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I. INTRODUCTIOB 

"Fertility" ia a term generally uaed to denote the 

expression of reproduct1Te performance. ur, precise 

definition of "Fertility", however, must depend ultimatel7 

on the purpose tor which it is intended and th criterion 

by which it is measured. For the present purpose 

"Fertility" m&7 be regarded as the rate of reproduction 

which 1a measured by some form of a lambing percentage. 

The economic importance of fertility in sheep production 

has not been ,until recently, fully appreciated, but atill 

less bas its significance in the genetic improvement of sheep 

been re lised. 

Many breeds, 1n particular, the Bew Zealand Romney• are 

regarded as dual purpose sheep. They are expected to pro-

duce meat and wool. In a flock of sheep, gross financial 

returns depend on the total amount of meat and wool available 

for sal. This is a simple function of the production per 

sheep an4 the number of sheep. In a self-contained flock, 
I 

the number of aurplua aheep 1n a given financial year ia 

determi.Ded almoat solely by the lambing per cent of that year. 

fhua, 1, can not be denied that lambing per cent or fertility 

contributes au'batanti.ally to the returna fro sheep. At 

• ! ten ew Zeal d Boane7" 1a uae4 here to indica'te 
~hat the7 are grade aheep, the of:!apr1ng of Jl&DT genera­
t~ona of R ey arsh s. 
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aame time other econoalc characters, such as tleeee weight, 

and fleece style in sheep production, JllUSt not 'be neglected. 

In order to apportion the illlportance of each character 

in terms of its contribution to the gross financial return 

of a flock, it is necessary to aeaaure its relative economic 

value. The relatiYe econoaio Talue of a char cter may be 

defined as the increase in grosa f1D&Dcial return per unit 

change in the expression of the character. Rae (1954) 

reported the following relative economic values for the 

Bew Zealand Romney. 

'.iable I. Th~ Relative economic value of Fleece 

and Carcass Characters 

Fleece weight 1 lb. more increases returns by 474 

Quality number 1 quality finer It ti .. 12½4 

Style l gra4e better It " 48d 

Fertility l lamb or .. " " 518d 

Carcase wsi t l lb. ore II • .. 174 

Body eight 1 lb. m re tt • .. 8d 

Caroaes ad l grade better ft • • 214 .. 
Body conform- 1 &i-;..: .... better • .. 74 

atton 

fbe ouu'tanctuag feature or 'the abow table ia clearl7 

ille high nlat1Te eoonoaic Yal.ue of feriilit7. In cl4i't1on, 
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Rae (1954) presented th following table which ahowa the 

increased r turn per sh ep as a result of one g neration of 

selection, if all the selection potential were used on each 

of the characters singl7. 

Table II. Increased return per sh ep a a re ult 

of one generation of Selection 

Fleece weight lOd 

Quality number 7d 

Sty-1 10d 

Fertility 20d 

Body weight 7d 

Body Conformation 3d 

Thus, from these two table, the objectives ot breding 

for 1.ncreased productivity in th New Zealand Romne7 have 

been outlined. Most portant for pre ent pu.rpos s 1a that 

increasing fertility- leads to b7 far tbe gre test proT ent 

in the financi 1 returns oft e Bo 7 br • 
oat animal breeder• con id r a lect1on or th exiatence 

of a 41fferential. raie of reprod~ctio~ aa t a.in, it not 

netic 

compo 1t1on of their 1n41Tidual flocks or of a whol br e4. 

Selection for one or aeTeral cba%"actera, ho ver, 4epencla on 

both th genetic Tariab111ty of the po latio from which 



-4-

aelee'$J.ona are ade ancl the proportion of anilable animals 

that are required for breeding purposea. Satisfact~ry 

reproductive performance or fertilit7, therefore, results 

in larger populations from which a given numb r of animals 

may be elected and leads to more rapid genetic improvement. 

It 1s thus evident that high fert111t7 l?!£ .!!. 1a an 

important economic charact r in sheep but still more, owing 

to its genetic ramifications through ael ction, it provides 

a foundation on which the grater genetic improvement of 

other economic traits is made possible. 

In view of these features of fertility, its place in a 

sheep breeding progamme is undeniable. There are maD7 

se1ection methods which may- either be used alone or in coa­

bination in a breeding programme. The choice o~ a particular 

selection method, howeTer, depends largely on the heritability 

of the character concerned. In reality, often more than 

one character is under selection. Some knowledg of 

correlated responses, but 1n pariieular, possible genetic 

antasoniams betw en charaet ra of economic i.Jlporlancce 1• 

necessary before the aost effeetive breeding prosramae can be 

clertaed. Thia iJlTeatigation ia, therefore, aainl.J' c-oncerne4 

with the atatiatioal eatiaa~ion or the gene~ic Tariation an4 

c0Tariat1011 of fenil:ity 1n a flock of ew Zealancl Roane7 

••••• 
~he following aapech will be conaider 4 in detail: 
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1. !he effects of age and 7ear on the incidence of 

barrenness• single birtbs, and aul tiple births. 

2. The eat1mat1on of repeatabilit7 of the llUDlber of 

lambs born. 

3. The estimation of heritability of th number of lamb• 

born. 

4. The estimation of the phenot7pic covariation b tween 

the number of lambs born and weaned and the greasy fleece 

weight of the we. 

5. !he estimation of the genetic eoYariation between the 

number of lambs born and weaned and greasy fleece weight. 

6. Applications of the present findings will be discussed. 
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II. DEPINITIO.I AND DISCUSSION OP TERMS TO BE USED 

A. Fertility o:f 1.he ewe 

In popular usage fertility depicts 'the abil.iV of an 

aniaal to produce large nwabers of l.iviJlg young. The in-

abilit7 to produce any offspring at all is termed sterility. 

There are many criteria by which fertility 1s eaaured. 

Various measurements of fertility, howeTer, may not be strict-

ly coape.rable. Goot (1950) found that a difference of 30 

per cent in lambing per cent cau.ld be due, simply to the 

different~ thods of measurement. It is obvious that the 

t rm "fertility" should not be used without adequate defin­

ition. 

In general, fertility of the ewe mq be measured at 

several different phases of the reproductive cycle. These 

measurements are uauall7 made at stages where numerical 

expressions are possible, e.g. the nwaber of Graafian follicles, 

the number of oft. sh d, fertilis d an4 implanted, the llWllber 
.,. 

o~ foetuses auniTing at ditferent tiaea during pregna1tc7, 

the nuabe.r of laaba born at binh, a'I clocld.Dg, weaning and 

finally reaching breeding age. I 4eall7, for atucliea of 

1nher1tanc, meuureaenu at breeding age are •~•t useful. 
~ 

It 1a obnowa tbai if all the 7oung die4 before r aching 

b:ree41q ace, awdiea of 1Dhe1:ituce, in particulnr the 1.n-

heritanc• ot feriilit7., .are not poae1'b.le. On aoat ah••» 
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farms in Kew Zealand ancl the present flock is no exception, 

disposal of some or all wether lambs and surplus ewe lambs 

takes place ei"ther before or shortly after weaning. As a 

result, collection of data at first breeding age of the young 

is uaually not feasible. Thus, data collected at weaning 

appear to be a necessary ccaprOlliae between the 14ea1 and 

current man.agement practices. 

On the other hand, in the present state of physiological 

knowledge, the number of lambs born*_ is the earliest visible 

and measurable expression of fertility in ew s. In addition, 

given that identical twiua are infrequent in aheep(Johansson 

1933, Johansson and Hansson 1943 and Barton 1949) the number 

of lambs born is, 1n effect, an estimate of the minimum 

number of ova shed by the ewe at her last ovulation. Since 

ovulation rates ean not be mea ured without slaughtering the 

animal, the number of lambs born at bir'th is a useful sub-

stitute. Me surement taken subsequent t o the one at birth 

are likely to be confounded by effects of weather, shepherding 

and other aanag ntal practices, and thus are les eui~aole 

aa am aaure of feri11.1V in "h we. 

le the 1'l\Ulber ot laaba born an4 ••and are useful 

1ad1cea of fentllty for in41Ylc:tual e ••• on a f°lock baau, 

la1a1'1ng per cent ia ih uauall7 accep"•I meuure. 

•• l>er of luau born 4ea4 Ol' •11-re 1nlt apparent;l7 carried 
to th full term of ea"tatio11.. 
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present study, lambing per cent will be calculat d as: 

{a) the lambing per cent at birth 

The total number of lambs born x 100 
be \otai num6er of ewea put to t~e ram 

and (b) the lambing per cent at weaning 

!he total number of l bs weaned x 100 
The totai num\er of ewes put to \he raa 

B. Fertility of th-e ram 

In this study, effects due to the :t ertili ty of the ram 

111 be assumed to be distributed at random. This assumption 

appears to be reasonable in the present dat. As will be 

described later, a total of 27 ram.a baa been used and the7 

were mated to ewes chosen at randODl. Unless otherwise 

specified, fertility of the ram will be treated simply as a 

component ot the enviro nt to which the ewes are exposed. 

C. Terms used in relation to the age of he p 

Por the aak:e ot clar1 tJ', the correspondence between age 

ot aheep and tile aeaaurementa of ter-tility- and 1'leece weight 

w111 deaoribe4 aeparatel7. 

Laabin in thia flock pnerall.7 comaencea 1n AU&Wtt• 

I.aabe are uauall7 weaned in Janua'r7 when tb.e7 are tour to tiYe 

aontb.8 old. A two-toot lam.bi record correapon4a to the 

age ot two 7eara an4 the tour-tootb, aix-ioo'th an4 ei ht-iooth 

record• are JU.4• reapect1••17 at three 7eara, tour 7eara an4 
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fiYe 7ears of age. 

Hoggeta are normall7 shorn in October when they are 

abou't 14 to 15 months old. Ewes are generally shorn in 

December, approximatel7 a month befor weaning. A two-tooth 

fleece weight represents approxim.atel7 14 to 15 months' wool 

grow-th. Thereafter, four-tooth, six-tooth and eight-tooth 

fl ece weights are collected at yearly intervala. 
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III• SOURCE OP DATA 

A. History and Management of the flock 

Thia flock was originally established in 1944 for the 

purpose of investigating the inheritance of many fleece an4 

carcase characters of the Romney Marsh breed. Information 

pertaining to various other cono ic characters, including 

the reproductive performance of tile ewes, was gath red as a 

part of this investigation. Data used in this study were 

·collected over eight consecutive years fro 1946 to 1953 

inclusive. 

from 1946 to 1948 this flock was run on the Pabiatua 

Block of the Massey College sheep farm. The details of 

this area and management have been adequately described by 

Rae (1950). However, early in 1949 the flock was transferred 

to the Tuapaka Block also of the College. Of the 1,050 

acres which comprise Tuapaka approximately 8oo acre are 

hills and 250 acres flats. This flock was chiefly run on 

these flats which will be brief1y described pr aently. 

Tuapaka was taken over by the College in 1938 and since 

then a conaid rable aaount of pasture and other improvement 

baa been made. By the time this flock waa tr&D8f rred to 

!uapalta in 1949, the pasture and other amenities were brought 

up to a atatua more or less ccaparable with that of the 

Pahiatua Block. In ad41tton, 11AD&gement and ahepher41q 

were kept on a •tailar etandar4 and troa 1949 to the preaent 

till• n~ perceptible chance 1n all upeota of huaband17 haa 

been obaene4. 
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!he aoil at !uapaka is a 7 llowiah-grey silt loam with 

underlying clay sub-soil. atural drainage waa poor ancl 

tile drains and some mole drains were laid. Th aTerage 

raillfall is 1n the region of 40 inches per &mlUll with a 

reasonable seasonal distribution. Pastures, since sowing 

down some 10 to 15 years ago, have been maintain cl predomin-

antly as a perennial rye - white cloTer aaaociation. OD the 

average topclressing of five cwt. ot lillle and one cwt. ot 

superphosphate was giTen annually on all paddocks. Except 

during the winter months normal complements of beet breeding 

cows were also kept on these flats. It is estimated that 

these flats have a carrying capacity of three and a half to 

four ewes per acre (Hewitt 1955). It must be emphasised 

that in general this flock baa been kept in an environment 

which is typical of sheep farms in the Manawatu area. 

B. Collection and Arrangement ot the Data 

Ewea in the flock were shorn annuall.7 and their greasy 

fleece weighta recorded. The information available from 

the fen111ty data includes: 

1. Birth date of lamb •. 

2. Birth nmlc ()f 1-b. 

3. Sex of lub. 

... Bi~h we1gh'I ot lamb • 

5. Ear tag nuaber of the a... 
6. WIiber ot laabe weane4 per ••• 
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7. eaning dates and weaning weights of lambs. 

8. Remarks. 

To facilitate th computation of phenotypic and genetic 

parameters, it was found convenient to record on cards the 

information 11st 4 abov. In addition, the aire of the 

lamb was also recorded. These cards were perforat don all 

sides and various classifications w re made by litting some 

pre-determined perforations. The sorting,for the purpose 

ot either tabulation or computation directly from thea 

cards, was aided by the use of a needle. Thus, for each ewe 

entering t he flock there was correspondingly a card recording 

the reproductive performances and greasy fleece weights 

throughout her life-ti•.• 

C. Certain features of the data relevant to the 

present investigation 

While Tarious assumptions involved in the application 

of statistical proc durea are difficult to evaluate, much 

can done during tb experiaental period eo that these 

aee• lngty restrictive aaauaptions ~ bee e inherent in the 

da'ta coliectecl. In this reapeet the tollow1n teaturea ot 

'the da,a are worth mentioning. 

(l) Sur-plua replacement ewea, if &JQ", ••r• cull d at 

ran4oa. In tact, no • election tor any character - prac-

•A• a rale, •••• are cut tor ac• at approxillatel7 5i years 
ol.4. 
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tiaecl. '?hie renders these da'ta equally suita'ble tor -

sressioa as well as correlation techniques. Similar data 

gathered either from Surveys or stud books are, however, 

subject to aome possible bias through false returns or selec­

tive registration. Thia feature leaves tnterence fro. 

those data uncertain if not iapoasible. 

(2) Ten rams were used over the whole flock 1n each 

year from 1944 to 1945 inclusive; thereafter the number was 

reduc d to seven. Rams were normally discarded after three 

consecutive 7ears in use and fresh ones purchased. In 

selecting them the rams were deliberately procured from 

widely different sources. '!'his feature thus permits the 

assumption that inbreeding does not affec1 the outcome of 

these data. 

(3) The number of ewes in each mating group was virtual­

ly the same within eaeh mating season. The siz of the 

mating groups between easons waa, however, ..-ariable, depend­

in on the number of rams used and the total number of ewea 

available. T · age co poai 'tion o wee in ach tillg 

group waa kept as uni.to a as possible. Ewe w re 

ssigned t random to each ting group. Thi feature 

faYoura the ption that thia flock 1• a population bre4 

at randoa. 

(4) • were rou.iionall.7 gra1 d in 

round excep" du.ring the ma in eeason when 

o be ll -the 1ear 

tin groupa 
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were confined to their respective paddocks for a period 

varying from six to eight weeks and again during lambing 

when they were drafted into three mobs, early, aid or 1 te, 

according to the mating dates. ~hrough these practice it 

was hoped that no two groups of animals received better or 

worse than average treatment for 8.Jl7 length of time. Kore 

important, however, 'this feature of the data support the 

swnption that there is no environmental correlation be­

tw en daughters and clams or betw en groups of ewes which 

are halt-sibs. 
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IV. REVIEW OF LITEBATUBE 

A. Effects of Age and Other Environmental ~actors 

on the Fertility of Ewes 

Fertility as measured by some form of a lambing per­

centage is primarily determined by its components, i.e. 

frequency of barren ewes and frequency of single and 

multiple births. In general, ost workers have reported 

t he effects of age and other environmental factors on 

thes e components of l ambi ng per cent rather t han on lambing 

per cent a s such. For t h s ake of clarity some work con-

cerning the effects of age on the components of lambing 

per cent 1s reported first and other environment~l factors 

will be reviewed l a ter. 

Barton (1947) reported the i nc i dence of barrenness to 

be 15.6% in a floc k of stud Romney Marsh ewes. Th per-

centages of barren ewes in each age group wer given as 

follows: 

Age of Ewes at L bing o. of Barren ewe X 100 
Total Ro. ol &ea 

2 yr. old 25.~ 

3 yr. o1d 13.5~ 

4 yr. old 11.5" 

5 yr. 014 10.8:' 

6 yr. old 7.1f, 

7 yr. old 10.s 

8 yr. olcl 7-1~ 
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Goot {1952) showed that age accounted for approximately 

43~ of the total variance in barrenness in two flocks of 

Romney Marsh ewes. The mean percentage of barren ewes was 

found to be 10.2~. By age groups the incidence of barren 

ewes w s dia tri buted as follows:-

Age of Ewes at Lambing No. of Barren ewes x 100 . 
To'tal lo. of Ewes 

2 yr. old 16.6~ 

3 yr. old 11.2~ 

4 yr. old 5.8% 

5 yr. old 5-9% 

6 yr. old and over 5-5~ 

Nichols {1924) , analysing returns from a questionnaire, 

noted that age had a very important effect on barrenness 

among man.v British breeds of she p. Prom these reports 

it may be concluded that the incidence of barrenness is 

highest in young ew sand decreases with advancing age. 

Little or no attention has been paid io the effects 

of age on aingle births. Consequently, no literature 

eeeme to be anilable on tbia aubJect. 

The incid nee of twin or aultiple birtha baa been, 

comparatiYel7 speald.n , aubject to much atudy 1n c.onnection 

with the probl • of feriilit7 ln ahe p. Literature on 

factor• attec'ting mul.tiple birtba 1D aheep baa been revie e4 

recentl.y b7 ReeTe and Bo rtaon (1953) . Muahall ana 
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Potts (1921) found that the frequency of twins in pure bred 

Southdown ewes increased with age up to five or six years 

old. Terrill and Stoehr (1939) reported the same trend in 

studies on Rambouillet, Corriedale, Columbia and Targhee 

ewes. Roberts {1921) working with American Shropshire 

sheep stated that multiple births increased with age up to 

four years, and remained fairly constant from then on until 

eight years of age. Jones and Rouse (1920),analysing 

flock records of the University of Wisconsin, confirmed an 

earlier report by Carlyle and McConnell {1902) that the 

highest per cent of multiple births occurred among fiYe­

year-old ewes. Lopyrin (1938) concluded from work in 

Russia that ewes of late-maturing breeds showed the highest 

number of multiple births at five to six years of age, 

whereas the ewes ot early-maturing breeds reached t he ir 

maxi.lDWll at three years. Kelley (undated) reported that 1n 

an Australian stud Merino flock twins were most frequent 

when the ewes ere six to ten years old. Nikoljskii (1933), 

studying fertility on Karakuls in an Askania flock, re-

port d twinning rate• of 17 per cent 1n four-7 ar-old ewes 

compared wiih 3 - 7 per cent in. yow:iger ewes. In a 

detailed atudy of the recorda of the registered flocka of 

Orlorcl l>o n, Shropahire, Oh not and Lai.4race breeds 1n 

Swed.en, Johansson and Hanaaon (1943) showed that there waa 

generally a teacly ria 1n tbe &Tera e number of laa a per 

birth in all oreeda up till f1Ye to •ix 7eara ct ag, with a 
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gradual redQction thereafter. 

In addition, they presented regression coefficients 

measuring the average increase in number of lambs at t he 

second birth for a unit incr ase at the first birth. Thes 

regres ion coefficients which clearly show the effect of 

age are tawlated below. 

Table III. Coefficients of Regression of the Number 

of Lambs Born at different parturitions of the 

s e ewe. 

Breed o. of lo. r£ lambs per birth No.of Av. No. of lan b3 ptr 
Ewes at 2 & 3ysrs d 889 Ewes birth at 2-3 & 4-5 J1BlB 

of the ewe of age of t he ewe 
Blgress1m Oa!r1ictente 
(Wj.thin flocks) 

legmeeicn Cmm.aaits 
( ithin flocks) 

Shmpaure 2488 0.162•• 1414 0.276** 

Cheviot 3696 0.193 .. 2111 0.289** 
T. . (P) 575 0.187•• 436 0.295•• 

-

Average 
0.180•• 0.285•• Within 

Br eeds 

•• P ~ 0.01 

It can be aeen 1hat a 41f~erence of one lamb at uo 7eara 

of a e waa followea by an increase of 0.180 laab per birth 

at the fo1lowin& laabiq. Siailarl.y an &Yerage illcreaae of 

one laab at bo and three yeara ot age waa accompanied b7 
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an increase of 0.285 lamb per birth at four and five years 

of age. 

Desai and Winters (1951a), working with mixed breeds, 

analysed the effect of age on lambing percentages (number 

of lambe born per one hundred lambinga)ancl found that it 

accounted tor &.39 per cen, of the total Tariation. In 

general, they stated that the lambing percentage rises at 

an average rate of 0.1405 lambs per year up to the fifth 

year of age and then there would b decline. 

In view of the eff cte of age on fertility, it is 

worth noting that ccmpariaon ot lambing percentages, either 

between years within th same flock or between fiocka, 

unless baae4 on similar age-compositions, could be very mis­

leading. 

Unlike age, specific effects of the environment on 

fertility are generally difticul.t to isolate and measure. 

Temperatur , rainfall, light, soil, paeturea, management 

practic • and JD&D7 others, at one ti.Ile or ano-ther have been 

reporte4 by Tarioua workers aa ea'YiroDaent 1 factors affect­

ing fertili v in sheep. !o renew each in ctetail ia not 

warranted for preaent pvpo•••• Only those conai4ere4 mie­

:tul to thia ah47 will be reportea. 

Ia IIAD7 at.u41ea o:t laabin& per cent, 41:tterencea between 

year• baTe been cona14ere4. Variatioaa du "o 71tar wo'lll.4 

include 41f~erencea ill cllaate resulting bo~h froa 118 direct 
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ett eta on the animal. and troa i'ts indJ.rect ttecta throqh 

soil and pasture. In addition, ditterences in :management 

and possibly, it the flock is under selection, 4.ifferencea 

in average genetic merit of the animal• may also contribute 

to yearly variations. Still more yearly variations mq 

contain JIUID1' other enTironmental difterencea. Th 1r eftecta 

are, howeTer, not known in the pr aent state of knowledge. 

Goot (1952) found that 11 per cent ot the total 

variance of barrenneaa was due to 41fterencea between years. 

Desai and Winters (1951a) coaputed the partial regr saion 

coefficient of lambing aY rage on year (hold:1ng age constant) 

and found it to b -0.0698 lamb per year. Ko explanation 

was advanced for this finding. 

That enviroDDlent has an important effect on fertilit7 

was shown by the work of White and Roberta (1927). Among 

other tbinga they- were able to demonatrate d:1tterences 1n 

fertility of Welsh •ountain sheep mider aountaiJl, intel"lllediate 

and lowland conditions. 

Pinall7, that "flubb.g• appe.a:ra t .o increase t r111ity 

in aADT breede of aheep baa been reported b7 .aball and 

Potte (1921)~ Xichol.e (1924), Dn4erwoo4 and Sheir (1941), 

Jt'h•n••on an4 Jfanaaon (1943) &Jl4 reoen'll.7 'b7 Vita (1951) 

and Wallace (1951). 
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B. Repeatabi;1t7 of Reproductive Performance of 

the Ewe 

Repeatability aeaaurea the conaia1ency of performance 

of the aame indi Ti.dual at different tiaea. It '111&7 be coa­

pute4 either aa an intra- or 1nter-claaa correl.ation co­

efficient. Computing the repeatability aa an intra-clasa 

correlation, howeYer, requirea the asawaption that Yariancee 

at 41ffer nt occaa1ona be equal. l'ailure to satisfy this 

assumption will result in some under-estimation when com­

pared with the result from the int r-clasa correlation (Lush 

and Molln, 1942). 

The size of repeatability is of considerable iaportance 

in a selection programm.e. Bigh estimate• of repeatability 

generally indicate that the use of early records alone is 

sufficiently accurate to achi Ye satisfactory progr a trOJll 

ael ction. Conaequently, the 4elay in waiting for later 

r cords, as would be necessary if the repeatability were 

low. is aYoided. Once eatillated, howeYer, repeatability 

1• uaetul in at leaet two other upecta. Piratly, i 'I in41c­

atea tbe upper lia1t o~ heritability ~ the character. 

Secon417, the 41acnpancy between repealab111t7 and herit­

ab111ty aenea to expo•• the illpor'hnce o~ dollinance and 

epiataaia in addition ~o -t•rnal influence an4 otbar per­

aanent enrlromaental acenciea affecting the character. 

Liten.ture concerning the repealabi.lity of tiMt DU11ber 
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of l.ambs 'born per birth is acant7. Ea"ti.Jla'tea of repea't-

abilit1 'that haYe been reviewed, are nmm•riae4 1D the 

following table. 



0.0498 
t 0.026) 

0.148" 

0.173•• 

o.a,, .. 

0e2574ttf 

0.21,•• 

0.141•• 

0.111•• 

0.21,•• 
"t- 0.03 

fable IY. Eatillatee ot Repeatability of Bepro4uot1ft 

Parformanoe 

ree4 I Al• I 
l otea I Reterenoe 

--i---4 ll-4 j 1Uxe4 age• I~..,, ooanol:4d. Intn,,-1 Dea1HlD1n (lf.illl) 
o ccanlllt.1on 2 • 696 
lamNnp fa& 962 •••• 

I SbloJll)da I ~ 2:,r • I eal4:l.e:te4 en w11hin Johaneeon 
tlm1t baa1a. ID~ Hanaeon (li4J) 
Cm9laUaD 2488 •••• 

Chenot • .. 3696 •••• I • 
(f) " .. 575 •••• I • ..... Mm..,.. 

ot 2-Jyr o14 A 
+-5,ra14lanb-

.. 1414 •••• I • 

ncad 

Chenot • " 2111 .... I • 
11aa11w•• • • 436 •••• I • 

I 0almlata4 • w.tllm:flcot a.,aldn I atxe4 ace• 
aa• 1-1 •• Intn-clae 
Oen.lat.ton. 213 ewea I • 

lcbenot • .. .39.l •••• I • 
ramnm • " )68 •••• I II 

- - -
.::::: 0.01 

I ' N 

I ""' ' 
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o. Heritability of BeproductiYe Performance 

ot the Ewe 

Beritabilit7 ia 4etine4 b7 Luah (1949) aa the traction 

ot the obaerYe4 or phenotypic Yariance which waa caused b7 

41ttereneea between the c•••• or the genot7pea ot the 

ind1T14ual. More preciaely, the 4et1nition of heritability 

in the narrow sens is: 

and, in the broad sense, it is: 

cf~ + 6" i + 't • cf~ + .(j' j 
wh re: ff'~ is the Tariance due to the additi~ etteeta of 

the genes in the population. 

c, I 1• t1Je Yariaace cauaed bJ" non-addi ti Te ettecta 

of all lie genea; 1.e. the daa:lnance dertationa. 

ff" i 1• tlla ftrlance oawse4 lJ7 11on-ad41 ti Te tn'ler­

acti.ona between gene• wldoh are no, allelic, i.e. the 

epielaiJ.c nriance. 

6' ! 1• th 'Yariance oauee4 b7 the enrtromaenw.l 

con41t1ou IID4er which the aDillal'• recort wu aa4e. 

~ j 1• the nriance oaue4 1-7 joint ettecu or non­

a441 t1 Te illteraotiona of b redity -4 ennnmaent. 
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!he two de.f'1nit1ons tiffer only in respect of the con­

sideration giT n to the dominance and epistatie variance. 

The effects due to dominanc and epiataai depend on th 

particular combinations of genea. At each Mencl lian 

aegre tien, genes recombine. Consequently, lUlClez- r clea 

mating, effects which the gene• have only in certain com­

binations are tranSJli~t d to their oftsprin,; only in~ 

if at all. It 1s therefore the heritabilit7 in the na?row 

sense that is ot iaterest fr0111 the point of view of selec­

tion. 

Depending on them thod used, an actual numerical 

e ti.mate ot herita'bilit7 1 uau.ally between the narrow and 

broad clet1Dit1ona (Lush, 1948). The estimate almost alway 

includes a little of th pistatic variance and sometimes 

little ot the dominance varianc. 

Early atudies on the inheritance of fertility were 

reported aaiDl.7 as parent-offspring correlations or re-

gres ions. The following tables a1,msmariae the reaulta of 

aoae preTioua inveatigationa on the inheritanc of fertility 

in ahe »~ 



fable V(a). Eatimatea of Heritability of the Number ot Lamb• 

at Birth 

Ea~iaatee ot 
Heritability Breed Age Notes Reference 

0.10 t o .• o, - - - OodcEdlsm (1949) a.a 
quot/iacl\,y'Deaa.\. & 
Winters ·(195lb) 

O.OJ06 a 111xe4 111xecl A"Mage ~ aU lines. Intra- Desai & Winters 
0.01 2 lined• Ages sin I>li'-Dam 1'9goaaion (1951b) 

542 11"8. _. Procedure 1. 

0.0736 !: K!;;ce4 Mixed Average of all 11Dea • • 
0.0152 Bl•e'-h Ages Intra-Sire Dtr.-Daa 

regression. 6J9 prs. 
By Procedure 2. 

I 
N 
0\ 
1 



·--
~ 

r 
0.0869 • 

0.0065 

0.21 • 
0.31 

0.285 1 
0.045 

0-111 t 
0,047 

0.0224 

0.0902 

0.0824 

0.1303 

0.1591 

!able V(b). Daughter-Dam Correlation Coeftioiente of the 
Number of Lambs at Birth. 

Bree4 Aae Note• Reference 

Shrop- Kixed Agea Correlation between aize ot Riets & Roberta 
shire litter in which offspring are (1915) 

born an4 size of litter in 
which 4aws are born. 10532pra. 

1-- - Correlation between twinning Jooeph (1931) 
bcadlllt tendencies of Dtr. and Dam 

OllnJot AT. ot f1:r8t 
iimualaab-

Dtr. - Dam Correlation 42lprs Johansson (19)3) 

inga 

Soop-
ahire 

.. Dtr. - Dam Correlation 44lprs .. 

~ 2 yr. old Within rlocke Av. Dtr.-D8.lll JohanaaoJl & 
Con-elation l324prs Hansson (1943) 

.. .. Total Dtr.-Dam Correlation ti 

1324prs 

0.xtor4 . Av. ot 3 Within flocks Av. Dtr. -Dam ft 

Down lanl:f.DBS&t Correlation 156prs 
2-6.JJB o.14 

• • Total Dtr.-Dam Correlation .. 
1561>ra 

Shrop- • Within tlooka Av. Dtr.-Dam " ahire Correlation 455prs 

i -., 



Table Vb (Cont d .) 

a::. Breed Age No1iea Referenoe 

0.2301 Shrop- Av. of 3 Total Dtr.-Dam Correlation Johanaaon & 
ehir• lalllldn&a at 45 5 prs. Hanaaon (1943) 

2-fvnol4 

0.0813 ~ • Within flocks Av. Dtr.-Daa • 
Correlation 657prs. 

0.2551 • • !otal Dtr.-Dam Correlation " 659pra. 

0.1344 Land- .. Within flocks Av. Dtr.-Daa It 

Doe(1) Correlation lOOpra. 

0.273.3 " • Total Dtr.-Dam Correlation It 

lOOprs.· 

f Probable error 1p L 0.001 2p~O.Ol JP ~0.05 4p~O.l 

,t, 
(X) 

I 



--QDpiDg ....... 
0.022 

0.091 

0.086 

0.145 

0.128 

0.193 

0.089 

0.255 

0.117 

0.216 

table V(c) Daupter on Dam Regreaaion Coefficient• of 
the fiuaber ot Lambs at Birth 

Breed Age lfotea Beferenoe 

Cheno1 2 Tr• old Within flocks Av. Dtr.-Dam Johanaaon A 
regression 1324 pre Hanaaon (1943) 

• • Total Dtr.-Dam regression • 
1324 pra. 

Oxfor4 AT. of J Within flocks Av. Dtr.-Daa • 
Down laallllxp at 

2-6yra 014 
regression 156 prs. 

• • Total Dtr.-Dam regression • 
156 pre 

Shrop- • Within flocks Av. Dtr.-Daa • 
shire regression 455 pra. 

• " total Dtr.-Dam regression " 455 prs. 

CheY1ot .. Within flocks Av. Dtr.-Dam " regreasion 659 pra. 

• • total Dtr.-Dam regression 
659 pra • 

.. 

Lan4- • Within flocks are Dtr.-Dam " 
race fl. regression 100 pre. 

.. • total Dtr.-Dam regression .. 
100 pra. 

t 
f 
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». Phenotypic CoYariation Between J'leece Weight 

and Reproductive Performance ot the Ewe 

The phenotypic covariation between a pair of product­

ive characterist1ca may be expressed either aa a regression 

or aa a correlation. Purposes of aeaauring phenotypic 

coYariation, however, may be outl1ne4 aa followa: 

(1) Phenot,-pic correlations are nee4e4 for construct­

ing selection indices to obtain m&XlllUll rate of genetic 

iaprovement (Hazel, 1943). 

( 2) Phenotypic regreaaions aa wel 1 as correlations 

may be used for predictive purposes. If a character ie 

expensive or otherwise difficult to meuure, its relation­

ship to an easily measurable character or a cmbination of 

such characters can be used aa a means of predicting it. 

(3) Phenotypic correlations provi4e a description of 

the concomitant variation between pairs of character in a 

given population. 

Stu.die• of phenotypi.c co'Yariation between a&JV' fieeee 

characters hav b en aa4e b7 various workera. Li tera'ture 

concerning the phenot7pic co'f'arlation tween fleece weip~ 

an4 Ule JlUllber of laab• ••ana4 in aheep, 1•• however, 

alaoa, non-exla~en,. t &ppeara to be aYailabl• la in-

clwle4 in thi• reY1e. 

!errill an4 Stoehr · (1942) anal7aing life-tille_ promo­

tion reaor4a of Colual»ia, Corr1e4ale an4 llaabouill•t - ... · 
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auggeate4 that there 11aa an iavera, although 1011 relation­

ship between aYerage life-till fl ece weight an4 pounaa of 

lamb weaned per••• year. In a different part of the 

same report, they atated that the pounds of lamb weaned 

per ewe year were 4ue aore to a higher per cent of lambs 

11eane4 than to beaner weaning weighta. Winters n al. 

(1946) in their study on the factors affecting productin."7 

in breeding sheep concluded that gross fleece production 

appeared to be soaewhat negatively associated with total 

lamb production. SteYens and right (1951) report d that 

in a flock of Ban 7 Marsh stud ewes the ver ge greasy 

fleece weight for barren ewes was 10.8 lb.,ewes with single 

lambs and twin lambs being 9.8 lb. and 9.4 lb. respeetiYely. 

These averages were b sed on 141 (barren ewes), 1673 

(single birth), and 932 (twin ld.rtha) records and over a 

period of eight yean . 

• G netic coY&riation between 7leece Weight and 

R produatiYe Pe~onance or the be 

A aenet1c correlation ia a aeuure of the 'len4enc7 

for the additive gen.etic ftl.ue• ot two 41fterenl character• 

to Tar7 to ether, whereu a phenotnle correl.a'tion..,. 

alao contain eontributiona trca ennronaental. a01U'Ce• or 

troa 4ca1aanoe or gene interaction•• • ore preci• el.7, the 

genetic correla~ion beween 'two o!laracten 111&7 be 4et1De4 

aa the ratto ot tu pnetio eoftrianoe to the pro4uot of 
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where G1 and Glare the a441t1Te genetic T&luea tor charac­

ters 1 and J. 

Appl1cat1on of genetic correlations to allillal aelection 

problems was first de by Hazel (1943). He recognised 

that for predictions based o.n her1t &ilit7 alone to be 

reasonably accurate, it is necessary that selection be tor 

this one trait only or that the trait be uncorr lated 

genetically with any of the others affecting productivity or 

fitness of the animal. Since selection for only o.ne trait 

is seldom the aim or rarely feasible in allimal breeding, 

1t 1• obviou.a that heritabilitiea ar, by themselves, not 

sufficient to characterise adeqw.tely the genetic properties 

of a population. Consequently genetie correlations play 

an important rol in selection proara•es. 

The theoretical baais ot genetic correlations re ts 

e aentiall.7 on the aamption ot pleiotrow of gen a. Thia, 

togel r with o r explanatiODS t gen tic correlationa 

will tiacua • 1n detail la r. 

Val11,,. oft'. th 01:7 of pnetic correlation•• 'beea 

teat 4 '7 Pa1oo r (1.954) in a aouae nl.ectlon prograaae. 

Be conclu.4e4 'I ~r )de 4ata no aer1oua 4:iaagre ... n~ 

• t 'lnen the oalculate4 geutlo oorrelatton an4 the 

o aen-e4 oorrela'lel naponae lte'lwee:a 'bo47 weight and ~l 

l•DB'h• 
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A positive genetic eorrelation indieatea that illprove­

ment through selection of one trait will be accoapanied b7 

some impronment in the other trait. A negative genetic 

correlation, howeY r, iapliea that selection tor one trait 

will itself cause aom clet rioration of the other. !hua, 

the knowledge of gen tic correlations between econoaicall.7 

important characters, e.g. fleece weight and the nwaber 

of lambs weaned, is of coneide1-able interest. Neverthe­

less, no prertous attempt has been made to measur the 

genetic covariation between fleece weight and the number 

ot lambs. The only work tbat has been done on the Romney 

lie.rah sheep was by Rae (1950) who reported genetic 

coITelations between Tarious fleece and carcass cbaract rs. 
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V. METHODS OP ANALYSIS ABD llSOI6S 

A. Ettecta of Age and Year on 'the Inci,4ence o:t 

Barren Ewes, Single Birth-a and hin Birlha 

( a) ethod t AD&l.7•1• 

At the en4 o~ a lambing s on .ewe• may b 41Ti4e4 

into two mutually exclusive cla ae: 

(l) Ban--en ewes, and 

(2) Ewes that have lamb a. 
However, among 'the ewes that have lambed, 'ihere are again 

two further mutually exclusive elas s: 

(3) E\'ies tha't produced single :Lambs at birth, antl 

(4) E es that produ.c d twin lambs at birlh. 

(Triplet or higher births are negligible 1n the present 

data and thus xc laded from the anal,7 1 • ) 

~ 1nc1d :nee of lrths or in 

birlha ;r be xpt:-e • 4 aa a fr.ction or pel'Ce-n a o~ 

to-tal e ea. 'ftG ture of the var1at1 ~ 1n percentage data 

ot '"11• typ n dieouaa- 4 b7 Coe (1943). 

L rt Jl.i 

ti.en o pr en 

d oldna"tor on which obs n 4 h'ac-
•1 

ia ed. and. l t ft : 'Iii e t ob ene4 

fra tlo.n. It Pi 1• 

1 •• it I (~1) Pi,, 

is b1noa1al .-r. • 

trac fer tMs o rYatt.011 

n.rianoe o~ :t1 1••• (11) a 
i/ . Df., w re 1 • (1 -

P1 
). , .. 

twe trao~ion Pi, ho•• er, will ~requ.en-tl7 T&r7 trca 

' '· 
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ob erYation to observation. here present, such variation 

may contribute to the expert ental rror on which z, P or 

t- tests are made. Thus, the ,o 1 variance of an obaerYe4 

fraction may be expres ed as, V(t1 ) = ~ + 62, where 
8 1 1 

the first term represents the binomial Tari tion and th 

second term the extraneoua variation. Consequent1y, pr-

centage data 'IiJB.Y contain both the binomial aa well t h 

extraneous variation. Depending on the relative a.mount ot 

each variation present different methods of weighting can 

be applied. ere the variation is nearly all binomial, 

weighting roportional to the deno inator of the pel"Centage 

is us d. If the variation is largely extraneous, weighting 

should be independent of the denominator. The weighting 

used in the present analysis is that of binomial. 

A further point to not is the disproportion of sub­

class nwabers and thv occurrence of vacant sub-classes in 

the present data. This s inl7 due to the fact that ill 

&Il7 year the numb rot ewes in ach age group wa unequ 1. 

The thod ot titting co tant 7 least quar 4ea-

cri d by 

disor 

is as 

pthorn (1952) w a ua d to Um.1nate these 

Ci a. 

linear . odel choe n to represent the pr 

d to b: 

t data 

Y1j = f +bi+ tj + •1J 1: l ••••• p, j: l ••••• q 

1th 1 ta ij : J1t~ 
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wber: 71J ia the nuaber of ewea of a given attribute 

in the 1th age grQup and ,th year, e.g. 71l 

aay represent the number ot two-tooth barren 

ewes in the year 1946. 

r ia a constant effect COIUDOD to all ewea. 

bi 1 an effect common to all ewes in the 1th age 

group. 

t~ 1a an effect COlDJllOD to all ewes in the 3th year. 

•1~ is the error or reaidual aeaociated with 7iJ• 

If it is asawae4 that 

E(•1j) • O, E{e13} 2 • cri and E(e13,e'1~) • O 

or in words, the error terms are to have zero ae&D, a con­

stant Yariance and are not correlated; the following 1.east 

square equations will 7iel.d estimates which are ubiaaed 

and •best• in the aenae that no other unbiased linear 

estimates which could be computed froa the data, have a 

smaller variance. !hese equations ar : -

~Dij r'- + 
td 

Di r1 • 

Dej r • 

~he equationa u tll87 atan4, of courae, Te n 1Ulique 

aolution • ince ,he aatr1x of coefficient• 1• 1&ot of full 

rank. SOiie re• lrictiou ha.Te to H illpoae4 on the para-

aetera 1Jl order that the7 a:, '.be eatilla\e4. '!he followiq 

two aeta of reatrictiou ••• llee1& im'eatigate4a 
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Set (a) ~ bi: 0 , ~ tj • O; 

and set (b) ~ .n1.bi • 0, ~ n.j t3 = 0 
~ d 

Although the type of restrictions imposed baa no effect on 

the aize of tbe stimates and doea not affect the sum. of 

aquarea co puted in an analysis of V'ari nee, interpretation 

ot f' nevertheless dif:tera betw en these 'two sets of res­

trictions. Under set (a), Fis the ean of a bypoth tieal 

population in which all subclass numbers are equ 1. Under 

set (b), however, f is the mean ot a population in which 

the di tribution of subclass numbers 1s the same aa that 

actual1y found in the popula tion . 

in the present data is set (b). 

The restriction used 

In crder tote t the statistical significance of these 

Least Square estimates, a further assumption on the dis­

tributional properties of the error term (e13) in the linear 

model is necessary. It is assumed that e13 are distributed 

normally. This may seem to be inconsistent with the 

a swaptiQD underl7ing the bino al weighting. howev r, 

departur tr<111 normalit7 does not appear to in~roduce arq 

aerioua errora in the significance level of the 1-teat. 

(Cochran, 1947). Bon- noraalit7 1a l.U:ely to be accoapanie4 

b7 a lose ot efficiency la the eetimation ot trea en~ 

effecta. Kore aerioua though, 1• -the poaai le correlation 

betweexi 'the aean and the Tariance ill the data. It ia 

appreciaiea tbat, 1D Tie• of theae po••ibl• 4:lacrepanci•• 
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beheen the as um.ptions and the data, the efficiency of 

the analyst• of Yariance will not be as high aa it all the 

aaawaptiona • re xactly' met. HoweYer, u pointed out by 

Cochran (1947) an experillenter could rarely, if eYer, con­

n.nee hillaelt that all the aasuapt1ona were exactly aat1a­

fie4 1n his data; consequently, the technique of analysia 

of Yariance 1U1St be regard d aa approxiJllate rather than 

exact. It is baaed on thes remarks and reaerYations that 

the pr aent treatment ot the data appears to be not un­

reaa onable. 

Briefly, the actual coaputation was carried out in the 

followin& order: 

(1) ab orbiq tj equations into bi equationa. 

(2) solving bi equations for the estimates of bi 

with the restriction that 4n1.b1 s O 
' 

(3) esti.mating tj similarly and 1th the reatriction 

that 7 ll•j tJ • 0 

(4) S s of aqaa.ree used in the analyaie of Yariance 

ere ob in 4 by th reduction in the aua of 

squar to fittin& a Yer l sets ot paraa tera 

~.,,_ t d etion in the aum of squarea clu to 

ti ttin ll ets of aram.eteJ?>s xc p-t the one aet 

hos ignific C 1s t be teete , ••&• the awa 

or 8 are d to e ia found 1'7 ubtrac'luac 

the of •4 re du to titting \.be .. an an4 

7e tran th aua of • uarea due ~o ti tlng the 
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mean, 7ear ana age. 

(l>) Reaulta 

The analysis ot Tariance waa done separately tor the 

effect• of age and year on the incidence ot barren ewea, 

single births and twin births. Ta blea ahowing the number 

of l>arren ewes (B), single births (S) and twin births(!) 

in each sub-class, together with their r apective analysis 

of variance, are given below. 



J.GI 

YBil 

1946 

1947 

19-.a 

1949 

1950 

1951 

1952 

1953 

rotal 

!a~le VI. •uaber of Barren Ewes Classified aooording to Age 
an4 Year. 

2-tooth 4-tooth 6-tooth 8-tooth Total 

D B J). B n B n B n J 

1.33 9 - - - - - - 133 9 

188 46 167 21 - - - - 355 67 

24 3 188 9 153 13 - - 365 _ 25 

87 6 18 0 162 4 128 5 395 15 

125 26 81 9 2 0 24 5 232 40 

211 23 120 9 79 5 - - 410 37 

25 4 199 25 120 16 71 7 415 52 

86 7 20 1 180 5 104 2 390 15 

879 124 793 74 696 43 327 19 2695 260 

! 
I 



!able VII. Anal7eia of Variance tor the Incidence ot 
Barren Ewea 

Source of Variation Due to s.s. d.t. M. S. 

R(p, 'lj) 28.1585 8 

Agee 
B(~, b1,t3)-R(p,t3) 6.6198 3 2.2066 

ll(Jl, 1»1~ 32.)160 4 

1•are •<r, ~1,t3> - icr,b1> 2.4623 7 0.3517 

R(fl,1'1,t3) 34.7783 11 

Be•inder o.6945 14 o.0496 

'total 35.4728 25 

•• p~O.Ol 

F 

44.488•• 

7.091•• • .... ..... 
• 
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TEAR 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

!o1a1 

table VIII. •Wilber ot Single Births Clasaitied according to 
Age and Year 

2-tootll 4-tooth 6-tooth 8-tooth 

. D s ll s n s n s 

133 79 - - - - - -
188 91 167 80 - - - -

24 18 188 147 153 98 - -
87 55 18 9 162 77 128 37 

125 72 81 24 2 l 24 6 

211 150 · 120 70 79 37 - -
25 19 199 112 120 55 71 26 

86 54 20 ll 180 77 104 46 

879 538 793 453 696 345 )27 115 

total 

n s 

133 79 

355 171 

365 263 

395 178 
J_ 
N 

' 232 lOJ 

410 257 

415 212 

390 188 

2695 1451 



table IX. Analysis of Variance tor the Incidence of 
Single Births 

Source of Variation Due to S.S. d.f'. M.8. 

R (1", 'tj) 799.5196 8 

Agee 
B(p, b1,t3) • R(p,t~) 23.6265 3 7.8755 

ll(J&, b1) 804. 7584 4 

Teara 
R(~,bi,, t3 ) - R(~, b1) 18.3877 7 2.,268 

R(Jl, bi, tl) 823 . 1461 11 

lemain4ex- 4.7541 14 0.3395 

fo"8l 827.9002 25 

•• p ~ 0.01 

F 

23.190•• 

7-735** 
J.. w 
I 



.A.aB 

TEAR 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1953 

loul 

fable X, Nwaber of Twin Births Classifiei according to Age 
and Year 

2 .. too~h 4-iooth 6-tooth 8-tooth Total 

n ' n ! n T n T n ' 
133 45 - - - - - - 133 45 

188 51 167 66 - - - - 355 117 

24 l 188 32 153 42 - - 365 77 
87 26 18 ' 162 81 128 86 J95 202 

125 27 81 48 2 l 24 13 232 89 

211 38 120 41 79 37 - - 410 116 

2, 2 199 62 120 49 71 38 415 lSl 

86 25 20 8 180 98 104 56 390 187 

879 217 793 266 696 308 327 193 2695 984 

J.. 
t 



table XI. Anal7a1• of Variance tor the Inc14ence of Twin 
Births 

Source ot Variation due to s.s. d.t. M. S. J 

B {,:&, t3) 393.0069 8 

Agee 
B(?, bi, t3) - R(~, t3) 21.6170 3 7.2057 45.404** 

i(J,l, bi) 384.8991 4 

I•ar• 
R(p, bi, t3) - R(p, bi) 29.7246 7 4.2464 26.757** 

R(r', b1, t3) 414.6239 ll 

lleaa1n4er 2.2221 14 0.1587 

total 416.8460 25 

•• p LO. Ol 

! 
\.n 

' 



(c) Discus ion 

Effects due to A,e d Year on th incidence ot 

barrenness and different ·types cf irt a are s-tatiatical ly 

significant at the 1 per ce t level. This agreea with 

moat of th~ 1m1lar studies revie ed but in particular, 

with the report by Goot (1952) ho ior ~ed with the Romney 

tarah bree d in ew Zea.lard. Res lta ct: the present data 

sugg£-st tho.t adjuz t n1e.nt eho·1.1ld · a~a or both the et'i"ects 

due to Age and Year in su.bee 'U r.rt .alyaes . Aa will be 

eho n later, tis has been accomplishe d by doing the analysis 

sep rate ly E'11r en.ch clgt g=-eu.:a:, cu an intra-~t:ar uaeia . 

B. Estimate, of "'Repeatao11.1ty ot the Nwnber of Lambs 

Born 

(a) Methods of Analys i s 

Techniques a_pprcpriat or .m a.suring the amount of 

association in discrete data are ittle developed, and 

thoae that a.re a.v: ilable pear to w.·fur from cert in 

limitati na. Fo he lac f better 1d more p eoiae 

t cbniques, K rl Per on• Co f fioient o -ean Square con­

tingency (1904 , 1913) and th co.rr lation etho ven y 

Peters a.nd an oorhi {l 40) er d. ful dia-

cuaaion on t ae Ul\ tions and l 1 t ti na of th ae two 

met ode baa been given b7 ae (1946) and will not be 

r peat.e h re. 
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In addition, the orclinary product-moment method 

(Snedecor 1950) was also used to canpute the correlation 

between: (1) the number of lambs born to two-tooth ewes 

and the average number of lambs born to them in subsequent 

three lamb1nga i.e. th average of their four-tooth, six­

tooth and eight-tooth lambing records. 

(2) the average number of lambs born to no­
tooth and four-tooth ewes and the average of their sub­

sequent l ambings at s ix-tooth and eight-tooth. 

Strictly Bpeaki ng , the proch:.c t -ir,oment Correls.tion method 

is satisfa ctory only for continuoua var i,~tcs . The con­

s e~ue ces of its application to the ~resent data are not 

knov,n. I t i s nece~sary to I"egard the results th\18 obtained 

ao approx~mationa. 

(b) Results 

Table Ill surn:mariaes the results obtained b7 Pearson's 

Coefficient ot ean Square Contingency Method. Results 

deriv d from them thod of Petera and Van Voorhis are given 

in Table XIII. ~here is no method Tailable for teatinc 

the atat1s"tieal a1sn1f1cance of coefficient• ob1ainecl by 

the latter a thod. the nuabera of pairs of obae~"t1ou 

for each coeft1c1 n~ are included 1n both T blea. 
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Table llI. Estimates of Repea~ab111ty ot the 
Bum-ber of LEJJD.ba Born 

~ 
2th 4th 6th 8th 

2th 0.135• 0-246** 0.165 

4th 540 0.247•• 0.135 

6th 475 532 .124 

8th 195 220 228 

* _p L 0.05 ,.. p L0.01 

Table XIII. Estimates of Repeatability of the 
Number of Lambs Born 

~ 
2th 4th Q'th 8th 

2th 0 .132 0.166 0.101 
I 

4th 540 0.166 -0.023 

6th 475 532 -0.019 

th l 5 22 228 

e n t be o lambs born to 

to-tooth e ea an ih &Tera e mamb r of lamb born to 

t four-tooth, 1x-tooth and i ~-tooth is 0.132. 

fhia, with 2 d r s re om i• ei fieant at the 
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5 per cent leTel. The correlation between the average 

number of lambs born to two-tooth e.nd four-tooth and the 

averase of their subs quent lambings at six-tooth and eight­

tooth 1s 0.192. This, with 269 degrees of :freedom is sig­

nificant at the l per cent level. 

(c) Discussion 

The ranking of the repeatability at comparable ages 

is silD1lar in Tabl XII and Table XIII. Both methods 

appear to give reasonably consistent results. two 

negative estima tes 1n Table XIII are probably due to 

sampling errors. It may be noted that they are baaed on 

a smaller number of observations. 

No previous investigation of this aspect 1n the New 

Zealand Romney haa been reported. ConaP.quently comparison 

of results can only be made with other breeds. Of the 

estimates ot repeatability resent din Table IV in the 

rertew of literature, only part of Johansson and Hansson'a 

(1943) findings are comparable with the present result. 

They reported th Taiue 0.,148 (Shropshire), 0.173 

(Cheviot.) and 0.194 (Landraee 1) e ti.mates of repeat-

a'bili t:, we n two-:,e - tbr -y r-ol l bin& 

reco da. ~h c parable T&lue :troa th presen't •tu47 

are 0.135 ancl 0.132. !h ir atiaatea ot re atab111,7 

betwee11 averag-ea of two-and three-yea -014 and four-and 
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five-year- old lambing records are 0.249 (Shropshire), 

0.257 (Chenot) and 0.275 (Landrace P). The preaent 

estimate is 0.192. It is noticeable that 1l1 all cases 

their values ar· higher than those of the present atud.7. 

Ra.sons for this difference are not clear. Their results 

wer, howeTer, baaed on a considerably larger amount of 

data. It is also possible that the relatively low repeat-

ability of the number of lambs born is a breed character-

istic of the Bew Zealand Romney. In general, it ay be 

concluded that repeatability of the number of lambs born 

1s low in the present data. 

That the character - number of lambs born per ewe -

is _great Ly influenced by en-vironmen'tal f aeio-re y b 

inferred both from the present estimate of re peatability 

and the knowledge of reproductive physiology in s heep. 

These eff cts due to environment tend to confuse the sheep 

breed r in his attempt to select animals of aatist ctoey 

breeding value. By using the average of repe t d 

observations in a selection program:m.e, a e but not 11 of 

the t mpora17 enviro ental ffecta 11 h Te a chance to 

can.eel out. ! • xpectation ia that only 1/n of~• 

YU"ianoe au e4 by raw4o environaen~ 1 chan ea will reaain 

in awras a of n obeena~iona. Cancelling part of the 

tempora17 euvironaent l Tari.ance reduc • t e total ph no­

t7p1c Yariance an4 therefore the heri'h.bilit of tbe reaain-

111& difference• will b hi&h r. If, ho eYer, the difference• 
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between repeated observations are largely due top manent 

enviromnental effects, epistasis or dominance. heritability 

will remain low. 

While considerations from repeat bility alone suggest 

the use of the average of repeated observations to increase 

the accuracy of selection, the fact that this results 1n an 

increase in the generation interval must not be overlooked. 

Dickerson &nd Ha~el (1944) have d1$~~Lsed ~t len~th the 

:cela t 'ions~ip be t ween eneration int. erval au.d thE! genetic 

pi: ogreo · .i:1er unit 01 time . Ihe nee saary d~lay in waiting 

for y t 1:..otn.s r lam.bin reco d i-rolon~s tha · eneration inter­

val 3.lld i 11 ~(;!neral, tlds rr.:J:J result in :..~eduction of the 

ex~ected g n tic prv a~ per 7~ar. If ~he yE6&ent 

~stlmates oi repe t&bility ~ere takeL ~i heir face Talue, 

compa1ison betwee~ the exp cted gai~ fr m el ection, 

based on on re!lord aud tha avt;r&g~ of t wo 1·e Ol'ds, may be 

made. '"hen lection i s b e sed on t ,1,0-t .)th lambing 

records alone, ap_proz:imataly nin. mo-:re lu.mbs per 100 ewea 

put to the r can e x:p c ed fro.m tha a r e of ihe next 

t ee on ec t ive lambin • Th.i. 1 i ic ted b7 the re-

ion co f icient. .o87 ! . 4 • t other hand, it 

1 s t b of -t l first two records, 

th t;a x t d fr h e nt t ,a 1~_,.,_,l_ ia 19 

l x 1 O e -. u. t o t 1 • T... :.,oncltnc r•-

n or icie~t i~ 0.191 ± .060. t conai4er-

ble in r v.lt from a.it fr cod re 1"4. 
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It 1t is decided to wait for two records, then two 

possible methods of selection re available. Firstl7, 

all ewes a1·e retained until they have had two records, 

the average of the two record being used a a hasis for 

selection. SecGndly, a plan of-sequential culling could 

be used. In this pl.an, some culling is done ldter the 

first record is uvailable and the remaining selection 

potential is u.sed at the completion of the second record. 

The ex.ectated guins from selection y these to methods 

are not t h s twe but the cor ey_uences of sequential culling 

in the- present de.ta have not lJeeu worked out. 

C. E tim&tiou of Heritability of the Uumber of Lambs Born 

Methods of Analysis 

All methods of estimatin& heritability rest in one ay 

or another on meas · ing the extent o ~hich related indiv­

iduals are more a.like than unrelated ones. In principle, 

the conceptual model underlying the estimation o herit bility 

is s ed to be linear; P H + E + J 

w re, P 1a the ph no~ype of th 1 dividual 

His her d1ty in the 

1 enviro nt, and 

J re r t the Joint 

n ·o n 

rod e 

tf eta due to heredi i7 
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The difference between two individuals is usually ascribed 

partl7 to the difference in their heredi't7 and partly to 

the difference 1n their environment, for example, 

P1 - P2: (H1 - H2) + (E1 - E2). 

The Joint effects due to heredity and environment are 

those which can not be ascribed to either heredity or 

environment alone and ar often called the non-linear 

interactions between h redity and environment. Non­

linear interactions may take several forms and according 

to Mather (1949) they are: 

(1) Enrtronmental factors which may interact with one 

another. This should be examined only in so far as it 

improves the accuracy of measurement. 

(2) Interaction between allelic genes or Dominance. 

(3) Interaction between non-allelic genes or Epistasis, 

and ( 4) Heredity and environment interaction. 

Prom the view point of the estimation of heritability, it 

is desirable that the choice of a scale of measurement 

or 1n statistical t J"DlB, a tranaformation should be aimed 

at ainillising and where possible, eliJllinating all inter­

actiona. Given independent and autfic1entl7 detailed 

lmowledge of the aodea of gene action, an appropriate 

acale could be cteTiaed. Vnto~tel7, preaent knowledge 

of polygenio action ia 'too ••asr• to enable a aoale to be 

conatructe4 hav1ng the above propeniea. Uauall7 • a 
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scale is chosen pirieally and maillly from considerations 

of convenience: for instance, the seal of zero, one, two 

or thre lambs born per birth. Cons quently, the linear 

model of estimation based on an empirical scale is only an 

approximation to the scale on which the genes actually 

work. 

Choic of a scale according to the "interaction• 

criterion is not possible. There are, howeTer, other 

criteria which have been inve tigated and may be useful 

for a particular purpose. Thus Rae (1950) reported a 

technique of finding the scale by maxi.mising the regression 

of offspring on parent. By doubling the value of the re­

gre sion coefficient, the heritability estimate can be 

found. This technique is then e quivalent t o f inding the 

scale to maximise the heritability of the character being 

measured. Since genetic progre s depends much on the 

ize of heritability, the criterion of maximising the 

heritability 1s a useful one. 

ethod I. 71nding Scalea to axt• i ae Im Begre sioa 

ot Daughter on Dall 

(a) ••thod of Analyaia 

!he mathematical aoclel fl&•• waed to r•preeailt ·the da'ta 

ia: 

1 • l •••. n 
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•here, Yi is the observation on the 1th offspring. 

a 1a the population mean of the Y value 

bis the regression coefficient 

Xi is t he observation on the 1th dam 

x is th ean of all dama 

•1 is the error as ociat d with the Yi· 

The problem i .s essentially one ot predictive eatimation 

i.e. to predict the breeding Yalue of 'the parent from 

its offspring. The present estimation of heritability 

Nas done separately for each age group. In oth r words, 

the dam's reproductive performance at a given age as com­

pared with her daughter• performance at the same age. 

Arguments in favour of calculating the regression and 

eventuall.7 the heritability separately for each age group 

are: 

(a} An eatiaate of heritability is a description of a 

particul.ar characteristic in a certain population at so e 

d f1Dite moment (Luah, 1948). 

(b) Genetic variance ot the character may T&r7 with age 

if aoa• aenee have ettecta which are manifested onl.7 at 

certain aa• or ataae of deTelopm.eni of 'the ans-1, e.g. 

gen•• tor balclne•• or gray hair in aan or genea affecting 

the sound.Dea• ot udder attachment in 4a1.ry cattle. A 

chanee in genetic Tariasce •111. alter the nlue- ot herit­

ability. 

(c) Earlier anaqaia on the incictencea ot barrenneaa, 

ain le binu ancl twin birth.a in the preaent claia, haa 
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shown that they were 1nfluence4 to a considerable xtent 

by the eff et due to age. A further point to note ia 

that where a dam has ore than one daughter, the d •s 

record was used repeatedly to form the daughter-damp ir. 

Xempthorne and Tandon (1953) haTe devi ed a more ftici nt 

wighting method 1n dealing with this situation 1n the data. 

HoweYer, only a few dams haYe ore than on daughter in the 

present data, little can be gained by using this ore 

sophi ticated technique. 

P1ndiag the seal to maximise the daught r-d re­

gression is essentially the adjustment of various values of 

x1 and Yi so that bis as large as the data will permit. 

The derivation of the maximising process, howev r, as hown 

by Rae (1950) 1 bri fly as follows: 

The data are arranged in a contingency table with the grades 

for dams on one axis and those of the daughters on th 

other. Arbitrary scores, t1, are assigned to the grades 

(1,j = l •••• p). Let DiJ be th number of daughter-daa 

paira in which the aoore of th d 1 t1 and that of the 

daugh'ter tJ. In addition, let D1•• 4 n13, n. J -~ D.iJ 

and n .. • f,- 1111, then tb na of crosaprodu;t.a (P ) are 

and 1ihe alUll ot aquu-ea tor dalu (S) are 

2 (f "1· t1)
2 

-rn1• -t1 - n •• 
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p 

!he regreaaion coefficient b • /s i• to be 11&Xilliaed b7 

the choice of the appropriate t1• On 41tferent1at1q 

with respect to the t1 and aetting the resulting equat1ona 

equal to sero, the following expreasiona are obtained, 

81, 
af1 • 

s ap _ P.8S 
"TI1 ~1 

s2 

!hus, oP 
a"'f1 

- 8s -n1 -o 

or 8P = P • 8 S 
di1 1' a'Ti 

A system of linear hoaogeneous equations may be der1Ye4 

from th expression aboYe. The neceasar, and sufficient 

conditions tor their solution are that the determinant 

ap _ as b 
a1'1 '"aft 

be equal to zero. 

'fh regression 1s maxiaised 'by taking bas equal to the 

largest root of the aboYe 4eter:m1nantal equation. In 

or4 r to find the largest root, th iterative aethod given 

by Aitken (1936-37) may be uaed. !he product matrix 

,.i 

[ § 1
1
] [~ f 1] ia f ol'lle4 and i ta tranapoae ia repeatedly 

pre-llllltiplle4 by an arbitrary Yector. !he largeat root 

ia found by taklq the ratio of correapon41ng elwnta of 

the laat two Yeotora after a auff1c1ent nuaber of pre-

1Nlt1pl1cationa. Twice the •lue of tile largeat root 
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In order to solve for t1, th largest root b ia 8llb-

stituted back in the determinantal equation. This results 

in another set of linear quations and as they stand, 

there is no unique solution for the t1 (since the valu of 

bis found eo that the determinant shall be equal to zero). 

It 1 convenient to fix t 0 at zero and tp at some value, 

say l or 100. Unique values for the remaining t1 can then 

be found. The values obtained tor t1 are subject to 

errors of sampling. No exact test of significance is 

available for testing the differences between any t wo sets 

of scales thus obtained. Little is known about the statis-

tical properties of scales derived in the above manner. 

(b) Results 

The following example was chosen to 1llustrat the 

computational processes involved in finding the scale to 

maximise the regr saion of daughter on dam. 

Ewes classified according to the number of lambs born 

at th ir two-tooth lambing are &IT&nged 1n a contingenc7 

table below • 

.u-sr. to t1 t2 t3 s • Daa 

to 16 16 14 0 56 

t1 31 191 58 0 28o 

t2 1J 105 39 0 157 

t3 0 2 0 0 2 

SWll8 60 324 111 0 495 
-
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where t 1 (1 • 0 ••• 3) denote the scor s for the grades 

according to which ewes are clas ified i.e. barren ewes, 

single, iwin and triplet births. Earlier analy is bas 

sho n that effect due to year bave some int°luenee on the 

1ncid nces of barrennes and single and t win births 1n the 

present . data. Thus, by computing the regre aion bona 

intra- year basis, the complication arising from the 

effects due to year are avoided. No new principles are 

involved except the regression co fficient i now equal to; 

b = Total cross 
T o a Ul4"1t1.1.'1::a ams 

It is computationally c on enient to leave crossproducts 

and sum of squares in t he form of matrices. Thus, 

Total crossproducts= nn1J t1 tj = 16 t~ + 57 t 0 t1 + 

•••••• + 39 t2
2 

+ ••••• + o t33 may be written as: 

to t1 t 2 t3 

1io 16 57 27 0 

t1 191 163 2 

"2 39 0 

t3 0 

ar Croaa producta • ~ 
Cf n.i -~> lf n. ~ t~) 

n •• 
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to t1 t2 1i3 

to 6.787879 33.939394 19.030303 0.242424 ' 

t1 36.654545 183.272727 102 .763636 1.309091 

t2 12.557576 62.787879 35.206061 0.448485 

t3 0 0 0 0 

For instance, the value in the first element of the lead­

ing diagonal of the matrix was obtained as follows: 

60 x 56 • 6.787879 
-495 

. Total cross product - Age cross product a P 

Substracting element by element, the following matrix P 

was obtained: 

to t1 t2 t3 

~ 

to 9.212121" -13.593939 -4.587879 -0.242424 

t1 7. 727273• "-2.551515 0.690909 

t2 3-793939 1 -0.4484-85 
= I Pl 

t3 0.000000 ./ 
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Differentiating P with respect to t1 resulted in, 

to ti t2 t3 

18.424242 -13.593939 -4.587879 -0.242424 

-13.593939 15.454546 -2.551515 0.690909 

-4-587879 -2.551515 7.587878 -0.448485 

-0.242424 0.690909 -0.448485 0.000000 

Similarly, total s-um of square for d:J.mS and year sum of 

squares fQr dams were computed. Subtracting element by 

element and diff rentiating Matrix S with resp ct to t 1 , 

the following expr ssion was obtained. 

to t1 '2 t3 

99-329292 -63.353536 -35.523232 -0. 452526 

-6).353536 243-2.32324 -177-616162 -2.262626 

-35.523232 -177.616162 214.408080 -1.268686 • I as I ai1 
- 0.452526 -2.262Q26 -1.268686 3.983838 

-
~he equatio tor atiIU ang t,u t1 ar not independent 

since the7 a •o- zero ov, r any row OJ" column. The 

a1apleat way to make the 1n4•pendeut ia to place '11 equal 

to sero hieh reaulta in the d l tion of the first ro• and 

col1111Jl 1D 1; e las1; ho ta lea , In~ and 1: iJ ). 



the 4e'lend.nao.tal equationa were thens 

15.454546-243.232324b,-2.551515+177.616162b, 0.690909+2-•262626lt 

I ~ t1 - ; 11, . -2. 551515+177. 616162b. 7. 587878-214. 408o80b. -0. 448485+1, 268686111 = 0 

o.690909+ 2.262626b,-o.446485+ 1.268686~, o.oooooo-3.983838lt 
-1 

,he produc, aatrix f~ 11] [* {1} 'being 

.148967, 0.036411, 0.003398 

.113256, 0.065125, 0.000737 

.294108,-0.011156, 0.002165 

• f 8 s J-1 Ca P l 
at1 la"f1J 

fhe tranapoae of fK.r1 
[ ~ f

1
J waa found and 1 t waa pre-1 ti plied by a ohoae 

Yeotor aa below, 

o.14s9a1,o.11325,,0.29410B 

0.036411,0.0,,12~-o.011156 

Ohman 
Teator I II III . IV 
· 11 lo.1as11, 0.03540s 0.00663110.001241 

• 111=10.179118 0.033211 0.00,20,10.0011,1 

o.0033,a,0.0001.31 ,0.002~,, I 111 10.2251111 o.04326JI 0.00814410.00152, 

~ 
N 
I 
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The first "flllue in Column I was obtained as follows:-

0.148967 x 1 + 0.0)6411 x l + 0.003398 x l • 0.188776. 

Values in Column II were found siJlilarly, 

e.g. 0.015408 • 0.148967 X 0.188776 + O.OJ6411 X 0.179118 

+ 0.003398 X 0.225117 

Ratios between corresponding Y&luea in aueceasive colwana 

have been listed below. 

II/1 
0.187566 

0.185414 

0.192180 

III/II 
0.187274 

0.186836 

0.188244 

IV/III 

0.187151 

0.187107 

0.187377 

It can be seen that in IV/III, the ratios are prac­

tically equal 1n size which indicat that no further iteration 

is necessary-. This is the value of the largest root. 

Thus b • 0.187. The e~timate of heritability is twice the 

regression coefficient and is 0.374. The value 0.187 was 

then substituted back in 8 P _ d s b to solve tor t;.. 
"a'T1 a'l"i 

HoweYer, since the T&lue of b waa found ao that the deter-

ainantal equation shall be equal to aero, there 1a Do 

uniq11e solution tor the t1• !hia may be oTercoae bJ: fixing 

t4 at aOJRe conTen1ent !l1111lbe~ aay l or 100. Harlng done 

thia and aolYed 'lb aet of sUml.taneoua equati.ou, ti aa4 

0.813 and 0.761 reapect1Yel7. Thie, 

howeTer, is Do~ the eaa~eat aethod ot coaputation to obta1D 



-64-

t 1 • The iterative method used give• the n.luee of t1 

an4 t 2 directly in addition to the Yalue of the largeat 

root. Thus the value tor ti can be found by dividing 

the first num.ber in CollDlll IV by the laat D.Wllber 1n that 

column, 1.e. 
0

•
001241

/0.001526 = o.813 and t2 is equal 

to O.OOllol;o.001526 = 0.761. 

!he following table is a awmnary of result• obtained 

in a s1a1lar manner to that deacr1be4 above. In addition, 

tor the purpose of comparison reareasion coefficients 

were comp11ted by the product-moment method using the saae 

data on the empirical eeale of meaaurement, i.e. O, 1, 2 

or 3 lambs born per birth. 



AaB 

2-th 

4th 

6th 

8th 

table XIV. Eatimatee of Heritability for the •umber of Lambs Born. 

l(prs) 

495 

420 

356 

77 

.A. 

(b: Kax1•1aed Regression Coefficient, H • Estimate of Heritability 
)aae4 on the oaloulated aoale, b' • product moment recreseion, 
11''• Eetimate o~ Heritability baaed on the empirical aoale) 

A 

' 
_, 

to t1 12 t3 b B b B 

0 0.813 0.761 1.000 0.187 0.374 0.086 0.172 

0 0.973 1.000 1.000 0.050 0.100 0.033 0.066 

0 1.291 1.118 1.000 0.123 0.246 -0.046 0.000 

0 1.704 0.491 1.000 -0.127 0.000 -0.185 0.000 
l 
V\ 
I 
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Purth raore, it waa thought that the small number of 

observationa in the triplet birth claaa or t3 may unduly 

influence the regression slope. Consequently, heritabil-

ities wer re-estimated excluding the triplet birth class. 

!he results are presented in the followin,s table. 

Table xv. Eatimate of Heritability for the Bwnber 

of Lambs :aorn. 

AGE 

2th 

4th 

6th 

8th 

,,...... 
(o = MaxiJllised Regression Coefficient, H • Estimate of 

H ritab111t7 based on the calculated scale, b'. 
product-moment regression, 1t ' • Estimate of Heri tabil-
1 ty based on the empirical cale) 

lf(prs.) to t1 t2 b 1i' b' 'i' 

493 0 1.063 1.000 0.186 0.372 0.091 0.182 

409 0 1.013 1.000 0.130 0.260 0.002 0.004 

341 0 1.146 1.000 0.135 0.270 -0.041 0.000 

75 0 0.924 1.000 -0.025 0.000 -0.068 0.000 

(c) DiBC\lSSion 

fhe T lue of the largest root of the determinantal 

equation and ecale• obtaiDecl fro• it ie a property of the 

data and not a cone queace of the ••7 in which it wali cleter­

lline4. file procedure of aax1a1riJ1& the regreaaion of off­

spring on daJll doe not appear to illtroduce 41tt1cultiea _o~ 

genetic interpretation of the reaulu since: 
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(1) the data were from a rancloa bred population, and 

(2) the enYironmenta of 4am and offspring were aaawae4 

to be uncorrelated. 

Heritabilitiea thus estimated include some of the epi­

static Tariance in addition to the genie variance. Con­

sequently, unless the epistatie variance is zero, it 11J8¥ not 

be interred that scales found are such that the ratio of 

the additively genetic Tari nee to the total Yariance is 

max1miaed. 

It should be realiae4 that strictly speaking herit­

ability estimates presented in !able• XIV and XV are 

associated with an~ have meaning only in relation to the 

acales accompanying them. Size o:t sampling errors of 

theae scales is, howeTer, not known. Thus, interpreta­

tion of these scale ia difficult. Reverthelesa, they 

do indicate that barren ewes i.e. t 0 and other ewes i.e. 

t1, t2 and t3 are pro bly more different fro the 

genetic Tiewpoint than is uaually recognised. 

Ia en ral, witMn an;, given age group, the eatimate 

oft regre ton coe!ficient by the aaxiai 1.ng procedure 

1• larger than t i :toun4 b7 e1gning the aeon• •' equal 

inteJ"'l'&la t.e. o, 1, 2 d J. --•- ••ion co-

eft1c1enta lao are subject to s 11n errors aD4 at 

p ent, no thod ~a available to d tenaln their •1••• 
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Meta<,d II. Pat rna1 Half'-aib Cor.rela~ien 

The paternal half-sib correlation is usually cal­

eul.ated as an intra-claaa correlation from an anal7aia of 

variance of the following type: 

Souree of Variation d.f. Expectation of Suma of Squares 

Betwaen Sires k - 1 (k-l)B + n(k-l)A 

Within Sires k(n - l) k(n - l)B 

where; k is the llWllber of Sires 

n is the nuaber of ot:Cspring in each sire group 

B represents the variance between offspring which 

have the same sire, i.e. paternal balf-sibs. 

A The additional variance between offspring b7 

different Sires. 
A 

The paternal half-sib correlation is I+!. .Multiply-

ing this correlation b7 four gives an estimate of heri.t-

ab111ty which contains the genie variance, small portion 

o.f the epistatic variance if that exis'te but nothing from 

either dominance er aternal effects. 

Method IIa. 1'1lldiag ae le 'to V&x1•:t•~ the Pat :mal 

H 11-.1 c~rrelaUoa 

"" aam a.a I ~ ot tin ug acal • 'to man.use 1 e re,reaeioa 
. 

Bowa..-•r• to aaximisa tit, corr-ela11oll 



= 

A 
l+ B, 11i 1a neeesaary to find the scale which makea the A 

component as large aa possible and the B component aa small 

aa possilale. This may be done by- finding the scale so 

that the ratio of the awn of squares between sires to the 

total sum of squares is maximised. The theory involnd 

here is the same as that given by Fisher (1950). Thu 

only a nWDerical example will be given to illustrate the 

arithmetical handling of thfl data. Correlatiou on· an intra-

year basis were computed separately for each age group. 

(b) Results 

The table shows data on 792 four-tooth ewes classified 

according to Sires and according to the number of lambs 

l,orn. The scores to, t1, t2 and t3 are to be found by 

the maximising process. 
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SIRE 'o t1 "2 '13 SUiia 

A 6 34 11 0 51 
:B 2 26 9 0 37 
C 2 2 5 2 11 
]) 2 8 7 0 17 
E 5 27 13 1 46 
p l 25 10 0 36 
G 3 26 13 0 42 
B 3 21 6 0 30 
I 3 7 5 0 15 
J 1 30 15 0 46 
X 10 27 20 1 58 
L 2 23 8 0 33 
X 0 2 2 0 4 • 9 29 25 0 63 
0 7 34 14 0 55 
p 2 33 23 0 sa 
Q 1 36 21 0 ;8 
R 7 31 18 0 56 
s 7 21 27 l 56 
! 0 1 l 0 2 
u 1 1 l <., j 
V 0 2 0 0 2 
w 0 3 5 0 8 
X 0 l 1 0 2 
y 0 3 0 0 3 

Sums 74 453 260 5 792 

to-..,. fixed at O and t3 was fix d at 1, 1.e. "o • O an4 

t3 • l. 

!ota1 sWll ot quar a; 

~ t2, l 

'1 453 

'2 '2 0 

1 5 
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Correction factor for effects due to year; 

°'1 "2 l 

ti 259.102272 148.712121 2.859848 

"2 148.712121 85.353535 1.641414 

l 2.859848 1.641414 0.031566 

Total sum of s qu res - Correction factor for effects due 

to year; 

ti "2 l 

t1 193.897728 -148.712121 -2.859848 

t2 -148.712121 174.646465 -1.64-1414 

l -2.859848 -1.641414 4.968434 

SWR of s quares between s1res: By squaring the number of 

daughters in each classification or multiplying the number 

of daughters 1n e ch p ir of ela aif1cat1ons and dirtding 

by the tQtal numb r 1D tbe sire group aud imm• 1 ng oTer all 

sires 1.Jl.e f oUonng array •aa obtained. 

·'1 t2 1. 

'1 269.482731 142.266199 1.7911.10 

'2 142.266199 91..256548 2 .. 018670 

l 1.791110 2.018670 0.420474 
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2 (.J.!. 4) 2+ (4l} 2+ + Cl) 2+ tl) 2 
e.g. Coefficient ot ti • ,r ~, •••• ~ "'J 

• 269.482731 

or Coefficient of t1t2a (345i 11)+ (26j; 9)+ ••• + 

+ (~) • 142.266199 

S of qu.ares between sires - Corree'ti ,n facto1· tor 

effects due to Tear: 

t1 t2 l 

"1 10.380459 -6.445922 -1.068738 

t2 -6.445922 5.903013 0.3112s, 

l -1.068738 0-377256 0.388908 

(l x l} 
2 

To find the valu a of t1 and t 2 which will make the ratio 

• Year corrected BWll ot aquarea between airea 
Year correeiel ioiai um of quares 

a aax.1.Jma, 1 t wa necessary to aol ve the following cteter-

aiuantal equation for ita largest roo~. 

10.38o45g-193.89772&e.-6.445922+148.712121e,-1.0687J8+2.859848e 

- 6.445922+14s.ru121e, 5.90301J-174.646465G, o.3772;,.1.64141 

- 1.068738+ 2.859848e. 0.311256+ l.641414e, o.J889084.968434e 

'lh lar eal root of t e uat·1on waa foUD4 to ~ e. 
0.096 with aoale• t1 • -0.155 an4 t2 • -o.o 3. Co•pv.ta­

·tto-na1 ta hniqua waed t tind the 1&r1••• .roo, and •oalea 

••r• the aaa• u tha uN4 1D -tha kqhter-Daa recreaaicm. 
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An pproximate teat of significance of the differ nc.ea 

between sire groups, which was at the aame time a test of 

significance of th intra-class c~rrelat1on, followed 

directl.7 from the definition of e without the necessity of 

recalculati{Jn. 

Analysis of Variance 

Source of Variation d.f. Sums of Squares Mean Squares 

Between Sires 26 0.0963 0.0037•• 

Within Sires 765 0.90.37 0.0012 

Total 791 1..0000 

•• p L.0.01 

Two degrees of freedom for the two adjustable coefficients 

t1 and t2 were adde4 to the degrees of freedom between sires 

which were equal to 24, while two were subetracted from the 

degrees of freedom within sires. Piaher ·(1950) baa 

deaonatrated an approximate test of significanc for acalea 

so obtained. Briefl7, it c onsi.ata of computing an analysis 

of coTariance be"tw en a given acale and that found by 

maxiJl.is1ng ~h• ratio•~ lhe SUIUI of squares ~o show whether 

1;he giTen acale wu autf1c1ent to explain the apparent 

difference• be • - •ire. ~1.,, (1951-52) baa -

deTelopecl a aore preciae teat of •i&nifioanoe tor th••• 

acal••• The preaent purpose 1•, howeqr, 'to f1.nd 'the 

correlat.1on an4 to eattaah -the herihbilit7, consequen,17, 

ii d14 not warrant the coaputat1onal l.a-bour to teat the 

•icniticance o~ Ill••• aoal••• 
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The following table is a summary of results obtained 1n 

the aame manner as described above. lor the purpose of 

comparison intra-class correl.aiion coefficients (r) were 

COlllputed ua1ng the equally spaced empirical scales, i.e. 

O, 1, 2 and 3. 



AGE 

2th 

. 4th 

6th 

8th 

table m. Eatimatee of Heritability ot the Number of Lambs Born 

No. or • Sires 

-( e. Max1m1eed 1ntra-olasa correlation, H • Eatimate of 
Heritability based on the calculated scale, r • I~tra­
claee correlation baaed on the empirical aoale 1 1f -
Estimated Heritability baaed on the empirical scale) 

,.,...._ 
,,..__ ' to '1 t2 t3 0 B r B 

So triplet Birth among thia Age group - - - -
792 25 0 -0.155 -0.063 1.000 0.096 0.364 0.032 0.128 

695 18 0 -2.s19 -0.359 1.000 0.066 0.264 0.053 0.212 

J27 18 0 0.375 0.540 1.000 0.073 0.292 0.071 0.284 
t 
VI 
I 
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After excluding the triplet birth-class owing to ita 

small frequency, th following reeulte were obtained. 

!able XVII. Eatimatea ot Heritability of the Number 

of Lambs born 

AGE 11 

2th 867 

4th 78'; 

6th 68~ 

8th 321 

.......... ( e • Maximised intra-class correlation, B • 
Estimate ot Heritability baaed on the calculated 
scale, r : Intra-claa_A correlation baaed o:n 
the mpirical ac l, H'• Estimate ot Heritability 
based on the empirical seal) 

~o.o:r 
"' .......... ' $ires 'o t1 t2 e H r B 

. 
26 0 -2-556 1.000 0.041 o.164 0.023 0.092 

26 0 2.520 1.000 .0.052 0 .208 0 .028 0.112 

18 0 6.500 1.000 0.063 0.252 0.052 0.208 

18 0 0.619 1.000 0.075 0.JOO 0.075 0.300 

.. 

(c) Discussion 

The r li bility of heritability estimates derived 

froa the analyaia of variance dependa aore on the nuaber 

of airea than on the nwab r of off• prin& in each a1re group. 

~he pnaent data contain from 19 to 26 airea, ftr71ng from 

ac• gro,ap to&&• croup. 

~ the equall.7 apaoe4 empirical. acalea ••n uaed, 

eatiaatea of her1t•b1lit7 appeared to increue with age. 

!hia llQ indicate that an in41rtdual.'• breeding nlue for 

the expreaaioa of nuaber of 1-ba born reache• ita aarlm 



-11-

when it ia four or fiTe years old. How ver. lack of 

ccurate measure of sampling erron ot theae ••tillatea 

does not warrant further conJeeture in thia 41reetion. 

NegatiTe Taluea obtained for the scales may have been 

4ue to sampling errors, but in general, the;y are difficult 

to explain. 

Mu.ltiplic tion of the correlation betw en half-aiba 

by four in order to estimate heritability is a serious clr w­

back to this ethod. It magnifies &JlT sampling rror 

which~ b in the estimate. It, neverth less, introduces 

no ystematic bias but merely either ov r- or under­

estimates the true her1tab111'7. By increasing the DWllber 

of sires and the mua'ber of daughters 1n the a ire groups, 

these sampling errors can be reduced. The pres nt degrees 

of freedom between sires are relatiTely amall aa coapared 

with the nllDlber of degrees of freedoa used in the regression 

of daughter on 4 , consequently, atim.ates of heritability 

derived from the latter thod are conaidered to be aore 

reliable. 

Metho4 II(b) Anal.7aia ot Variance on the Aaauaption 

ot Bin.old.al Diatrilmtloa ot the Data 

(a) •etho4 of Anal7a1a 

In the praaent .. thocl• ii 1• auuae4 that the 4ala 

are cliatr1bute4 ltiDOllially. the aa'tclre ot ,11e binoaial 

nriation haa alrea4y been 41aouaaecl an4 will aot N 

npeatecl hen. 
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The present statistical model used is that given by 

Lush, Lamoreux and Hazel (1948). It is es entially an 

analysis of variance of the same type as the one given 

earlier in this section. The millor modification of the 

present model lies in the composition of the expectation of 

Mean Squares. For the sake of clarity, the whole analysis 

of variance table is outlined as follows: 

Analysis of Variance 

Source of Variation d.f. Sums of Squares Expectation of 
Mean Squa.res 

Tota l N - 1 (T - A)A 

' Between Sires k - 1 By difference W + SB 

Within Sires N - k z: ( t1 - 8 i) a1 w 
i t1 

Where N •~and is the total number of offspring 

k is the number of sires 

A is the total number of e es of a given 

attribute, e. g . barren e es 

Th derivation of "the total swn of squares can be shown as 

follow: 

Total s 

Tari.ate. 

of squares s L x2 - (~) 
2 

as tor a eoniimioua • 
Let barren ewes have a Ya1-ue of 1 and ot.her ewes O, the 

total s of squares ia then equal to 
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Similar reasoning lead to the expression tor co putinc 

within sires sums of squares 

1 : l ••• • k 

Where -t1 is the nwnber of offspring in a sire group and 

•1 is the number of offspring ot a given attribute, 

e.g. barren ewes. 

In addition, W represents the variance betw en offspring 

which ha ve the sam. sire, i.e. paternal half-sibs. 

Bis the additional variance between off­

s pring by differen~ sires. 

S 1s the weighted averag nWllber of off­

s pring in e ch sire group and is com.puted aa 

- 11 - ~2 
s • k-1 

Likewise, the paternal half-sib correlation is d&fined as 

J..... 
W+B 

ultiplying t his ratio by four giTes the heritability 

ea"timate. 

!he variance in binoa1&l data 1a correlat 4 wi'th th 

mean and thua com a very 811&11 when the proportio ot indiv­

idual• 1D either on ot th two au'tuall.y xcluaive claa• a 

approachea aero. !hia relationship akea he• timate of 

heritability- baaed on obserYed d t dependent, in pan, apon 

th &Tera e incidence ot th a~tribu'te. Consequently, • 
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correction is required 1n. order that various estimates of 

heritability baaed on different incidences of a given 

attribute may be CClllpared. This correction as given by 

Lush .!!.!l• (1948) ia made by multiplying the estimate of 

heritability by a factor p(l - p) 
z2 

wh re, pis the fraction of ewes of a given attribute, e.g. 

barren ewes, and 

z is the height of the ordinate which truncates p 

of the area of the Normal curve. 

The presence of z in the correction factor implies that the 

additive genetic values of the character are distributed 

normal.ly, although their phenotypes are ot an all-or-none 

kind. This correction transforms the estimate of herit-

ability from the actually observed porcentage scale to the 

genetically more accurate heritability on the probit scale. 

(Lush et al. 1948). --
In order to :void the problem of proper weight in the 

preaent data, sire groups with less than 10 daughters were 

excluded from the analysis. 

an inaignif'ican"t aaount. 

(b) lleaulta 

Data thua discarded were of 

!he f~llo 1 If bl a fflII an4 XIX · ar1.ae the 

eatlaatea of heri 'lald.11 t7 of barrenaeaa (Kb) and iw1-nn1ng 

tendency (Rt>• 



Table XVIII. Estimates of Heritabilit:, for Barrenness 

tto. o:r 'lo or -Sb 
(fr'!t1i AGE Sires Barren Ewes (Percent. 

Scale) Scale) 

2th 25 13.95 0.097 0.234 

4th 18 9.57 0.042 0.124 

6th 18 6.29 0.108 0.417 

8th 15 5.52 0.000 0.000 

Table nx. Estimates of Heritability tor Twin Births 

No. o:r 'fo or 1ft 'K"t ~GE Sires Twin Births (Percent. (Pro bit 
Scale) Scale) 

2th 25 28.33 0.055 0.098 

4th 18 36.23 0.066 0.108 

6th 18 46.18 0.178 0.280 

8th 15 G2.20 0.008 0.014 

(c) Diacwssion 

The r1 t ot the aethod given b.y Lua et al. (1946) --
liea ll rhapa mainly 1n t"heir awar ne of th po s1 ble 

appl.1cat1oii of the probit tranatormat.1on, rath r 'than 'the 

de lopa,.ent ot a ap cial teehniqu for en tic 1 anal7aia 

ot an all-or-none tra11i. ober"taon & Lerner (1949) 

working on a e1Jd.lar pro lea v ,hia to eay: 
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"They have introduced the c~ncept of 'heritability 
on the probit scale', which, however, is not the real 
heritability of sensitivity but the genetic variance. 
The assumption implicit in their reasoning is that the 
probit units for the whole population and for the 
individual genotypes are the same, whereas in reality 
they are different. The prob1t for individual geno­
types takes as 1 ts unit of measurement the environmental 
standard deviation on the sei:1 itivity scale. That 
for the whole population takes as its unit the total 
phenotypic standard d2v1ation. In terms of variance 
the latter is (1 + () x> times the former. Thus 
heritability on the sensitivity scale is e ual to 
() 2/ 

x 1 + a-- f rather han to 6 i a considered by Lush, 
Lamoreux and Hazel (1948)." 

In vie , of this comment, the method developed b7 
~ 

Robertson and Lerner (1949) for approximate determination 

of the degree of heritability of traits expressed in an 

all-or-none manner was tried out on the present data. 

Robertson and Lerner's approach may be outlined as follows, 

using the present data as an example. 

In a flock of sheep here no artificial selection 

has been practised, there exists a natural selection. 

Ewes with a genotype for lo fertility will have a lower 

chance of leaving oft pring to b come parents of th next 

ener tion than the ewes with a genot7pe for high feriilit7. 

The imp ov ent in th ave • genotype b7 natural aelection 

may be ealcul te4 thus enabli the calculation of b ritabil-

ity for barrenness and also twimd.n ten4ency. 

Lt the genot7picYal e for reproductive performance 

o-J: the ath individ l 1n a given enera ion be Pa wh • 
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• = l • • • n with mean p and varianc lf' ! . The phenotype 

tor reproductive performance ot the ath ewe will then be 

Pa+ ea where•• is the environmental component. ~his 

ph notype may be scored either as O i.e. barren or l i.e. 

tertil. The mean gen.otyp of tertil ewes will be 

denoted by 1P 1n contrast with p which is the mean geno­

type ot all ewes. 

:i=Pa(Pm + •m> 
I -

lP • £(Pm+ ea) where•• l •••• n 
I 

If ewes are kept under conditions in which there is no 

correlation between genotype and environment, then: 

Thus, E(ip) = E Ci P!) 
E (~ Pa) 

n 
E{~ Pm ea) = 0 

I 

The expected gain over the prertous generation is: 

E (~p;) 
E <1P - p) • 

B (i: Pa) 
-- p 

I 

• • 2 
• ff' = p 

n 2 / n 2 2 -2 f (Ja - p) / n &11d ~ Pa : n( ff p + p ) 

where ff: 1a the genotypic nriance 



• 
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- n(cr P2 + p2) -E (
1

p - p) - ____ - P 
Dp 

• Cf" 2 
p -p 

The phenotypic selection differential ean be shown as 

equal to 1 - p, being the difference between the mean 

phenotype of all fertile ewes ( taken as uni 'fr) and th mean 

phenotype of the population. 

n 

Mean phenotype of the population: ~ (Pa + 9m) 
I 

n 

E{li!ean phenot7pe of the population) = E [i {Pan+ e,.) l 

Thu heritability may b 

following relation hip: 

B ritabilit7 • 

cf 2 
- p 

p (1 -1) 

,, 
- LPa 
- ...i...;,,_ - p 

J1 

atimated according to the 

ren\ial 

By applying tb technique ot analyaia of T&riance, 

the genotypic Tariance er; miq be 4etera1De4 aecord1 

to the relationahii, tf ! • r ,:, where; 
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~ ! ia the variance between offspring by different 

sires and r is the genetic relationship among the off-

spring of a sire. In a random bred popu1-ation, r = t. 
The computational method used in the present data 

is given below. 

e.g. 

The data may be arranged in a 2 x stable: 

Sires 

A 

B 
• 
• 
• 
• 

s -
2 

Barren ewes 

• 
• 
• 
• 

Total 

• 
• 
• 
• 

~ 8i, L n1 = B i : l ••• s 

2 2 
~-.... _ ( 2 a1) The sum of squares between sires is:~-~ 

1 Di Z. Di 

E (sum of square between sires) • (s-1) p (1-p) + n0 o ! 
2 

where: De, • 2 n1 - ~ - (s - 1) 
~n1 

The within sue coaponent ia j(l - p), which ia the 

uaual xpreaaion for the Tar.lance of a binomial distrib­

ution. 

Heritability is 



p(l-j) 

The expres ion 

__!_ a1 (Lia.1)2 
L..-- - -, Di 2Di is the heterogeneity 

p (1-p) 

~ 1n the 2 x s table. !he mean value of~ tor 

{s - 1) d.t. is~ - 1). Renee the expression 

i~ - (~)2 
, n1 2n1 

p (1-p) ( 
- (a - 1) is the excess of the obaerYed 

'j;_ above its expected yalue. The composition of the 

heritability and hen e _its relation to t indicate that 

it ould be unwise to includ in the computation~ 

subclass with less than fiv observations. Accordingly 

in the preaent 4ata, ubclassea with less than five 

obserTationa were excluded. -Ber1tab111t1ea o.f barr nneas (B1,} and of t win births -(Bi) were eatimated separately for each ge group an4 

reault• were ,_ar1••4 in ,he following tal,1ea. 



., 

~able xx. Estimates of Heritability for Barrennes1 

.No. or ,-or 
6" 2 -AGE Sires Barren Ewea Hb p 

2th 25 13.95 0.0115 0.096 

4th 18 9.57 0.0038 0.045 

6th 18 6.29 0.0063 0.107 

8th 15 5.52 0.0000 0.000 

Table XXI. Estimates of Heritability for Twin 

Births 

.no. or '1 or 2 -AGE Sirea Twin Births ff'p Rt; 

2th 25 28.33 0.0112 0.055 

4th 18 36.23 0.0151 0.066 

6th 18 48.18 0.0446 o.18o 

8th 15 62.20 0.0022 0.009 

Beritabil.Uila of barrermeaa an4 twin births eatilllatea 

accor41ng to the aeiho4 of llo"bertaon &Dd Lerner (l.949) 

are · in all cNee .llllCb lower than cor:reaponcling herit-

ab111i1 a on probi~ acale o'htained b7 ethod gtv lty 

en caapared with heritabil1t1ea 

on percen'tage ecale, howeYer, reaulta b7 'th••• two 



aetho4a are practically the aame. 'fhia is not l1D.expecte4 

ainoe the way 1n which the awna of equarea are calculated 

1s ,identical in each caae. This may b ah011J1 aa :follows: 
a 2 ( )2 

Swu of aquarea between ires • r ...! - L .&i was g1 ven 
Di ~ D.i 

by Bo enson and L mer (1949) • 

Lueh et al. (1948) use a different ~o"8t1 n but it can be ---
eaaily identified with that used i>1' Bobertson an4 Lem r. 

Lush£!&• gave: t ot~l sum 0£ squar a • A ~T- ) where 

A • I a1, '? • z: n1 and 1 • l ••• s. 
2 2 

Ther fore, to~al sum of squares • A - ~ !! z- as. - ( I: •1) 
• '2:Di 

Lush et al. also gave: --
where t1 • n1 

2 
Therefore, sum of · aquareD within sires • L a1 -L~• 

n1 
Using the relationship tb.at total sum of squares - &Wll of 

squares within sires• sum of squares beheen sires it can 

be shown that the formul.a used to compute the sum of 

aquarea betw en sires by Lw,h et al. is exactly the same --
as that u 4 b7 ob rt on and L rner, as b lcw: 

~ot ls 

- s twee11 air•• 
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RoweTer, the difference that doee exiat between them 

appear• to be the consideration given to the correlation 

between the mean and the variance 1n binomial data. Both 

recognised the possible occurrence ot such a correlation 

in their data but the remedy preecribed wae not the ea.me. 

Luah et al. (1948) uae4 the "probit• tranatormation. --
Robenson and Lerner (1949} conaidered the genot7pic 

variance (, i> being so amall in their data that instead 

of using the arc-sine tranaformation to oTercome the 

correlation between the mean and Tariance, th raw d ta 

were used in computation. Genotypic varianc a for differ-

ent age groups of the present data have been presented in 

Column 4 of Tables XX and XXI; and they- are within the 

range of the genotypic variances in Robertson and Lerner's 

aa-ia. It may be concluded that both methods have some 

merit but neither is entirely aatisfactory. 

Diacuaaion 

Preaen-t etillatea of her1tabil1"7 by regreaaiona of 

4a\1Bhter on 4am are, 1n general, l.ower than those baaed 

on paternal half-aib correlationa. Thi• diacrepano7 ie 

probably, 1n pan, due to the map,1tie4 •-pling erron in 

Preaent eati11&tea of 

heritab111"7 baaed on daughter-a- reareaaiona are, 

howeTer, hiper than tho•• reported b7 Deaai and Wintera 



....... - . 
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(1951b) and Cockerham (1949). It should be noted that 

their data were collected from mix d breed under differ-

ent environmental conditions. On the other hand, present 

results are within the range of estimates reported by 

Johansson and Hans on {1943). Ne reports are available 

tor comparison with the estimate of heritabilit7 derived 

trom paternal halt-sib correlations. The assumption 

that the present data were distributed binomially, led to 

the esti tion of heritability ot barrenness and twin 

births. No previous work is available for comparison. 

However, estimates of heritability of barrenness and twin 

births are consistent with the conclusion tha t the herit­

ability of the number of lambs born is low. 

There are severa f ac t ors bot h gene tic and non­

genetic which tend to eontributg to the low estimates of 

heritability. It. ha been st ted earlier that present 

estimates of hs r1tab111ty are so e ~ere between it narrow 
<S"g 

#1 iti 1 2 2 7? 2 2 d s ense e.1. n on .e. 6 g+ 6 4 + O' 1 + " + <f" j an 

2 2 I 
1,a broad •enae def1Di i a 1. e. 6 g + ff' 4 + (I' · 

62 + ;;i + 62 + _;J + 6~ g - 1 • J 

Eatilaate• ot herit•biliiy •111 be lo• it the denoaiDator 

. le tar in exce.ea o~ t Bence, b7 exaainin& 

aoae ~ 'the nrianee coaponent•, part of 'the explana't1.oll 

tor the preaent reaulta aa7 be foun. 
2 2 

(1) ti s 6' c~ t ad41 t1Y• cene,1c ftrianc-e ~ 'be 
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very small. In th ory, this is brought about it all ihe 

genes concerned are homozygous or nearl1 o. Inbreeding 

together with artificial selection will give rise to homo-

zygosity. However, inbreeding is assumed to have no 

effects on the present data. Nevertheless. one may 

choose to recogni e that 1n41v:1.duals with a higher fertil­

ity would have had grea~er chances to be represented by 

their offspring 1n the next generation. Hence selection 

for fertility by nature has been taking place all the tim. 

If natural selection had been effective, it is expected 

that most of the additive genetic variance would have been 
2 exhausted by now, thus cf' g would be zero or nearly so. 

This siti.iatiou is indicated in the present study by t he 

size of the genotypio variances for barrenness and for 

twin births at var~oua ages. Ho ever, the determination 

of their sampling errors ba~ed on mored ta is n d d 

before any- definite conclusions can be drawn. 

( 2) o j and o f : The .woer..ui tude and imponanc e of 

the non-additiv ne'tio ri cea in th present data 

are not known. If h tero is is us 4 aa a criterion., 

1 t 1a po 1 ble ~o 1.n!•r ~ro c-ro bre - ing r aul ta tbat 

non dditi•• · enetic iancee mar be of laporlanc • 

Thua tehur t • (19 7) -- rted tha. t 1n oroa 1ng 

Oolwabia r 

born ere e 

ti•e 7lor14a ewes, th b r of lamb• 

o.68 (Col b~) 1.30 (P1) and 0.99 



(native e es) respectively. Peren et al. (1951) compar---
in lambing er cent between Romney and Cheviot x 

Romney over seven years (from 1944 to 1950 inclusive) 

found a difference of 31 per cent in favour of the cros.a-

bred. However, as stressed by Robertson (1949), results 

from crossbreeding must be interpreted with some qua.lit-

i cation. There are certain conditions hich must be met 

before data are useful in elucidating the :factor in and 

effeuts of crossbreeding. Pirotly, parent breeds and 

crossbreds mu.at be reared under th~ s9.11.e gen~ral environ-

mental conditions. Secondly, the gene complement of the 

crossbred must be comparable with the genes carried by the 

purebreds. Evidence can also be found from ork on 

litter size in s wine that l nds support to the importance 

of non-additive genetic variances in reproductive perform-

ance. Dickerson (1952) in a review articl stated that 

effects of inbreeding and cross reeding indicate 'that the 

degree of heterozygo ity exerta a major influence on the 

characters. A high de e 1 either important ~er orman 

of dominanc or o ist.asis du to d nations fr<>m an 

op't1awa g netic 1ni rm 41at, or bo1b, characterises the 

gen ·,J.c variab1lit 1n perfo ce. oreover, the 

pparent 1n ft cti.Teiie o-L ael et1on tor 11 tt r aiz 1n 

awine, in apit of the size ot heritability' eatilla'tea, 

alao pointa 1n the 41re~t1on that aoet ot the hered.1tar"7 
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variance of litter size is probably non-additive. 

( 3) (f i: EnYironmental v ric.nc ea 7 be large. 

This could result from numerous causes. Variations 

in climate, pasture growth and managem nt, as deacribe4 

earlier in the review ot 11teratur, contribute to the 

size of these env1ronmen1.al variane • 

( 4) 6 j, Very 11 ttle is known abou't er j. In the 

linear model used , cf~ absorbs various non-linear inter-

acti on bet ,een heredity and environment. It may be 

r ''e i n t ~ p1~e -n t data 1.r the genotyi)e of fertili1.y 

i n t c1·acts with envir onment in different years. 

To conclude, it may be s umraarised that these data 

suggest t hat her itability of th number of lambs born, 

barrenness and twin births ar~ not high. l\iore data than 

available , a t present, are re q_uired to narrow the c.on.f'id­

encs interval of thes est imates of heri~ability. 

D. rhenotypi c Regre i on of Fleece leight on ih 

umb r of L b Born and Weaned pr he 

(a) Method~ Anal.7 1a 

Utho the Tariat~, fleece weight, 1• 41atribute4 

contin oo. 1,-, h other YB.1:1 'te, the nuaber ot lamb• 

om or • aned, 1,a diacr • co· eque iq, the correla-

tio.a i ohn1qu 1e not• tiat ctory tor eaauring the 

r lationehip beh n th ae · o ariate .. If, ho••••r, 



the number of lambs born or weaned is chosen aa the 

independent variate, a resresaion analyaia can be validly 

used to easure the covari tion in tho e data. 

greeaion model assumed to represent the data is 

The re-

Yi • r + f x1 + e1 1 • l • • • n 

where, Yi is th greasy fleece weight 1n poun4a. 

f 1 the population man 

Xi 1s the number of lambs 

e1 is the random error about the mean r-i· 
and f 1s the phenotypie regres ion coefficient 

ot greasy fleece w ight on either the nwaber 

ot lambs born or we&ned. 

Regression coefficients were co puted on an intra-year 

basis and eparatel7 for each age group. !he regre sion 

ot fleece wight on the nwnber ot lambs weaned is defined 

as! 

8Wl.8 - auma 
SWllS 0 - 8Ull8 0 · 

ara 

!he regreaaion coefficient of the hoget tleec weight on 

the mmber ot laal>a 'bo~ t~ them. at two-t oth waa oalcul.ate4 

al1ghtl.y 41tferentl7. In it, the f"teou of birth-rank 

aa well u the e ~fecta of 7eara were eUa1nate4. !hi• 

recn••ion coetfic1-ent 1a 4etine4 u, 
~•bl. auma of oro••tro4uota 

• fo-Eal auaa of aquana 

- aw 0~ oroaapro4uote for r•a:ra 
- awa of aquan• lor 7eara 

- &Wll ot croaapro4acta for bidh-rank 
- 81Ul of aquarea tor SIRi!-iiii 
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By birth-rank is meant whether the ewe itself was born as 

a single or as one of a twin pair. This adjus ent for 

the effects of birth-rank was consider d unnecessary for 

ewes beyond the hogget tage, since Rae (1950), working 

with the same flock, reported that birth-rank ceases to 

have a.ny direct effect on fleece weight after weaning, 

although it may have carry-over effects. 

It may be pointed out that the range of the indepen­

dent variate Xi 1 limited since in the pres nt data, the 

number of lambs born or weaned per ewe seldom exceeded 

three. This is not a serious disadvantage. Extra...: 

polation beyond the actual range of the variate Xi is both 

unwise and biologically unwarranted. 

polation is, however, intended. 

(b) Results 

The following Table 

in the manner described abon. 

No such extra-

of results obtained 



Table nII. Eatilllatea of Phenot7p1c Regression ot Pleece Weighi on th 

luaber of Lambs Born and Weaned 

2 y2 
A, Teai or 

AGE cs.t, X7 X (3 significance 

Hogget 859 93.747 304.838 569.725 .0.307 t 0.045 •• 
2th 643 -3.9.34 272.914 1089.280 -0.014 t 0.079 N.S. 

4th 659 -65.151 266.344 1083.130 -0.245 t 0.078 ** 
6th 646 ~102.100 271.296 1209.560 -0.379 s 0.082 ** 
8th 286 -;0.120 131.828 424.240 -0.380 ~ 0.104 •• 

•• p~0.01 

~ 
°' I 
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(c) Discussion 

Bo previous repona giving phenot7pic regression 

of fleece weight on either the number of lambs born 

or weaned per ewe are available for comparison. 

Th pres nt regression co fficient at the hogget 

stage is 0.307. This indicates that for every extra 

lamb born at two-tooth lambing , ther was correspondingly­

a 0.307 lb. greater greasy fleece weight per ahe pat 

hogg t shearing . An xact physiological explanation of 

thi phenomenon is not available; however, some indirect 

evidence will be discussed in proposing a tentative 

explanation for the present result. Work by Esplin, 

adaen and Phillips (1940) on the range breeding ewes in 

Utah, showed that better fed and c onsequently- b tter 

grown ewe hoggets during their first winter yielded more 

ool and produced more lamb at the two-tooth age. 

They argued that the higher lambing per cent could not 

have been due to the effects of •flushing" , since the 

aTerage live weight of all ewe-voupa waa practicall7 

the same at the time of aatiJl&. The higher laabing per 

cent, a• they aug ••~ed, aight due to: 

and/or 

(1) b tter 4eTelopaent of reproductive organ.a, 

(2) greater atoras• ot aome ••••ntial element 

or elea nt.a in the body of the ewes of 

the bet~er fed groapa. 
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the work ot Terrill and Stoehr (1942) on Columbia, 

Corriedale and R bouillet breeds, alao 1 d them to the 

conclusion that ewes which were heavier in the fall as 

yearlings, on the average, weaned ore pounds of lamb per 

ewe during their lifetime. ihis greater lamb production 

was due more to higher per cent ot lambs weaned rather 

than to heavier weaning weights. In addition, it mq 

be noted that Hafez (1951), working with Suffolk sheep, 

reported that for the manife tation of oestrus in ewe 

lamb it was necessary for them to surpass a certain 

threshold of live eight. Prom the above evidence it 

can be reasoned t hat better growth and more advanced 

development of the animal at the hogget ag tend to pro-

ote a greater fleeoo production in addition to providing 

a pby iological basis for better reproductive performance 

at a 1 ter ge. Thus it may be surmised that the 

positive coYariat1on between hogget fle ce wight and 

two-tooth reproductiT p rformance in the prea nt dat 

ia du to auch a "growth eff ct". 

!h regreasion of tle ce weight on the mmb r of 

laaba weaned per ewe at two-tooth 1• -0.014. Thia 

eatillate 1• not aignificantl.J 41~ter nt troa z.ero at the 

5 per o nt leTel. ~h regreasiollB at other a ea are 

-0.245 (tour-tooth), -0.379 ( ix-t.ooth) and -0.380 

(eight-tooth). The7 •~• that for eTer., erlra lub 
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weaned, there is a correspondingly 0.254 lb. (four-tooth) 

0.379 lb. (six- tooth) and 0.380 lb. (eight-tooth) lower 

fleece Tleight per ewe. These regression coefficients 

are all significantly different from zero at the 1 per 

cent level. 

If the explanation of the "growth effect" was to hold 

f or the entire productive life of the ewe the regression 

coefficients of various age groups are expected to be 

po itive in sign. !he fact that they are not does not 

necessarily prove that the "growth effect" is not the 

explanation for the positive regression at hogget stage. 

It should be realised that the hogget fleece is grown 

under some hat different circumstances from those ot 

older ewes. 

Examination of the data reveals that hogget fleece 

wei ght represents the wool gro th from lamb shearing to 

hogge't a.hearing ; period during which complication of 

pregnancy and l ctation normally do not arise. On the 

other hand, fleece weight of 'the olcl r ewes waa usually 

collect d about a aen-th tON eaning ot the lamba. 

It 1a tneretore plauai le tba~ ihe effects ot prepancy 

and lactation are reaponsibl.e for the neptiYe regr, saion 

ot fleece weight 011 the ber of laaba weaned. Ev14ence 

tbat »~ guanc7 and lactation do aclYenei,- affect wool 

production u., be dr&1tl'l :tNII the work b.7 Bo8l1Wl ( 1935) • 
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Her ported a reduction in fibre fineness which caused 

a decrease in thew ight of scoured fleece in lactating 

J(erino ewes. SteTena and right (1951) also reported 

that in a Romney Marsh stud flock barren ewes clipped, 

on the average, 1.0 lb. more fleece than ewes producing 

single lambs and these latter ewes clipped 0.4 lb. more 

fleece than ewes raising twins. The theory of th 

"priority of partition of nutrients aceordin& to meta­

bolic rate" by Hammond (1950) probably for the under­

lying physiological mechanism. Wallace•• ork (1948) 

showed that early stages of plaeentation and lactation 

in sheep have a high priority for nutri nts. Presumably 

then, the growth of the gravid uterus {particularly 1n 

the latter half of the pregnancy) and the initiation and 

maintenance of milk production at some stage had utilised 

nutri nt which would otherwise have been available for 

wool production. 

In summary, the relationship betwe n fleece weight 

and the nwnber of lambs born and aned in these data, 

1 f'ollows: 

~t ho · 't a e the 11 growth effect• ta aore 

1.llpor ant r •ult 1n a poaitin regreaaion of fleece 

i ton th number of born to the at two-tooth. 

A't to-tooth t , the gro th effect" ia probably etill 

operati e d n • to produce a positive regreuioa. 
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However, because the eftecta of pregnancy and lactation 

on wool growth are working in th opposite direction, 

the regression,as obtained, is not significantl7- differ­

ent from zero at the 5 per cent lenl. At four-tooth 

and later agea the "growth effectH either has cased or 

is negligibl when compared with th ett eta of pregnancy 

and lactation on wool growth. Consequently, the 

observed re ults of negative regression·of fleece weight 

on the number of lambs waned were obtain d. 

E. Genetic Covariation of Pleece Weight on the Humber 

of Lambs Born and Weaned per Ewe 

( a) Method f Analysis 

The variate, fleece weight, is continuous; the 

other variate, the nwaber of lambs born or weaned is, 

ho ever, discrete. Consequently, the techniques 

developed b7 Hazel (1.943) for computing genetic correla-

t1ona are not dir ctly applicable. The gene-tic co-

varia'tion between tbeae two ..-ariat •• ni Tertheleaa, can 

b eaaured b7 a r gre•a1on analysis 1n which the DWllber 

of 1-b• 1a reprded aa the 1nclepen4ent Tariate and 

fleece ei ~, the 4epen4en"t Tariate, e.g. the recreasion 

of the :tl ce • ight ot 4ama on the DU11ber ot 1-ba orn 

'to "th ir clanghten. The o4 l in this regreaa~on. 

anaqaia 1s uauaed to be r 
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Pw1 = M + BPmi, + e1 

where , Pw1 is the phenotypic measure of the character 

fleece weight in pounds. In p rticular dPw1 

and 0Pw1 represent the fleece weight of the dam 

and th fleece eight of her dall&hter; sub­

s cript d and o denote the dam and the daughter 

respectively. 

M is the population n1ean 

Fm1 is the phenotypic measure of the number of lambs 

in discrete numbers e.g. o, 1 and 2. Similarly, 

the subscripto d Wld o in dPm1 and 0Pm1 denote the 

c1aa and the daughter respectively. 

e1 is the random error about the mean M. 

Bis the r egression coefficient. 

e . g. 

,,.... 
B= ------------­Cov. oPw • dPa 

~t; - -----------­Cov. dPw • 0Pa 
'if2 

0 

In parl1cular, Bi is the regres ion of 'the dams• 

fleece weight on then 

daughters. 

rot 1 b born to their 

~ ia the regression of the 

fleece wight on the number of lna b rn to their d 

!he aboYe foraulation can applied to include tile 

• 

measure or enetic c variation betwe n tleece weight and 
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and the number of lambs w aned. Nothing new is 

involved except 1n the definition of the regression 

coefficient:-

B3 is the regression of the dam's fleece 

• ight on the number of lambs weaned b7 their da\18hter 

and 

B4 is the regression of the daughters 

fleece weight on the number of lambs weaned by their dams. 

In the deriT&tion to follow, no distinction will be made 

for particular situations pertaining to B1, B2, B3·or B4. 

The genetic regression of the fleece weight on the 

number of lambs may be defined as 

Cov. Gw. Gm - 2 
rf'Gm 

where, f Gw.Gm is the genet~-~ regression 

Cov. Gw •Gm is the genetic covariance between 

:tleec • ight and the Illlllber of 1 ba 

an4 o--:_ is the genetic Tariance of the JllDllber of lambs. 

It can be shown that BG G • 2 B , tor instance, 
f • • • h2m 

f 2 • 
Gw •Gau 

dPw • 0Pa ., 

-£. 
!he Patil-coefficient 41agraa repre• enting the aethod 1• 

aa follows: 



-104-

P""Pdw 
~ 

i 

~(: 
Gow Pow 

i 
Com Pom 'pa. 

The nvironment between daughter (o) and dam (d) is 

assumed to be uncorrelated and for the present purpose 

environmental path need not be drawn. 

in the diagram are:-

G denoting genotype 

P denoting phenotype 

The symbols 

HQ the genetic correlation between fleece weight 

and the number of lambs and ia defined aa 

Cov. Cw• Ga 
Ba = <few • cfca 

h being )heritability 

Subacript a 4enote• 4aa 

o denote• claughter 

• 4enotea fleeoe •eicht 

an4 • denote• the Dllllller of lulu. 

4Pw and 0Pa ia I 
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• • 
CoY. Gw • Ga • _!b.. !ia 

• i O"CJw • cr;a "i'p;' Cfpa 
• bw • Cfaw and ha • cfQa 

crp; iPa 

Since Ba. • oPa • Ba. • oPII · 6" c1l!! 
i'oPa 

• Oov. Bw. GIi. OGw. 
• • B4Pw • 0Pa • i ii. • iaa / ip; 

AaaUlling, 6Pw• cfc!Pw and 6Pa • cf' oPa 

cfGa • 
ipji 

th n. Cov. G• • Ga • 2 • •dPw • oPa • er L 
Di Tic11n.g both aides b7 " L, the foll.owing result ia 

evident, 
/'."\ ------------- ............... $. _ Cov. Gw • Ga _ 2 • !c1P,r • 0Pa 

/ GwGa - i'i. - iii 
!he genetic regreaaion coefficient• corre pondin& to BJ., 

112, B3 and B4 are 4enote4 by the ~bol~f1, f2, f 3• and 

f 4 • It aa7 oe ant~cipat ~ that f 2 andf 4 will be a lightly 

lea• reliable than [>i and fl since the tl.eeoe weights of 

daughters aa7 poaaibl.7 have been aft cte4 c7 their own 

birth-rank which ia at the aame time the m11l'ber of 1.aaba born 

to or weane b7 their d-. Such poaaibil.itiea are, 

howeYer, excluded troa the eatuaat1oa otfo an4 f 3• !hia 

rep-eaaion anal3"81• wu 4one aepara,elJ tor each age and 

year effect• wen 4uly &4juted. !he aetho4 of c caputa­

tiOA of 81IIU of aquarea and oro•• producta wu the auae 

u tlaat for pllenotyp1c r•cn•a1ou. 
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(b) Be•ulte 

!able XXIII. Eati.llatea of the Genetic Regeaaion 

of Pleece Wei&ht on the Kuaber ot Laaba 

Born per Ew• 

/',. ,,,,...._ 2 -
{1 

/-.. 
-"' 

!32 AGE d.t. B1 B2 ha 

2th 457 -0.167 0.15 -2.227 

4th 390 0.082 0.15 1.093 

6th 344 -0.227 0.15 -3.027 

8th 66 0.326 0.15 4.347 

2th 464 0.039 0.15 0.520 

4th 386 -0.053 0.15 -0.101 

6th 344 -0.264 0.15 -3-520 

8th 69 -0.259 0.15 -3-453 

• h ! is the estimate of he r1 tab111 t:, f or the nu r of 

lambs born and ie chosen to b eq 1 to 0.15 on tile lNt.ai.a 

of ertde.nc ea nted 1n Sectio c. 
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!able XXIV. Estimates of the Genetic llegreaaiona of 

l'leece Weight on the 1'uaber of Laabs Weaaed per Ewe 

.,,....._ .,,......_ 2 .. .,,...._ 
/', ,A. 

AGE cl.f. B3 14 ha ft3 f• 
2th 298 -0.198 0.15 -2.640 

4th 302 0.011 0.15 1.027 

6th 313 -0.200 0.15 -2.667 

8th 54 0.210 0.15 J.600 

2,11 321 0.010 0.15 0.1.33 

4th 357 -0.078 0.15 -1.040 

6th 343 -0.302 0.15 -4.027 

8-th 69 -0.195 0.15 -2.600 

/'-
• h I is the estimate ot heritability for the DWllber of 

laaba born and ie chosen to be equal to 0.15 on the basis 

of endence preaente4 in Section c. 

(o) Diacuaion 

Batiaatea of cenetic regreaa1ona preaented in table• 

XIIII &D4 llIV include all tile 4enat1ou due to the 

ad41t1Te effects of gene• aa4 pro'babl7 s • epi.autio 

effect. if theae exiat 'but no tta2nNl"e denationa. 

Eatillatea of /1 allA f 3 aD4 f 2 an4 f 4 are 1n fai.:l.y go°! 
agre._nt. :terencea between t · Yalu.a o:t f 1 11114 f 3 
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- -an4 f 2 an4 f 4 re solely due to the ettecta ot lamb 

aorlality from. birth to weaning. fbis, howeYer, 414 not 

alter the pattern of coTariation 1n &1J.7 age group, the 

signs of the estimates of genetic coT&riancea being UD.­

c'1aage4. 

Each eatillate of the genetic regresaiou preaente4 

in Tables XXIII and XXIV is baaed on two s'tatiatica 1.e. 
/",. L' 2 

the ~ and h • each of which has 1 ts own pling errors• 
,A 6 ~ /'."-

for instance the B1, 132, B3 and B-4 together with their 

standard errors are giTen belo: 

--" 

~ j' 
.,,...._ 

AGE Bi 3 :84 

2th -0.167&<>.114 0.03¢0.097 -0.19810.146 0.010~.107 

4th o.oa2to.103 -o.053to.110 o.011to.113 -o.01sto.106 

6th -o.227to.127 -o.2,.u:0.120 -0.200:!o.110 -o.302to.119 

8th 0.326%0.242 -o.259to.228 0.270:!o.205 -0.195t.o.177 

Consequently, ampling errors in the atillatea ot aenetio 

regreaaiona an not expec'le4 to be amall. •ore obaena­

tiona than anUa le t p ent are nee4el 'lo re4uoe 

the•• aaapling erron ao that 110re cont14ence can be 

place4 n theae ••11aa • ot genetic regeea1ou. 
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them are negative in sign. Tllus, selection for increaa­

ed fleece weight will bring about a correlated response 

in the 41rection of re4uced fert1lit7, 1.e. 1 as nwaber 

ot lambs born an4 weaned per•••· Likewiae, aeleetion 

for higher teriilit," will result 1D aome deer ase of 

fleece weight. 

!he remainder ot this diacuaaion will be deToted to 

an atte pt to find and suggest the causes of this observed 

correlated re ponse betwe n fleece weight and fenilit7 

1n the ewe. 

Possible causes of corr lated reaponaea 1n selection 

baTe l>een put forward b7 aeTeral workers. Basically, 

there appears to erlat two chools of thought in regard 

to the genetic meehardsa through which the ol>serv d 

correlated response is brought about. One school believes 

that the pleiotrop7 of genes 1.e. genes baring effects 

on aor than one character, is the u.nderl71ng genetic 

aeehanisa while the other school postulatea that breaking­

up of the balanced liaked g ne coabiDatiou lead• to 

corral te r aponae. 

{l) Pl iotrop7 of nee 

!her is ample ndenoe 1n 'tb litera"1re on Genetic• 

to B'llpport tbe exialence of the ple10,roP7 of gen••• 

! bat. knoWJ1 exaa_ple 1n aheep ia, howeYer, the 41•­

c0Ye17 ot pleiotro ic eftecta of t 1-•gene 1n the 
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Roam.ey sheep by D1"7 (1940). !he aoat noticeable effect 

of the B-gene is the grossly- hairy birth coat in the 

lamb. !he aame gene is also responsible for the growth 

of horns in rams {Dry, :rraser and f right, 1947). In 

addition, Dry and Pras r (1947) reported that aaons 

other characters, the preaence of brown patches especially 

on the back of the neck and to a l as extent, at the 

root of the tail of the individual, is also due to the 

effects of this B-gene. The physiological and develop­

mental paths of the K-gene hav been subject d to detailed 

studies. Consequently, the mode of pb7siological be­

hanour of this gene is reasonably well es1iablished. On 

the other band, both characters, the fleece weight and 

the number of lambs born or weaned, are assumed to be 

influenced by a large number of genes, each having a 

small effect. Purtheraore, the present knowledge of 

d velopm. ntal and reproductive physiology is insufficient 

to relate tbe end expression auch aa fleece weight and 

the muaber of lam.ba to the priaar:, aetiona of gen••• . 

fhua, in apite of the endencea froa the pleiotrop7 of 

the 11-gene, 1he •UBP•tion that pleiob-op7 ia the cauae 

of the preae.nt negative pnelio ooftriation bet•e•n 

fleece ••1cht aD4 the Jl\Ulber of laaba born or ••an.•4• 

appear• to be pftlll&tve. 

While atill uauaing that pleiotrop7 1a ,be baaio 
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genetic aechaniaa of correlated reaponae between two 

characters, Luah (1948) has suggeated that if past 

selection has be 11 effective, 1'1 may be instrwaental in 

producing negative genetic correlations. !he frequencies 

of genes which baTe favourable effects on both character• 

and of g nea with favourable effect• on only one charac­

ter but neutral to the other, will have been raised by 

selection to a su.f'ficiently high level so that they con­

tribute little to the genie variance. Genes which are 

beneficial tor one wt deleterious to th other character 

will on the other band have reached the intermediate 

level (say 0.5) through continued selection. These 

gene• will contribute aore to the genie variance but at 

the same time result in a negative genetic correlation. 

It 1a doubtful whether the effects of selection aa 

postulated by Lush are actually realised in th ae data. 

It is unlikely that eff cts of paat selection could, as 

y t, 4 quately account for th pnaent enetic anta-

oniaa b tw en fleece weight and fertility. 

(2) Croaaing owr and ecoabimltt.on of gen .. 

llather (1943) and tber encl Harriso (1949) have 

• atea that natural ••lectton penaliaea erlruae gene 

caa illat1ona. '! , in an 1Ul8electe4 poplll.a'tion i.e. 

not ault~eot to artlt1c1al ••1• \ion; laalance4 11Dke4 

c•lti tion of polyp£ a are built up-~ o .. ._r, under 
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directional aeleotion, i.e. artificial aelection, the 

unbalanced coabinations have selective aclT&ntagea i.e. 

extreme• are favoured. Crossing onr and recombina-

tion are necesaaey to increase the proportion of tiieae 

unbalance4 coabJ.Dationa. Creasing over with:ln a chroao­

aome will bring out recOJRbination not onl7 within the 

pol7genie coalnnation affecting the c~racter wldch 1a 

being selected, but also within other pol7genic com­

binations which are inter.mingled with it along the chroao-

some. Thus, selection for changed combination in one 

set of genes will bring about a correlated reaponse in 

other combinationa which are not being selected. Thia 

could produce ether a negative or a positive corr lated 

response. 

The above postulate is aainl7 based on work with 

Drosophila. Drosophila have characteristically: 

{ 1) mall nwaber of chroaoaoa •, 

(11) no crossing over in the male, 

(111) frequent inYeraiona. 

Selection 1nten.aity can alao be aa4• bigh lD. DJ:'oaopMla. 

It. JUQ' note tba1 t •• featvea &N Aot, llnl.7 to 

occur 1n eheep. In a441Uon. Wright (1945) laaa alt.own 

that ln a ran4oa bre4 popala'l1 a, U cro••in& a,•• ia 

at tbe uua1 ra-u. t trequnq o~ o•pllng an4 

repu.la1on hie eroz7got • 1• • on eqaal.ia•4 aD4 .nooaldn&~ 

tion i• al ran4•• In new ot th••• naaona, the concept 
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on the alance4 11nke4 gene coab1nationa does not 

appear to useflll in lucidating the present negat1Ye 

genetic coY&riation between fl ece weight and fertt.liV 

in sheep. 

~here ia 7et another explanation tor negattYe 

genetic corr latiollS. Thia explanation baa been put 

forward 'b7 Lenier (1950). lie auggeatecl that if the 

secondary character,1.e. th unselected character, torma 

an illlportant c amponent of total ti tnesa, it llight e 

expected 1o decline in response to selection ot the 

primary ohar cter in eith r dir ction. Briefl7, thia 

is brought bout if one considers the fact that preaent­

day domestic animal..s are end-products of centuriea of 

natural election towards the fittest type. The aean 

value of the primary charac1; r in a population tbua far 

not subj ct to ari1t1c1al selection is, therefore, tbe 

optimwa for fitne under the conditions preTa111ng. 

Any departure ird& this optiawa through arlificial aelee­

tion will b aoc panied by a recluctiOJl 1n fitneaa, i.e. 

oa r 4uct1 n 1n the aeoondary character. 

rieece • ight tor the pr aent. parpoee aq 1M reprde4 

aa t prtaary cha~ter and t hero~ la11u - the 

.. co 4ar7 cha ct r. th re • Ut l• dout t t neeee 

eip.t .- long n au~ieat to artificial ••leot1on.. 

!lle ber of laa tor all 1Ja enle ancl purpoeu llaa, on 

the thar han4, ot been ah-on&l7 aeleote4 for _ _. 
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bre ders. -the aaount of genetic iaproTem:ent in fleece 

weight preaua.ably aeaaurea the extent of the deparlure 

tram its eTolutionary optimum. HoweTer, Tidence io 

indicate the aaount of iaproYeaent in fleece weight aa 

a reault of selection 1 lacJdn&. !heoretical cons14er­

at1ons frolll estilllatea ot the intenait7 of aelection, 

h rit b111ty of n eoe wight (Rae 1950) and the sUrYe7 

result on the size and duration of the New Zealand 

Romney sh stud flock (Stevens 1948) indicate that 

gene~ic improve ent in fleece weight ie likely to be 

slow. NeTertheless, eo e genetic illproTe.ment has doubt­

less taken place and the present value of fleece wight 

is unlikel.7 to be at its eTolutionary optimua. Con­

sequently it ia expected that a correlated reduction ia 

total titnesa will have taken place and this ha led to 

some d terioraticn in the reproductive performance. The 

above patterD of caua-es and effects applies general.17 

to the oan y ah• p as a breed. It ehovJ.4 be realiae4 

that the OJWe7 sheep in w Ze and orlciD&l.17 oaae 

fr• the licawe7 1n England. The obri.ou 

an4 na't clifterenc in enTiro eat t not be overlooked. 

~he 1apo anoe ot 1ihe prevaili o 41t1ona" is 1.aplicit 

in Le r•a reuoniDg. n~ore, not Olll.y t di~t•i-­

enoe 1D enrire>Jaent bet een tu Jl ey ih 41atric1 ill 

Enclan4 ad •• Zeal&Dd t alao e 1~~ennce ena,s.nc 
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etween the presen't environment for the Bew Z.ealan4 

RimD 7 an4 that of some s1xt7 to seYenty 7 are ago when 

th ae sheep f1rat arri-red in this country, DD1Bt be 

taken into eeount. There is little 4oubt that a 

chang in enTironaent llas taken place. Thia b ing the 

case, on asawainc that• lection for fieece weight has 

not been effective, it is possi le that th mean fleece 

weight for fitness is no 1onger at its evolutionary 

optawa on account of this vast change in enrtromaent. 

!hus, a r duetion in total fitness could haTe taken 

plac and with it a deterioration i n the reproducti-re 

performance . 

Thus far, i n discussing Lerner 's exposition on the 

.negativ correlated responses, the en ironment has lteen 

ssumed to remain u.nchang~d at first and the corre1ate4 

responses are brought about by selection for fleece 

eight and secondly . the a~l ction for fleec weight ha.a 

been a sumed to be inef feetive and the change 1n enrtron-

ent is considerecl the cause of n gat1Te carrelate4 

r spollS ten fleece weight end t r produotin 

In rcal1 t7 t howeYer, • · the enrtronaent 

and t 1c comp 1 ion of a oba:ra ter auoh •• 

iBbt ar ~c in na 1 e and ar continuoual.7 

Cua.~ .. ~ • f equil.:ibr1 be en the f1beaa of aa 

individual &nd its vironm t is probably neYer exact~ 
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e tablished. The prooe s of ph,yaiolog1cal ho eostaaia 

(as term d by Brody 1945) in an 1n4irt.dual prob bly o~a 

as an immediate buffer for aD1' rel tivel7 small dia­

equilibriwa between the fitness of th indiTidual awl 

1 ts environment. Thus, phenotypically all those indiv­

iduals that survive, appear to b in equilibriwa with 

their environment. This visible equilibrium may be 

mainthined in spite of the ~ossibili y that so er duc­

tion in total fitness hal3 tak n place throup change 

in &ith the "enetic composition of the character in 

quo tion or the environment or both but at a different 

mt and/or direction. The reduction in fitness, if 

occurring at all among so e iudividual ,will be trans­

mitted in ome measure to their of fspriD&. After many 

g neratioll2, if such tendency ~ersisted, the reduction 

in fitnes, however small it may be• will graduall7 

mn.nif ct it lf phenotypically ong the o !spring. 

Sine rcpro uctive perfor wio is an por ante pon nt 

of tot l itn s • s d eriora"tion in ro rod ctive 

p rf'ormmc 1 not 

o rve4 n gati• 

lto e r unexpect d. 'f pr•aent 

fl ec Uo coy; i tion - 1
~--

eight r pro uctiv perfo:rmanc ell 

vidano or t bova xpoeition. A:lll 

con.cl ion t, o e• r, it fun er invaati 

efini'ta 

tton. 
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In conclusion, 1 t -7 be uapbaeiaecl that pleio­

trop7 is a likely genetic aeehani- 1Ul4 rlying the 

explanation ot the present findings, but Lerner•• post­

ulate 1a particularl;r pertinent in view of the unique 

1aportance of reproductiYe perforaanoe in relation to 

the 4ef1Jlit1on of selection - the exiatence of a differ­

ential rate of reproduction. 
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VI. DISCUSSION AND APPLICATIONS 

A. Intro4uct1on 

!he value of th results obtained in this study 

depend auch on their accuracy and uaetulneaa. Aapecta 

of their accuracy have already beeu dee.lt with in prerloua 

Sections. Their usefulness remains to be assessed. 

!he us fulneas of the present results may be examined 

from th following two aepecta: 

(1) To what extent can they be generalised. 

(2) To what extent can they b appli~d. 

(1) Estimates of phenotypic and genetic parameters 

obtained in this study are descriptive of the properiies 

of the flock from which the present data have been 

collected. Several reasons, honever, suggest that these 

es'timates may be generalised to describe the genetic aa 

well s the phenotnic properties of other Romney aheep 

flocks in the &Dawatu area. ~1ratly, the e1Pea which 

founded t flock in 194• were clrawn troa flock• in the 

knawatu (ia~, 1950). The aajority of the rama which 

baTe n uae4 ere :purcbaaed from. tlOJ1De7 atud fiocka in 

the aame area wt few rams wen procure-d fro atu4a 1a 

the Wairarapa. Secon4ly, the agreuent heen reaal. ta 

of the preaent aha,- ot enrlrolllllental effect&, i.e. a&• 

and 7ear oA the reproduct1Te pertonance of•••• and ,11at 

reporte4 lty Goot (1952) who worked with different fiocka 
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in the Maaawatu. sugge ta that this fioek and other 

flocks in the eame area are auch .alilte. Thirdl7, general 

managem nt practices 1n the present flock have been 

similar to tho • found aaong aost sheep farms in this 

locality. More precisel7, the present 4at aa:r be re­

gar4ed as a a ple froa popul.ation co prising th 

daught rs of ROJDDey Marsh rams sold for uae in the Manawatu 

and possibly the Wairarapa areas where the ennronaenul 

conditions are aiailar to those 1n this flock. Ae such, 

the g~n ral.1 ation ot the present findinp to be applic-

ble to other flocks in the Jlanawatu does not appear to 

be unreasonable. !he validity ~f this generalisation, 

neY~rtheles, can be teated only by further inYeatiption 

011 other flocks from the aame are • 

(2) Application of the present results 1, to a large 

extent, dependent upon the or~aation and atructure of 

the Romney sheep bree4 in Bew Zealand. In addition, the 

vital atatiatica of laab1ng 119r cent, death rates 1n all 

clas••• of atock and the annual replaceaent rate of the 

two-tooth•••• are nee4e4 to ccaJU,te th expected gaiu 

and to c•pare the effioienc7 of Tarioua a leoticm plan.a. 

SOile of the ~onaation ltate4 aboTe ia now being gatherea 

b7 the••• Zealan4 Kea, an4 Wool Boan•• Bconoaic Sern.oe, 

while the organiaation ana atncture ot the B011De7 breea 

1D ••• Zealan4 :baa been aune7e4 by Stenn• (1948). the 
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information pertinent tor pres nt purposes is that 

essentially three types ot R ney flocks mq be di.a­

tinguished (Stevens 1948). They are the nucleus, pro­

pagating and co rci.al tlooks. Both th nucleus n4 

propagating flocks are regi tered with the • Z al.and 

Romney rsh Shep B eders Association. Generall7, 

regiat r 4 flocks are situated on the mor fertil lowland 

and the c rc1al flocks are located on the hills. Thia 

locality differ nee ren4era the application of the present 

r sulu to the co reial flocks UD.eertain 1n view of the 

possible interaction between her dity nd environment. 

In gen ral, a high proportion of the sires 1n the 

nucleus flock is selected from within the flock whereas the 

propagating flocks secure most of their sires from either 

the nucleus or other propagating flock. While these two 

type of flocks differ in the ethod of procuring Sire, 
. 

both, rule, aeleci .-eplac ent ew frOll the 7oung 

ew a bred in th flock. 

On acco t of theee feature• of the Boane7 br •• 1n 

•• Zealand, read7 applic ti D of th praaent find1qa 

appears ,o be reatricte 'to the registe f ocb. Ownera 

o~ omrelal flocu. howe't'er, w1-ll benefit to the enent 

Sn leunlng t t Iba trait - the b r of laabe km - 1• 

lowly ri table 4 that the pnet1c anta.gon1 t••• · 
fleeoe • ish• and fertilit7 ia Ui 17 to render their 
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efforts of aelect1ng aillultaneoualy tor both fleece weight 

an4 fertility leaa ettectiYe or, • electing tor either 

character alone will be accoapanied by aome 4eter1oration 

of the other. 

:a. Methods of Selection for Increaaed 1'uaber of Lamb• 

per Ewe 

In order to appreciate the Yalue of Y&rioua •election 

method• to be diacuaaea, the genetic prellliae upon which 

the selection tor reproductiYe performance in ewes ia 

baaed will be bri fly described. 

'?he character - the number of lambs born per ewe, may 

be regarded aa a threahold character, with more than one 

threshold. Ita underlying genetic mecbanism may be aia­

ilar to that of the nuaber of digits in guinea pigs, aa 

repori 4 by Wright (1934). The additive genetic values 

of the nwaber of lambs born per ewe a,q be numerous an4 

eontinuoualy 4iatr1bute4 'but owing to the nature of the 

character, ita phenotnic expreaaion oan be aeaaurea only 

on a diaoontinuoua or discrete aoale. Consequently, 

there ia no phenotypic clifference 'between two genetically 

41tterent 1nclin.4uala which are olh on the-• a14e of 

the pertinent tbreahold. All indirtcluala with ad41t1Ye 

genetic n.luea below tbat threahold are phenotn,ica11y 

the•-•• while all with ad41t1Ye patio ftl.uea above 
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that threshold are phenotyp1call.y like each other and 

41ffeNllt from thoae below the threahol4. A genetic 

change will produce no phenotypic effect unleaa it aovea 

the individual aero•• the threshold. If it doe• that, 

eTen a Tery amall genetic change will haYe large pheno-

t7pic effects (Luah, 1948). The first threahol4 poatv.-

lated in the present data ia located at a •ain&le birth 

per ewe• and the aecond threshold at •twin births per ewe•. 

!he pro~it scale is uaed to approximate the underl7ins 

continuously distributed genetic scale. !he eatilaatea of 

heritability for barrenness and twin births to be us din 

diacusaing Yarious selection methods will be that trans­

formed to the probit acale - presented in Tables XVIII 

and XIX. 

(a) Individual or llaaa Selection 

fhe difference between tb anrage of barren ewes and 

the average of th ~••• that have lambed baa been given 

by Lush (1948) - z /Pi on the obserYed scale. In it, Pi 

represent• the ewe• that han 1-b•d u a proportion of the 

total nt111ber of••••• (l - P1,) being the correapondiq 

levela ot barrenneaa and Z ia the height of the ordinate 

which trancatea pt of the area of the noraal curYe. 

inc tha~: 

Aaaua-

(1) aelecti 

record 0Al7, 

againat b&rrenneaa 1a baae4 011 one laablJlg 
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(11) ewes only are under selection and they have b en 

mated to rams that are near the average of their g nera­

tion for f rtility, 

(iii) it is ph7siologically possible for the margin of 

reserve for fert1lity4t to be built so high that the in­

cidenc of baITenneas is nil, 

then the expected r duction of barrenness ill per eent in 

the next generation as a re ult of maas selection will be 
z2 l .,,.._Hp ,..,..._ 

(i-P1) x ~ b, where Hpb is the stimate of herit-

ability of barrenness on the probit scale. Using a 

heritability estimate of barrenness on the probit scale, 

averaging 0.17 as in the present data, the expected re­

duction in barrenness from one generation of such masa 

sel ction, starting at various levels of barrenness is, 

Initial level of 
barrenness 

(per cent) 

50 

40 

30 

20 

10 

5 

Expected reduction/generation 
(per cent) 

2.75 

2.11 

1.47 

0.83 

0.29 

0.09 
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These figures eugges't that the effectiveneaa of masa 

selection for such a threshold character, even under 

highly favourable conditions, fall otf rapidl7 as the 

incidence of barrenness becomes low. These expect d re­

ductions mq also be looked upon as the effectiYeness of 

natura1 selection against barrenness. If the initial 

level of barrenness is taken at bet een 10 to 20 per cent, 

the expected reduction of barrenness due to naturals lec­

tion agaiJ1St barrenness 1s some here between 0.29 and 0.83 

per cent per generation. These expect d reductions 

suggest that natural selection against barrenness is re­

latively ineffective. 

What happens when more than one lambing record (c.f. 

assumption (i) ) is used as a basis of selection has not 

yet been inve tigated. With regard to assumption (111), 

it is perh pa more realistic to uppoae that there is an 

irreducible minimum of barrenness from aecidenta, e.g. 

rams to which ewe are mated, may be sterile or deaths 

froa aoae ewes put to tb ram. In other wor4a, although 

the ewea leaT no offap.r1ng, 'this is JlOt due to their 

aterillty. !his irreducible ainiawa of barrenneaa ia 

without, or baa poaaibl7 a 41:tterent g netie baai• io that 

of 'true barrenneaa. !hia, howeftr • will lower the 

effectiveneaa of aaaa ••l•otton a little •Te.D when the 

incidence of barrenneaa ia aa h1 40 or 50 per oeD.t. 
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The size of thi irreducible minimum will, of course, be 

variable. The general conclusion on the effectiven ss 

of mass a lection against barrennes , is nevertheless 

clearly that it is relatively effective when the averag 
s 

incid nee ot barr rmess 1a high but approaohe4 zero rapid-

ly aa the average incidence of barrenness falls under 

30 per cent. 

on th oth r band, selection for twin births can be 

carrie4 out aimultan oualy with election against ban-en­

ne e to enhance the over-all effectiveness of ass selec­

tion for the characteristic - the nlllllber of lambs born per 

ewe. Based on im.1lar assumptions and reasoning as in 

the case CJt ba.rr nneas, the following figures show the 

expected gain in per cent from mass selection tor hill 

births in ew • 

In1t1 l average ineidenc 
of twin-birth 

(per c ni} 

5 

10 

20 

30 

40 

50 

Expected gain /generation• 
(per cent) 

0.-07 

0.22 

0.-68 

1..12 

1.61 

2.07 

ttZa 1:aa e of rita 111'7 011 the pn it aoale for '1r1A 

birtha 1• approx:laatel.7 O.lJ i.n tileaa 4ata. 
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fheae figures cl arly show that for me.as selection to 

relat1Tely effectiTe, the average incidence of twin 

births JllUSt be reasonably high. Asauming that the 

initial incidence of barrenness and twin births is 10 per 

cent and 20 per cent respectively, the exp cted gain per 

generation from ss aelection tor the number of lam 

born per ewe ia approximately one lamb per 100 ewes or 

1 per cent. 

(b) !'ami.17 Selection 

family ia a group of i ndividuals rel ted 'bJ' descent. 

Thus, members of a family are, by definition, geneticall.J' 

related. Commonly, in a flock of sheep bred at random, 

most ~am.ili s oonei tot aternal half-s1bs whose genetic 

relationship is 0.25. 

Selection for higher fertllity i.e. lambing per cent, 

based on family merit alone, implies that all the ewea 

required for breeding will be selected frc tamilie• ot 

the highest lambing per cent. An example to illaatrate 

the 1nfol'lll&t1 n required if family ••l1ctio11 ia uaea f'or 

••·lectiq f'eriili'ty ill ahe p 1• giTen 1n t table low. 



able XXV. Example of Pamily Seleotion 

Paternal halt Prequency of Jrequency of lrequenc1 ot Total No. !otal No. Lambing 
aib famill•• barren ewea ai.ngle birth twin births of lam.be of ewes per oeat 

A l 15 2 19 20 95 

B 6 14 0 14 20 70 

0 4 lJ 3 19 20 95 

]) 2 15 l 21 20 105 

I 5 12 l 18 20 90 
~ 

!o1al 20 69 11 91 100 91 I\) 

7 
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e4 on one lambing record as shown in the table an4 

f!IWling 60 ewes are required for bl"eeding, using family 

selection alone, these 60 ewes will come from families 

D, e and A. 

In general, faa117 Nleotion ie likely to be aoae­

what aore effective th.all 1n41rtdual •election but partic­

ularly so when selection 1a either against barrenness or 

tor t win births. !his is because indi'Yidual selection 

tor either ot these to components of terl111t7 depen4a 

au.ch on the average incidence of each. At low levela of 

i ncidence of barrenness or twin births individual aelec-

tion is almost ineffective. In thes cireum.stances, 

however, f ily selection is at111 effective. 

A furlber possibility ia the use of the optiaua com­

binat i on of family and individual lection. It baa 

been shown by Lu.sh (1947) that it produces genetic :llllprove­

m nt 1n characters distributed continuously at a rate 

f et 

achi•~ a b7 1n4in411&1 aelection alone. In th abon 

fonmla, n 1a tile DWllber in tile tall7, r ia the cenetio 

relat:1 nahlp rs oL· the faail.7 and t 1• the 

phenotnic correlation eheen aeab n of the tudly. 

In ordeJ> to achieYe thla opts.a c•binat:1on of f•ll.7 

an4 1n41Yi4aal aeleotloA, the tam.l.7 &Yer& ahoul.4 
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D r-t 
receive 1 + · (n-1)\ • 1-r time • much a.tieniion aa 

individual •a phenotype (Lush, 1947). Althougll the 

det 11& of using the op._1.Jma co11binatlon of fudly an4 

indirtdual selection tor fertility in sheep have not 

en worke4 out, it may be ant1cipate4 that it al.ao 

applies to the pres8l'lt problem. With r ference to Table 

llV it can be seen that if 1ncl1rtclual aele~ion alone ia 

used, 60 ewes required tor breeding will consist of 1h 

11 ewes tb t produc d twi~ lambs and the re aining 49 

ewes will be oho n t random from ewes that bave produced 

single lambs. It selection is baaed on indirt4ual a 

well as family selection, it is likely that thoee 11 ewea 

producing twins rill be chosen and the r~ma1ning 49 ewes 

will 

cent. 

selected from families of the high.eat lambing per 

'rbe problem of families differing in size has not 

been co iderad in the example. ore family size is 

variable then each family should be weighted according to 

the d Tia:tion of 1 ts lambing per cent froa the total lambing 
. ll 

per cent b7 the ratio l + (n-i)t • (Lu h .!_ _. 1948). 

JJl addit1 llB1 point to not 1a that t ffeot1Yeuaa 

of :taail.7 sele t1on q be incr ea, 1rres cllft of the 

a erage inc! no of barrenn or t•1n 1rt 1'7 1noreaa-

1ng t e ue o:l the g tio rela'tionshi (r) between 

ae rs ot the • fam1l7. In tlock of sheep where 

no inbreeding en pract1.ae4, the value of r 1~ uual.1.J' 
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about 0.25 which ia the genetic relat1ouh1p betweeD 

non-inbred halt-aiba. Since there fA7 be aoae contem­

porary ~11-aibs (r • 0.50) in a flock, r mq be a little 

larger than O. 25 but not Terr auch. , ·o increase the 

Talue ot r llllCh be7ond 0.25 in a aheep flock, it ia nec­

esa&r7 to practise inbreeding. Inbreeding, howeTer, baa 

been reported to be uauall7 acceapanie4 by aome reduction 

of litter size (Dickerson 1952) and 1~• ettecta on the 

fertil1t7 in sheep await detailed inTeatigation. 

(c) ProgeD.7 Test 

Usually~ ewe doea not haTe enough ottapring to aake 

it possible to progeD,J' teat her. A progeDT test tor the 

character - the nUllber of 1-b• born per ewe, on rams ia 

reallJ' outside the scope of the present atud7 which is con­

cerned largel7 with the selection ot ewes. HoweTer, it 

may be noted in paaaing that it the first crop of offspring 

is born when the ram ia two years of 116•, the earliest 

information froa the progeDT teat will uauallJ' not be 

an.ilable tmtil. the raa ia four yeara of aa•. The tint 

opporhnity to me the raa ocoura onl7 when the raa 1• 

about tour 7eara and •••en aontha 014. Bence tile raa 

will be fin 7eara of ace when 1ta tint offaprinc 1• born. 

Thia ten4• to lencthan the pnerattoa 1ntenal which ill 

tum 11111 n4uoe t11a expecte4 pnetia pill per year 

(Dickeraoa aD4 Basel. 1944). It tma appean that the 
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progeJIT teat ia of no ..iv.a as an aiel to selection for 

increased number of lamlaa per•••• 
(d) A Pertility Index of the Ewe 

An increased mmber of laaba per ewe may be of 11 ttle 

a4Ta.Dtage if the7 are of poor Tiabilit7 or if the ewe•• 

Jllilk production is inaldficient to provide for the adequate 

growth of these laaba. This probl m could possibly be 

overcome by using information on the liTe eight of laaba 

iaken at weaning or some other appropriate tille. !his 

information on the live weight of lambs together with the 

nuaeer of lambs pr ewe could be used to form a fertility 

index ot the following t7pe: 

Iaalf+bW 

where I is the fertility ind x of the ewe, 

• 1s the DWllber of lamba weaned 

Wis the 11Te weight per 1am at weaning or 

aome other appropriate tiae 

a and bare weight• 4etera1D d bJ' the reapectiTe 

iaportance of • and W e •I• a an4 b aay reprea­

ent the relatl'ft econOlllc nl.ue o'f • anl w. 
1.11 in4ax or the aboft me can take 1cto ae001lllt not only 

the plae».otnic ana pnet1o correlatlena t.. • an W 

'but alao the reape-oti:f'e her1talttlitiea of • 11114 •• 

Detail•& ln'Yeat1p.'t1on on the aerlt •Of auoh aa iDclex •111 

'be oarriel n" 1a ,iu. MP" tu"1N. 
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c. Selection Index tor Peri1lit7 and Pleeoe Weight 

S lect1on for fertility ia 01117 one aspect ot tile 

problem in selecting for prodactiTit7 in sheep. It can 

not be oYer-e phaa1se4 that it ia the produotin:ty ot 

heep rather than aoae a pecta of it that 1• the ultiaate 

concern in aheep breediD.s. Basel and Lu.ah (1943) haYe 

shown that ael ct1on for an index which gins proper 

weight toe ch trait is aore efficient than selection for 

one trait at tille or tor aeTeral trai ta •1 tll an indepen­

dent culling leTel for ch trait. To ac'tual l.7 construct 

such an index based on both the trait - tertili.t7, and 

the trait - fleece weight, requires inforaation which 1• 

not aTailable at present. Some problems likely to be 

encountered in col1Btract1ll8 such an index, howeTer, can 

be 4ecluce4 as a result of the present study. 

(1) The principles on th comtraction ot selection 

intic s aa outll 4 by Bazel (1943) proT14e specifically 

for char&ctera t tare diatri'buted continuoual.y anc1 tit 

ffecta due to the 1-ncluaion ot • chara~t r 9 such u the 

mm r of laa1ta, aeuure4 on a 41.acrete eoal , nee4 to 

be lnnatiga.Je • 

(11) If the aalectlon 1n4ex 1a be.a•4 o.i, fl•••• 

• 1 t an4 terillity (-·· ... -rot laau) J.n new of the 

nep.t1Ye e 11etic coTarlatten betweea th-, tlle llerit&'b111t7 
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ot the index is likely to be Tery low. However, the 

relatiTe economic ftl.ue of fert111ty, i.e. the mmber of 

18.Jllbe, is high as coaparecl with that of the fieece weight; 

consequ n'liq, the heritab1liiy of the index probably will 

not be sero t ts 11kel7 to be lower than that of either 

fertility or fleece weight alone. This will tenet to 

aake genetic progresa slower 'than Uthe heritability of 

the index is relatively high. 

In concluaioa, one may w 11 be reminded by quoting 

Hazel (1943) that: 

•While these conaiderations 4o not indicate much 
possibility of phenoaenally rapid iaprovement 111 
an:hnal populations frca •election alone, 'the 
progress which can be aa4e with properl.7 coastru.c­
te4 indices 1a conaiderably greater than can be 
expected when the 14esla toward which selection ia 
directed ar contused or erroneous.a 
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