the bdbivuriate normml
distridbution, In edditian, it is not ovident vhethor the positions of
tho threshold leovels obtainoed Yty this mothod oun beo ensily imtarpretod in
relaticn to the underiging scale postuloted, Young ot al. (1963) gave
doteils of the application of this method to 2 x 2 cantingangy tables in en



appondix te thoir papear,

Tho advuntucos of Lush's 056) basloc regrossion epprouch to repentability
ostimition will huvo alrecdy becomo obvious, Plrstly, the mothod providos
a noans of ansviering tho quostion of whother the diffuruemwe botwern scro
luchs ond one lamb is of the s«me gizc, in terms of futurc Lud
production, as the difi'orenco botweon ono lub and tvo, Sceondly, o rogs=
1on coefficionts mocowre tho amcurt of cesociantion firan tho point of vlew
of prodicting; fatare performuncs on the basis of somo proevious record wund
are thoreforce dirostly applicoeble to e Lroblon of assessing: futarce
porforis nco, Thirdly, the method is casily gpplied to fartility data and
resilts $ran Ali¥aront goups of' shoop cre o slly pooled,

o resilis of Uds study, in conjuaction vidth those of Yeun; ¢t ale
(1963, wouid suven to indlcate Hust trimin; and burrennce: neay not olixys
reprosoent o sl o underdyiag genotic phiononona, ond thaet In sone circure
stences sovleetion for twins od ht he moro offoctive thon sclecting: oowdiet
barranneass in inoreucsin: the life&in: lamt produckion of & £lociz,

Vidth porticulia roference te tho rusulto obtuined cbovo, 1t is U
prodictive v.luo of two=tooth boriennuss that scuns to rogudre perticui.r
consido:-ution, The ropoutibility of dbarrermess ot tho tvo=tooth aco is
important in seiectivo breodin; pructice for two recsons, In the first
ploce & high proportion of ewos 1s likoly to be dry as teo=tooths and the
treoder st doolde what to do with these animnls, Secandly, tho two=-
tooth reoord 1s the first dircot item of informution tho brooder has on a
ewe's reproductive parformance, and any advantage that may be hud from
culling bascd on this infurmation my de immediately utilised without the



]

consequent delay of waiting for subsequont recordse Samo pertinant
information ocancorning the subscequont performuince of dry two=tooth eves
%711l now be conaldared,

Investis;ntions on Rormqys mde ot the Whetovihoeta 1l Countay Roscarch
Stutdon have shovm thit over « poriod of six yo.rs only about 3. of tho
ovres hove beon dryy for two succossive Liurbing scisons, OFf €ho &y tioe=
tooth eing, 81, kuibod the follovin; yor o four—tooths; of tho axs
whiich labod cs two~toothws, 82 laubed the folloving yor us four=tootho,
Mror: theso cbsorvations iuger (1958) concluded thet oves widch wero dry os
two=tooths tore Just o hely to lubd oo four=tooths s those vhich hnd
Larbed tho provious yoos, At Thativiinto, wos whdeh falled to 1ird in
t70 succoanive yours heve boon rotednod, fue dotalicd stady. 5 of 114
trico Ay ovos Lorbod in thedr thinrd coson. of the romedqdn: 40 4rice~
barren eves, aluaghtor studice showed .t 19 hod blociod £1iopichn tubes,
I had en intevrapied sregnancy «nd $ hd on infantllo roproductive twoct,
L tho romedning 5 no cause of barrennss could be ascortaincd, Thesc
obsorvutions, topethor with ¢ separsic oxmudnation of dry oves eluuw htored
ut o froesin; worizs led to the conclusion thut parmuoent storllity in eves
is relutively unimportunt, Gnly 1.2 of the lhatavhate ewoe wore dry for
thrce sucoessive §6080NsBe

Un tho othar hand, Barton®s (1947) annlysis of the rocards of a
Now Zealand Ramney stud flock in which thoro had been no direct seloctian
egainst barrenress, indicated a diffarent situation, Data collectod ower 13
lanbing sessons indicated that twoe-tooth ewes whioh failed to lamb showed
a highar propartian of &ry ewes at their fowrwtooth and subsequent lacbdings
than ewes lambing as twowtooths, The avern:e differences in sudsegquent
lanbing perventage between the two srdups wes 17,8 lanbs per 100 ewes larbing,
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In the flocls involwed in his tuinning scle ticn cxporiment,
T«dlince (1958) found du:t ctes dry oo Ho=to04hs wore rore pronc o de Xy
ocedn loter in 1ifo then oves lembing as dwo=tooths, and that the cver:o
aubsoquent lard prodoction of the &y two=tootiis wes cloo inforior,

M wdcrctonding; of the complexily of roproduc ive phyysiclo y cilows
the conclusion that o owe moy be dry for nunmy diforont rousons, ond in

an attapt to reconciio those werichlo rosults Ucllose (1958) hos swizosted

» % ineves 323 .y = 2 e i W | PROG TOG P SO
L Gy two=tocth ¢ oz shwvuid be regorded Lo bein: of three mdn Zinds:
T P, 3 - o F e g Y Faamy & - » T N D L
1¢ 00e =hNe: ore compl otely infertile due 0 a pormvent stopiilly
P R A ., T Y 2 R AP 8ol
of e troe coused by blouixd £oliopion tibes (Eiger 1953 )
Y -7 » i~ 9 . s antga o vy | - - S v lad b o £ &i8 A e
2o twse vhich e inhorently pooriy fortilc, Does of tihdc zowp
Sl ot A PRGNS, G % = - Bl P . TN, A W T e e Ele, P‘
won’d tond €0 grow o poorer cubscouent roprpodielive nortor.oiee tru thosc
a3 Aaly ] ™ L) ~ Ly 4T o
ERACEH Ll B U 8 XC=gH0 wWioe
» Jay Thed a2 PO (T o e <5 o WP 3, = T P v 5o
5o those widich oo tepormuaily infordilc os the result of cavirzcnoentad
5% i TR PR R S S S 7 Pt Vo VRN W e . g vl T g Basuasy  aad dilby y L SRy ¥ AR5 o A
L SR SAL A e & ontnd offocts, Wl SEGUCNUILG HUTIRC o U0 PepIudlCTive nIUCEISOS,

.

moang thct portdad or camloto foilure of coy of the many footors invo.wd is
potenticily copable o capletely clasmuptin: the chain of covents and roy thoroby
reoult in an anirol being reoorded oo dry. I ic Uelloce's contention $hut
undep® cortain conditicns the youn: ewe is porticu crly suscoptible <o those

infl onces, but that thay are mainly of o ton orary noture only and cxe
relatively less important ot older ogese On Hiis beals it is cpectod thut
flocls Ixopt in o more favourcble empivon-ont in terms of nutritdoncl ond othex
Imsbandry preoticos (c.ge the flecks studiod by Zurton 1947, Coot 1952 cnd
Vallace 1958), would howe ¢ ancllar proportion of amimals in tids cotozory than
floclzs run undor M1l country conditions, In this ouwse it 15 also cxpoectod thut

a hisher repectebility of barrammnas would bo evidemt,
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The flociz concerned in the prosent investdi-tlon, vs hos alrocdy bLoen
pointod out, has beon run undicr good genorcl nutritionol wnd husbandry
condiitions, this bidng in content to the conditions rortudndng to the
liorino flo ks considerc. by Young gt gl. (1963) v woscrdbod by Thamer
gt 21.(1950),  iinder tmwse rolutive severc conditions it :4.h% oven be
oxpected th .t the repoatebility of bar-emioss vould be low ut o s other
U the trvo=tooth,

ftecently o« loarce usount ol informotion hes accumaletod on the relatione-
ship betueoen barrennoss cnd livevei it ot tprin o Juldlice (1961) chowed
trt owes well fod s0 s t0 sain in liwvovel tht {rom the tinme they vewned
(34 ecorbor) until (bout Uwve weeks belore tup dng (3d
folnuory) oxbhibited o sodicy incidonce of dry eves than zvoups losgwolld
f£od over the swe eriod, Rortharmore, aadm ion of tho livaeweight
rocor. 5 of those anbi.ic vhich fLiled to concoive, dercnstruted thit those
were aodnly poordy comciitlon l cues villh tappin; bodyvel, iwte - rowme the 10 1b,
roxlz or losce  Coop (1962 his obtiined similir reenlis fyon wn chulyois
of the brecdin; pafonynce of & Ly 0 nwbor of cws of & varicd hdstery,
Twe dbe care modnly fyonm Corriedde floclis ovur o period of 15 yoors, ond
showed on average, thit 6, of tie owes mted fuileu to produce lanbs,

In relation %0 livewei ht, hoviovar, the intervsting findin; w.s that
tho incidenco of barrennoss in groups of emes appeured to be relutively
independent of the meun livcwoi ht of the ewes at tupping, provided this
was cbove the 90=1C0 1b, mark, At llveweights delow this critical lovel
tharo exiated a rapidly increcaing degroe of barrenness tith dscrenaing
bodywoichts, These trends ¢pplied to both mature ewes, and to two=tooth
cwes nated 2 wecks later than mature owes,



The significunce of these findings is of particuler relevence in
relation to the two=tootlh ¢t and polnts wvery stronsly to the need to ruour
young owes well 1€ a hich percentage of dxy owes io to be avoldod,
dimilse congliuslona hawo been re:chod from hog et rearing studices raportad
by Coop «nd Clavk (1955) Coop (1,‘}%‘1) cnd Clarize (1998),

Some furtixyr Anstrulion vork on the liorino is of intercvst in rolation
to the relotlive idnsg in lifotilc perfor wunco {yom selection for vl
wnd cpingt bayTennoss,

Drrett and My (1957 repordod the:t in four out of five I'crino {locks
ohadiod ovor o nurber of yours tho fellure of & ewo to laud wos distributed
ot nndones Shut 1s, e chanco of larbing in any one your woes not sinif-

ofucted by procodin  go.cooss o fidlure to Lunb, n the othor

&S A Y 5 A g L ; - 3257 - e T Sen -
Carmer 0f all(1953) rerort thiet the incldence of twdmnin; in ¢ flock
of llomino ewos is not randomly distributed eaoongst oll ewes, Ihes buigting

twine on both occusions ot 5 and 6 yeurs of gge, shoved a distribution of
mléiple births et their subsequont lambings thet wus significun ¢ifi'eront
fron those beorin; singles, The nmeon nuber of labs droppod in coch of

the two  roups durdn: the next 4 yeors wus 5,10 for the twinning cwes cnd
Lei13 for the ewes that bore singles, The intrue=cive correlation coeriiclent
wep estinntcd a8 0,30 for the nunmbor of larbs por birth, Turner gi gle
(19G2) further ropartod on tho subsequent parfortunee of these 2 proups of
bagse ewos, Over the 6 matin s when the ewos were 7=12 yeers old, the twin
group prodused 31 more la:bs par 100 ewes mated then the single group, The
difference in the number of ewes falling to boar e lamb was slipght, the
average over the 6 years being 15. in the twin group and 17 im the single
grp, This situuntion is therefore in line with the findings of Barrett and




lay (1953), the additional larbs in the present case balng: duc to a higher
proportion of rmltiplo births, Owxr the six yours 465 of 1l purturitions
nrodced smltiple births in the tirin (oup corpeared with only 14 in tho
sinzle group,

“ho above work his been considored to domonstrutc that an inidicl
diffarenco betuweon gero ond one L is 1dsely, wxdor ocertiin onvironontal
conditions, to bo associoted with o smuiller diiference in subsequent roprode-
uctive peribroonce than an indticl differcnce between onc ladb und two,
Aurthermore, environme tul conditions, which sccn to be reicted to the
nutritionel status of the owe, can oprureontly «lso be held respongsible for
gooc of the (oo varictions dn ropoat bilidy.

The wiihinenob regression stidivs of Coop (nd ikynen (19°0) rovide
further evidence for the hypotiusis th 4 tho repeat:biiity of iad roduction
moy vaary with ogee These withwrs danonstrated thet oves rodacin; &wins
tended, on qveruge, to be lishior in wight at thedr next tup in then cowes
reoring singles, Yhroush Hw relutionship betwoon tupning livewei ht ond
subsequent roproductive perfarinece, those potentially fortdllo andixis uay
tend to show an inforior reprodicitive porfor.nce et their next inbing
(viellace 1961, Allen and lazdng 1961, Sribe and Seeboak 1962, Coop and
Haymen 1962), An efi'oct of this noture acting thwough livewel;sht secoos
1ikely to be relatively more important beotiresn tho two-tooth cnd four=tooth
lardings, becuuse of a relatively greater physlological strain of prognancy
and lactation in young ewos. Such an eff'ect may be rosponsible for tho
tendency for a lower repeatability of twinnin; botwean the two-tooth and
four-tooth ages than botween the two-tooth and sixwtooth ages, demonstrated

in the present data,
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The cffect of nutritionnl und ;powth influences coosocisnted with an
anircl®s birth runkk may «1so influonce tho predictive wlue of the two-

tooth laibin; roccorde, This wapoct wiil be discussod luter,

T¢ scunis onco woidn dosirablo to eonsidurr croblans of {flertilidy
mocomaanent on an corltwetic scule of visiblo cxpression in rel dion
tho heritcbility estinctes obtained, If the inheritunce of storliiity is
of « very dif'fceront nitro o tho inhoritonce of fortility, tiie use of a
Linuer scole eoiid lecd to tho wron; relafive omphisis boing plueced on ary,
sinjle=buczin. ond tidn=Do rin; euves in ¢ seicctlon proqzisic cvolved {yon
considor:tine of horitubilify cotiintius calcuduted on thids basise

1;‘1 ond

v
”~

cthor (ALY e (1940, 1056 riht (1952), Torley (19
Poleoncr {1000) hawe Macissed problas inwlved in $he c.is’ ice of an
aporooricte scade of muasurcnont, in comcotion wilth date anclysis cnd
intorprot llone Althouh there ovist sewercld rocogndzed eritertia, ot

lonat £ the cose of cugactors showin; o contimious ddstvibuidon, .ri ht
(1952) points out thit the Afforont critoria aro ofven inconsisteni in tho
scale thay indicoto, and the sune criteria sppliod to the sane churucter
may indicate a different scale in @iffercnt popwlations, Mather (1949)
proposed thot for the purpose of genotic anxdysis, with particulix rcference
to tho ostimntion of heritabiiity, a scale should be choson vith tho object
of eliminating all inteructions between gene loci, Given sufficientdy
detalled nowledge of the modes of gene aotion an appropriate scule oould
poasibly be devised, but since interuction may take differant forms, a
cansidereble amunt of compromise scems lilkely to be Lnvolved,

Roe's (1950) technique of finding a ecalc to maximise the ragrossion
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of offsprinz on peront is no coubt ¢ uscfl one in rulation to Hwe ganotic
procress possible fron selection, Corputctionnl agpects of the method cs
it opplicd to duta on the nurber of larbs born to owvs, hive beon
illustroetod by Ch'ang (1959)e  Since heritibility cotin:tos dotermined

in this vy met include a portion of tho epistutic varisnce in addiilion

to tho additive gonotic wuionce, it cannot bo inforred thet the cale lotod
scolos on vhich on esticeto is bused are such that the rotio of the additive
ganetic waticnce to the total wardance 15 mastiniscd, This would oppour

to Do particularly loportant in wvicw of' the rolotively lLirje amounts of
epistutic variance thet roy arise dus o the noture of e digerete scole

(Lcat,pstor and Iorner 1950). consoguently, «lthoush the ootiod  ve

5]

»

ostinctes uhich within tny gdven e poup, vero higher tiin theoe vbiiined
on the basis of o« seclo of egud Inteevals (Ch'ang 1955), the sipificinee
of these incrocses in relation o expoctcd senotic advancos is in doulile
Farthormore, tho horitcbility cotlnmtos obtiined cuan onl be applicd in
rolotion to the scalos aecomponyin; then i, in viuw of the wriiblic ceale
catimites found, Interpretation is dificult, ilevortholess, tho rotwol (did
appeoar to indicute thut burren cwes wore pencticelly different fron ollor oves.

A seoond uximisation procedwre t:elzied Wy Ch'ung (1955) inwolved tio
estinmotion of the patarmal half-sib corroiction, It is essentiilly of tho
samo type as the sbovo, tho thoory in this case having been dault with by
Plahor (1950), Sampling errors are @xpect d to be large with this nothod
of heritadility estimtion, and may have been responsible for the negative
scale values that were obtatnod.

Methods of analymis that have been developed for cstimating the
inharitance of viebility in poultry (lLush gt al. 1948 and Robertson amd
Lerner 194,9) have also becn applicd to shecp furtildty data by Ch'ang (1955)
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ond ilendel (1956)s Tho lutter workar va:s concerned with cstinating the
heritobiiity of multiple birth rate, while Ch'lung appliod the techniqges

to cativetin; the heritebility of feilure to lumb und twinning, ‘he
pirdiority of the estim:bes obicined by Ch'ng (they averaed Uel7 cnd e13
ruspoctively on @ scale of prouits), siypesis et o Lncer secle ni bl
sotisfactorily ropresont the sit :etlon in this cusee Whe Cotinntus should
be concldored, howevor, in rolotdon bo the wy in vhich tho dat. ws
clossitoed, A% ladbing oves wore divided into $hwse whilch had »roduced

e lorbh and those vhich woie barron, Alborsoto scores ol Bero okl one oI

b

apaimed to cech of these mbaaily exelusive closses ond Uy horit bility of

borronmiess ootinntods Tho horidtcdbiiidy of duinmrin: wes cshincled in o sisiler
fpumior wand Invoeivad the clasaliticetion of o owos wvhiech larbed into o Daothor
o cotonorice = thoso spodusin - one and those producing: ‘wo Lunbes ot birth,
“hus the herdtobilldy of Lorromiess ropresonts e _enclic ortion of the
phonotypic difference betuoen oves producing cnd owgs ot pro.uelng 4 lewst
onc lard ot b, vhile e et bilidy of tulnning cumvonpoiis L tho
senctic portion «f o phanotypic differeice bLebiueen owes srod:cin; one ond

eues producin: tvo laubs ot birth, Por this reoson precisc interpred tion

of the estimutes ls rendared difficult,

(e) ‘lothod of Analysis:

In an attexpt 0 investigate soale peculiarities tho metliod adoptod
has beon kept as simple as possible, It is basically similar to the
regression approach t0 repeatability estimation considered in the previous
section, Followin; a given larhin;, dams have been olassified into those



producing soro, ono or two lambs «t birth, The uveryse lamb production
(nziber of Lubs at birth) of those fawle ofPspring, wrch huve entered

the flock, w.s then calculated ot cuch lambing for each of these three
goups of cwes, Tho dificiences betwoen the threo  roups were studied
wvithin your of Birth of the ofvsnrlng cwce,  The difforunces (1,06 botweon
dune produecin; one lanb and two, and botwoon s producing gure lonbs ond
on:) were thon poolod over the dif¥eront birt'. yecrs by weishting each
inverscly in proportion to tho sun of the invorses of the nurbor of offspring
owes in ococh dum catojory, 1.0 in oroportion to -

| n_
Y Ry A
( :‘L '. lm ) = n‘a‘s‘%nm‘_
1l n 33 n
Xs & - o
1 Y1 Yy

vhore n  egacls tho muboer of offsoring coee born in the Fth your and

i *
belondn: o thoe first dan catogory say, ond ny v mwber borm in i oo
i
yo.o but bolon Ing: to o second dan cate orYe den's records wiere ropected

f'or the case vhore vere than one of hor fondce offgpring enterceld the floclc,

As the anclysis proccoded it was discovered thut in some yours a fow
sire poups hod an ebnormelly high incidence of barren ewes, Since tids
offoct scened likely to be due to a low lovol of fortility on tho part of
tho nalo, these siro ;Toups were exoludod from the main body of the annlysis,
in those cases where their effect seemed lilwly to disturdb the assumtion
thot the fertility of the rale is distributed at rendom,

The two~tooth lanbing records of doms have received the greatest
amount of attention, in view of their iikely walue in selection pro Tarries
dosisned to minimise the generation interval (Dickerson and Hagel 194).).



Dwo=tooth Lunbing Status,

Anous 14 adear of lecbs Born por Bwe Lated (LP) Classified According to Aze, Year of Iirth and Lem's
(offsprin; of two=tooth doms oxcludlsd),

Landing ) _ 2-tooih L=tooth G=tooth S=tooth | Lifetice
Status | g L2, n LePs L.P, LePs Lard
v Production
| o 1 1,00 1 1,00 1,00 1,00 1,00

1 21 1.09 15 1.67 1.0 1.15 1.31
1" 15 1.53 13 1,62 1.69 1.75 1.6
T o [ 0.67 6 1,17 1,00 2,00 1.21
1 A2 1,09 39 1626 1.28 155 1428
1 21 1,19 20 1,25 1.25 1,69 1.34
‘M—‘ #-
0 10 0460 10 1,00 9 1,67 1.56 1.18
1 90 1.06 87 1.24 81 159 137 131
{ 1 38 1,16 35 1426 30 1463 1.52 1,37
(¢] 2 04,00 2 1,00 2 0.50 1,50 0e75
1 5 1.gg :3. :gg 15 1.29’ 1.;5 1.31
1 1. A 1. 1,33 1,2
1 2 1.29 25 12 2% 146 - 1.29
11 1 1.4 16 1,38 16 104, - 1.33
0 8 0463 8 1.C0 6 0,67 6 1,33 0,39
1 7 0,95 72 1.2 62 1.2 59 1.05 1011
1" LN 0,76 33 1,15 29 134 25 1o 1.15
’ [ 3 1433 3 1,33 3 1,33 3 1,33 1,33
1 38 0.84 36 1.14 3 1.15 32 1.3% 1,11
1 12 0.92 12 1,17 9 1.33 10 1040 1,19
0 2 1,50 2 1,00 2 1,50 2 1.50 1,38
1 36 0.9% 33 1.15 32 1.19 25 1.20 1.11
1" 12 1,17 13 1.15 12 1.58 10 1.50 1.3,
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Tho ofect of a ome's birth runliz on her reproductivo pertorsince
lwe ¢lso boon studded, DBirth roni- rof'cr's te viwethor tho individwl ws
born we a momber of ¢ twin peir (trin birth ronk) or not (single birth roiic),
I% consouynontly providos informntlon on whetior o not the individucl's dum
prod:ccd to Lubs or one ut that lacbing: ot which tho cnld wndery congidore
ation s borne Accorddngly the ocilect of birth rani: hais been gtudied in ¢
siallor nmer to the cbove method of cndysis, owcs in $his cese boing
classgifed into tvo soups on the basis of tholy &n's roprodiuctive porforti-nce

at wt Lubing ot vhich thay voro born,

(b) Resalis:
(1; wrls prodaction of cuves elossiied accovding: 4o the nubor
off Jivhsg born ot the tvo=tocth lorbin: of tholir dams,

o

The nucher of offspring evos invoived in the ancdyosis to other with tho

rocn murber of Luios thay praduced is shovm in Wuble 14, clossiilod cecording
to the yo r in uhlch they wore borne  Tho lifotize Laub production of vuch of
the roups 13 clso iven, nd roprosents the Yot .1 mmber of lushs wrolduced
per cve por lambin;, i7Ath no correoctdon fur ¢ of ewe «t lambin:, The
three lambing stutus cutegordcs O, I and IT, indicate that the du: of the
oo produced gore, one and two lambs at birth ruspoctively, It is to be
noted thut ewos born to two-tooth dams huvo not been included in this «naly:is,
as such endmale would contributo %o status ;Toups I and II only.

Tho weightod moon differences betweoen the status categories 0 and I and

I and IT poaled over birth yeors, are prosontod in Table 15,
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T/BLE 4 vicishted Yean Lomd Production Differuncos between
Tanbing Stotus Categorics,
(Rarron slro roups excluded)
;;2?8 . ovar Lard botwoon
® | o=toothi imtooth| G=tooth | G=tooth {211 sgoej Prod, Cliss
~ oeans
I<0 0,26 Oe11 Oel16 (g1 0410 0410 0,407
1I=1 0,05 0,01 Ol11 0423 0609 0,09 0,10

The pooled woishted mean differencos of “vble 15 care of tho sume ordor os

the weighted moan Afforonee in lifotime lanb production, indicoting thot we

ef'fects have not iLporduntly influenced the averyje délfferencos botuwoon the

statas classificotions,

hie elass toens refor to the total mubor of lusbs

pro<uced par lamhdn; nor awe rted,combined os woishted pean overt Ll o us and

birth ycorse

Inclading: ewves boru to twr~tooth dams in the (nalysis did not mariedly
influonce tho pooled wel jhited moon dAdiTorences in lifetdime lusd production,
Thooe ware 0409 and 0,37 for tho stotus dirforonces (I=0) and (II-I)
respectively, vhile tiw difforonce botieon class necns indiocted waluos of
0407 «nd 0,09,

Tho incluaion of a mumber of the sire groups vhich exhibitod wn
sbnorrlly high incidanocc of barrenness changed tho pattern of results obiained,

as is ahoun by tho coefficients reparted in Tadble 16,
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TABLE 16, Vielghtod Hoon Legd Productdon Differences Letween Larbing
Status Classif’icetions,
(bovorcl barren sire sroups included)

Stotag hpe Poaled i fom
“Alie 1™ 5E00th | Letooth | o=tooth | Getocih S as tino,
all gges
Tl Je22 0600 Dol =0e25 005 Ue05
II"‘I 0.07 0.02 0.110- 0.28 0.12 0.12

In this tuble emos born to tro-tooth dana have once o:zain been excladod o
Their inclusion gawve lifotinme wvolshted nemm difforaicos of 0005 for (I=G) and

1499 for (TT=I)s
(ii) ‘the offect of hirth runk on tho nurdor of larbs lLom,

The effoct of o aue's Lirth raniz on her lard wroduction hog buon considered
separvtely ot eoch age within dii'ferent birth yoars, The cume genoral body
of dote dealt with abowe hus boon included in this anclysis, the dan's oges
mnging fron tvo=tooths to five year olds,

The nunber of ewes involved in the analysis, togother with their lerd
wroduction, classified according to age, birth rank and yewr of birth, is
prescatod in Table 17, Lamb prodection hes boon recorded as the pereantase
of lurbs barn perar matod, to jive resulis more directly ococparehblc vith those
of othar varkars, S8ingle barm andmrls are denoted Yy £ and twins by T,



ZARLE 17 Loxd Produotion of Dwes Classified according to Birth Rank, Age

and Year of Bireh,

(L.P. = % lamb production)

Aze 2+tooth hmtooth 6~-tooth 8~tooth Iifotine
Yearinrﬁl,zani.?nﬁ’nmnm?;:ﬁhm
ion

wou7] 5 381 129605 ] 291 15517 § 27} 1259653 | 25] 120,00 | 139493 | 14420
7 L6} 119457 381 165,791 37] 148,65 | 351 142,661 142,55 | ( 30,00)

1948 S 627 104,841 591 1202.03] 591 12712 | 491 159.18 ] 120,04 | 8.78
7 37} 11622 36) $27.78] 36] 125,00 | 35! 17429 | 135642 | 7605)

1949 S 591 100481 53¢ 12453 ] 50] 162,00} 491 120,57 4§ 120,82 | =137
T 51 10710} T46 ] 117.81 1 131 154,96 | 120] 140,00} 120,49 | (=Ce54)

1950 S 11 90,51 71 100,00 7 85071 7 142,86 10513 3533
T W! 92,861 13! 155,851 13 146,151 12] 166,67} 13046 | (+2.67)

1951 8 50! 110,00 52} 12%.15! 50} 136,00} - - 125,00 | 12,37
7 321 120.13] 341 12C.47) 33) 157,581 - - 137637 | (13.72)

19521 8 BE] 95465| 4O) 125,00] 39 130,77 ] 36] 122,221 117,39 | =1%.79
T 781 90,77 Th] 19487 59 116.95] 55! 116.36] 105,64

T

1953 s 20] 119,00} 20} 115,00 19] 156,86 | 19] 120,32 123,08 | =12,55
T 371 83.781 35f 115431 31] 112,90 301 140,00} 110,53

95| 8 38] 92,11 ] 36) 119,41 ] 36§ 136,11 ] 271 129.63] 116,06 | 3.9,
T 32) 109,381 32] 106.,25] 31] 135,48 331 130,00{ 120,00

. "3 L
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The difforences botween birth roniz classes givon in brogiots in tho
Tinnl colurm of Pable 17, roprecont the lamding percentiyo differonces
reportod in tho papor recd by lowe and Ch'ang (1995)

“he pooled weishted noun diiforencos (v presentod in Tuble 18,

Tho seporcte volues within go of dar classcs are also given to illustruto

thc vurictions founde

gl shtod oun Dif¥oconces betieon the Parcaei o Lo
Sroductlon of iwee Lom o 8inlos and TWins,

A0 el . a8 OF. 1% - Poolod

D 2~tooth letooth O=tooth Gmtooth afred.
all en

2=tooih -~ 9,99 11470 23665 «14695 3e32

!;."‘(LDO‘Z'JI 1 0.1&. ~11 ® ﬂf ={ 0093 35033 '5—.02

Getooth el 10,00 - e 56 1137 el

S=tooii =102 13407 = 093 135 -7e32

08 of 411 = 0,79 0603 093 86 /6 171
P{%(at:]

Tho woighted mean differance in tho 1ifotino lamb productdon of sin;le=
ond twin=born owes avaruged 1.75 e
A comparable overcll pattarn of results emerpged when sire groups exhibiting
a high proportion of barren ewes were included in the enalysis,
(1311) Ilemd production of ewes classified on the bamis of
the twinning records of their danms,
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The wei hted moun differences between the percentase lumb production
of ovms cluwaifMed into two roups accordin: do wuhothor thweir doans producod
dns (7 sroup), or did not produco twing (Il srowp) at their two-tooth
lorbing, are prosonted in Teble 19, This datoe was obtoined by combining the
eppropricate rous of Table 14 with the Lirth punl @t for two~tooth duns, o
“dve tho moen parcent of luds producod ¥y the I and T sroups of ¢vese  Tho
drforonces, (T=1), botwoon the two [roups woro combined over the birth yours

represented,

vieightod can Affurance in e Pevcontye Lo Tod=
uctlon of Ixos CUlcssiiod on the “wretooth vdming
Demlormy mce of theliyr Doiie,

S48 o . - p— sorbined ' ¥ s ‘

500, Zetooth L=tooth (=tooth G=tooth over 11 i ifotine E

£00E y

Lt B 2 Bl %{ “*.Qv
r

et} Lol2 Lel7 1400 11 401 795 | 2,08

[

(5e20) | (Be51) | (16020} [ (1328) | (9a23) | (9.20) |

j |

The ronge of wvaducs obtainod ws ot affectod by tho inclusion of aire

croups ozhibiting a hivh incidenco of dry ewes, as is illusirutod Yy the

braolrtcd wducs presented in Table 19,

This wa also found 4o bo truc vhen

the differcnces ware considered scparately for femsle offspring borm to dams

at diiferont agose

then the offspringams were clasasified on tho basis of the four-tooth
rocords of their dams the weighted differences presented in Table 20 were

found,
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IABIE 20. Wielghted Hoen Differonce in tho Rercanitesc Lamb
Prodaction of bBwos Classifiiod on the Fourtooth Tvdnming
Porformnce of their lans,

Stutus
e,

cobinod
ovar «ll
Ases

2~tooth | 4=~tooth | G=tooih Getooth Iifetine

Teeil 9¢50 105 ()40 10,43 5e12 3679

The mubor of ovos hose dans prod cof no lonbs ot thely four-tooth
lonbing wes considered insufficiont to justify the presentation of an analysis
inwiving e furthor subdivision of dwe i1 crosgp, vhereby those ewes tHwoo
daie produce no lozbs couid be corpuroed with those vhoso A rudoced one
lord et thelir fourwtooth lambing, The diffoarence in Loh production ws
gunll and in £.voewr of the foroer Towpe

& preliminery attomnt hos been e o inwostioote the ofoct of a
dam's twlimnin: sogqience ab lxxr first tvo Lasbings on the lanbd sroducilion of
hor fenlo offgpring, Ives werv classificd into tw followdin; four youpss

1 Growp ILI, vhoso dons fadlod to nroduco twdns ot both tholr two-

and four-tooth ladliy;s,

2, Growp 7, whose dams producad twins at thedr four-tooil: lawbing;

only,

3¢ Group TH, vhose dams produced twins at their twoe=tooth lasbing

oaly,

ke Croup TT, whose dams prodiced twins on both occasions,

The averuge lapd rodwtian for ccch of these clussifications caleculated

as a weighted meen over the four lambing ages and the eight birth yeers,
is reported in Table 21,
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TABIE 21, lloan tard Production of Ewes Classifiocd According

to the Twinning Soquonce of their Darse
my I ™ e i i
179 LePs g LePe N L.P, Ne LoPe
102, 121,88 | 5% 121,93 § 370 127,84 § 361 135418

(c) idscussion:

Tho eotdmatos raported are consistont with the conclusion ti.t the
horitebility of the lamd production of ewes is low, Thgy indicate that a
difference, botweon ;roups of cwes, of one lavd por lamblng la on avoruge
assoclated with something loss than onc tonih off a Lwd born por lorbing
in tholre offapsin ;e Sarpliin; errors of thwesce ostliatos havo not boeen
reported, but those thut wore caleulated were lor:e in rolation to tho sisze
of the ostimates cobiainci, This is to Do cxpoected on tho basis of the
variation exidbited in “obles 14, 17 and 18, and tho sige of the surpling
errors reportod in the rvpeatodility studics, espoclally vhon it is
rexrbared thet repoatobility studies, in genercl, gave higher estinitoo of
tho effecte considored and ware based on a lur;er volumo of data, In this
1ight 4t dbecomos obvious that lurye amounte of data are required to narrow
tho canfidece intarvuls that oun be placod on the eatimutos of genotis
paramwtars for lab production,

Assurange can be obtained, however, irom the fact that many different
statistical procodures have on the whole resulted in similar estimmtes, This
is true for the methods of estimation considered by Ch'ang (1955), Furthermove

the present study has had a confirmatory rule, in that the results presented
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fall within the range of estimntes reported Yy Ch'ang for the same flock of
shoep, thouzh they in generul tend to congregate at tho lover end of this runge.
Varizprs revicvins tho litarturo on tho inharitance of fartdlity in
sheop have failod to distinjuish Lotween the hexitedility of mumber of
lanbs born and tho hositodbility of multiple births, tho repartod cstimatos
bolin; low in both ocses, Tho analyscs on Swoddsh broeds conduotcod by
Johotison & 'knsson (194:3) and Rendol (1956) produced eotimtos of both
thoso ldnds, In gonaral thoro existed no tondency for the cstimntoe
of onc kind to bo larger then toso of the other, on tho bagis of wluos
applicable to onc lanbing recard, Tho oome is twue for tho ootintos
obtained ¥y Ch'ung (1955), and would soon to bo confimed Ly the prosent
study. Thus, tho rvsults reported in Tablo 15 indlcate that o difference
of one lenb at o owo's tro=tooth lambin: 1s on avarw;e acsocilctod with o Qi
eronco of around one tonth of a lamdb ot ench lambing of her offaprin;, rogerdloss
of vhethor this indtin) difference is botroon sexo and ong, or botwoon one and
o lambs at bixrth,
™o inclusion in the analysis of a amall mdber of sire xoups which
oxhibitod a hizh level of barrenness, has led to a different patterm of
results (Toble 16), At ecch age there resulted a slight decrease in the
lamb production difference botwoon the status catogories O and I, and &
corregpanding increase in the lamd production differonce detwoan thoe atatus
catogordes I and II, Owerall the averece effect symests that in this cuss,
the genetic difference betwoen barren and singlesbeoring two-tooth owes
is only one half as great as the genctic difference bLetwoen single- and twine
bearing ewes, While sampling vuriation might be important in this respoct,
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the consistancy of tho cluuyse in the pattorn vdth age soas to sugge.
that the node indoruildyy hee introdiced an elomont of mundarness into .
conotic assosomont of fortilily In cvos, Whilo this effoc? 1s inborosting
in that it sugoests that scole problane vy crise wncor conditlons vhorghy
horronness aiscs larpely w8 o results of Poceldonteld! indluoncos vivich howe
littlc or no connoction with an aninuds sonctic ruproductivo potontdil, Hwe
existonee of thils particulor pouslbility has 1itile practiced eirnific nce,
his is bocsuso undey comrorclol husbondoy condltions, o owe is givon the
opnortanity of concoivin: to ony one of poveexd dif¥'crent miles durdw; the
Tpping poriode

Zhe Indofinite effccis ropard 4 in thc Idturuiare for the Infiuence
of fype of Dirth on Lubh peoduetdlon mdws prooticel rocormend. tlons &ifficuit

T oeTeling, Tho worioble infllucnce of this foctor is woll 11luchtod

vy

gy e ot presonted dn lGbde 17 ol 18, The si¥owonces in Lidiotdre

Lo prodiction presontod soow close sbcdilosifs to tho wluos roportod in

tho ordoinel paper prosontod Ly ko nd Ch'osng (1955) for the same flock of
siradse The one exception occurs in {the crse of tho cstizi-to {or odnkds
borny in 1950 vhich is, howvever,lused on a relatlvely amaldl omount of cto,

The averyze tirth ronk effcct obtained by Rue aund Chlang wus wround tho 10
reriz, vihiile in the present data tho pooled woishted mean ddfforencos indicate
e much lover avarege which is of the ardar of 2e3,., This coppcars 40 be mrinly
duc to tho extra subsequent years (1952 to 195,) included in the prosent an:lysis,
and a high valuo found by theo previous workers for animals born 4n 1946, As
is shown in Tabls 17, the years 1952 and 1955 indicate thot twin boen animals
exidbited an infaricr reproduotive parformance in cocparison with tholr single
born conterporaries, Further examination of the data showod that the overall
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lambin: percentage for thrse andrnls wus below avarwge, especiclly at thelr
tio=tooth larbinge

Evidonce exists which sygests that the wlue of birth ranz as a critoriom
of roprotuctive potontisd mxy dspend on environrwntil conditions, and
especinlly thoso cosocicted with nutrition, Reo (1963b) hue discussod
this aspect and suggests thet an anirnnl's birth ranlz not only provides o
moasere of the dan's foartdilily for thet particulir lading, but also indicates
th:t tho anloel 1ts0lf his had a motorelly Induced onvizvomental hondicap
iposcd on its grosrth, lHany woixcis have found thet oeffects due to {pe
of birth and Touriny: arce en irportent sowree of wurdicddon i voening welicht,
In o rosant floel: Chlin: and Ao (1961) have domonstruted 4wt sinlo
Luobs oo opprositnicly 10 ib, Imcvior ot wning then tan Libs, Inlor
corxlitions of poor mtrition it is comrwnly found thet ot thelr Moet Gpping
+7in bormnm two=tooih: owes hive o lowmar overt .o ilivewwol ht tion sin;ic bormn
anixids, and thils can pooscibly be atiributod to a porsistonce of he rutorneily
iposed ;xrowth handicap, In this wy any inti-lnaic genetic supcoricrily of the
tdn bor ewe may be msked by a positive enviromontal rvlotlonghip botroen
tpping livewoicht und subsequent roproductive performunco, The nroviously
montioned results of Wallace (1958) are portinent in this rospoct, Tho offoct,
in tu.n, ooy also mean thnt an enimal's tvo=tooth porftrumnoe mgy not
nocescarily be a good gulde to her potentisl reproductive copacdty, whether
this de consldered in relation to the subsequent parfurmanoe of the ewe here
eclf or in relation to the performance of bor offspring or some othar faomle
relative,

In the case of the present flock, however, Ch'ang (pers. ocom,) has
found that en animal's Yirth ronk s Crequrtly not associsted with a
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livowicht diffaraence prior to the wo-tooth mmting, lovertholess tho
posscibility estists that tho rowth patiom of an animl, as asnlnst the
cumlative influcnoos rBusured by bodyoi ht, may huve sone boardng on the
problen, In this comnection the ceitlewd hojpet rewring porlod gy be
importent and e foct that this coinecidos closoly with tho onsot of puborfy
oy have sooo gpocial significancao,

Rzthoy ovidoncs damcnsizctin: the poscible necessity of assccsing a
fonnle s birth ranls 4in roleotdon to tho crwironront is providod by
Bolo;xodali's (1940) contontion, th:i tho differunce betwoon his rosults
and those of Smirmov (1935) wes e S0 pocr mony -anent wdar vhich tho
genctical iy hicher prolifiency of Lrdrmovic {ripiot end quudmplct ovos
could not Lo wgavasod, “his offcet can be intarpreted o on intory ction
botwoen horididy cad environoont, the pooe mmagonent hoving o reotor
deprocsin; effoct on the fortiligy of ewos born in mdtipic Lirthis,
elmroon {1962 hus dlscussed tho problass introduced into breodin; stedics
by offocts of s noturc,

Dolo radsldi (1U40) recamonds it owes should bo solectod not only
because they woro bern in madtiplo births, but (dso on tho basis of tho
fartility lcwels of the lines or farrillios to which thay Lelon;, Sharufolddn
(1960) hus also suggested that solostion on the basis of birth runk infarm.tion
should bo epplicd to the avercgs production of lines, rather thun on tho
records of individnnls,

In viow of the growth handiogp 1ikmly to be Amposed on twin born ewos
it socms that othor lambing recasds of the dams may be of more univarsal
applicability in discriminating between the reproductive potential of young
fencles, The results given in Table 19 do seem %o indicate thot the twimndng



perforrvnee of o dam ot hor tvo=tooth Luding hos grector predictive
sl mificance, then hor twinning performxince at thot Lubing et vhich tho
of' opring thcr:mé}.ves more borne This 1s sujjosted on the basis of the
senerally hishor, and loss woricble, cotimetos obtained, The avorvge
lord production difference botioan oves vhwse s produccd tuins «nd those
whiose &urn Aid not, wo around tho J=9 maxlz, and tondod to bo lLirper ot the
Six- .nddght—-‘:;oom Ludbinga of e owcs thin ot cardier (og.

inder flocl: runo enont conditions, vhorely anircls o roted fo Lad
for the first o ot 4o yours of aqge, ond wll ferxdo offspring orc
carriod throw;h thole fivst wdntor, ot lonst two Livdin:; rocords on thoe &ins
vilil Do avidloilo on whleh doeisdong o o o o to vlhaich oves gould he
rotedned for taoedin ., The rosults in Tkble 20 in comporison with thocoo
of Tuble 19, indicote Hwt the four-tooth Luinnin rocord off thw s Ze of
slizhtly axdior predietive wlue thum the T tooth rocord. e cweiwe
diffoence in the lud productlon of cwos those dous preduced tirinag L
their four=tool™ iabin;, cnd those whicse dung did not, w.s of the crdor
of 4=5 o

This pottorm of rosults would scas o Dl in 1ldno vAth Tervillite
(1962) sugpostion thwt the chandng lombiny: roie with are providos o clue
to selecting for twinning in shocp, Sinco fowor ewes hnvo tuins ot tholr
first lambing it is lilwely that those thut do have an average potontial far
tmnning which is hisher than thoso ewos which produso twing at their
second o lator lambings, Other aspects are partinont to this problem,
™o gemotio veriution of any charecter may be ecxpected to vary with age if
some genes manifost their effects Aifferently according %0 tho age or stuge
of Gevalopment of the enimml, or 4f the character is affected by different
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genes ot different agos., DRMoruvover, the podifying influence of anviromemtal
foctors need not mocessarily ramin canstant with age, For thosc recsons
the horitability retio ooy very with acc in eithor o gystomatic or completely
randof mNCT,

Chtang (1955) hos roportod heritability estdmtes for muber of lerbs
born, accordlng to the age at dhiloh the churccter wos moesured, In gonerel,
hils danghtor=don recgoession estimtes show o docroesin: welue with increasing
o0, whilo those obtained as patarmol helf-sib ¢orrelations shou tho reverse
teond. Since sarpiing orrors are amected te be larpe the sisnificance of
fuarther conjoctims on those trands is doudbiful,

T horitobility cotimtes of Jahonsson end !hnssan (1943) for the
Choviot brocd .1so provido sono indiroct ovidonce on the relitive sige of
Seritobilily in young cwose Thgy obtoinoed thie followdny; estincics Loocd

ypon within flocl:, dayhter-den rogressions

one larbin; et 2 yosrs of ege (1324 neirs) = 0404k
Avoaegce of three labings at 2=6 yeors of coe (659 pairs) = 0,478

On the basis of ¢ Tthin flocl: repoetebility cotimnte of 0,172 the wming for
the evarace of three lorbings can bo reduced to an averege cstictc of 0,030
for the haritability of one lambing record. Since the mubar of offspring
m@amé,@esngthﬂmﬁwdmofﬂwmsionofoﬁsprﬂng
on parent, this sugcests that tho average prodictive walue for the first timzee
dans' recards (0,080) is Idghes thon thot for the first larddng rooord (0o044)e
On tho othar hend, puonlinsities arising from tho smell ourder of catogxios
osy have indnoed a bias into the estimte bas.d on one lanbing rocord, and in
addition the arthares did not oarruct for the effect of age on lltter sisme,
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Young ot 01,(1953) proseatod date which indicates that the herit-
ability of mmbor of lemba born, amd number weaned, are higher when
noasured at throe yeers of 4o in corparison with tnﬁ-ymu:- old records,

Thgy stote that the gptinal o crovp frao viileh to sclect is ot presont
andor inwveotisetion, Aspects of this problon will be denlt with in e
nast socction,

thien scloction decisions can be bascd upon rore than one lurbin: reoord

n

conrgy 18 expootod to be Jroctere  This hug beon shovm by Lash

3
€3
fr
o]

{1943), vAw polnts oul thot it is under cond &lons of low reventebilily thed

=

perfornn o averuges exe apoctod o be of reatest wlue, whis is ™

iiluasizated by the Mohor horitebility cstivetes cbiuined by Johrnason ond

Fuanaon (192:,3) for the avorge porfatun e 1 threc Lwedin s,

noviow oY the poordbie cavy=over effcets of nreviouas roprodactive

porfomgnce on «n oant L lfs ciment poerfamonse, to othcr vAth the possitility
tht the irhoritanco of fortilily may wor wildh ege, it soors Lilwly Pv i otler

mathods ¢ cochining wn suliedis soporate reecordes e bo woie officlent Hun

(—

a sdmyle avoroges LYo this ond cn etterpt huas beon mado to assosz Ui possible
prodictive vuluo of o cwe's twinning segionce, Tho moans reported in Tuble

21 do suon to inddcate that the genetic diiference bobweon tulnning and non
tvdinnin: four=tooth eves docs dopend upon heir two=tooth twminiin: perforince,
I% is proposed to investijate, in greater detoll, Pwrtheor agpocts of this

protlen in the mear future.

' In this scotion it 1s proposed to cansidor the wyy in which the charact-
eristioc coarmmness of grouping of fartility meesirements expressed in terms of
nunbers of offspring produced, infloennes the gains to be expacted from
salaction bascd an this criterion, The use of certain aids to sclection
fer this character will also be discussed,
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For discretely distriduted choructers, the response to selection will
depend upon the soloction differomtial as is the case for a continucusly
veryin; chur-cter, Tho selection differcnticl, howcwer, will nol alwy's
depond upon tho proportion of aninads reteined for brecvdins., This is
becizize the breeder can only disczininate betwecn those individunls that

f:11 into e diffurent phemotypic clacs; within each phenotypic claess he is

not able to discrinminnte between those with hish end those Aith low welues
(on on underlying scale of poientl .l reproductive copasity)e For this
roascn, unless tho propartion of individuals requirod {or brecding is exuctly
oqued to the proportion of animuls felling into tho desired class (or clasces),
ooy {(or o211} of the selocted individuals can only be rondoily chosen froc
e losc deosired or mergindl cluss, Tmis the selection diffarontiol is
reatest chen the mmber frllin; Into tho deaired cluss(es) is azactly
equil to the number required for brocding purposes, In this cose tho
ensurin; irprovemcnt would be ex.octed to de exnctly equal to the thooroticael
situation bascd on direct selection on the underlyin; varicte, On the other
hand, whore a larper or emlicr murhar of parents 13 required, it is expected
thet tho efficiency of mess scloction w1l be lower by «n amount dcpending on
the heritcbility, the intsnsity of selection and the proportions of individunls
in cach of the phanotypic oclasses,

With particnlar reference to charaoters clasaified into two separate
classes, Iush gt gl,(1948), Dempster and Lerner (1950), and Ch'ang (1955)
have demonstrated the way in which gains from mass selection depend upon the
incidence of the character, in the case where all individuals in the desired



Bl

cless cre retainod, Those vorioers post:late o norvally distributed
underlyin: scale, Censidoring, for axarple, the effect of ews seloctdon
azainst Larrenneos., the seloction difforentisl on the underiying secle is

dven by 2/, s ¥iis boing the difference botwoen the avercoe of emco thit

-

uve 1obod and the everase of the whole sopulation, liero (1 e gi}

reproconte the level of barrenness ond 2 the helsht of the ordinute of o

-

normudl ourve which trmmcotes p. o iis oren, The gonetic :ain on the

Tl oy o 2 wmgars  Tuam
undor goale I1s ~iven by

;s the horitebiilly of

inddvicsl ddfforences in the chusvoior on this scule. (12 the hoerlite
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ic the seotic oin (rodwxtion in ¥n Zowel of barrenaess) on the wialble

He COM0 ooved aovoss thie thircaheld,

e

senle, ond reoroncats the aroe of
sh (1943} nd Iuch g gl.(1943} luve lven ¢ simploy approxicate othod

of caleuladting the genetic zain, Ietiing 2 represent the weine of tho

nory:lly dlsimibuted mdariying vardzte, the reoession of py on! R is - siwen

by & six curve which for amw:ll varictions in R,AR,‘apgamﬁm‘.:o"

straight Jine of slope 3, In thc case of tho gemetic respenco 10 scloction

against birremeosAR s civen by G . '/p,.. Consequently tho cﬁazm 2

change in the incidence of barremness is given by sAR "23\, ‘2;’(‘ . &8 given

Yy Ch'ang (1955). lush (1948) states that the slisht blas involved in the

approximation results in overestimation of the genetis response for high

valiea of py (1466 fOor a low inttial levol of tarramness) and umdcrestiomtion

for low wvaluea,
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Uedng a horitability averezdng Ce17 on tho undarlying scale,
(1955) oalculaded the roductions in the parcentago incidence of barrcrmese
to bo apected per genaretion when cll berren ewes are culled on thc boais
of ono larbing rocerd, Those are preseanted in “able 20 and eppocr to be

correct dospite the formule errar,

Ixpectod Reduction in Percentuge Darremmoess per
Gancretion from Cullin: those Iwes Failin: to lomb,

275

211

147

20 0,83
10 0e29
5 0,09

Twse fizires deronotrate sone of the conclusions recched bty Papsler
.nd Lernor (1950) 4vt "linssselection for o charecter of high incidenco

(or acainst one of low incidence) lcads to sdight seins only,

This is due to vory low effeotive haritability, combined with

tho fuct thet seloction intensity is «lso parforce loue For
tmteredicte incidence the gains obtained are rolatively high,

bdut Lurther shift of incidence does not prodice mwch grozter

cains, becuuse the decreaso in effective haritadility offsots

and oventually overcames the inerecse in selection intensity
on this shif't,”

The above goins have been computed on the assumption that tho level of
barremness can be eventually reduced Yy selection to sero, vhile in
actual fact it is probably more realistic to suppose that there exists
an irreducible minimm level of barremness due $o accidents end other fuoctors
not associated with an animals inherent fertility potential, This would
tend to lover the effectiveness of mass seleotion even furthar, partionlarly
when the average incidence is alrvady low (Lush gt al.19%48).




On ¢he dasin of gimiler assugptions and roasoning the expect
per cenaratdon in the lowol of tulnnin; moy bo calculutod, for the cose
thon only those anim:ls moducdin: twins at & givan lapbing are roteincd
froo apongst thosc cwes chich l:abod, These vre Zivon in Table 23 cnd
are proscnted in preftrence 40 thoso of Ch'ang (1955) as the lotter oppoar
to de in erzor,

Epocted Gain in Percont:ge of xinnin; kwes per
Gonerition froc Saving thosc Hues xoducinz W\7ing,

Incidoaco of Tuinndne (¢ ) Expectod G

5 1.38
10 2,90
20 2455
30 2462
LD 2413
50 2407
60 1462
70 1,12

epectod gnins celculated, tho simltencous oansiderction of the incidence of
twin birthe and the incldence of barremness czn bo used to enhenoc the overwll
effectiveness of mass selection for the muber of lambs born, The following
example has beon chosen to illustrete the gain in larding percontase at bdirth,
through the selsction of twin producin; omes fram amongst all ewes presout at
a given larbing,

Suppose tho initirl poaition is represanted Yy o 205 lovel of barren
ewes, while of those ewes lamiing, 207 produce twins, This ooxrespands
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to a lamding porcentige af birth of 9., Tho expectod smins por ¢

Ziven in Tables 22 and 23 1ndicate thet in the offsuring gemerction ..o
incidence of bartenness will be 0,33 1less, thile =t tho sume time 2,5%.
pare of the ewes lorbing will producce toins, This correspomis to 2 laching
pexcenta e of Just under 39, «nd represcnts 2 gein of about 3 lachs bom par
100 cwes precent bt loching,

t st be crphasisod, hovever, th.t this examplo ond tho figurcs
precented in Tablos 22 and &3 ore :porouimations and apply only to the cuse
viere 211 cwes of’ ¢ gdven loabin; alutio Sroup are ret.inod for breeding,
Furthermere, the wetlicd of calenlating expectod zoins requires on cstionte
of horit:dilify on some hypotheticcl underdyin: suale,

Dampsier «nd Lormor (1950) huwe demonstroted the orrers involwed in
cotiz$in: inz on the brsis of wisible seole herit bilitics for the cose
of elvr.cters £2214n - into tv: mtuldly exxclisive clusacs, For boilh the
cescs vhen 211 inddvwilals in the dosired class are seiccted, ond vien o
proportion of individicls in the undosirodl closc st clso be reteined,
thay point ocut that only o1l discrepancies exist betweaon the actun) ond
the expected soins there tho selection intensity is low, ond cspoci iy uhere
the incidence of the chorecter is newr 50, und the edditdive heritibility om
the umderlying scale is swll,

The affoct of the incidence of tarrerress, twimning, saelcection intensity,
and genetic sgale pecularities, on the grins to be expected fram sclcotion
bosed on the number of lacbs dorn, will now de 11luetreted in sraphicel form,



The grephs given refler specifically o the offoct of those foctors
on1 subscquent lifetime reproductive porforrunce, throush the solection of
cues on the basis of records made ot thelr two=tooth lorbing, The sane
principles apply, hovever, to the problon of selceting: for increasc

productivity in the of fspring goneration,

(1) ‘lothod of inalysis and Results:

Do initicl flock situctions howve beon xephed, These aro
desicgnoted flocks I and IT whic: are assumed to huve the folloving lovels
of barrenncos eand trdnning, eEpressod as o parcente o of wll ewes mutod and

present ot their tro=-tooth larbinge

idock T Floclk Il
;. Barren Bwes (I, % 10G) o5 10
&9
;. Bes Prodneing Singles (I_ x 100) 55 10
o
Ewoes Producing Tuins (I'.z = 100) 20 50

pectod cains hnve boen caleulnted as the incronse in the nuber of
labs bom per 100 cwos ot their next or sove other subsequent lanhing,
he woy in vhich they hnve beon obtained is dooonstroted in gonorel teruse
Supposo that barron omes, single-boarin: ewes and tvin-beoring oues
exhibit an average of nurbor lands born per ewe of x, y and = rospectivaly,
at some subsequent lenbing, and that the flock averuge in the same yeur is Y,
Then, letting tb ropresent the subsoguent lamdb production differance betwoen
Weaﬁmmdhmms,mﬂttﬂnmfmbomm»mw
bearing ewes, the following relationships can be established:




G-x) = % e 7 = (xety)
(s-3) = ¢
(z=x) = L SR A o’e 8 = (x+tb+tt)
(10012.::) + (1001£.y) + (100123)
T = 100
= IB.x + Ia.y + IT"

= Ia,x + Is(x-»tb) + I'r(x*tb*tt)
z + Iotd + IT(tb-!-tt)

8

‘e (x‘i) ® -IBtb = I‘I'(tb + tt) e e 0o e 000 90 00 (1)
Siridoriy

(y.-g} :IBt.b-ITtt e o060 8060 08 o (2)
and

(z -E) = IB(‘Gb + tt) + Is.'ﬁ:t e 000000 0 (3)

lotting SB’ Ss, and S,z reprecsent the proporticn of the berren, sinle-
bouxding, cné GAp-dearin; ewes reteinod for further breoding respectively,
and eceuming that tuip=becrin: eros are retuinad in preference to sinsle=
bearing ewes, shich in turn are nore desiruble thin barren ewos, the following
furmmla indicates the gadn in lamds born par 100 eses retainsd (AG)s

AG = woa‘(x-!) + 1ooss(y-!) + 1003,(:-!)... (%)

This gain represents the amount by which the average percentage loemb
production exoeeds the mean lonmb production that would result had no culling
been prectised,
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Froo those four formlupe the axpoctod gaing for differcnt lowels of
culling, and for vurlctions in f‘b and tt heve boen coleculated, Cor £locks
I oad IT, The combinctions considored axo:

% .

Canc A, Oe1l Oelle
Cose be 0,03 Det7
Ccac ¢, 0. Cel7
Ccoe  d, 0,17 Ce

cnd the resaldc huwe boen plotted in Mo re 1,

(3i) Dlscission:

75 29 as P a1 ? 2 sre s 9 + 9 o A3 et
The prphs vwil: be discusced seporetely for coch of tho

gid ciong ohadiod,

Casc ce (5rshs Ia and IIn)s

In both floclzs tho going rise to ¢ ploteuu with increcsing culling,
dxonotr:ting e principlec thut for timeghold cliarveters Hw anount of sudn
ic o maximum vhoan the incidenoe of the dosired clase (IT) equuls the proportion
of the population scvod for furthior production, Por less intcnsc lowvels of
scloction the expocted grins fall off éue to tho less dosircdlo cnirrls
diluting the ofiect of retoining the superior olags, This foll off is repid
at first, ospcolally in floek I vhich oxhibits a low level of tuinning, duo to
the dilution effect of includin; anicrls at rundam fram the lirger growp of
singles, The rato of docline in axpoctod gnins desrecses with further
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drop in selection intensity, until when the proportion culled equals the
level of barrenness, the geins are once ugain equivelent to those obtainesble
could the selection be based upon a continuously ;raducted phenotypic sczale,
shorins the sume coefficient of repectability, Viith a further drop in the
intensity of selection, the ;cins fall off ot greater rote which sroduelly
diminishes with decreasing intensity of selcction,

- Four critical points (labelled & P, § and §) are shown in Iigure 1,
These represent the points through which the plot of expected jains czainst
sclection intensity would pass, could sclection bc based on a contimcus
scule of phenotypic welues, providing the repectebility on this scale is
21809 Qu14e The discreponcics betireen this hypotheticael line cnd the srophs
siven for flocks I end IT thus give an ideoe of the reduced selecticn efficiency
that results firom the coarsce classificaiion of fertility dote mousireld on e
scale of limbs born, These discropancics are scen to be wrectest Whicnever
the percenti;c of enitvls to be suved {er browding fells within onc of the
brecd phenotypic closces and especiclliy if this class is o lorge onc.

Tiith respect to the selection of repl.cozents to enter the breeding
flock as two-tooths, a cullin; rate of _round 40=50;. scexns zpplicable for -
quite & wide range of variutions in lacbing percentage, cnd the mort:lity
raete of cwes and lacbs (Goot 1947, Hickey 1960), It is interestinz to
note thet for this level of selection intensity, the expected goins f{ron
selection based on one lambing record of the dams, are never far below this
hypothetical maximum in flock II, although in flock I thay moy differ by
2-3% lembs born per 100 ewes, Hickey (1960) has demonstrated the wey in
which the culling rate amongst young replacements is influenced by the level
of flock fertility. Thus in flock II, a culling rate of the order of



59-60 misht b¢ more applicoble, this beinz the arce of tho groph whicre the
larpest discreopancies ocour for this flock, ot lecst with respect to the
effdecocy of ewe soloction,

It is to be noted thet with respect to ren seloctlon on dum's informntion,
rim'e o solocticon intensity of tho order of 1-2. is nore lilely (Coot 1947),
the differences in the oxpectod juinsare quito mariod,

Comparisens of £locizs I and IT donensirutos Tarili's (196. ) saigestion
thet age srouwp verictions could profitebly be mode use of in sclectd
breedin;: for inerccscd lach sproduction, These grophs, however, domenstrcte

thet the optimun oce group fron which to scleet, dopends on the propo~ilon

of replacorents required, cs well as the muber of individucls in cach
catcsorye It clso doponds on the relativwe sglective advanto-c of e animals

in coch of the roups, this influcnce bein: domonsircted in the reoedining

srophs of Pigare 1.

Casc be  (Grophs b ond I1d):

™is situntion his been studled in view o the possibility thet the
predctive wilane of the difforence betwecn cne iowvb cnd szero lumbs, is Iower
then the predietive wluc of the difYeronce beteon two larbs and onc,

Tho genotic parmmeters choson are thoso sucgested Yy the avercee prodictive
valucs for tho two=tooth record presanted in Table 11,

The differences between tho expectod gnlns for this situation and those
of case (a) ebovo, are in gonaral, small throgghout in both flocks, Foe flock
I, vhich has the highor level of berremness, the difference is groatost when
the level of culling corresponds to the incidence of barrenness, At this
level of culling the gains represented by Greph Ib are lower, and it is not
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until & level of culling; of 70=75. is recched tHhnt the advantaso of the
slichtly hizher predictive waluo for' &imding overeoncs the lover predictive
velue of berrunress, both 4vimnin: and barremess boin: coasidered relotiwve
to the subsequent porfortonce of single=dearin: cwos, Ia flocs IT, howewer,
tho srectest difforence occurs at selection intensildies corresponding to the
lewel of twimndng or hisher, The differance in this case corresponds to the
aifference betimon the 4, volues of 0,17 cnd Q.14 and is the some cs thet

;A
ocourriny; in flockz T ot sclection intensitics sreoter than 0,20,

Cgces ¢ ond de  (Zraphs Ie, Ile, Id cnd IId):
For compcrison of the rel.tive soins crising from thic selection aoinst

berzenness wnd the selection Por tridmin, two Jurihcr scrica of rophs
X

hove been presented, Szephs Ie ond ITe corzespond $o0 & zoro predictl

&

yolue for borrenness ond Grophs I8 and I1Q o & soro predictive welue

4

=

timing, in reletion to sin le=beoring orese

Gorpozison of irephs b and ¢ within flocks I cnd IT illuskr fos the
effcet of a zero walue for ‘.;.b. This is scan to be greetest in floclz I
wiich has o hisher incldenee of barren ewres «nd a lower lovol of Ludinndng
than flock I,

Compardison of Cruphe ¢ and 4 indicote that ot low lewels of culling a
positive tb velue 1s more i-partoent than a positivo t‘t valuo of the some
sizce In flock IT this is truo for cullins lavels up to adbout 16=17 ,
but in flock T this position holds for rates as high as 557,

In all the Gruphs presentod gains rise with imoreased culling rate
until a plateaun level is reached, which is dopendent upan the relative
scloctive advantages of the timee 0lasses of animnls and the propartions
of animals in cach, Where the tvin alnss has no predictive adwvantage over

tho ainzle=de-ring ewes, this platecu is reached vhen the level of caliing
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is oequl to the incidence of darronnoss,

In sone cancs a fourth phonotyplie fertility class may be aveilcblc on
viiich to buse culling de-isions = namely o cless inveliving 4riplete=booring
cwese he cffect of this extera closc is cxpocted t0 be of relatiwely
ereater edvente ¢ vhen hich intensitics of seloction are possible, duc to
the o1:ll mumber of triplot-berring omos in meat breods of shecpe Tar
oxzaplce consider a flocl: vAth the follortdn: proporiiocns of enirls in the

four cate;oricss

BaTen ores 10.
oinglo=beoring omoe 20
“win=bocring owes &5
Trinlet=bearin; cmes 5

Tho scloction differential co responding: to o 95 culliing rote is 1,95, cad

tith o repeetcdllity of 0,14, the Judn expectod Irom rotidndn; w1 the ilot
boarin; cwes 18 21,6 lards ner 100 cues.  The cmwcied sedn for a 40 culling
Tatc 15 G46. luobs per 100 ewes and this is only Co5 of a Lub hijhor than the

corregponding finuwe dven by Gruph Iia,

The procecdins discussions have deromstrated that speciel difficuities
in brecdin; for threshold charucters arise from the coarseness of the pheno-
pic distridution. lo now principles are imvolwed, but merely a difficulty
of recognising undarlyinz varictions in potential reproductive capacity.

Tarrdll (1962) hns presented data which suggosts thet this prodlec of
drood categories oy bo ovarva®e to some axtent, On tho basis of their
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7o yeor 01d reproduactive porformunce, he clossificd Rombouillet ewes into
tho following six phanotypic cliosues:

e Infe=tile

stilli-dorn luch

Onc liwve lomb born but not weouned

livc L.amd wooned

stiil=born L.ob bat foster laod vecned
X4n lambs born

Py
FEE

oy Y
.

ith reogpect to thicir subscguont lad production fror threc to siz yeows of
o3c, those classifiicotdons represented e sroduclly incrocsin: scale of

-

nfortmately, howover, sich clossificotions do not conslstontly cxhibit

- 73

4 s ¥ ivnneS orw 4 et A PSR, . i TR P T O i, I K e JRON . 4 P -~ Ty .
roqlerily of potentisd porformance Jor dilYerent croups of shocep, wd 28 &

t

conscquence the brecdcr is foccd with the problen of how best do wei feoch
of the clusslificctions Jor any sivon sitaction, Toylor (1901) is ficed with
gimilis probloms in his cttorpt to £ingé e scale of reproductive copucily vwhich
will focilitete compuxisons betueoen &ifferent flockse Tho scale of
moagmervat chesen in e porticulor caso vownld scen to depond upon 4thc
definition of fortility dbein:; considerod, -nd this mst necess:rily be related

to the purpose for which fartility is beins recarded,

Brecdcrs have long been acguainted with methods of eveluating breeding
value in ways othor than the individusls own phomotype, Iush (1943) quotos
mpha&mhatmu,ﬂwitmmtmﬂlﬂmﬁmqofp@nmm
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penotics w8 doveloped thut o rotion:le bocane awilseble for comvoring
dif'feront mothodse

When selocticn is ostensibly ddroctod to the irproverccent of ¢ single
treid, infoarmotion sbout the breoding wordh of an Individucl ooy be soushi
frao its omm phonolype and froo the phonolypes of ite rclatives, Rrocdly
spoaldng, those arc tho only tro buses for dirced selection procedurcs, direct
sclection implyin: thet the scloctdon criterion is bugeld on volnes oo the
charoctcor in which dmprovenent is dosiwcd, The Dasis for the uac of thwse
eddition:d itors of informcition is the nonotic simdlariiy wixch eists bhotween
rel tives, the dogroc of whdeh is mecsured by the esefficicat of rel.tiondudp,

Vorg worizors hove shown thet the cceurncy of estinntine an ondmedls
breeding: wlue con be Inexoascd by the use 0f Tecards oo relnllivose
Izah (1943, 1947) firoct consicdor:d sclection bused on indiviiacl cerii wnd
foolly wverrgce wad dorived optimal wointing coefficionts omcblin: dwsc two
mothods o be coobined, s forrmloe morixed ocut the gemeral doridns in
whdeh ticoce moethods cre expocted to be mest useful and showed thet oplineily
cocdined seloctlion wis nover less efficicat than selection on the individacls
record alonc, [ ¢lso demonstrated thot then tho keritobillly is low fondly
selection could be nore offoctive than nmess seloctdon, espocially <hen the
foamily slzo is lurge,

Various gystems of sclection cordining infarmation on the individunl cond
its relctives, hove aince been imvestisoted by lerner (1950), legcteos cnd Lush
(195%) ,08darno (19572, 1957), Jordine (1958), Skjarvold end Odegerd (1959) cnd
Young (1961). Those studies hawe shown that the proper amount of attention to
be paid to differont relztives in a selection programmp depends upon thair
oclosoness of relationahdp to the individual in quostion, the nurmber of relutives
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included and how comlotely the merit of exeh rolative is lmomm, 1In
portlicalar, this vork hos demonstrutod thet the ase of those adcitionsl
itons of inforrrtion is expectod to be of roctost wlue for churecters
cxhibiting lov heritodbility estlmtos,

In the couse of mony cecomomically importunt clu:ruetors in fare onimxls,
infomtion on tho porformance of rolotives is cll that is avodleble to dde
the broode:* 4n his selection decisions, This is taue for charactiors vhich
arc scex-linited and for characters vhich camot be mecsured on the live
ani 21, In cdditlon, rocords on the ancestors of an animul, aro offen
uscful vhen it i3 degircble to sclect andmils coxrly in their 21fc and $iis
cavect beconos portienlirly sivnificont for charscteors vhiich cro conadle
of dirovct exression cniy in the rature ool

Thorcfare, since 1o oroduction is sem=li~ited, s o low homit Bilily
ozt io oupeble of dircet cmpression only in Hw somwelly mobure cme, sclection
nrocedimos viiiisin nfommution on rel tivce ave espeeted o e of consider blc
value, In breeding: flocks whore an adeoucte iflentificotion of on individucl's

podigroe is posgible, the followlng items of informction could be mode cvniladbles

1, “he lamding performunce of ca aninal's femle offspring,
2. he landing parfarmance of an cnincl's dan,
3 “ho Lunbing parformonce of t0 mternal grandam and
poscibly the postarnal grender as woll,
4e Tho landing patmmemce of tho patarnal half-eisters
of an enimnl in thoso cascs vhorv the sire is matod

to orc than ono cwe,

The mqfﬁ»aeimofimuonunmhmddmd.



(2) Zrogeny Tooting:

The weriction botween sires in the ferddlifyr of their famnlc offspring
deponstrated by sevorsld worimers is cneomeging with respect to the prosoy
teoting of rens, There is no doubt thit this is tho nost cccuruie wy of
dotormining the Yreedin; walue of o rop, duc lorgely to the fuct thet o
run can hove ey oifooringe In tho crer o of those offepsing many of
the orrars of estimeting additive genetic morid (for esnopl, those duc o
environmontol, dominonce and oplistutic varionce) hove the opportunily o

concel cach othar, For the same reasons, howower, the progeny tostin: of

cwes is expected to be of melatively ttle velue & to Hie gwll mubor of
ofgprii; produced por owe gach yeal.

Sclecticn on tho bosic of progery tost infomxition cammel bo cerricd
cut until the individucl has progeny —eture cnocush for thoir phenolypes o
be chscrwed, In the case of the charccter lard production,this involves e
dolay which is sorious enowch o imeir the cificiency of rem progeny tosting
in toms of the axpeetod emucl geactic responge (Dickorson end Mascl 1944},

This has beoon 1llustrated tiith reference to Hev Zenland conditions by

£
s‘s_

(1535b} who points out thut the dieadvantage would tend to vernish if cwos
and rums were metod to lamd for the first tine os yearlings or if crtificial
insoninntion wore to became a wseful techmigue in shecp Wreoding,

(b) ZEamily Selogtion:

In the caso of discrotoly distridutad charactars it seems thet foxily
avercges are liknly to be portianerly helpful wmhenever a cholce mst be trde
botweon individuals falling into the some phenolypic class, In tho absence
of faxily informotion, this choice mmst necessarily be randam with respect
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to the discrote oharceter, but if information an collateral relativos is
also awiloble, the soloction of individanls from tho hivhest producing
fandlies can be nractised,

tush gt ol (1920) sussosted thet tho sumo waighting foctor doweloped
for continnously dstributed clhuracters, be usod to weil h cach: farlly
deviation for wriation in fanily siso, Iowever, hroocding problons for
the tirashold clnroctor disease reed ctanco, thich ws beding considarod
Yy those worlwmrs, arc not exwectly the scne as those colddng for the manbor
of lambs ut virth, /posrt froo the dliforence bebiren tiwo and 4lxeeo plwnot/pic
clasoes, martclity occurrin: beifore the s e of puboriy aifoctively nrevents
fxthop roproductdon, In teixr casc thien, ruwss soloetion con do no 2OTC
+rn Uscurd @l dofocdive individacls or o ronda: suple of then ond the
8ib oot cllows the broeder to o further, oaly i there in freedon for
farther culliing., It is poticalerly usoful vhon the incidonce of defective
oes bocores less end less, In the case thore tho threshold coffect dous not
prevent the possibillity of Hurthar resroduction, homovar, dofoctlive individicls
fron extrancly good fauiliios ooy bo ept for brecdin:, This .eads to the

problen: of cordining moe than one sourco of inforrction,

(c) Infomation on Ancestorss

Information on anocestars is of no use vhere dafective individuals are
prevanrtod from becoming ancestars this being the czse of ureedin; for registonce
to early oxtnlity, In the casc of lamd production, howovar, information on
ancostors, 1f avallnhle, is likely %o be of some walue,
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lash (1923) has shomn that the propar amount of attention to be
podd to cach cncoestor dopends on the correlation of that cncestors phono-
twpo with tho breedin; wulue of the individne) concerned, and also on tho
carrelation of thut uncostor's phenotype with the phenotypes of other
orngceostors, In the caso of informntion on just one cncestor this corrolution
will depond on the genciic relotionship of the ancostor with the individuel,
and the nuober of records aweiicble on thit ancestor, Of 21l ancesters
the parents will bo most clescly reluted to the individuel, Repecnted
itors of nurentul inforratdon cre liloly to bo mest wvoluclle in selecting

Lor the scx-lirdded choructor lond production,

(a)

Thonover there is tho opportunity of omploying more than ono criterion
of gelection, two guostions must bo resclwd by e brecder, Iirstly, arc
the scloction grdns exgioctod under e nore corplex selection scheres
gufficic:tly sreeter thun those obtednsble fran e simpler oncs, to Justify
the cost involved in thoir gopplicution? Socondly, if tho mare cloborube
schres (e mare efficiont, vhut are tho respective waishts to be glven to
cech iton of irforrntion so that seloction response 1s moxdimised? Those
arc problees which can be cnsvered on thoareticsl grounds, bedng most ocasily
handled as aspocts of seloction index theory, This has dean dconstrted by
Iezol in his ardginel salection indax study, and by Hexdarson (1952, 1961),
Legetos and lash (1954) end Mokeraan (1950)s In this casc tho procsdme
is to consider the particular itoms of information as separste, but correlated
variables,
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Adlthouzh the idec of & yardsticl: or selection inder for mcusurin; the
net rorit of brocding individucls is (drost o8 oid oo cnimel broeding
itself,(emol 1943), mny of dhe ccrly cttarpis involvod Ghe merc cosine
oent of purely arbitrary scorcs to tho sceriecs of'fuctors beliov.d to coniribute
to productive worth, Be dnnin with Peurson's rmldiple re ression mcthods

«nd Mgher's concopt of diserininunt functions, the principles of indox

constnetion vese first developed by Smith (19306) -nd Tescd (49 3j.

The voarious sire indices thot huve boen propoced wnd apre widely used
for scle.ting bul's for b ttort .t cad mills produedtion wie ocmumlics of
indicces dosigned for the improvencent of one toit, Tul using; indcimi tion
bused oo sevorul reloted individuils,

Corson (1952) suwe the first detuiled ap-lication of Hhe »riacinlces
of the scicution indox aproroceh o tivis {ype of provlem, o showed thet the
aporroach wes copeble of muking use of oll informetion und thot the cffects of
inbrcedin; on additive senetic weriances and covariances could be allowed for,
He also susgestod thet environmental trends cnd age effects could be clinin:ted,
Cochrun (1951) hes discussced miny of tho mathemctdcel ond stutisticol problems
encountered in index construction, Hemdarson (1961), has further extcnded
those theorctical considerutions, and hes discussed in dotnil scowvervl irportent
propertics of the selection c#iterion, The same worker has also boen
involved in erpirucal sampling investigutions of sslection index problcs:s
(Heidlmes and Rendarson 1961, 1962),
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Letting Tqs Tps eeseces Iy represont the iteos of information availsble,

an index of tie form =
I=b @, '/‘1) * by by = o) 2 eene By Gy = py)

is required to discriminate between the additive jenctic veluce of the
individinls availoblc for sclection, In this formmla the /A's renrosent the
recn welues of the corresponding y's, uhile the b¥%s dencte the ontimm
weishtins foctors roouiring ostin tion,
“ho prineiplc of index constructlon rests wpon the fuct thot Lmproverent

2 Ao o A TSI LS ey gL % ~ o e W] 9% A “ s B ey . P
in the sdaidtive qenctdc rerit of ¢ ponuleotion @I thwouh trunc:tion sclcetilon

B h TV g fLSH, Je ¥ I N B o 3 s, e % oo - b ~ T - % P 2 2 't o
on ¥ inde: coticotes of breclin: woluc, is coxinised by e ogin £ ¢ indox
SRR . g e = o P W £ VB N e R 10 | vy Th o
vhich s ¢ moximm eooreletion (r..,) with additive sencdic worit (03 cacl

di s

1943, Jash 1248), ‘This is fruc provided thot 11 and I can bo ccoued &0
follou ¢ Joint biwvoardlete normol distribuition, e regreossicm of fon I i

thon 3ivexs by,

E@-p) = B (L-p)
whore Jar und }11 arc the mean velues of [T and I regpectively, over 11
inddvidusls in the populotion, Lettin: the correspordin: ctandsrddeviations
be 8y and O, this ey bo formlatod cs,

Al = ’nJH (&:-&)
(1]

ﬁmmmmmwmwummdfwm@ This
farml:tion 18 merely an extonaion of the sirple linear prediction equation
(laeh 1961),
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The fincl torm of the above relationandp represents the stondardised
scleoction differeonticl or the imteasity of scloction (i)e Providod the
brocéer uses the samo diligonce in sclecting by trumcotion on I, regerdless
of uhat I is, this tern will be conctont for ¢ ziven population, Sinco the
cdcitive senotic warionco (6 ) i1 clso bo constunt, the cccuragy of o glven

indox ig directly proportionnl to Trive

o

Differentioting log rp, wil th respo:t to 19 wsosesy b.}, and cquoting
-

the derivatives to zoro, pives the index oguations those sclutlon produces

the optimm vei hiting coefficicnts Those ares
2
d A o
b, df;{ ! bﬁ gy = ** e e - b?ldy“ly;; dyq..
1 1 + b, 02 + heeeee *By(. = -
T Yoy Vs Yy Yol

® € & & B B & & @ O I e e &6 v e S L & B+ 66 o & o°o e &« 6 o o o

%005y + 20, 4 aiae. wgh o =6,
there 6 2' i is the vericnce of Vi3 o iy is the covurionce betice.
7y 0 ¥y v:ﬂ;ﬂo’ i is the oov.riunce betecon y, wnd He

“hesc equoations ore scen t0 bo the sume as the normel regression oguations
Of Yq5 vecee J:pe on i, tdth popul::tlon varicaros and coveriances in pla.e of
sarple sums of squurcs and products,

T™e sape soncrel equations are apnlicable to an index desisned for the
sirmltaneous soleetion of severcl characters, Tho oaly diffarcence involves
tho definition of brocding value (II) and the faot that the prosent cpplic:tion
requiros that only the additive genotic variance need bde cstimated, Population
genctics thoary can then be inwolked to infor the appropricto weriances and
cowariaces, FRendarsan (1961) hes shotm thot the right hand necbers of the



equations are zivon by tho relation,

d. N 2
Vil = eqdi,

thore a.4 1s the rel.tionship of the cnio] with the #th iten of infurmtion,
to d, the cnirel being ovclucted, This cllows slrplificution do the

folicring gyston:

amhg |

2 2 2
1 »1-1??23 z?ﬁ}h b.;. & 2{1

c'd
-

s
1+ F1h‘ C’i?hz e s o o o 51:.}’1&\

£
)

o ‘:‘ &3 2 2
-yl T "‘:fh} by S )

- ™ £.72. E 0N, — ® 7o T (NP N » 2 [P 3. " 2 R RN
wvhere F, is the inbreoding cocfficient of the Fh individuel and g, , ic dc
> « A.j

‘ i Rk B Baegiins el H oy ol .} P 5 Al Bl A b, PO g P e, e '
relotionship betuoen endiads with the #h ond 3h ftors o Inforation, n
21,8 A e . 2
this beads As ¢l 4o N e

10»-" Y se .‘?d--?(_‘.-?

r b L &4 it
(g 20 oy, 2 il = e . 2. P e e Elrde g e T, P Wy
This formuintdion irplies the csswpiions $hat no scloction hos ccoared

gince tho poriod of defininy the initicl populotion; tht 21l genctic veriance
is adcitivoy thut thore is no correlaticn Detucen the cdditiwvely senctic
cnd environentid values of the swpe individu:ls; and thet tho onvironmentcad
vilues of rolated individunls are «1so uncorTelotod (llenderson 1961),

flcadaraon hog also indiocted ways in vhich the oquations must dbe modified
whon sore than ono record is awvailable per animyl, and when group Deons are
used for cotirnting trocding wdue, In the first czse tho i=th dlosonnl
elmant of tho matrix bocaros | * (A=1)T P,h?, vhore n, is tho mmdar

.

of records avercged and used in the index eguation, and T is the coofficient

of repcatability, In the second case, which is appropriste to the problem



of fomily selection, the i-th dicgonnl elemont bocopes +

+ (7,02 & (p,=1) a, 1h°
g 1~V 8y

vhere, By in this cooc represents the mrbor of rocords on coch oerber of
the ;Toup; Dy is the mether of individ:ruls in the “Toupg Fi is the inbreed-

ing cooff'icicnt of each member of the (mp; and a,. is the intime=rroup

k

relcotionship, This implics thot evory nober of tho sroup has the some

relotionship with any othor individwd vheoo record is used in the selection

: .. Gl oo a _ 2 2
index, “Thon n; = 1 the exprossion becotes (1 + Fih + (p1-1) aﬁh )

e

Seversl sclectlon indices, basod on informitdon pordainming to the mumber
o2 offsprin; produced, will ncw be considered Jor tho purpose of sclecting
youn: cwe and ran replacenonts to enter ¢ brecdin: flock, In particulir
indices utilising the folloving infermation huve been deriveds
1o The nusbor of lasbs born per lambin: of the cnimel®s dom,
2¢ Tho numbar of lLicbs bern por lonbing of the helf-sisters
of the cnimel,

3. The mmber of lambs born per larbing of the animal®s -randans,

The blometrical relationships concemed are presented in terms of the
path coafficiont diacrum of Figire 2, for the cese of a large random moting
populotion with no anviramrntsl carrolation between ganerctions, The
carrelntion coafficlents appliochle to those items of information are
prosentod in the fallovdng matxixs



Fieyre 2 Biomerarcar Rewationsuies Berween AN Lwvoiviouas
rrs Awcecroxs avo 17s  ComarerAL  RerATIVES, 1N A
Ravoom MarinGg  FbpuiBTION.

% 4 L
Gn - h
N N\
Poeis > 5 4
":‘x; g
Pm’dq Gx ‘h e
;//""q h %k -

P« Fhmoéyp/c wlue and G - additrve Jencft'c. valye of 1he animal indcealed

55 the :ubscr/,ot:
I« the indcvidual becnq evalualed
0= offspring of the mdwiduals scre
d+ dam the indrvidual
$ = Scrg "~ " »
d: maternal qrandam
pyd - paternal Jmndam

I.{, smean of the R reconds of the dam

Py : mean performance of n paternel hefl.schs

5." : mean of the m records on the maternal ?Nndmn
ip’d « mean of the p Twonds en the fq&ﬂn, Jrndam

h - / herifa h’l‘y ~
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s

M = - 8y -

Substitution of these correlations in the formuloc presented in relction (5)
chove, ives the eppropricte weightin: foctors, Tho maliiplo correlation
coef¥icionts tovy then bo calculeted, It is immatericd whether theoe cguaticns
ore consid.red as a mirix gyston inwlving wuricnces and ecowvuricnecs, or us
ono involvin: carrclotions, Iejorweld ond Ode ord {1959) cnd Young {(1961)
heve approcchod tho problem in corzelation terns, cclculating the weishting
end liiple correlation coofficionte appropriate for differcnt coumbinctions
of rocords.

To illustraote the mothod of oaputation and the equivalance of the
cotrclation approcch end the modifisd formulaes of HBemdarson, the derivetion
of en index camdining dam and half-aister information is presented, for the
casc viEre cach half-gister has dbut one record,
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The two simltoneous equations are:

2
b‘zo/;'v'g + b, 6%55 = "EDGI g ﬁg g Gy
2
b0 §$i5n + b, o] ﬁs = "ﬁsc;x 6 F g Gy

Since in ¢ raendon moting populction ? :na B, w11 not be eorroloted as o
& (¥4
result of genotic causcs, and since environ-ontul correlation is csoumed

ZCT0, o B8 ° g i 2 Ce

) L

z K] "r
1.0. b1 65 = “h 348 d§ 6{} ... b1 =
D D I
- . 2 ) J
and 9065 = ;{.:./H = d, e’e b. =
Ca =y & [ Ui 2
""x::eO/ ic the phenofypic varicnce of one lombin: record,
«-.f-‘ », 1 — < o “ - -
Zendovoons formlotdon (B = yi5 By = wp)

(z=1) T + Fh a, ,,hg .2
m"ﬂi"“}"" ien b L;1é1.

>
o .2 1 + F h"(n=1)a, h" 2
fpqh 2 - il b %o

Sincc, 295 = 8y =0y By =Fy =0, 4o =3y 8y =4y 8y, =y o0d
a,h = ¢, this roducen to =
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ond P, = ‘/b,au' +* bay /.-’;h:%t + 1/1&121’1
= /K1, ce piven by Youns (1961),
Pollowing the s.mc basic principlos tho indices givon bolou hovo boon
oxdculcteds
1, Index utilising dans' information alonc:
I, = b (Pb-i)'

)
b e r = /K

il

2e Indoxm combining the parformxmce of tho don and the moternal

rondang
-3 o
I, = b (B-P) + b, (Em-sl)
)
b1 = “hER = A/
- ¥ :‘"'
b2 hi

3¢ Index combinin: the porformonce of the dem and the potornal

hilf=5ibs:

I, = b, (B-p) + b, (%P)
b, = @K r = /KK e N
b, = KW

Le Index combining the performance of the dam, potcrnal holf-sibs
and the maternal grandan:
L, = b &P b (P=F) + by (B ,-P)
b, = %hzx
'bzﬂz}haﬂ l.'n;;h’ /l.!»ll+n
1
b, = alzu
S5 An indox cambining informntion on the dam, the paternal half-sibs
and doth grundons is cansidarably more cacplex due to a genctio relationaidp



=100

beteon the paternel ondan and the paternel Aolf=gibs, This, the
woishting feotors for hnlfeslstors (b2) end for patarnel crondems (b

- (%2?) e (1) :
= hE b = h ]
poos Py T oh b as-werp

In twese indicos ? roprosents the populstion avorasce lird nroductlon,

3e

ELATIVE BEUTICTEICY OF o0 B  RONTIO

The ampected wiluos of (e maltiple corrclation coot{icicnd (rm)
provide ¢ banis for choosin an index vhich is of en accuracy which is
coagistend with ito pructicd utlilify in tcms of the coot cnd Lobowr
involwod in ito construction oand coplicohion,

™

% | S & &lam A8 e 2 3 M W Al A 4.
she thoorcticel wlues of the mmliiplo carrolztion cocfilicicnts for e

o s Y . Yo i [ . (PR Tmth v i i BT g O NC oy Ty Y o
MNMrst four indicos ivom chove wre sresontod in Zoble 24, Ty hove beon

)}

colculoted on the escurption that ococh indlviducl hos 10 holfepictors
(isce n = 10) vith onc Luding rocord, and thet four rocorus oro
eveilobic on tho metornael randene Horitcbility and reopeatcbility hove

boon tlon as 0,129 and 0025 roapectivolye

TABLE 2 Iltiple Carrelation Cocfiicicnts for Four Leod
Production Indices,

{ Ilogof

HEEERERE
I :
J0

=1 {077 04222 125 0 172 0,332 188
| x=2 o2 0,261 117 0,333 19 0.359 160
k = 3 J0.250 0,283 113 0,353 141 0.576 150
k = & 0,267 0299 112 0,364 136 0.388 145
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This toble denonstrutes the relctively amll gain in accwracy vhich is
axpocted froo tho inclusion of gramdan's infarmitlen in comparison with the
cdvanta; e to be had fran 10 ledf-sister rucords, This, togeticr with the
fact thet the records on an anired's ronda: ore less lirely to Le roaddly
aveiloble end corplete, sugests that conterporery halfesistar records will
be o more uscful edjunct to infarietion on tho dan, The gbowve table also
indicotos thot information on 10 patornad hnif-sicicors riht e particulorly
usefinl vhen only & srll amount of & inforrntion is swailcble, (f.c. en

k is arncll),
s
In an attoipt to firther ascess tw wlue of including hnlf-sister

inforvtion in o lab production index basod on the perfaronce of e dan,
the reletive efficioncics of 13 and I 1 have been studied in grenter detaild,

This relotive efficioncy L3 Jive: by

lm
L= W:{I‘S = 5 s =
I
(j'—l.'
k(b. - (n-1 )h

As is Lrplicit in the theory of indox constructlon, wlues of T «d i cxe

s

never loss than ity and, as Youngs (1951} hos shorm, teir wlues incransc
vith imreasing Iz cnd n, The oxact rote of increase depends upon the ratio

n (1 + (10=1)7)
bk (1 + (nm)t) )
intre—gragp correlation (t) s given by the relation t = th° + ¢, In this

,formmle r represents the gemetic relationship, andoz an environnental

This 18 not indepondont of the heritubilliy Uocuuse the

component of the correlation which has beon assumed cbsent in the present study
due to tho nsture of the experimental design, This assumption is clsc likely
#0 hold upder the husbandry conditions oporating on commercial shoep farns
where sire groups seldom reccive differential treatment,
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The omnct relotionships botweon T, ho, n cnd )k huve beon considorod
ovar the following ronce of waluess
h® wryin: fron 0,01 to O
T oqul to kS, 1.,50h° and 2,00°
n oqul % 1, 5 10 and 20,
kE cquel to 1, 2 and b

The rosults are presentod in grophical forn in FLowre 3,

Por the cose then k=1, E is glven Ly

e

E =1 »+ n e The rulutive cfiicloncy 1s thorefore,
Lo+ (o=t )hz

expeeted o Do lop e thon n i3 largee This is indiceted by the drlted lincs

PRI Y ) a.n N, e oy
wi2T & COnNSAGCY DLC Sl

rl
Q

g

of zmphs A, T and ¢, Those crupis also indico
is crpoeted fronm the inclusion of informaiion on 10 or ~ore hilfesisicrs,
egpeciclly vhen tho horitbiliyy is lor,

then 121, the size of the rmopcedebility cmordo wn ef¥oct upon ¥
ol tive officloncy. For tho cuse ulen T = ne (i) A) epnrosirptoly tho
sooe relotdive soin ds obteined fron the inclusion of hlf-sicter rocords
for cachh of tho follouing combin:tions of n end k:

E=1; n=5 k=2; n=10; k=4; n= 20; 1.e.ttmn/k=5o
Thut 15, tho inclusion of five tinos as mony half-sistors as the mwbor of
dan'’s reoards availoble, 1s oxpectsd to give o L0=50% incranae in tho reletive
offictonqy of the indexz, Rmrtiormre, the slzo of this immucso would sean
to be relatively independant of haritability over tho range choson.
Smilarly, the graphs imdicate that inclugion of 10 tiopg as cony holf-cisters
18 axpegt<d to give a 50=-80ji imxcanse in the rolative efficlemxy of cstimting
troedin: valeo, althoych in thic case tho irmrucse is eepocinlly evident at low
woluos of the herditability. |
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These seme sonaral relationships are clso approximetely true for the
o
caso there T = 1,9h° (creph B) and vhere T = 2.@12 (;r2ph €), cspocially
at the lover ond of the heritebilily rungce

The cmphocsis 40 bo pluced on half=gister infarnction reletive to the
perforcance of the dun is given by the ratioc -
b% = 2,2 = Yo,
» ;

2

Scmo charccteristies of this rotieo for victions inny, ky h™ end T

vre 2lso indicated by the srophs ¢ ¢ 2e This is true becoise =

r E 1
a GIX/ o e
0.1 B

j.ce I is a fiicHon of b

7y

Groph A indicates thot cpproximetely the sume reliotive crphisis should
be given to helf-sister rocords when n= 5 and k'= 1, vhen n = 10 and k = 2,
and oo n = 20 and k = 4. This relative cmphosis hus boen celoulated to be
cpproxiretely 2.3, e scre cppruxirete relutionship holds true hen
the repoatebility 45 of e ordor of 1.500° (gruph B)e

It is clso to bo noted that the lines of grephs A and B are relativoly
flat until the ratio of "/, reaches a wvoluc of 5. This indicates that
until this ratio is roached there is 1little change in tho relative arphusis
to be placed on halfesister records with changes in the heritability over the
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ronge 0,01 to 0,40, On this basis the approximate relative cophosis wvalucs
shotm in %ceble 25 hove doen ccloulztod,

T4D'E 25, ipproximete irphosis to be pleced on lf=sistors?
Performonce Rel tive to sem's Averugze Production

1

Velue of xyl‘ foprosinnte Reletdive trphesis bi%
- 1

5 263

3 146

(:—.5 1.4

e 1.0

1 0.5

Those cpproxinedions heldd oot closcely vhon heritcbility is of e order

iv
han V4

~ s % e ) " g 10 G G PR O T Bl oud

0f Ca10 ond ropectidilily is not ouch hiher,

he dnvoctd tiongof licuderoon ond feidies {1951) hove been concerncd
with the srobice of v cocunt of inferuation which con uscfully be ineluded

in o sclection index, Althoush it i ht be exected from theorctical
consider:tions that the inclusion of additicnal itens of informatdon on the
animnl *s reictives will not decruvasc the accurucy of estiration, Cochren
(1951) hos pointed out thot the sampling errors imvolved in the determinition
of the weishting factors misht eancel much of the extra accuracy expeoted,
Roidhnes and Hendarsom found that it was in fact, advantageous to noglcct
thosc rol::tives widch were knotn to have amnll partinl correlations with the
true bYrocding value of the individnnl bYeing owlisted,when the sample size

wes small,
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This sugmests that ormpirocal imwestisotions are nocossory to eritically
czorine the efficiency of any qiven indox,

(e) Infurcction on the lams

Roe (1958b) hos presonied in tubulir form o Luob production index
utilising informution on the dn, Ifis toble is bascd o e index
farmmlotlon rrevicusly derivod, whbch for hordtubiill, ond repectubilily

cocficionts of 0,125 and 0,25 reo.cetively, roeduccs 0 =

I = L (3 o
) A& =)
4(x # 3) :
7 K 5 kp e o 00 0 0 o (6)

1k + 3) 1k + 3)

In tids familn X is the totul mrobor of lwds produced by the dam
in k Lubin;s, Tho sccond term of thilds relationship is (;onsumt for all
anirnls whose doms have the sape nurber of recards and in cn atterpt to
correct for ue wuriations in fertilidy, Rue hns chosen ant vc.lugs
of P for cach of theso 0asos.

The logic dahind tho applicition of additive gge correction fectors
and their incarparation into a tadhle of indax welues is illustrated in tie
fallowing rolatianaidps,
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Suppose thot there exisis in o population the following lanmd production
wlues:

Ao Ihwber of Ies Totl lechs oan Lomd
Sroducod Prodnction
wo=tooth n‘1 P‘I x,
Tour=tooth n, Pz =,
Hin=tooth P
"3 3 5
Pt os P
=T ™ X 2%
Tot:d = (n1+n2+n3+nh) iy P

Corvecting individwel lemd production rocords to their meture cquivelont,

rociires the odditive corroction fictors showm belows

Tvio=tooths : % = Fy =8y
o 4 ] - 3 =

ouretooths 34 *:2 a2
Six=tcoths : :?.h - x3 = a3

Since the total age corrccted Licd production of the popul:tion (@c)
equls the totel uncarrvected lamd production (1P) plus tho corroctions for
age, the followin: relationahdp myy bde arittens

Wcaﬂ’%‘i’%’n}‘)
mrﬁcatMavmagocmtadmm Similarly the age

carrectid lomb production (P, ) for the k, lazbings of the i~th ewe ray be

written as:
B - ’ ﬁ*ooo*.y-
ic 3 * i
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IABLE 26, Larb Production of Bwes Classified According to Age and Year,
(LePe = totad lambs born par 100 eves mated and presemt at lombing),

1
|

A Two=tooth Four=tooth Six=tooth E:t_g_:t-tooth
T n LePe n LPe n LPs n L.P,
1946 132 127
1947 186 115 136 131
1948 2 100 197 110 124 123
1949 87 123 18 150 167 19 11 168
1950 104 109 82 156 2 150 26 12
1951 214 107 100 124, 79 142 - -
1952 25 92 200 120 100 § 125 2 142
1953 83 122 20 135 132 157 8c 164
195, 128 86 87 12 20 125 172 136
1955 192 108 118 124 3, 146 19 153
1956 71 109 9 115 57 121 L5 151
1957 69 109 53 123 52 138
1958 63 135 53 13
1959 58 129

:ﬁ;
Cremat126n) | o | (50| az | @] &% | B i
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Tho problam is one of finding a wlue (X) with vhich e ewe's uncorrocted
Laab production (B,) 1s to be compurcd such tut (B, = FC) = (8 - 0.

1.0 such th:t X = Fi + 50 - pic viiich on substitution boconcs =

B M R o v toy
Id
H

Alpebreie sirplification of this relationsiip sives the aporopricted
velues of X for cwes with diiferont mubers of lonbi s on the cassumption
thet oll ewes Lumd for thelr first tice s two=tooths and cnce annmucdly

thoresfter until thoy are mrtTo,

9 x,

2 2 (xp0%,)

3 5 (= +x2+35)

b s (rpryrzgn )

Tuble 26 reports the neen lumb production of ewes clossifiod according
to the age and yecr in virdich their rocords were rade, The age (Toup overajes
Siven in the £incl row of this table, reprosent the welshted mouns over the
years shown, Tho inclusion in this amalysis of ewos whdoh lambed to sires
exhibiting; a high level of Wrrammpsas, and of ewcs which lanbed for tiheir
first time ca four~tuoths, rado 1litile difference to these overall mecns,
as is demonstrated by the brecleted figures given in the final row of
Toble 26,

From these age sroup means the appropriate age-edjusted population
meens have been calonlated and imcarporated in the index values presontod in
Table 27e
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This table has deen culculated ivon famula (6), eoch wmilue belng ooded
Yy =2ltiplyin; by 1000 and adding 100 units. This has becen done to awvoid

amall and on excessive number of negetive welues respectively.

Tanb Production Indeox Hused on the Dom's Rocords,

Zjabor of Tacber of Loubings

ierbe (¥) p 5 3 ™
1 9% 34 - 13 - 49
2 157 8, 29 -13
3 219 138 70 23
& 18 111 59
5 23 19 g,
6 280 195 130
7 236 1606
8 279 01
9 320 237
10 273

(b) Infezmution on Durs wund MW lf=sictors:

Ine to tho independonce of tiicse two sources of infarmution, the
Latter cun be used to supplounent the above indox wvulucs in o stamle cccitive
murier, ‘This is true provided the half-giater factor is «1so codoc Yy
mltiplying by 1000, tho combined index then bLeing given Ly =

= m -—k— -p <+ n— -- Y o
1 1 s, (PD ) 1000 — (?' P) 100

In table 28 factors for adjusting for differin; mmbers of halfesisters
(n) zre given for use when thoir two=tooth lacdb productiom is expressed as the
percentage of lambs bammn per ewe,
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TABLE 28, Factors for Adjusting for Differing Numbers of Halfe=
Sisterse.

Nunber Factor Tumber Factor Nunber Fuctor llumber Fector

1 031 9 2425 17 3.5 25 Lohb
2 0461 10 2kl 18 3467 26 1,456
3 0,88 11 2,62 19 3,80 27 1.,56
4 1.1 12 2.79 20 3492 28 Le75
5 1439 13 2495 21 e O 29 Le83
6 1462 15 3011 22 515 30 1492
[ 4 1.84 15 3426 <3 4426 A 5600
8 2405 16 3440 2 he36 32 5.08

Since in this cosc only tine two-=tooth records of the h .if-gisters ore

beln; ssed, there is no necd 6 consider the nrobla: of « e coivecticns,

Ze ESTI ATuS OF LDk ER-TCINIXY :
et

(a) liethod of Amlysiss

The efficiency of the above two lamb provdioction indices in ranldng
individuals according to their breedin;; velues has been considered in terus
of a simple linear prediction equation., Thus, if ¥ is the aversge index
value of all individuals aviilable for selection :nd I’is the avereage velue
of those individuals retained for breeding, the expectod gain in lacdb
production per generation (47) is given tyAP = by (=85 bpy being the
regression of the lamb production of the animals (P) on their index value
(I)e 1In this formlaAP represents the amount by which the lamb production
of those individuals retained for breeding (P') exceeds the larb production

that would have resulted had no selection taken place (B).

feodP = (BB = () . ro()q
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where dp = the steadurd doviation of lud production
o’I = the stuncard deviction of the index
(i) = tho intensity of selection

secordin 1y the efficiency of the two lmd production indices his been
stadicd in terns of the lovst squures linear regression and correlation
cociidcionts, b{‘I amd r Te “hat 1s, the lineur association betucen the index
velues of individoals and thelr ectul cveraze cammcl lanb production (?) has
been caleulnteds  This hes been dene in cn atterpt Yo simidute the sruetical
proble.. of celocticn youn foizle floclz roplacorents prior to thoir first
miting s to=tooths, Under tiis gysten of flock munagement ot icost tuo
lasiin: recoir s of thelir dw will be cweilubie on which to construct an

index o their brecdinz wlue, "he rosdoun nuanber of recovds on the &
+ill be four, sincc i cuces of this flock howe boen coct o e fol.odng
thedir fourth 1o bing,

Uince the lumb production of the aninwds hes been wsiosoed wo an
cvarcse bosed on ddiferent nambers of lecdin s, the correlition coeiticicnts
i1l not form an appropricte busis {'or comparing the efficionyy of two
indevos unless thgy are calculoted on the swx swple of eniwlse In this
c:se the regression coafficients are tho uppropriate bi:sis for coparicon,
provided th:t Loth indioces huve tio sime or sirdlar standexrd dGeviations,
This is becausc the uveruin; of lard production records affeots the
correlation in such o way as to cuncel exnctly its effect on the stundard
deviation of lumb produoction, with the result that the regression coefyicient
is indspendent of the mmrbder of records avornged,

Both carrelation and rogression coefficients have been calculated

separately {or groups of animocls born in the scme year, Pooling has been



accomplished by coubining the intre-yeur sums of squores, sumg of prodicts
and dosrees of freedon,

(b) Results:

(1) Index buscd on rocords of the dunms

The within yecr of birth carreluticns utilisin . (11 v .iluble
infomution wre rep.rted in Tuble 29 to illusirute the veri tion found,

Thosc bosed on less thun five poirs hove been excludad,

Gorrelotions betuoen [ndex Viiues cnmd oo Lasb i%cliuaction
(Indox buscd on dum's rucords wlomey oli awdicble

dnghtor=di, peirs utilised),

You fhaber of wnm's fvcords Eaterin; the Indox
Boitxzﬁ'z s 3 N 2 tol o bined
n=1 b &f n=1 r n=1 r n=1 r
19,6 - - - - 5 #328 6 o230
1907 L8 =072 3 0335 - - 85 o123
1948 15 0597 76 -e023 30 031 121 Ko 83
1949 43 «101 96 <003 66 o161 212 <062
1950 12 478 8 =173 - = by 299
1951 3 o403 8 «158 21 095 36 o2l5
1952 - - SN «007 55 <130 125 #069
1953 6 o149 7 «158 45 =o154 60 =,089
1954, 2 «020 14 «295 36 <099 72 o111
A - i T— ..




w Pooled Correl:tions Betwoen Index Viluscs :nd lMeen lamb Production
(Index dused on dams rocords alone)

4

A B H
NBumber of Dams Records tadbor of Duns Heocords ihxber of Dams Reocords
Entering Index Zntering; Indox Entoring Index
: 1
3 4 2=l 2 3 4 2=l 2 $ 4L ey
Comb Conbined Combined
327 258 ™1 15, 250 236 564 17 257 175 546

1,01 | 44075 55404 138491 | 48032 § hhett | 1455 [37635 | 45e01 | 45629 | Wiie23

010 | Oeh17] 0,k03 [ 0,338 | 0403 | 0,003 | 0,3.8 36 | 06388 | 0,360 | 0,367

0,062 | 0,082 0,099 06204 | 0,069 | 0,050 | 0,102 0165 | 0,050 | 0,072 | 0,000

0s05) | 04076 | 0,008 [ 04205 | 04061 | 04055 | Co091 0,148 | 04052 | 0,058 | 0,066

et A7 o
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The poaled walucs of the carrclation and regression coefficients
are prescnted in Table 30 togetheor with the corrusponding stundord
devictions and dogrecs of frecdom, Scetion 4 of this table represents
the volues obioined vhen 1l availceble duwshter o pudrs vere included In

the cnuiysise Section © shous the corresponding values vhen pairs

A e s

cxhibiting non=consccutive anmuil lombing records, and poirs in vhich cither

novber wes nated to on apparently infertile sive, were excluded, Section C

only those poirs in vhich the cveruge losd production assessrent wus

baged on four consecutive annuel lombing rocords of the dengihte: oves,

{i1) Todeox bused on records of tho dom and

the hoifesistors:

The posled wdacs of tho correl. tion and reTessisn cooffic ents

owver the ditfferent birdt): yewrs ore records! in loble 31,
TABLE 314 Pooled orreictions Ietrmen Indox Veldues and lican b Produciion

{Index Lused on co bined Qo and hoif=sister porforance)

603 (GS.M o410 088 0,055

45.32)

O
(0.c98)

7 (0.083)

Excluding evres mted %o
infortile rams and ewes
with mn-eomecutive recorda

0,087
(0.0%0)

0,053
(0.020)

Inoluding anly thosc danghtor
ewes with four consccutive
i reoords

0,378

0,057
(0.076)

0033
(0.065)
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The figures reported in bruckets rofor to the corresponding statistics
same
vhon the/sunple of endixds vus indexed cn tho basis of their du's perforwand

alonce

(¢) Discussions

The lov welues for the estinutes roportod show that thoir oxists
1ittle linecir assoclation betioon en animal's proedictod broeding wlue and
its subscauent reoproductive perforicnces Shis is te be ex:pected in view
of the lov heritebilify of lemb production,

e to tho possibility thot mule infertilify noy hawe Introduaced an
gilcoent of rondomness into the agsessnent of an unimal's breeding veluc,
the initici onedysis wes roseatod excluding foscles matod to sires ascoclited

hizh incldence of barrenesse Himes vhiich did not show congogutive
annuel locbing rocords were clso excluded in vwicw of the csswption mude in
the caleulction of the aje carrection fuctors, Tese offocts, hovever,
rade little difforonce to tho pottern of results, vus is indicated by the
resression cociticiente of Tebles 30 wnd 34, A simiiur potiern was «lso
obtoined whon only those animals with four consecutive lunbin: records were
gtodied, (Tubles 30 ¢ und 31).

The regression coefficients roported in Tehle 30 sugiest that an index
based on two lunbing records of the dam, exhibits a closcr relationship
iith the animal®s abdlity to produce larbs, thun one based on throe or four
records, This is contrary to theoretical expectation, sampling variation
being the only possibility the writer can suggest as an explanation, This
suggestion 1s bdased uypon the wariction shown by the within-yoar correlations
of Tahle 27.
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This sane wvardction also sugmests tlwet the rosponso 40 selection for

1 b sroduction on the busis of an index of poarentul poerformince is lilrly
te ¢ gulte amratic, llevertheless, tie siall but consistenlly positive
poolcd wilnes do indicute that, on cverno owver e awdor of yoors, some
prosress cun be expocted, e muonitudo of this reoponse s been
calculd.ted for the o Lurd production indices, using the wducs of the
poolcd stotlstics obtained fronm the ncdysis of <11 ewailoble doughion
dom poirs, %o rethod of cclenliution invelves the cassurpiion et the

index is novradly distribuded and that scloction is antircly on #he busis
of e loder roniing o the onildso, It is bused on the stunderdised
seloction difforenti lo e rbod by lash (1943)e The exnocted DEOPCAS
por soncem.tion lo proseatod in blo 32, ivr &iffcrent intonsitics of

sOioetlon,

xpected Gi.in por vencration in tho ihzbor of i bs
Dorn pec 105 ivoa Datod,

- of Index
Popul..tion

I i d
Sowed wun's Information Cocbined am omd

Alone Holfeal ster Perfarnce

1,99 1.7
P 2630
317 2,88
3481 S5
4.60 Lel?
555 Se04
6.98 6433
8.16 Tl
9.67 8.7

nwoBYBEBET
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These i res demonstrote thot the use of elther index for the
sclection of fenmcle flock replicaicnis is expocted on awersge to produace,
par jenarction of selecilon, & gadn of approxdmitely 2 lacbs por 100 oos
wmabed vhon the cullin: roeto is of the ordor of 40,  fssurning thot the
intonsily of scloction of the gives is rround e & mrk, the total sudin
por gomercdicn vdll bo of tho oricr of 10=11 Lards pur 300 cucs tnteds

It is ddsoprointing oo the point of vieu of mxipisin; scloction
reopoaose o find thet e inclusion of hlfesisler rocordis in o cordined
Lad productlon indox hos gpporenrily not prod:ced i orocted increaase
in officioncy. Tho correlations reported in Thile 31, wndl thw cxpocted
Zuing of Toable 32 indlonte thet mo odwe e ¢ las accrued {Ton thoir uso,.

This fo midiledy to be G to o loci of hilf-gistor informatlion, oach
individneld averooing bobicen 10 und 30 hdf-alstors In .l bud o of the
five yoors on vhich hulf=gister infoinction wue amdlobla, Moot ivo: the
possibllily of sawplin . vaiction, »o deqato axpl widon of this situctdion
cppears to Lo aveillnblee

i Umortant question vhich crdses in the uwse o tho index ethod of
seloctin; for laod production, is vhetior tho ¢ blos of index wiluos prosonted
cun be satisfuctorily applicd over ¢ wide rany;o of flocks vhich are 1ixly
to differ in tholir basic genetic paraocters and in the adjustuonis required for
agc offeotse.

In this conmection the consistoncy famd for the weluo of tho relciive
valchting to bde given to dum and halfesistar informntion for wvarictions in
haritehility and repeatability, mugpests that somo decreo of genaraldty sight
be wlid, The eimilation studios of Heidlmes and Henderson (1951) providoe
furthor partinent informotion, Theso warkers fund that tho sinclo truit
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selection indaex method was relotively insensitive to errors of estination of
the truoe population heritebility, This londs suport to the comclusion dhut
any roasonchle horiteability estimato oy be used in se ins uwp selection
progromres of this nature,

in attarpt has bean rade in this study to cosces the cdeptodilifyy of the

flocks which

tadle of index Wilues doscd on dan'’s infarrrtion, toRiffer in their lord
production pattarn, To tils end, indox t:bles vere constructed sgparttely
for cach of the yeors in which the dems of the aninels Ueing ewalnoted were
born, For exerplic dums born in 1945 mnde thelr lorbing records in e yoars
1947 %o 1950 inclusive, Accordin iy, the cvoruge lamb production £i::1re0s of

all cnincle with this potioran of performiince forred the boegis of 4w aweruses

incomeretel in thw index tables,

Corrclotion and posression awlysis domonstruted thet €his rodific. Hon
o duced 1ittlc ¢hunge in the zonetlc ranidog of the andnilds, This is

illustrated by the correlation cocfficic:t of 0,077 which wos obtoined then
only thosc cndmeds with four consceutive lardbing: recowds were included i the
anclysis, the comercble coofficiont Cor the index of ible 27 boin: 0,00,
Purther evidenco of the equivelenco of the index ranidn;s wos afforded by the
corrolatlions betroan tho index walues of e wurious tables derdiwved, These
ware of tie ordar of 0697 = 0,99, ovon for tho cose of tho two toblos besed
on the nost extrauo lad production cverngese

These considerations suggest that the indevr walues presented in Thbic 27
have enfficicnt adaptuldlity, t0 allowv thoedr gencal use over gquite ¢ wide

varisty of flock conditions,
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VII. DISCUSSIOH

The objoctdives end nethods of sheop broodling must tulx account of tho
1zind of Imsbandry thut is possible, the environoonts in widch the aniicls
are required to live and tho purposos for thich thoy aro lkept. Despito the
veriction thot oxdats in these dwracteristics, the prolifiecngy of ewes is
cn importont factor controliin; the lowol of finnncicd rotumms 4in virtuelly
<11 Rormgy flocks of this country. o ifrportinco of prolilicacy over o widc
rongo of hushbendwy condltions oporuting in the giieep indwiry of Croot Oritein,
hee recentlyy beon strosced by the Camittoce on Shoep Fogordln: ond Projorny
Teotln; (Dorris 1961), and b, the Livestoe!: Oreeding Conforeonce (1962) arganiscd
y the etiond .ywiculted Advisory Scivice, It is intercstin: to nolo fron
Hwse roports thet oy Dritish fornors wre D frop sutleficd with lcwels of
1 b production vhileh cee £t in czcess of Hwse obtiined by Lamngy (locizs in
this counixye

{lowr then, ooy ¢ breeder of llow Zealond Roongy sleep effoct an improvoncut
in tho roprodactive eificicncy of his flociz? INrstdy, it is woll cotublisiwd
tht mueh can bo seined tvron o opplicadion of provon hmsbundoy mothods,
Soradly, since the dadividued flocl: ouncy s to prectise selootion cnd
cullin; if he hes stocl: surplus to his requiranents, this potontial con also
bo diroctod to cchloviny; an imsrocse in the laobins abilitles of his anim:ds,

In order to awid any sub-optimy: prod&uctivity, it is logical to expeot
thot tho idecl method of seloctdion should allow breedars to identd(y those
animals to be retained prior to them being first mted, end thut the most
officient mothod will bo that which strikes a balance detwean tho early
rocognition end tho accurate assesament of desiruble trecding welues,
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Agpects of tho efficicngy of warilous meticds of withineflook acloctive
brooding havo boon discussed in provioas goctlions, From this work it oy
be concludod th:t dlrvet scloctlon procedires e capeblo of producing a
responso in thw populnidon, ot loast with rospost o the improvancnt of lood
praductdon in tho short-torm of o fow gonorutions, At tho samo tico,
honover, it is ovidont thut, the rote of gomedic clingpe on an anmacd Daois
till bo vory amxll, quilc crrctic, and thot it will roguire tho opplicaticn
of the breoder's ontdroc soloction potentlod, %o pay much attomtion to other
egpocts of productivily is tantamount to cbundoning the tcal: of icproving
fortility by Adr-cet mothods of solectlon, For this sue roason, individeal
breodors mast be quito convincod vt thio sinsularily of purhose will be
rog.adn; in fnoneicl tormmo,  Thgy ahiould oiso answre ot thelr lowel
of hnosbundry is hish onowsh 4o aploit tho inheront fertilify of thelr stock
to the full,

T probleo of thich of the scvorcl procodizos avedloble wlil Lo orbaried
upen, in oi‘foc‘b;:a:fggzczcs %o deciding upun thoe anmount of alifoet the treolar
cu afford tu upply to {he colleetion, intarpretoliosn «né cpplication of tho
nocessory rocords upon tiulch thgy oo based, 4t i obvious thnt a1l of the
oothods disoussod roquire that oartoin rocords be avdlable, treditioncl
mothods of viswnl appralscl boing entirely unsatisfootory.

58 for wp pedixco slicep dbrecdors are concarned, the identificction of
aniruls allows tho portinent infarmtion t0 be rolatively ocasily colloctod,
cnd involves caparotivaly 1i4tle in the wy of cddition:l work, In comoreinl
flocks, howover, the ecxtont to which the warious methods ean bde practisod
doponds upon whethor or not a prootical method of 1dutifying andmle can bo
wndortaleen,  Fortmatoly, the mjority of methods cansidered do not require
tho permnent idsntification of individuals, but merely of classes of shoap
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vhich @iffor in thwoir loob producticn potentinl, As Roo (1963d) hos
pointed out, &y owos my bo relotively ccaily ldentified ond clloecoted to
scparcte mobs followin: lorbing, T 1dentification of' birth ronls ologses
is loss canlly undertuion, clthoush under intoasive slmphording conditions
tdn=d@an aninels corld be rextrod vith coloured togs iooedictely following
birth, Anothior possibility which exists 'mdor theso conditlons involwves
the "ghoduing® of owos and thoir larbg ghortly oftor lanbin: dnto corporcble
fortility sroups, foiiowed by tho ecr-rrnriding cnd 4 in; of lambs acccording
thoir bixrth ranlt ond the concusvent to;:din: of dams agcording o tixir
1l production, This rethod is ot prosont being uscd by ot loast one
Rooncy won breoder in €ds countyy, vho boldoves ot the "ghaodding® io best
andeordclzon vhon tho luobs axrc 10=-1L doye 0dlde  Hc tedimi e dnwolwes tho
guthoring tonethor of cbout sis sots of Hiing and tholr duns, and quictly
worizing: thion towards the pado and thoneo into tho oppropricte oob, [k

atodes that ono man o eupoble of jroupin; {rom 200-3070 omes par &y by this

methicd (hmizor pors, cOim.je K motind wlso cllovs preferonticl troctrent
to Be given to tho dilferont ferti croups, ond should thorefore, bc a

usofal oid o flock mancyorent,

In viow of the slowr remponse oblaianble fram direct seloctlon nroccdumos,
tozathior with the delcy “‘nwolved in odtoindng information on tho end cle
tharsclves and the vork inwolved in obtedming informcotion an thair raletiwes,
rocant rosearah hos beon concernod with the posalbi‘ity that sone indirect
mocoures moy be more profitably spplicd to breedins for lacd production,

In particulor, indirect critoria which allow an early assessment of anim:ls
«ro expoctod to bo of oonsideradlo valuc, At prosont face-covar, body wedsht
and tho cocrTams and nmbar of oestzus qyoles in ewe lambg are under
investigation, In arder to dotermine the usefulness of these techniguos,



=] 30=

inform:tion is required on the pheinolypic cnd genetic relationships dbetween
cceh of the charceters and lamb production, and alse on their heritebilities,
This 2llows the determinction of the wilue of exch item as on independent
source of infaruction, and whether their cambined usc is lilely to be
profiteble, The aweiloble informetion on the phenotypic associction
betrreen: f£:.ccecover and lamb production is promising (Barton 195., Coop 1956b,
Inkster 1956, Coclaern et al, 1956, Coclrem 1958), althoush further research
on its inheritoncc and its genetic asscciution with lamdb production scems
desircble before accurate selectisn procedurus con be spocifiicd with assurance,
The ouatcome of farther work on the inter-rel-otionships of body weisht cnd lamb
oestrud with lamb production is swmited vAt: intercsi, preiimirery investisations
eppearing most encouraging (Ch'ung pers, coim,)e

Croashrecding is o further tool thot hos been usced in livestock brecding

for muny yoors, and recent research on crossbreeding ks donc rmch to

more
demonsizate the ocononmic irpartonce of lacd prodiwtion even under the relotivelyy

severe cavircianents of tuiv country, Although tas advantegeos of & first cross
ewe with respect to lamb production would seem to Le of fairly widesproud
occurence (Peven gf a1.1951, Coop 1958, Claxke 1962), further information

is nceded to ostablish the role of sclecticn in muintsining this level in
subsegquent gencrations, The vital question on the gpplication of cross=
brecding revolves cround the wys in which it oan be integrnted into the
breeding structure of the shoep industry, To tids end detailed specification
of purebred and opoesbred performance under various environmental eonditions

is8 neecdcd, The poassible wvalue of Ctmeo—dread orosses ulso mebits investigation,
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It is irportant to eplicalso thot the fortility mocsure amployod
in this otudy is fur fran baing o complete doscriptlon of the «bilily
of individunls, o of ;roups of individ:..ls, to produco lombs, Rather
it is o compound ugpoct of o coerplan sorilos of cvonto thilol wns chosen
for its oosc of mocsurerent cnd for the 208 1t is larvely under the control
of the feryde poront, Uthor aspocts of tho camplote cixdin of cvents st
ulso be considoed beforo o saploto mdorotondliry; of Hhw gamwetics of lorb
production can oven bo ettapmteds The corpleoxitics dnvolved in work of this
netww are cxtmonely well Lilusizedod by $he recont work: th 4 v bheon ropartod
on the gonetics of Witer sisc in  Zee (Rleooner 1962, Ruherds 100 wnd 1961,

N L s ] Yy el 5 CefY Iy s R AR Y 1 PR v R Yol
B cnd Polconoe 1260, Rdsosnar wad Lobads 1553)

2,8 A

Vel ratmpds iyl san Sey o B peoNar ovam o o g gmes B O 2 TY  cnctpmsoydod st S
I npoduction in tum, is enly one cspoct of over 1l productivily

%] 2hearrs s esaned o G o P T A R T A s o e B Wy s o ;R
in lloy Zoclad Romgy sueop, act finmeid return bhelns clgo inflacnced Iy

o 9 S, i e 2 e R N . PR % 3 J—— Sda Tr ey Duoiow 3 pyry e
tho iovel wad gaoidly of wool roductlon, Jurfaicrmoro, 1T .3 Deen denonstrated
.2 Jo £ rom sy ¥ [l g, S 4 | S amy b WS . LSRR = "} ryeded n :* wr) el iy PR, | Fa % - I
it flosce weisit shows o o dve gonotlc .‘.‘U—L\LUAL‘.J.XEI‘J..E) pribh Lo g).‘.“OLL.‘;CL-J.Ou

o n

in this broed (Chtenz 1955) Thus 12 4o rocder confines his nttontion to
1omb producticn, he rais the risk of o miviuble deforioretion in w00l production,
e nsdaois ion of fmuoid rotumw reaairing thoet o balonee be struck botwoen
the to charcctors, This further corplicates the formulation of soloction
plans for ahocep drocding; ond reducos dic coount of progross thot can be nado
in any one charactor (Hasol and lash 1942),

Furtiicr complications to saloctlve breeding arise with respoct to the
of ipoicncy of animnl rroduotion, Present dgy selection methods cre all based
on runidns tho highest producing anirmls &s the most deairwdle ypos, no
agoount bein: tulam of the possibility thet the highest produoers ngy
not in fuot be the most efficient, Tho cancopt of animel officiengy, which
is no doudt, o usaeful ane in dvtizwinin; the costs inwlved in producing a given
increant of prodwotion, 1s Yy 10 macns cagy to define and is oven more
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aifficult to neasa0,

Thoso camplications to tho gomotic irprovatent of livestock in joncral,

complote undersianding of tho foctors inTolwod ie necessarily o ol fop
the tfature, Thelr solution is dopendent uwpon basic rosecyely, intonsive
in cpplicotion, but troad in concepiion, ond embrucing an scllve exxchangce
of idous znd infarmcation botuoen pure cnd cppliod scientisis mnd proetical
busbondrymen, In the meantime, it is nccossaxy for the srocticel brooder

ot

Yo xcly upor cethods of bre:d imrovement wiich are noy ot his disnoscl,
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