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I� INTRODUCTION 

The rate of reproduction or fertil ity of the ewe in a 

breeding flock determines not only the number o f  surplus animal s  

ava ila ble for sale as a source of income but in addition , affects 

the scope of select ion for improvement in all product ive cha rac

ters. The ewe's fert il ity therefore is  a cha racter whose 

economic significance is more nearly matched by its bio log ical 

ramificat ions than othe r  attri butes of the sheep. The extens ive 

usage o f  the Romney Ma rsh breed in New Zea land both in breed ing 

flocks and as the bas ic ewe breed for meat product ion only adds 

importance to the need for higher fertil ity among the ewes of 

this breed. 

Although it is  known that under New Zea land cond it ions , 

Romney ewes  can be mated as  hoggets ( be tween four and 1 4  month 

in age) for lamb production (Apps 1 953 ; Lew is 1 959) , the common 

pra ct ice is to delay first mating until they are on ave rage a bout 

18 months old.  This system o f  flock management has a two-fold 

effect on improvement of fert il ity by mass  selection. First , 

selection for fertil ity can not take place until a fter the first 

lambing and second , be ing a corollary of the first , the annual 

rate of genetic ga in in fertil ity is reduced by the increase in 

generation inte rval .  There fore , so long as the current system 

o f  flock management rema ins in practice , there is an o bvious 

need to investiga te hogget characters which may be used a s  

criteria of potent ial fertil ity a t  the time of selection for 

repla cements when the ewes a re less than 18  months old. 

The purpose of this study was to investigate some problems 

involved in using certa in measurements o f  growth in l ive we ight 

1 .  



and  oestrous behaviour made during the hogget pe riod a s  criteria 

of selection for higher fert il ity in the Romney ewe. Thus , the 

work was primarily conce rned w ith  es timating the amount of pheno

typic and genetic  variat ion and cova ria t ion in the cha ra cters 

under inves t iga tion. As a n  outline of the scope of the thesis , 

three major topics may be mentioned. 

1 .  Est imation of environmental effe cts on each characte r  

so that appropriate a d j us tment of the data for differ

ences in known environmental  factors can be made prior 

to genet ic studies. 

2. Estimation of herita bility , gene tie  a�pbenotypic 

correlation s  to provide a sta t i s tical summa ry of the 

genetic  and phenotypic properties of the ewe s  in 

this flOCK. 

3· To construct selection indices ba sed on hogget 

cha racters and to describe the pattern of  correla ted 

response in fertil i ty of the ewe pre dicta ble from 

properties of  each index. 

2. 



II. SOURCE OF DATA 

The da ta used in this study , cove ring a period of 1 1  

years from 1 955 to 1 965 inclusive , were o btained from a flock 

of  Romney Ma rsh sheep kept a t  Mas sey Unive rsity , Palmerston 

North. Since the origin and genera l  manageme nt of this flock 

together with the kinds of data collected as a routine have 

been  descri bed elsewhere ( Rae 1 958 a and b) , it is only necess

ary to outline certa in aspects of management  a nd data ooll c tion 

relevant to this study. 

1 .  Management of  experimental a nimals 

This flock of Romney sheep since its founding in 1 944 , 

has been maintained by a sys tem of random breeding. In practice , 

no selection for or against a ny productive c ha ra cters in ewe s  or 

rams was made.  Furthermore , the ewe s  within an age group , were 

a ssigned at ra ndom to the single sire mating groups. Both the 

ewe hogget a nd ewe flocks we re grazed a ll year round on pasture s , 

predominantly a ryegra ss-white clove r  a ssocia tion except for the 

occasional supplementa ry feeding in the form of chou mollier 

which was offe red to the ewe hoggets during la te winter a nd early  

spring. Whe ther it was fo r the ewe hoggets or the ewes , the a im 

of grazing ma nagement wa s to provide an  ade quate level of nutri

tion and trea t all sheep a like . During the ma ting a nd lambing 

sea son , the e e flock was split into mo bs , but periodic s hifts 

of the various mo bs were ma de to overcome , in pa rt a t  lea s t , 

any consistent diffe rence in the level of nutrition a t  these two 

time s of the year. In routine farm opera tions such a s  d renching 

a nd dipping against para sites , care of fee t , crutching a nd 



shearing ; all sheep were treated in the same way. Apart 

from losses due to deaths and injured teats at shearing , all 

ewe lambs were taken into the hogget flock which in turn was 

taken !E toto , into the ewe flock at the start of the mating 

season in March. The breeding ewes remained for four lambing 

seasons in the flock until casting for age as five-and-half 

year olds. 

During the first or second week in March each year , at an 

average age of about eix months the ewe hoggets were joined with 

three or :four vasectomised rams. As a group , they remained 

together until the end of July or early in August when the males 

were withdrawn. 

The breeding ewes were joined with entire rams in early 

March ana the duration of the mating period varied only a little 

from year to year , being not less that 51 days or more than 58 

days. For all practical purposes ,  each mating group was equal 

in number and similar in age composition of ewes. The lambing 

season was restricted to August , September, and early October 

while weaning took place towards the end of November or early in 

December. All wether lambs were disposed of after weaning, but 

ewe lambs as mentioned earlier were retained. In general , the 

calendar of farming operations and the pasture available for 

grazing by the hoggets and ewes in this flock were typical of 

those found on many Romney breeding properties in the Manawatu 

and surrounding areas. 

4 .  



2. Data and data collection 

( a) Live weight characters 

In each year, the ewe lambs were weighed at weaning. After 

weaning, the ewe hoggets were weighed at intervals between four 

to six weeks from March to July inclusive and again after hogget 

shearing in Octobe� The weight of the individual was measured 

to the nearest pound. The dates of weighing at weaning, in 

March ana after hogget shearing varied a little over the years, 

the range in dates being 1 0  to 15  days. The live weight charac-

ters used in this study were: weaning weight, live weight in 

March, live weight at the 'shortest-day' of the year ( 21st June) 

and body weight of the ewe hogget post-shearing in October. 

The last-mentioned weight measurement was considered most appro

priately to be described as body weight since the record included 

a negligible amount of wool growth which on otber occasions of 

weighing was an inseparable part of the live weight record. 

The measurement of live weight at the 'shortest-day' was obtained 

by linear interpolation between two adjacent weight records on 

either side of the 'shortest-day' in each year. An alternative 

way of describing live weight growth over the hogget period was 

to express it in terms of gain in live weight. The latter 

measurement was calculated as a difference between each adjacent 

pair of live weight records. 

(b) Oestrous behaviour 

It has been mentioned earlier that vasectomised rams were 

joined with the ewe hoggets early in March in each year. The 

vasectomised rams were raddled with coloured paste in the years 

�POm 1956 to 1958 inclusive. During the b�eeding season in 1959 



and in subsequent years , the males were fitted with 'sire-sine' 

crayons (Radford , Watson and Wood 1 960) which were found suitable 

for mating identification in the Manawatu (Ch'ang 1 960). During 

6. 

the period of years when coloured paste was in use , it was replen

ished as required but usually daily. The colour of the pas�or 

crayon was changed every two weeks. 

Inspection of the ewe hoggets during the breeding season 

was made daily or at least once 1n every two days. The occur-

rence of oestrus was inferred from the freshly coloured patch 

visible on rump of the ewe hogget. The vasectomised rams were 

withdrawn towards the end pf July or early in August when the 

observed incidence of oestrus became negligible. The duration 

of the breeding season was about four and a half-months to five 

months being similar to that described by Ch'ang and Raeside ( 1 957) 

based on a preliminary study of Romney ewe boggets in this flock. 

(c) Fertility of the ewe 

The record on number of lambs born, dead or alive per ewe 

at lambing , sex of lamb , type of birth and rearing of the lamb 

as well as identification of the dam and offspring were recorded 

as a matter of routine in this flock. Thus , no additional 

collection of fertility data was required for purpose of this 

study. 

The total number of sires used in this flock was 4 9  over the 

period from 1 955 to 1 963 inclusive. Except on two occasions 

which will be mentioned later , each year a different group of 

rams was brought into the flock for mating. In choosing the 

sires no conscious selection for either high or low expression 

in the various characters studied in this thesis was made. 



The sires were therefore regaraed as a ranaom sample of all sires 

which were available for sale to Romney breeding properties in the 

years unaer consideration. In 1 962 , one ram was apparently in-

fertile curing the mating perioa since every ewe in its group 

was subsequently round to be barren at ena of the lambing season 

in that year. The fertility recoras of the ewes in this mating 

group for the year 1 962 were excluaea from analysis since they 

contributed no information on fertility of the ewes 1n question. 

7-



III. METHOD OF ANALYSIS 

In the analysis of numerical data, choice of a mathematical 

model is the first step. A mathematical model is a definitive 

statement specifying the way in which the various factors are 

supposed to affect the datum. The model therefore is a descrip

tion of the population from which the data are regarded as a sam

ple. As part of the description , it is also desirable to estab

lish a correspondence between assumptions made about the factors 

in the models and the biological and physical phenomena which 

are to be studied. The general consideration given to the 

choice of a model therefore depends on what is known � priori 

about biology of the character and the need to simplify the 

model so that statistical estimation may proceed. 

The different models which can be used in studying genetic 

variation and covariation depend in the first instance on the 

various types of genetic relationship available in the data. 

In the present flock according to the mating system described 

earlier, tbe most common genetic relationships were those among 

the paternal half-Bibs and between dam and daughter. While 

some full-Bibs and maternal half-sibs were also present, they 

were too few in numbers for general use in the estimation of 

genetic parameters. The model used to represent the relationship 

between dam and daughter conceivably might be different from that 

appropriate for paternal half-sib analysis since the former could 

involve the effects due to maternal environment. 

The estimates of genetic parameters are made more accurate 

if the environmental effects in the data were adequately removed. 

a. 



The environmental sources of variation considered likely to be 

important were: year of b irth , age of dam, type of birth and 

rearing and age of the i n d iv idua l. Wh ile these sources of 

variation are unlikely to account for all the non-genetic 

variation between records , they represent the known environ

mental factors in this flock. 

The characters studied in this thesis are of two types. 

The first group consisted of weaning weight, l ive weight in March, 

live weight at the 'shortest-day' , hogget body weight measured 

post-shearing and number of oestrus per ewe hogget during the 

first breeding season. For conven i e n ce of description these 

characters w i ll be referred to as bogget characters. The second 

group of characters is composed of three measurements of fertility 

each expressed as num ber of lambs born per ewe. The first mea-

surement of fert ility is the number of lambs born per ewe at the 

two-year-old lamb ing. The second and the third measurements of 

fertility are expressed as total number of lambs born per ewe 

over the first two and three lambings respectively. These mea

surements. of fertility will be collectively descri bed as fert 111tJ 

ot the ewe. 

9· 



1 .  Estimation of environmental effects 

It has been stated earlier that the known environmental 

factors considered l ikely to be o f  importance in the data were: 

year of birth , age of dam, type of birth and rea r ing and age of 

the individual. Since the mathematical model used to represent 

a reco rd o f  the bogget character was more complete in tbe statis

tical sense than that considered appropriate for fert ility of tbe 

ewe, it will  be descri bed in some detail first. 

Tbe data used in studying the environmental effects on 

bogget chara cters were based on the animals born over a period 

of  seven years from 1 955 to 1 961 inclusive. The model used to 

represent a datum o f  each hogget character was: 

i = 1 • . •  p, j = 1 • • •  q, k = 1 • . •  s and 1 = 1 · · • 
nijk 

where nijk denotes the number of observations in the 

ijktb sub-class. 

The yijkl is the record o f  the lth ind ividual born in the 

ith year and reared by tbe jth age group of dam and belonging to 

1 o. 

the kth type of birth and rearing class. As a part of the state-

ment concerning the population descri bed by the model, the yea r  o f  

b irth , age o f  dam and type o f  b irth and rearing are rega rded as 

fixed effects. In addition, the sum of effects of the parameters 

within each of these classes are by definit ion equa l to zero so 

These speci:fi-

cations imply that all sub-class numbers a re equal in the 

population. 



The p is the mean of all records of a character when equal 

frequen c ie s  exi st in each su b-class. 

The ri is an effect c ommon to all records of a character 

measured on  indiv iduals born in  the ith  year. For characters 

such as hogget body we ight which was not made in the same year 

as the indiv idual was born ; t he year of birth classifications 

which  were chosen  for conven ience of descript ion would refer to  

effect of  the year in  w h ich the re cord was made.  The ·year' 

effect used in  e ither sense, is a measure of the variat ion in 

t he data caused by environmental condit ions pecul iar to each 

year. For example , differences in  the amount and d istri bution 

of rainfall and the mean monthly temperature wh ich are known to 

ex ist betwee n  years may affect the characte rs of the an imal , 

e ither d irectly or ind irectly by the i r  influences on feed supply , 

parasitic burden and other le�s tang i ble factors which make up 

the yearly environment. In the pre sent data , the 'year' effe ct 

may also contain a genetic component since the average genet ic 

d ifferences between sires used i n  the last three years covered 

by this study were confounded w ith the 'year' e ffect. 

The aj is an effect due to age of dam. While four age-

groups of dams were pre sent in the flock , only three of t hese 

we re used in the analys is.  The three age-groups we re: 

- two-year-old , - three-year-old , and four 

and five-year old ewe s. The bk is an effect attributable to 

type of b i rth and rearing for whi ch three sub-classes can be 

distinguished; b1 - s ingle lamb reared as single, b2 - twin 

lam bs reared singly and b3 - tw in  lambs reared as twins. 

1 1 .  



It has been shown by Barnicoat, Logan and Grant (1949) that in 

the Romney breed younger ewes produce less milk than older ewes , 

and since milk represents the only diet in the early weeks of a 

lamb' s life , the individuals reared by younger dams may be 

handicapped in their growth compared with those reared by mature 

dams. Lambs born and reared as twins have to share pre-natally 

the uterine environment and post-natally the milk supply of their 

dam. The twin lambs thus may al o suffer from a handicap in 

growth compared with the lambs born and reared as single • The 

aj and � are therefore measures of these sources of variation 

on the eaning weight of the lamb. If these effects tend to 

12. 

persist after weaning ben the lamb is no longer directly affected 

by age of dam and type of birth and rearing , they are included in 

the estimates of aj and � for post-weaning characters. 

The {ab) jk is an interaction effect associated with the jtp 

age of dam and kth type of birth and rearing. An interaction ot 

this kind may exist if, for example the extent of handicap in 

growth of twin lambs reared by mature dams is different from those 

reared by younger dams. The information provides some indioation 

of the approximations involved in using age of dam and type of 

birth andrearing effects as additive correction factors. 

The xijkl is the date of birth (in days) of the lth indivi

dual born in the ith year reared by the jth age group of dam and 

belonging to the kth type of birth and rearing class while i is 

the average date of birth of all individuals included in the 

present study. The term ( xijk1-i) expresses the difference in 

age of a particular individual from the average age or all 



ind iv iduals . The � is  a linear part ial regre s s ion coeffic ient 

measuring the average change in value of y
ijkl 

for the differen ce 

of one day in  age.  

The e i jkl is an error pecul iar to each datum. It represents 

the d iscrepancy between the actual value of a·da tum and its 

expected value based on sum of the e ffects stated i n  the model.  

The discrepa ncy is thus caused by the effects of many factors 

not included in  th is study. Wh ile some of these factors are 

known such as the sire effect , many others are unknown. In  

general , est imates o f  the effects are biased unless i t  can be 

assumed tha t  the ignored sources of varia tion have the ir e ffect  

randomly d istr ibuted over the effects wh ich a re studied.  As in 

the present da ta there wa s no known reason to suggest otherwise , 

the assumption appeared rea sona ble and the refore as made. For 

purposes of testa o f  s ign ificance, the eijkl was a ssumed to have 

a zero mea n , constant  variance and a norma l distri bution. 

The distribution of su b-class  numbe rs was non-ortbogonal in 

the data. Hence, the method of f itt ing constants by least� 

squares procedure was used to estima te the various effects 

spec ified by the model. The principles o f  least-squares 

a nalysis and the detailed steps used  in the est i mat ion process 

have been descr ibed by Kempthorne (1952) a nd Harvey (1960). 

The l atter has also discussed the types of restr ictions whicb ma7 

be imposed on  the estimates of the parameters in  o rder to o btain 

unique solutions. The restrict ions cons idered a ppropria te for 

the presen t  a nalysis were L.'f'i =I:� =L:'S'k = l:(a,) jk =�(�) jk = 0 
i j k j k 

where the "' denotes 'the estimate of'. 

13. 



Since interpretation of aj and � depended on whether or not 

the interaction effect ( ab) jk was real, the statistical signifi

cance of these terms ln the model was tested first by using 

analysis of variance. In doing so, a short-cut method waa uaed. 

Kore specifically, the model was re-defined as: 

Tbe sw. of aquarea aaao-

elate� with (ab) jk was computed aa a difference between reduct

ion in awn of aquarea due to fitting all constants 

i (�, r, a, b, ab, ') and that due to fitting all except the 

interaction effect R (p, r, a, b, p). Th•., error sum of squares 

was obtained as a difference between tbe raw sum of squares and 

that due to fitting all constants. The degrees of freedom for 

interaction was calculated as (q - 1 )  ( s - 1 )  since in the 

present data all sub-classes were filled. The error degrees of 

freedom were computed ss n • • • •  - p- qs where n • . • •  denotes 

the total number of obeervations. Tbe ratio between the inter-

action and the error mean squares was then compared with the 

tabulated P - �aluea given by Snedecor ( 1950) as a baais for 

inferring statistical significance of the interaction effect. 

If an interaction effect was found to be statistically 

significant, a reasonable approach to assess its practical impor

tance in relation to tbe development and use of add1ti�e correct

ion factors involves consideration based on the size of the 

interaction effects. 
A 

The values of djk computed in the process 

of finding the reduction in sum of squares due to fitting all 

1 4 .  



constants are available as right-band members (RHM) of the 

following set of simultaneous equations which may be used to 

estimate the p, aj , bk and the interaction effects (sb) jk. 

Jl + aj bk (a b) jk Rmt 

Jl + aj nj L:njk k 
L:njk k 

l:njk d jk k 

bk l:njk j 
n. k L:njk j 

!:n jk d jlt j 

( 8 b) jk njk njk njk Djk dJk 

In the equations above, the njk denotes the number of obser

vations in the jtb and kth sub-class, whereas the dot (.) 

represents summation over the subscript which it replaces. 

The steps involved in solving the equations were: first, 

absorbing the F + aJ equations into the remaining equati ns; 
"' ...... � ......... second, imposing the restriction � � = t (ab) jk = lt (ab) jk � 0 

and obtaining the solution of the reduced equations by iteration 
A ,....... 

and third, substituting the� and (ab) jk into the p + aj 
� equations to solve for F + aj. 

The model used to represent a datum of fertility in the 

ewe was: 

The mea nings of the various elements shown 1n the model above 

were the sam8 as those descri bed for the previous model except 

in the case of 'year' effect r1. The different years of birth 

involved in the fertility data will be specified below. It 

al so should be noted that bk' type of birth and rearing 

15. 



class it1cat ion takes on a connotation in the present context , 

somewha t  d ifferent to that attri bute d  to it in the earl ier model. 

For example ,  the type ot birth class ificat ion of the ewe itself 

is to a la rge extent determined by her dam ' s phenotype tor 

fert il itJ which is in part due to genetic causes. The type ot  

birth effect on  fert il ity of  the ewe the refore is unl ikely to  be 

whollJ attri buta ble  to environmental ca uses. This eo pl icat ion 

will be turther d iscussed in pre sent ing the results. 

The fertility data used in the analysi were : for tbe first 

two mea surements ( number of lambs born at the first and over the 

first two lam bings) tbe data were based on ewes born over tbe 

period from 1955 to 1962 inclusive and for the third measurement 

( total numbe r  of lambs born over the first three lambings) the 

data were ba sed on ewes born over the period from 1955 to 1961 

inclusive. 

2. Interaction between s ire and year in bogget characters 

The ranking of a sire based on average performance of ita 

offspring within a gro�p of sires may alter from year to year. 

The sire-year interact ion if  real , tends to lower tbe accura07 

of select ion. The present investigation is concerned with 

tbe sire-year interaction in bogget characters. 

It has been  mentioned in II ( c) that on two separate 

occas ions , some or all of the sire used in the previous year 

were reta ined for further mat ing in a second year. Uore 

ape c i ficallJ, of the seven sire s mated in 1955, four cho en at  

random were kept for use in 1956. In 1957 four different sires 
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were bro�ght into se rvi ce and these same fo�r s ires were uaed 

aga in in 1 958. The data available for the present analy s i s  

were therefore based on those collected ove r  two consecutlv 

two-year periods ( 1 955 , 1956 and 1 957 , 1 958).  Tbe data 

ava ila ble from daughters o f  the th ree s i re s  which were not �aed 

in 1 956 hav e been excluded from the pre sent study in order to 

l ighten the computat ional  burden. The data thus excluded 

co�ld not bave contributed informat ion towa rds the s ire-year 

intera ct ion although they wo�ld have prov ided extra degrees of 

freedom for estimat ing the error mean squares . 

The mathematical model chosen to represent the record ot 

a character in  each ot the two-year periods was :  

1 • 1 • • •  p, j = 1 • •• q, k = 1 • • •  t ,  1 = 1 • • •  u and 

m = 1 ••• n
ijkl where the n ijk l denotes the number ot 

o baer.at iona 1n the ijklt b sub-class. 

The P• rj , ak, b
1, x i jklm and � are the mean ,  year of birth , 

age of dam , type o f  birth and rearing , date of  birth and the 

part ial l inear regress ion coe fficient on age respect ive ly. 

These elements have the same meaning as those d sc r1 bed tor the 

model uaed  in study ing the environmental effects. 

the present model , is an e ffect common to records of  a cha racter 

of all  daughters 1n the itb sire group. The ( sr) i j  ia an  

ettect common to  re cord s  ot  a cha racter ot the da ughters iD the 

ith sire group born in the jtb year. The e i jklm is an error or 

re sidual pecul ia r to each re cord . 
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The usual a eaumpt1ons ma de a bout si and ( sr) i j  a re tbat 

they bave zero means and variances 6s
2 and 68r

2 
respect ivelJ. 

These a ssumptions a re pertinent if the a im of the analy s is is 

to estimate va r iance components attri buta ble to s ires and s ire-

year interaction. The small numbers of sires and years ava il-

a ble for the present study would render the est imates of  var1-

snce components if calculated, unre l ia ble. The object ive of 

tbe analysis therefore was confined to a test for the presence 

of s i re-year interaction in the hogget data . The s1 and 

( sr) i j  were thus regarded as fixed e ffects while e i jklm was 

assumed to have a zero mean , constant va riance and a normal 

distri but ion. The computat ional steps used in find ing the 

sum of squa res and mean squares needed for the test of s igni

ficance of s i re-year inte ra ction effect were the same as those 

described earl ier for testing the s ignifica nce of age of dam

type of birth and rearing effe ct . 

. 3· Prel iminary analysis  of annual fert il ity of 

the ewe 

Since a ewe may produce zero, one , two or occa siona lly 

more lambs per yea r ,  a discre te scale ba sed on the numbe r  of 

lambs produced by a ewe is clearly a mea n ingful measure of 

annual  fertil ity in  the ewe . However, the l imited numbe r  of 

classes or coa rse group ing which is  a property o f  the annual 

fe rtility data pre sents certa in pro blems in statistical analy-

s1s  using tbe small sample techn iques .  The ma in d ifficulty 

l ie s  1n the interpretation of te sts of s ignificance and the 
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estimates of sampling e rrors derived by methods more appro

priate for normally d istri buted varia bles. A satistaotor,r 

theoretical solution to overcome tbis and othe r  r lated pro blems 

is not ava ila ble. While the p ro blem of coarse groQping ma7 be 

overcome in part a t  least , by us ing the average or total number 

of lambs born per ewe over several lambing& a s  a measure ot 

fertil ity , it appears worthwhile in the first instance to stud7 

the more basic  phenotypic relationship between a hogget cha rac

ter and annual fert il ity ot the ewe uaing methods more appro

priate tor frequency data. 

The phenotypic relationships betwee n  numbe r  of bogget 

oestrus and annual fert il ity ot the ewe at two- , three- ,  four- , 

and five-year-old lambing were studied initially using the chi

square method , the n  by a method of we ighted regres s ion descri be d  

b7 Yates ( 1 948)  a n d  la stly , by regre s s ion analy s is based on the 

method of least-squares  ( Snedeeo r  1950). The data used in each 

analy is were the same , be ing those collected over the period of 

years from 1955 to 1 963 inclusive . A detailed a ccount of  each 

method ot analysis  is presented below. 

{a) Chi-aquare analy sis  

The a im o t  this series of analysis  was t o  provide aD 

appropriate test tor mutual independence among numbe r  of bogget 

oestrus , type ot bir�b and annual fert il ity ot the ewe. For 

the present purpose , the data may be a rranged in a three d imen

s ional cont ingency table w ith r-rows , c-colQmns a nd l-la7ers. 

The r-rows consist of two type-ot- birth classe s which refer to 

whether the ewe was itself born as a single or a twin or triplet. 



Tbe c-columns are repre sented by three mutually exclus ive 

reproduct ive attributes ;  barre nness , single-birth and mult iple-

birth cha racteris ing annual fert il ity of the ewe.  The 1-layers 

are composed of �he d ifferent num be rs o f  hogget oestrus. Tbua , 

the first layer corresponds to zero oestrus while the s ixth and 

lest layer refers to five or more oestrus. Tbe o baervat ions 

were few in n um be r  for the s ix- , seven- a nd e ight-oestrus 

classes , hence , these o bser.ations were com bined with thoae in 

the five-oestrus class. 

The o bserved frequency in the cell of the 1tb row , 

jth column and ktb layer may be denoted by n ijk and the pro b b

ility of an o bservation fall ing in the i jktb cell 1s correspond

ingly des igna ted as pi jk" 

Tbe test for mutua l independence among the va r1ates is 

spec i fied by the null-hypothesis; H0 : Pi jk = (Pi • •  
)(P.j.){P . . k) 

aga inst tbe general alternat ive HA �fib· The test stat ist ic 1s : 

2 
X 

Where the subscript is  replaced  by a dot , it impl ies the summa -

t ion over the classes represented by the su bscript. For 

example , the grand total N = n . • •  . The X 2 a bove ha a 

( rcl - r - c - 1 + 2) degrees o f  freedom s ince only the grand 

total N has been re stra ined 1n a dvance w ith random sampling 

elsewhere includ ing the sub-tota l s , ( n1 • . ) , ( n. j. ) and ( n  .
• 

k) 

in the cont ingency ta ble. 
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If the null-hypothesis H0 is rejected, it does not necess

ary imply that there is association between all possible pairs 

of variates. The composite null-hypothesis H0 then ma1 be sub-
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divided into three mutually exclusive sub-hypotheses (Lewis 1962). 

The sub-hypotheses tested in the present data were: 

(1) H01 : PiJk = (P.J.) (P . • k) or independence between 

reproductive attributes and number of hogget oestrus. The test 

statistic X2 with (c - 1) (1 - 1) degrees of freedom was com-

puted as squared deviations trom the expectations applicable to 

a two-way contingency table between reproductive attributes and 

number of hogget oestrus. 

(2) H02 : Pijk = (Pi.k) (P. jk>/<P .. k> or conditional 

independence between type of birth and reproductive attributes 

given 

2 X 

with 

the number of hogget oestrus. The test statistic 

= L [nijk 
ijk 

l(r - 1) (c - 1 )  

(ni.k)(n. jk)] � [ (ni.k)(n. jk) 

<n . . k) (n .. k) 

degrees of freedom. 

] 

is: 

(3) H03 : Pi.k = (Pi . • ) {P .. k) or independence between type 

ot birth and number ot hogget oestrus. The test statistic X 2 

with {r - 1) (1 - 1 )  degrees of freedom was computed as squared 

deviations trom expectations applicable to a two-way cootingenc1 

table between type of birth and number of hogget oestrus. 

The validity of the sub-division ot H
0 

into three sub

hypotheses has been discussed by Lewis ( 1 962). As an approxi

mate check in a given sample, the value ot "2 associated with 

H
0 

sbonld be equal or nearly equal to tbe sum ot three separate 



X� each associated with a sub-hypothesis. 

carried out in the present analJ&is. 

This check waa 

It should be pointed out tha t the composite hJpotbesia 

(H0) may be decomposed into sub-hypotheses otber than those sta ted 

a bove. However ,  tbe su b-hypotheses (H01 , H02 and H03) formed 

were cons idered to be part icula rly relevant to the present study. 

The ma in o bject ive as mentioned earl ie r was to provide so e 

evidence 1n order to esta blish in a general way , whether or not 

the reproductive a ttri butes of the ewe a t  each lambing was inde

pendent ot number ot hogget oestrus ( H01) .  The tendency tor 

ewes themselves born a s  twins or in higher ordered births to be 

somewhat higher in the level of fert il ity than tho�born a s  

singles has been o bserved both i n  tbe present flock ( Rae and 

Ch'ang 1955) and in other studies ( see rev iew by Reeve and 

Ro be rtson 1953). There fore , it was also o f  interest to test 

us ing H02 , the independence between type o f  birth and reproduc

tive attri butes of the ewe given tbe number ot  bogget oestrus. 

The independence between type o f  birth and the occurrence or 

a bse nce o f  oestrus at the hogget stage ha s been reported in a 

prelimina ry study by Ch'ang and Raeside (1957). The test 

using H03 , o f  independence between type of b irth and number of 

hogget  oestrus based on the present data there fore provides 

further evidence on this aspect. 

( b) We ighted regression analysis 

The cbi-square method described a bove is  useful as it g ives 

a valid test of a ssociation between variates which are based on 

frequency data . However ,  the cbi-squa re method has several 

shortcomings ( Cocbran 1954) . Part icula rly releva nt to the 
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present study is that tbe cbi-square analysis provides no means 

ot de tecting the pa ttern of deviations between the o bserved and 

the expected frequenc ies which may exist if the null-hypothesis 

is rejected. In order to strengthen the chi-square analysis 

and to o bta in a quant itat ive mea sure of the spec ific pattern of 

dev iations wbicb it  may suggest , a we ighted regression method 

(Yates 1948) appropriate for frequency data was used. The 

we ighted regression method there fore provided a further descrip

tion of the phenotyp1c relat ionship between num ber of hogget 

oestrus a nd annual fe rtility of the ewe.  

A scoring system was required for the we ighted regresaion 

analysis (Yates 1948). In tbe present da ta; barrenness , 

s ingle- birth , twin-birth and triplet-birth were scored a s  zero , 

one , two and three respect ively. The scores assigned to number 

of hogget oestrus corresponded to the actua l numbe r o f  oestrus 

except for the last score , s ix, which included higher ordered 

oestrus a s  well. 

The statistical s ign ificance o f  ea ch regress ion coefficient 

wa s tested a ccording to the criterion and method given by Yates 

(1948) 0 S ince the present hypothe s i s  was confined to whether 

there was increased fertil ity with increasing number of bogget 

oestrus , the test was based on the pro ba bility of a no�al 

deviate with zero mean and un it variance exceeding the value of 

�2 calculated from tbe data . It is  worth noting that 

val id ity of this test does not depend on tbe sy stem ot scoring 

(Ya tes 1948 and Cochran 1954). The interpretation ot the 

we ighted regress ion coefficient based on a rbitrarily chosen 

score s  may be d i fficult in some instances. However, the scoring 

23. 



system �sed in the present analysis corresponded almost exactly 

to the pbenotypic expression of tbe characters in q�estion, 

sensible interpretation of the coefficients was thus possible 

even though the underlying scale tor each character was 

assumed to be unknown. 

(c) Least-squares regression analysis 

Since the weighted regression developed by Yates (1948) 

based on tbe one-tailed test of significance is a large sample 

technique, the results obtained according to this method of 

analysis may differ from those given by tbe least-squares 

regression. In using the latter method, it is necessar, to 

assume that the dependent variable annual fertility of the 

ewe has a normal distribution and the other properties of th 

data implied by this assumption. The main uncertainty about 

the no�ality assumption was caused by the possible correlation 

between the mean and the variance of annual fertility which aa 

described earlier was measured by a discrete seale containing 

relatively tew classes. More specifically, annual fertility 

may be regarded as having a multinomial rather than a normal 

distribution. The purpose of estimating the least-squares 

regression ot annual fertility on number of bogget oestrus 

therefore was to provide some empirical evidence tor assessing, 

by comparison of results with those obtained from the weighted 

regression, tbe approximations involved in using the more versa

tile least-squares method of analysis. 

As a first step towards computing the least-squares 

regression coefficient, the data were initially sorted into 



type of birth and age of ewe sub-classes. Within each aub-

class , sum of squal'es for each character ,  croasproducts between 

the characters and degrees of freedom were computed for all 

indivi��als born in tbe same yea r. These values were then 

pooled over the year of blrtb groups to compute the regression 

coeff1c1ent , one for eacb type of blrtb and age of ewe claaa1-

ticat1on. The tests ot atgnificance tor �he regression 

coeffia1onts were made using the method and t - table given b7 

Snedecor ( 1950). 
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4 .  Estimation o� phenotypic and genetic paramete rs 

A statistical description o� phenotypic and genet ic 

properties ot  a sheep flock may be provided by the va riance

covariance matrix ot the characters Qnder investigation. How

ever , it is  often more convenient to summarise &QCh information 
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by expressing it a s  correlat ions or berita bil itiea. For instance , 

e stimates or pbenotypio correlations between bogget cha racters and 

fertil ity of  tbe ewe a re  immed iately ind icative of tbe relative 

accQracy w ith which tbe potential fertil ity ot the ewe can be pre

d icted by each ot the several hogget cha ra cters. The heritabil

ity of eacb chara cter a nd the genetic  correlation between each 

pai r  ot cha ra cters a re also QSetQl as they prov ide a more read ily 

interpreta ble evidence for descri bing the pattern ot response and 

correlated response to selection in tbe group ot cha ra cters Qnder 

stQdy. Tb most common types ot genetic  relat ionships availa ble 

tor e stimation ot genetic parameters in a sheep flock are tbose 

among the paternal balf-ai bs and between dam and o�tspring. The 

rationale underlying each method of estimation i s  that gen tic

ally related ind iv iduals tend to be more al ike than ind ividuals 

chosen at random from the same population. 

( a ) Paternal balt-aib analysis  

In a population mating at random , four times tbe variance 

among s i res is an e stimate of additive genetic variance plus an 

u.nknown amoant of variance due to non-addit ive genetic pbeno ena 

sucb as dominance and epistasis , if  they exist as sources of 

variat ion in the character under invest igation. S imilarly a nd 



with the same reservation , add it ive genetic cova riance between 

each pair of  chara cters may be estima ted as· four times the 

covariance among s i res. The first step towards estimation 

of herita bil ity and genetic corre lation using the paternal 

ha lf-s i b  method however 1a concerned w ith a nalys is ot va riance 

and cova riance components attributa ble to the s ires. 

The model chosen to repre sent a datwm of a pa rt icular 

hogget chara cter was : 

1 tjklm = 

and tor a second cha racter was :  

1tjklm = u r'  a' + a '  + b' + e '  r + 1 + ij k 1 ijklm 
i = 1 • • .  r ,  j = 1 ••• si , k -= 1 . . .  t ,  1 = 1 . • •  u and m = 1 ••• nt jkl 

where ni jkl denote s  tbe number of  o bservat ions in the ijkth 

sub-class. The Yijklm or Ytjklm is  tbe record of the mtb 

individual born in the ith year and jth s ire group and rea red  

by the kth age group ot dam and  belong ing to  the lth type of 

birth and rearing class. The p. or p' is an e ffect common to 

a11··recol"da o f  a cha racter. 

b1 or bi are fixed effects attri buta ble to year ot birth , 

age of  dam and type ot birth and rearing respect ively. 

The s1j or stj 1a an e ffect due to the Jth sire within 

the 1tb year and the eijklm or • tjklm is an e rror peculiar 

to each record. Tbe 8ijklm 
and 

a ssumed to be random va ria bles d istributed with zero means 

a n d variance& d"s 
2, r:r8f , cr8 

2 and (1'8� , respect1velJ 
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and covariance among sires cov ss' ana error covariance cov ee'. 

In estimating the sire ana error variances ana covariances, 

the working models used were: 

/V 
Yijklm 

� ' 
Yijklm 

""" 
Yijklm 

-; 
Ytjk:lm 

= 

= 

= 

p + ri + sij + 8ijklm 

p' + r' + i 
t ' sij + eijklm 

""' "" A 
Yijklm + ak + bl 

""" """ A 

and 

= Y tjklm + ak + bi 

and 

where 

were derived from the data used 

in studying the environmental effects on hogget characters accor

ding to the reduced models: 

The procedure used in adjusting the data for differences in age 

of dam ana type of birth and rearing was less satisfactory than 

that proposed by Henderson ( 1 953 Method 2). However, within 

the limitations imposed by the available computing facilities 

and knowledge of writing more sophisticated computer programmes, 

the present procedure of data correction was thought to be a 

reasonable compromise. 

A similar procedure as that outlined above was used to 

estimate the variance components (6s
2 and 6e

2) for each 

measurement of fertility in the ewe and the covariance components 

between each hogget character and fertility except that no 
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correction wa s made for differences in the fertility data due 

to type of birth and rearing. Some evidence which will be 

presented at a later stage is available from the present data 

in support of this procedure. The estimates of age of dam 

effect on fertility of the ewe used as  correction fa ctors were 

therefore derived using the following one-way model : 

the data used for thi s  purpose being the same a s  tho se used in 

the analysis of environmental effects on fert ility of the ewe. 

The expectations of sire and error mea n  squares and cross-

products are : 

Sire Mean Square 

Sire Mean Crossprod ucts 

Error Mea n Square 

Error Mean Crossproducts 

The coefficient k wa s calculated a s  0 

= (f 2 
e + ko 

= oov ee ' 

= 6 2 
e 

= cov ee ' 

y'f ( si - 1 l [ �ni - i) < nt/ /n tl] 

cs 2 
s 

+ k0cov ss ' 

where n1 j is the number of offspring in the jth sire group 

within the ith year and ni is the total number of individuals 

in the i th year. 
A 

The estimates of phenotypic correlation ( RP) ,  
- "" 

heritability (H) and genetic correlation ( Rg ) were calculated 

using the following expressions : 

� = (Oc;'v ss ' + c� ee') / (�8
2 + <r82 )i  ((is� + O:ef)" f 

A 
H and  = c� ss ' /� �s ' 
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It should be po inted out tha t in computing tbe Tarianoe a nd 

cova ria nce compone nts , no a llowance was made tor the degree s 

o t  freedom ut il ised a s  a result ot a d justlns the data tor 

d i trerences i n  age o f  dam and where appl ica ble tor t7pe ot 

birth and rea ring. Tbe fre q uency d istri but ion o f  tbeae 

environmental olassiticetlons is not exactly proportioDal 

among tbe sire s  therefore , the value s  ot va ria nce and oovar1-

components may be biased ( Henderson 1 953) .  
""' 

Tbe ascapl1ng e rror o t  H wa s derived troca tha t  o f  tbe 

corresponding intra-class correlat ion based on tbe fo�ula 
A 

given by Falconer ( 1 960) . The sampl ing e rror ot Rg was 

coaputed u s i ng tbe method de scribed by Tallis ( 1 959) · ID 
computing tbe aa•pl lng errore o t  herita bil ity and genetic 

correlation , tbe degree s  ot treedom tor airea we re based on 

tbe number ot d itterent sire s  ra ther tba n  tbe tota l nwnber 

ot sires wblcb had been u.sed 1 n  the variance and coTa rla nce 

component analra ia. 

( b) CoYa rlance ana lysis  between dam a nd daughter 

The regression o f  offs pring ' s  phenotype on tha t  of tbe 

da le w i dely used aa a method tor estimat ion ot herita bil ity 

( Luab 1 940) and genetic correlation (Hazel 1 �3) .  J'or example , 

tbe herita bil ity ( B) ot c ha racter Pi o r  PJ and the genet ic 

correla tion ( rG 0 ) between them may be estimated , under 
i j 

s 1mp1 it) lng assumptions a ccording to the following express ions : 
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......... """" 
Hi = 2 'PP P' 1 1 

..-""' """ 
Hj = 2 rp P' j j 

A � 

• 2 

= 2 

� P1Pj/dp� cov 
1 

� 
' I  2 COT P jp J cS'pt 

J 

............ .......... 
aod r o1GJ 

• COT Pi.PJ I 2 ( COT PiPt CO 'V P' P )i  j J 

.A. � .........._ 
or r o 1o j 

= COT , 1 ( � , pjp1 2 cov p1p1 cov P' P ) i'  j j 

The anderlytog models and the asswmpt ioos made a bout va ria bles  

in  tbe models  are : 

pl = Qi + Et pj • GJ + E j 

P '  i = G '  1 + E '  1 
p • j c G '  j + Ej 

where the prime denotes the maternal gene ration. Under rand001 

mat ing , E (Oi
) 1 G '  and E (Gj) • i Gj • the G be ing = 'I i ' 

de fined a s  the addit ive genetic 'Value of  the character. In 

add ition , the E 1a assumed a s  a random environmental value 

which i s  unoorrelated w1tb the G eo that  E ( coT GE) • o. 

Expre ssing each varia ble as a deT1a t1oo fro its mean value ; 

Tbe ber1ta b111t1ea  and gene t ic 

tbea estimated � 
......... -" 2 " 2  HJ = o-0 I crP j j 

def1n1t 1on a s : 

a nd 

In the models descri be d  a bove , E was defined a s  a randa. 

environmental deviation uncorrelated with the G. Tbie assump-

t1on , a s  suggested by Kocb sod Clark ( 1 955) ma1 DOt be appropriate 



it  the characte r  is subject to the influence of a maternal 

environment (P�) which is itself he rita ble. In  other words , 

Ei i s  now re-defined as Bi a P� + Ei and E ( P�) • G� + E� 
thus Ei = G� + E� + E 1 whe re E '  is the env i ronmental  deviation 

of maternal env ironment and Ei , the non-maternal environmental 

deviat ion of Pi. The Ei may be similarly re-de fined a s :  

E' i a G" IB + E" 
m + E '  i where the double prime denot s tbe 

grand dam' s generation. Under the direct tnfluence ot a 

materna l env i ronment , the E ( oov G1Ei ) and E ( cov GiEi) ia 

not zero but conta ins systemat ic components due to genetic 

va riation ana covariat ion of the maternal environment.  

ID the present study , weaning we ight o f  the lam b  was the 

only character d irectlJ a ffected by maternal env ironment. Tbe 

rema ining characters were all expressed  by the ind iv idual a tter 

wea n ing and there fo re could be in�luenced by the maternal envi-

ronment only it a carryover maternal effect exists. An attempt 

wa s made in the follow ing sections to evaluate the contri bution 

ma de by the maternal environment and its carryover ettect to 

covariance between dam and daughter. 

( i i ) Maternal environment and weaning we ight 

Por present purpose , the maternal env ironment ( P�) ma7 

be considered as  an influence attributa ble solely to the dam on 

her o ffspring between birth and wean ing. In ao tar as weaning 

we ight of the lam b  is concerned , a ma jor component ot  ma ternal 

environment is  the qual ity and quant ity o f  milk produced by the 

dam. Stud ies on milk product ion in the Romney breed ( Ba rn 1coa t , 

Logan and Grant 1949) showed tha t  ewes compara ble in age ana 
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n�mber of lambs suckled d i ffered in composit ion and the amount 

of milk produced. However ,  maternal environment conce iva bly 

includes othe r less tang i ble factors of the dam as wel l , such 

as the a bil i ty to shelter and shie1ld the lamb from baza rda ot 

l ite and other factors which affect via bil ity and health of 

the lamb. The present view po int there fore is to regard 

phenotype o f  wean ing we ight ( Pw) as a result o f  several 

factors and d e fina ble as : Pw • Gw + Ew + P� where 

A pa ir of weaning 

weight records  between the o ffspring and the dam each rea red 

b.1 its own dam �Y be stated as : 

and 

P_ = � G '  + E G '  + E '  .,. I W W + m ID 

P' = w G ' + E '  + G" + E" w w m m 

s ince 

the G" be ing the a dd it ive genetic 
m 

deviat ion ot  maternal environment o f  the grand dam. These 

expectat ions may be verified by us ing a path-coeffic ient d iagram 

such as that given by Koch and Clerk ( 1 955 Figure 3) . 

Tbe contri bution of maternal environment to covariance 

between dam and offspring , under the present formulation ia 

represented by 1i cov GwGm + i 602 
. S ince a d i rect measure-

m 
ment of mate rnal environment is  not ava ila ble , the evalua t ion of 

cov GwGm and 60: pre sents considera ble d i fficulty. For 

example , Koch and Clerk ( 1 955) compared the value s of correla

tions o bta ined from d ifferent k inds o f  rela tives such as 
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paternal and maternal half-a lba and between dam and offspring 

ln order to provide some information on the genetic correlation 

between maternal environment and a cha racter a :tf'ected b7 it. 

This approach aa pointed out by Koch and Clerk ( 1 955) oan not 

lead to a point estimate o� the genetic correlation in question 

because a series of assumed values of heritability o� maternal 

environment were used in calculating the genetic correlations. 

In the present atud7, an attempt was made to obtain point 

estimates o� 2 cov owom and �G , 
m 

thus enabling a point e timate 

o� genetic correlation between weaning weight and maternal 

environment to be calculated. 

The obaened weaning we igbt . o� a lamb reared b7 a ewe 

other tban ita own dam ma7 be defined as: 

P'  • 

= � G'  + E 2 w w 

• G' 1J + E '  w 

and 

tbe P� being weaning 

weight record o� its dam which was also �ostered as a lamb. �be 

expectations of dam-o�fapring covariances involving both foster

ed and dam-reared weaning weight recorda are: 

and 

E ( coy P�Fw) 

E ( cov F '  P ) .. . 

E ( oov P �li' w) 

as alread1 derived. 

• t 0 2 
a. 

= i 0 2 
o .. 

+ cov o,.om 

The dam-o�fspring relationships tbere�ore 

provide a usetul approach under the present tor�lation, tor 

,34. 



eTa l aa t lon o f  g e n e t i c  cont r i bu t ion �a de by ma t e rna l e nv i ro u.e n t  

1 f  a suff i c i e n tly l a rge n � be r  o f  fo s t e re d  d a • s  a nd o ffspring 

we re a va ila ble 1n t he :t'look. 

I n  t he p re se n t  tlook , fos t e r i ng w a s  n o t  a reaula r  p re o t loe 

bQt bad bee n  ne o e e aa r,r a nd ca rried out for Ta rioaa re a aona. 

Tbe .a jor re a aona for foa t e r i ng were the d e a tb of dam , 1DJQr.r 

o r  d i aeaae o f  tbe Qd d e r  o f  t he d am. Tbe ewe to w b i cb a 1 b 

1 a  fo a t e re d  for pra c t i c a l  purpoae , ia cho s e n  a t  ra n d o. exce p t  

tba t the fo ster e w e  would bave l a m be d  a t  a bout t h e  sa e t 1  .. 

a s  t be fo ste red l am b  wa s bo rn .  ove r t he y e a rs from 1 951 t o  

1 96 6  i n c l u s iTe , wea n ing we 1gbt re c o rd s  w e re ava i l a ble for 1 29 
fo ste re d  ewe a nd  w e t b e r  l a 111 be.  I t  wa s the re fo re  decided to 

OOtlpute 

COT GWGII 

Tbe '602 
• 

ha l f- s i b  

COY P' P w • iD o rd e r  to p ro v i de a po int e s t i111a te fo r 

, 118 iDg t he rel a t i o n s h i p  

K ( oov P' P ) = t 6: 2 + i C OT O•G• · w w o. 

u s e d  for t b l a  purpo se wa s t ba t  found from tbe pate rua l  

a na ly s i s  w b i o b  ba e bee n  d e s c r i bed e a rl ie r ,  tbe 6. 2  w a a  ow 
• �t illa te d a a  four t �e s  t he be tw e e n  s i re  va r1a mce fo r w e a o 1 ng 

we ight. 

he n c e , 

More a p e c 1 f 1 oa l lJ , coT GwO• wa a e s t ima ted a a z  

........... 
COT G Cl w .  -

• 

2 � 2 "'G w 
-""' 2 oov P' P • • 

........... 
Tbe aa111pl ing e rro re o r  coT GwG111 a nd cr02 a re  expe c ted 

• 

to be large s ince tbe ••ount of d a ta ava ila ble for tbe 1 r 
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e s t ima t ion was far :trona be ing sat i. s factoey. The se e e t ima tea 

woul d  have been mo re re l i a bl e  it cov G
w

O
m 

coul d have been 

e s t ima ted from the rela tionship between P� a nd P
w 

• Tbe 
� t ............... ' ... _ WaJ in w h ic h  cov P•P• an� cov P•P• were compute d an4 tuw 

ad � u at.e nt :to� know n environmental effe cts on wea ning we igbt 

w ill be descr i bed a t  a la te r stage . 

( 11) Ca rr1over ma te rnal e ffect and post-wea n i ng 

cha racte rs 

Since a poat-w oan ing l ive we ight mea surement 11a7 be express

ed aa t he aum o :t  wean ing we ight plus l ive we ight ga in ove r each 

o t  t he ape c i :tia ble periods it ia convenient to exam ine :tira t , 

the con tri but ion o t  ea rrtover maternal et:tec t  to dam-da ughter 

cova ria nce anaoag tbe l ive we ight cha ra cters. 

Let p 
t 

wean1Dg an� 

represent a l ive we ight mea sured a t  t ime t po at

Pk '  tbe ga in i n  we ight during the k
tb 

period de :t1n-

ed a s  the interval :trom weaning to the t ime when Pt 
is measured. 

If Pk is he rita ble , it m&J be repre sented a s  Pk = Gk + Bk • 

Since tbe· ident itJ P
t 

= P, + Pit la true , P
t 

ma)' be writ ten iD 

terms of ita gene t i c  and environmental eo po oent a a a :  

Pt • G
w + Gk + 0� + E

w + � + E '
m 

S im i l a rlJ , the dam ' s we ight measured 

at ti•• t ma7 be spec ified a a : 

p' t 

)6 . 



Tbe cova r1a n ce be tween Pi and Pt , g ive n that E {Gt ) • i Gt 
a n d  E (G�) = i o; ha s the expe cta t ion E ( cov Pi Pt ) • i �G� + 

1 i  cov GtGm + i �02 
• Tbe carryover ma ternal contri but ion to 

m 

cov PiPt i s  s imilar to the ma ternal component i n  cov P�P
• 

except cov GtGm repla ces cov GwGm • This re sult appe a red 

rea sona ble s i nce P
w 

and Pt be a r  t he same relat ion as a pa rt 

to tbe whole. In other words , 602 a nd cov G
t

Gm 
may be 

t 

written in te rms o f the ir respective components a s : 

6. 2  2 + 2 COT GWGk + d': 2  and Gt 
• erG Gk w 

COT GtGm = COT G G 
• •  

+ COT GkG
m . 

Us ing the models descri bed a bove , the expec ted val ue s  

of cov PiPw a n d  cov P�Pt a re :  

E { cov PtPw
) = i cov GtGw + i cov GwGm + cov GtGm + i 60: 

The re a re two po ints worth not ing. First , 1n t he a bsence of 

a ma ternal e ffe ct on wean ing we ight , E ( cov PiPw) c B { cov P�P
t) • 

i cov GtGw which prov ides the usua l method ot e s t ima t ing cov GtGw , 

a s  a n  ave rage va l ue ot the rec iprocal cova ria n c e s  between dam 

and daughter. Se cond , in t he a s sumed presence o f  a ma ternal 

e ffect on wea n i ng we ight the expe cted va l ue ot cov PiPw is 

no longer t he same as t ha t  ot eov P�Pt • The i nequa l ity 

be tween t he rec iprocal cova r1anees however ena bl es cov GtOm to 

be e s t ima t e d  as follows : 
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Furthermore , a: 2 
ot 

.......... 2 cs-G t 

oan now be calculated ae : 

The estimate of r was there fore found as : oto• 

A s imilar procedure to the one outlined a bove was used 

38. 

to estimate the genetic correlation between maternal enTirooaeot 

and each of the reproductive characters ( P1) where 1 • 0 ,  1 ,  2 ,  3 

correspond ing to number of hogget oestrus , and each ot the three 

meaaure .. nta of tertilitJ in the ewe. The and 

assume d  to be represented bJ the following odela : 

s ince 

P' were 1 

and Pi • Gi + Ei express ing the tact that maternal 

enTironment i s  not a direct source ot variation in the reproduct

ive cha racters. On the other hand , the cov PiPt or COT PtPi 
conta ins maternal contributions. Por present purpose , the sub

script t ma7 be re-defined for conven ience so that t = 1 ,  2 ,  3 

and 4 .  Tbe range o f  t is extended to include weaning we ight 

and each of the three post-weaning l ive we ight measurements 

because Pw and Pt as shown earlier , conta in tbe same amouDt 

of contri but ion from the maternal env ironment. 

where t = 1 ,  2 ,  3 and 4 maJ be stated as : 

Pt • t Gt + G� + Et and 

'!'be and P' t 



tbe add itional aubacrlpt t in eo� GiG t la inserted aa a 

•ana o� lc!eutit,ing tbe aource o� data holD wblob a partlolllar 

coY GiG• waa eatlrnated. Por eacb ( 1 tb) reproc1uct 1'Ye cbaraete r , 

�our separate est imates o� co• o1o. were ade according to 

the tollowlng relatlonablp :  

Tbe g netlc correlation between tbe itb reproductlYe character 

and maternal en'Yironment ( r0 0 ) was eat1 ated ba sed on tte 
1 .  

•••rage genetic co'Ya riance ( co• o1omt) and product ot t�e 

appropriate eoet1c sta nda rd deviations , 6Q and 60 . 
1 .. 

.,.,..,._ - 4 .,.,..,._ "' /". t i Kore apeo1�1call;v ' COY 01GDit = * r COT 01Gatt , CSG • (2 oov p1 Pl) 
t c1 1 

/'. 
aDd a lnce 00 was alread)' aYa ila ble , the r0 G • 1 was calculated 

ae : 

( 1 11)  

A 
�"o o 1 

Bet1matlon ot ber1ta b111t;v and genetic 

correlation 

!be method used to t1nd the a ount ot gen t ic ••rlance ln 

each poet-weaning character baa been descri bed 1n ( i l) a bo••· 

UDder tbe anwaed presence ot a tern 1 ettect , the g oet lc 

,,. 



variance a nd the corresponding herita bility of wea ning weight 

could not be estimated from the ex isting data using the rela-

tionsbip between dam a nd offspring. However, estimates of 

herita bility for wea ning weight and other live weight measure-

menta ignoring the maternal a n d  its carryover effects , were 

o btained by doubling the appropriate regre ssion of daughter 

on dam. Under the assumed presence o f  a carryover maternal 

effect , the heritability (H) of each post-wea n ing live weight 
2 measurement was calculated as a ratio of genet ic variance ( 6G ) 

to the average pbenotypic varia nce between dam a nd daughter in 

the following way : 
�H --

.- 2 I 1 ( :,;: 2 � 2 ) O"'G � Vp ' + Vp . 

The genetic correlation (Rg) between characters Pi a nd Pj 
calculated ignoring the ma ternal a nd its carryover effects as 

found as : 
A ..-... ' ..-... ..,.....__, ./'... 1 
Rg = (cov PiPj + cov PjP1) I 2 (cov P1Pi cov PjPj)� . 

In order to est imate genetic correlat ions under the assumed 

presence of a carryover materna l effect on post-weaning live 

weight characters , the following genetic covaria ncee are required. 

There are in  general two kinds of cova riances depend i ng on the 

characters in question . Us i ng the symbols a nd subscripts defin-

ed i n  ( 1 1) above , the genet ic covaria nce between two successive 

live weight measurements where the su bscripts t = 1 a nd t = 2 ,  

for example was calculated as : 

�0. 



The genet ic  cova riance between  the tth l ive we ight ( Pt) and the 

ith reproduct ive cha ra cter ( Pi) was estima ted a s : 

............... ( ..-.... ' ............. ' ) 1 � cov GiOt = cov Pi Pt + cov PtPi - 1 4  cov GiGmt" 

The genetic  correlation (R�) between ea ch pa ir of these cha ra c

ters wa s then found a s  a ra t io of genet ic cova r iance ( cov oG '') 

to the product of  the respe c t ive gene tic  sta nda rd deviat ions 

( OQ." 00., ) , thus : 

-R' ,  = g 
......... 

cov oo '' I 
-- -OQ• erG" • 

The gene t i c  sta nda rd dev iat ion o f  wea n i ng we ight used in  this  

ca se was tha t o bta ined from the paterna l hal f-s i b  analys is .  

( iv) Computat ion of covariance be tween dam 

a nd daughter 

The data were i n i t ially sorted into groups a ccord ing to 

year in which the offspring was born. W ithin each offspring 

yea r-of- birth group , the re cords were further sub-d ivided based 

on yea r in wh ich the dam wa s born. For e a c h  sub-group , the 

dams were compa ra ble in yea r of birth a nd the o ffspring , compar-

a ble in year of b irth a nd age of dam. The records in each sub-

group were a d j usted for env i ronmenta l d iffe rences a s  follows : 

( a ) The record s o f  l ive we ight a nd numbe r  o f  hogget  oestrus 

of the da ughter we re a d j usted for d ifference in type of b irth 

and rearing. The wea n ing we ight o f  a fostered wethe r  lamb 

wa s made compara ble w ith tha t o f  a ewe lamb by subtract ing three 

pounds ,  be i ng the ave rage d i ffere nce be tween ewe and e ther 

4 1 . 
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lambs in this flock ( Ch ' a ng and Rae 1 96 1 ) .  The record s o t  

l ive we ight and num ber  of hogget oestrus o f  the dam were 

ad justed tor differences in ag o f  dam and t7pe ot  birth and 

rearing b7 tbe same correct ion factors a s  those used in tbe 

paternal halt-si b  analJ&is. 

( b) The tert il itJ records of the dam were ad justed tor d iffer

ence in age ot dam , the correction factors b ing tbe same a s  

those used i n  the paternal hal f-sib ana lJB ia. Tbe tert il itJ 

recorda of e ither the dam or the daughter were not ad Justed 

tor diffe rence in t7pe ot birth. However ,  in a separate an&lJ

ais the tertil itJ reeords were ad j usted tor both tbe age ot da 

and tJpe ot birth and rea ring e ffects , so that estimates of 

genetic variance in tertilitJ ot the ewe b7 these two ethoda 

o f  data corre ction could be compared. 

The sum of  squares  tor tbe daughter and the dam , the erose

products between daughter and dam and the degrees of freedom 

were computed for the data in each sub-group. Tbese results 

were then  pooled over tbe sub-groups to form the variance and 

oovarianoe ma trtx used 1n the estimat ion ot ber1ta b111tiea and 

gene tic correlations. 



5· Construct ion ot select ion ind i c e s  

Tbe princ iple s underly ing the construct ion o t  a select ion 

index tor geme t i c  improvement have been out l ine d bJ Ha z e l  ( 1 �3) . 

More recentlJ , Xempthorne a nd Nord skog { 1 959) and Tallis ( 1 962) 

bave shown that re strictions may be bu ilt into a n  index s o  t ba t  

tbe expe cted changes in a dd i t ive gene t ic va l ue s  tor certa in 

cha ra cters a re equal to tbe amount s  previously apec ifi d.  Por 

in stance , an index may be constructed so t ha t  tbe average add it

ive gene t i c  valu ot a g iven cha racter rema ins uncha nged wh ile 

tbe gene t i c  improvement in othe r  cha ra cte rs ia allowed to proceed 

at the max i al ra te. Whe the r o r  not restrict ions a re impose d  

o n  t he cha ra cters unde r atudy , the s ta t ist i ca l  pro blem i n  cons

t ru c t i ng an index ia to find a l i near tun ct ion of the o bserYe d  

va ria ble s  wh ich ha s a ax imum correlat ion w ith tb spe c i fied 

criterion of improvement. 

In the p resent study , select ion ind i ce s  each ba sed on two 

bogge t chara cters we re constructed us ing d ifferent crite ria tor 

purpo se ot pre d i c t ing changes in e ithe r  the a d d i t ive genetic 

va lue or phenotype o f  fert il ity in the ewe .  The re lat ive e ffi-

ciencies of the ind ices we re eva luated by compa rison botb a•ong 

the ind ices themselves a nd each w i th gene t ic improveme nt result-

ing from d ire ct select ion to r h igher fe rt i l ity .  

t"orm o t  a n  i ndex may be sta ted a s : 

11 = � b
i j  

p
i j  where 

Tbe general 

i • 1 ,  2 o r  3 refe rring to the pa rt i cula r criterion a c cord ing 

to which the i
th 

index ia constructed a nd J • 1 and 2 denot

ing n um be r  ot bogget oe atrua a nd hogge t body we ight reape c t ivelJ. 



The bij  
the re fore is  the we ight ing fa ctor o f  the jth hogge t  

cha ra cter in  the ith index.  All ind ices except the first were 

constructed so t ha t  the correla t ion between each  index and the 

a dd i t ive gene t ic value ( Gyk) or phenotype ( Pyk) o f  the kth 

mea surement of fert il ity in  the ewe was a max imum. S ince no 

new princ iples a re involved ,  the descript ion of index construe-

t ion w ill be g ive n in terms G
Y 

or in other word s , the genet ic 

improvement of fert il ity in  the ewe. 

The first index ( I1 ) wa s constructed so tha t  ri H wa s a 
1 

max imum whe re H = G1 + G
2 , the G1 and G2 be ing the a d d it ive 

genet ic va lue s  o f  num ber o f  hogge t  oestrus and  hogget body 

we ight respectively. The pre sent viewpo int wa s to rega rd 

cha nges in add itive genetic  va lue of e ither hogget cha ra cter 

as be ing equa lly des ira ble. Thi s  a ppea red rea sona ble s ince 

ne ither chara cte r under the current system o f  flock management 

contri bute d irectly to financial  returns of the fa rm. The 

intent ion therefore wa s to produce in the first pla ce , maximum 

genet ic change in the aggregate gene t i c  values of the hogget 

cha ra cters ( H) and second , to eval uate  the correla ted response 

in fe rt il ity of the ewe ba sed on propert ies  o f  t he index thus 

The ri H w a s  init ially d ifferentiated  w ith  
1 

constructe d .  

re spect to bt j a n d  then the first de riva t ive s were equa te d  t o  

ze ro. The va lues o f  b1 1  a nd b1 2 we re found by solving the 

following pa ir o f  s imultaneous e qua t ions : 

- 2  
crP 1 



The second criterion used to construct a series of  ind ices , 

denoted in genera l  by 12 , was the maximum corre la t ion between 

12 and G or P . The r1 G ( or  r1 p ) was d ifferentiated w ith y y 2 y 2 y 
respect to b2 j and the first deriva tives equated to zero y ield-

ing the follow ing equations : 

-- 2 
O"p 1 

- 2 
c:rp 2 

The process descri be d  a bove led to two types of  ind ices ; one 

intenaed to ea use phenotypic improvement ( I2p) and the othe r ,  

genet ic improvement ( I2G) in  fert il ity of the ewe.  Since the 

ina iv iauals selected accord ing to I2P and I2G may or may not be 

the same depending on the correla t ion between I2P and I2G ' it 

appears d e s i ra ble to construct a genera l  purpose index ( I2 )  in 

such a way so that opt imal improvement both in the same and the 

next generat ion , of  fert i l ity may be achieved .  The pro blem 

then is  to fine the we ight ing fa ctors p21 and  p22 so that the 

correlation  between I2 and IGP i s  a maximum. 

may be definea a s  follow s : 

I '  2 
IGP = C IG + D IP where C and D 

a re the amounts of  relative emphasis  to be placed on r0 and IP 
respectively . 

lap may then be written a s : 
1GP = ( CbG1 + Dbp1 ) P1 + ( CbG2 + Dbp2) P2 or 

more s imply , IGP = 

t2 = ( CbG2 + D bP2 ) . 

t1 P1 + t2P2 where t1 = ( CbG1 + Dbp1 ) and  

By d ifferent iating 
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to p21  and p22 a nd equat ing the first derivat ives to ze ro ,  

the follow ing equa t ions we re o bta ined : 

-"" 2 
o-p 2 

........ 2 crP 2 

S ince the values  of C and D a re unknown , the results ma1 be 

more conven iently expressed in matrix notation : 

In the event that equal  empha sis  is  pla ced on gene t ic and pheno

typ ic improvement of fert il ity , C = D = 1 the part icula r  

solut ions are : 

and 

The third crite rion used to construct a se ries of  ind ices 

denoted in gene ra l  by 1
3

, was the same as that  used in construct

ing 12 except a restriction was imposed so that b31 cov G1 Gm + 

b32 cov G2Gm s 0 whe re Gm is  the add i t ive gene t ic value of mat

e rnal environment. A comparison between the propert ie s or 

corresponding 12 and 13 wa s  cons idered  a s  one way to provide 

some informat ion on the importance of ca rryover maternal e ffect 

on genetic improvement by ind irect selec t ion for fert il ity in 

the ewe.  Accordingly , 13 wa s constructed by max imie ing the 

expre ssion 

in wh ich the }\ is an  undetermined Lagrange ' s  mult ipl ier. 
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The normal equat ions result ing from part ia l d i ffe re n t iation 

of tbe a bove expre s s ion w it h  respect  to  b3 j were : 

- 2  ""'- ........... ........... 
( or 

............ P1 P1) b31 crP + b32 cov p1 p2 + 
cov G1 Gm = cov 01 01 

cov 1 
� - 2  ...-... � 

( or 
........... P1 P1) b31 cov p1 p2 + b32 (f

p + cov G2Gm = cov o2oy cov 
2 

-""' ............. b31 cov G1 0m + b32 cov G20m 11: 0 

The se e qua tions were solved to find b31 and b32 for each set of 

data.  Us ing the princ iples  outl ined earl ie r , a general purpose 

index ( I3) wa s also constructed ba sed on r3P and r30 · Purtber 

deta ils of the se and other select ion ind ices will be given late r 

in the results. 

The values of variance& and eo-varia nce& used in comput ing 

the select ion indices  descri bed in this  sect ion were , except for 
............ """ 
eov G1Cfu and cov a2om be ing t hose o bta ined by tbe paterna l hal f-

s i b  a naly s is.  The genetic  cova riances involv ing the maternal 

environment used in constructing each r3 were those given by the 

dam-daughter covaria nce a nalys is. 



IV. RESULTS AND DISCUSSION 

1 .  Bat imatea o f  environme ntal e ffects 

Tbe � in parpoae of e s t ima t ing e nv ironmenta l e ttecte waa 

to prov ide corre ct ion factors tor eaeb cha ra c te r  used in the 

pre se n t  atud1· The use o t  add i t ive co rrect ion fa ctor la tbe 

most co nve n ient n4 a w idely adopted procedure tor red uc ing the 

amount ot e nv ironmenta l va ria t ion 1n the da ta prior to genetic 

ana l7e 1 a. Conaeque ntlJ , t he extent to wh ich the corre ct ion 

factors ma7 depart from a d d i t ivitJ la a pa rt ot the pro ble in 

the ir e s t ima t ion and a ppl i ca t ion. The method of a n&lJBia ot 

variance wa s uaed to d etect the pre se nce ot a firat-ord e r  

interact ion be tween a g e  o f  dam a nd tJpe o t  birth and rea ring 

in the bogget da ta. S ince a ae rioua depa rture from a dd 1 t lv it7 

would a ffe ct tbe deriva t ion a nd a ccurao1 o t  eo rrect lon fa ctors , 

the re sults o bta ined trom the a tudy o f  intera ct ion e fte eta will 

be pre sented first . 

( a) Interact ion betwe o age o t  dam a nd ty pe o t  

birth a nd rea ring 

The bogget data uaed i n  the analy a ia were ba aed on 691 

1nd 1v1dua l a  born over tbe pe riod from 1 955 to 1 961 ioclua ive . 

The values o f  mea n  squares ( KS) a nd the deg rees o t  freedom { d . t. ) 

uaed in the teat tor presence o t  a n  inte ra c t ion e f�ect a re  

preae nted in Ta ble 1 .  
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T ble 1 .  Est imates o� Mean Sq ua re s 

Cba racter Inte ra ct ion Brror Error 
s liS liS 

esn. w t .  1 75· 3* 58. 2 58· 9 

lla rcb L. wt . 1 89. 6• 13· 1 74 · 4  

Bbort. -daJ L. wt. 1 21 . 3  86 . 9 87. 1 

Bogg. B. wt. 21 2 . 8 1 22. 4 1 23. 0 

No. Bogg. oe s trua 3· 3 2. 9 2. 9 

d. �. 4 675 679 

• denotes s igni�lca nce at the fiv pe r cent level. 

The value s shown ln the la st column of Ta ble 1 were the e at i -

mates o� e rro r  me a n  sq ua re s  o bta ined us ing the re duced model 

in which the int e ra c t ion e ffe cts were a s sumed to be equal to 

ze ro. 

The test of sign ifica n ce showed tha t  inte ra c t ion between 

age of dam a nd t7pe of birth a n d  rea ring was pre sent in wea n ing 

we ight and lla rcb l ive we ight. The pre sence of an intera c t ion 

i pl ie tha t the s u b-cla s s  means a re dependent on not onl7 the 

ma in effects but also a j o int effect be tween the ma in class ifl-

ca t ions. Purtbe�ore , a prec ise inte rp re ta t ion o f  the a ln 

effe c t s  ln t he pre sence o f  a n  inte ra c t ion between the 1 s  not 

po s 1 ble s in ce a n  appropriate rror term is not ava ila ble fo r 

teat o r  s ign i ficance o f  the ma in e ffe cts. 

The o b  erved s ign i ficant 1nte ra c t 1ona in tbe pre ent data 
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have ra isad a num ber of  pro blems in rel a t ion to the development 

of correct ion fa ctors for wean ing and March l ive we ight mea sure 

ments. A ma jor pro blem is conce rned w ith a ssess ing the pra cti

cal importa nce of  the s ignificant interactions.  For example , 

if one o f  t he ma in cla ss ificat ions could be regarded as  a 

ra ndom e ffect , its practical importa nce may be evaluated by 

va riance component analy s i s .  Howeve r ,  in s o  far a s  the ir 

effects on l ive we ight mea surements a re concerned and tak ing 

into cons idera t ion the popula t ion represented by t he ma themat ical 

model , it appea red more appropriate to rega rd age of dam and type 

of birth a nd rea ring a s  fixed ra ther than ra ndom cla ssificat ions 

(Wilk and Kempthorne 1 955) . 

In order to provide some in format ion on t he pract ical 

s ign ificance of the o bserved inte ra c t ion e ffect s , two s teps were 

taken. F irst , the va lue s  of e rror mean squa re s  found using the 

' intera ction ' model were compared w ith those ca lcula ted accord

ing to the ' reduced ' model.  A close agreement ex isted in value 

between the corre spond ing error mea n  squa re s  which were pre sented 

in Ta ble 1 .  The empirica l ev idence suggests that the extent of 

depa rture from l inea rity between age of dam a nd type of birth and 

rea ring in the wea ning a nd Ma rch l ive we ight da ta has only a neg

l ig i ble practical s ign ifica nce.  This was thought to be reason

a ble , consid e ring the approx imat ions generally involve d  in the 

use of correct ion fa ctors a s  a me thod for reduc ing environmental 

varia t ion  in the data . A furt he r step taken to a ssess t he pra ct i

cal impl icat ions o f  the o bserved interact ions was  to e st imate tbe 

va lue s  of interaction e ffects in the wea n ing we ight a nd March 

so. 



l ive we ight �ata . Tbe estimates of these and other envlro en-

tal effe ot s  a re presented in tbe next sect ion. 

( b) Estimates of environmental e ffects on 

bogget oba rs ctera. 

Tbe &JIIIbol 11sed to re present each envlro��t��ttntal ef�eot 

baa been apec1t1ed previoll&lJ e a  part ot  tbe deaor1pt 1oo o� tbe 

In brie f ,  tbe &Jmbola a nd the &llbacripta used were : 

yea r  of birth e ffect ( r1) ;  age of dam e �ect ( a j) where two- , 

tbree-7ear old a n d  ma tl1re ewe s were repre sented bJ a1 , a2 
a nd 

a3 reapecttvel7 ; tJpe o f  birth and rearing etre et ( �) where 

tbe a i»gle , twin reared atngl7 a n� twin were denoted bJ b1 , 2 

and b3 respect ively. The part ia l resre e a ion on �ate of birtb 

expressed 1D da7a , was des ignated a s  �· These s,mbola w ill 

be ll&ed 1D 'l'a ble 2 in wb1cb for each cha ra cter , a ean ( � )  , 

a standa rd dev iat ion ( c:r) d.ertved from the appropria te e rror 

mean square and the estima tes of env ironmenta l  e ffect s a re 

pre sented. 
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Ta ble 2. Battma te e ot Bnv 1ro ental Btteota on 
Bogge t Characters 

Cba raot r 

� 
g> 

Yea r  of 
Birth 
1 955 
1 956 
1 957 
1 958 
1 959 
1 960 
1 961 

Age ot 
D .. 

A /". 
3 - 81 

A A .3 - a2 

'l'Jpe of' 
B1rtb aDd 

Re ring 
A ;('. 
b1 - b3 
� - �  2 3 

Pa rt tal 
Regreaelon 

Interaction /'.. ( a b) 1 1  
/'.. ( a b) 1 2  
""" ( a b) 1 3 

(ab) 21 /'.. ( a b) 22 /'.. ( a b) 23 /'.. ( a b) 31 /'.. ( a b) 32 --( a b) 33 

Wean 
wt . 

55- 7 

7- 6 

2 - 3 
9- 5 
1· 3 

- 0- 1 
- 2- 3 
- '· ' 
- 9· 9 

3- 0 

o. g 

9· 5 

7. 2 

- 0. 26 

- 1 .  9 

2 · 5 
- 0. 6 

1 . 5 

- 1 . 0  
- o. s · 

0- 4 
- 1 . 4 

1 .  0 

Karob Wean llarcb Short. - Bog. 
L.wt. wt. L. w t. daJ L. wt. B. wt. 

6 7. 7 55- 5 6 7. 6 78. 7 86 . 2 

8. 6 7- 7 8. 6 9- 3 1 '1 . 1 

- 0. 3 2. 2 - 0. 4  - 2 . 0 1· 3 
3- 6 9- 5 3 - 7 1· 8 0. 5 
1 .  4 1· 2 1 .  3 0. 2 - 1 . 0  
0. 3 - 0. 8 0. 1 2· 9 1 .  5 
0. 4 - 2. 1 0. 6 - J.a .  2 3- 0 
1 .  5 - 6 . 2 1 .  6 1 .  9 - ' · ' 

- 6 .  9 - 9- 8  - 6. 9 - 6 . 6 - 5- 0 

2. 7 4 · 5 4 . 2 5 - 3 5- 3 

1 .  0 0. 9 1 .  0 2. 0 2- 1 

1· 2 9· 3 6 . 9 6. 0 4- 9 

5· 0 6 . 4 4 - 0 3- 2 o. g 

- 0. 22 - 0. 26 - 0. 22 - 0. 1 9 - 0. 1 8  

- 1 - 7 

2. 6 
- o. g 

1 .  6 

- 1 . 1 

- o. s 
0. 1 

- 1 .  4 

1 .  3 
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o. Bo • 

oe atrae 

2 - 38 

1 .  70 

- 0. 1 5  
1 .  25 

- 0. 56 
0. 01 

- o. og 
0. 1 3 

- o. 6o 

0- 45 

0. 42 

0. 07 

0. 33 

- 0- 036 



The stat ist ical s ign i ficanc o f  e nv i ronme nta l  e ttecrta 

wa s tested us ing analy s i s  o f  va riance. The value s  o f  tbe mean 

squa re s and the degre e s  of freedom used i n  t he test o f  s ig n i fi

cance a re pre sente d in Ta ble 3· 

Ta ble 3. Estimates o f  Mean Square s 

Cha ra cter Error Age ot 'l'1P' d Birth Partial 
Dam and rearing Re gre ss ion 

d. t. 

Wean. wt . 675 

Ma rch. L.wt. 675 

Short . - da)' 6 79 
L. wt. 

Hog g. B. wt. 679 

No. Hogg. 
Oe atNa 679 

MS 

58. 2 

73 - 7 

87. 1 

1 23. 0 

2. 9 

d .  t. • 

-

-

1 ' 964 . 8 

1 , 988. 2 
22. 6 

2 d .  t. = 2 d. f. = 1 

- 5 ,496 .  4 •• 

- l.t ,096 . 2 • •  

••  2 ,481 . 7 • •  3 ,033. 0 •• 

••  1 , 699· 3 • •  2 , 708. 3 • • 

•• 6. 5 1 07· 4 •• 

• • t!eno te a sta t i st ical s ig n ifica nce a t  tbe one pe r cent level. 

Al though the year ot birt h  e fte cta we re e s tima ted a nd pre

se nted in Ta ble 2 ,  the ir sta t i s t i cal a ign 1ticance was not t ate d 

since a spe c ific inte rp re t a t ion o f  the · �e a r '  e ffect is aeldo 

po ss i ble.  Howeve r ,  it i s  o f  some int e re s t  to note that the 

e st ima t e s  of ' ye a r '  e tte ct on wea n ing we ight exhi bited a t re nd 

in t ime . S ince tbe ' ye a r '  e fie ct wa s cause d b)' factors auob 

as nutrit ion , c l imate a nd manageme nt pe cul i a r  to e a ch yea r , the 

o bs e rved trend sugge sted tha t  a t  l e a st one o f  tbe fac tors bad 

an a dverse e ftect on wean ing we ight which be came mo re pronounced 

each year ove r t he pe riod from 1 956 to 1 96 1  inclus ive. Tbe 
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alte rna t ive sugge stion of a gradual dete rioration in genetic 

merit ot wean ing we ight in this flock was poss i ble in view of  

the partial confound ing betwe en year  and s ire e ttect in the 

pre sent da ta. However ,  the latter suggest ion was considered 

unl ikely to be the real cause ot the o b  e rved trend since the 

s ires wer not selected e ithe r  for a high or low expression in 

weaning we ight or with respe ct to other cha racters used in this 

study. The known c ircumstances surround ing the management ot  

the ewe flock between lambing and weaning appear to  otter the 

most likely explanat ion of the o bse rved ' year'  trend. It ha 

been described ea rlier that s ize ot the ewe tlock was increa sed 

each year by taking into the breed ing flock all availa ble re -

placements. Thus , the number ot  ewes rose fro 1 80 in 1 956 to 

329 in 1 96 1  at mat ing altho ugh the area on which the lactat ing 

ewes and the ir lambs were kept , had rema ined relat ivelJ constant 

in s ize and pastures unimproved over the yea rs in question. The 

net result was presuma bly a gradual reduct ion in plane of n�tri-

t ion between lambing and wean ing. Since nutrit ional ettect on 

the level ot  milk product ion and the relat ionship between milk 

product ion and growth of the lamb a re well known (Wallace 1 94 8 ;  

Barnicoat , Logan and Grant 1 94 9) , the o bserved t rend in ' year' 

e ffect on weaning we ight is l ikely to be nutritional in orig in. 

Another aspect ot the data pre sented in Ta ble 2 which re

qu ire s  some comment prior to the gene ral d i scuss ion of results 

is tbe estimates ot interaction e ffect ( a b) jk on wean ing weight 

and Uarcb l ive we ight. The larger e s t imate s ,  in a bsolute va

lue s  tended to be assoc iated w ith b2 ( tw in reared singly ) and 

with 81 and 82 ( two-and three-yea r old dams respect ively) . 
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S ince relat iTely few tw ins were reared s ingly , the value s  ot 
/".. 

( a b) J2 were mucb a ffe cted by sampl ing e rro rs.  Any interpretat ion 

ba sed  on these values  would be unre l i a ble. The less frequent 

occurrence of tw ins reared  s ingly , also meant that correction fac-

tors constructed ignoring this source of  intera ct ion e ffect would 

be sat isfactocy for most practical purposes. Among the rema in ing 
/".. 

e st imates ot interact ion e ffects , the value s  of ( a b) 1 1 ( single 
--

rea red by two-year-old dam) and ( a b) 2 1  ( single rea re d  by three-

yea r-old dam) were larger than those ot the others .  The mecb-

anism giving rise to these intera ction e ffects is not known al

though the values themselves may be a reflection ot inadequa cy 

of tbe model in which other and highe r order intera ct ions have 

been ignored. Whatever was the real reason , s inee the values 
""' -

of ( a b) 1 1  and ( a b) 21  were only moderate in s ize , they we re con-

sidered  unl ikely to cause undue bia s  in the addit ive correct ion 

factors constructed w ithout referen ce to the ir contribut ion. 

Howeve r ,  presence of  the interact ions in wean ing e ight and 

March live we ight data d id result in mod ificat ion of the proce -

dure used in testing the ma in effects. In other words , stat ia-

tical s ignificance of the e ffects due to age of dam and type ot 

birth and rea ring on weaning we ight a nd March l ive we ight was 

not tested , a s  an appropriate error mean square was not ava ila ble .  



( c) Est imates o f  environmental e f�ects on 

fert i l ity of the ewe. 

It is known from genera l  knowledge that the level of 

fertil ity in the ewe varie s between years. It is also clear 

from publ i shed information ( see tor example , Reeve and Ro bert

son 1953) that the average fertil ity d i ffers between ewe s de

pendent on whether the ewes themselves were born as s ingles or 

as tw ins. However ,  no publ ished information appears to exist 

on the e ffects due to age of dam on fert il ity o f  the ewe. Tbe 

pre sent analy sis  wa s unde rtaken to provide some information on 

variat ion in  fert i l ity of the ewe attri buta ble to the various 

sources c ited a bove. The data used for this  purpose were 

ba sed on the ind ividuals born over a total period of e ight 

years.  More specifically , the records of num be r  of lambs 

born per ewe at the first lambing ( Fert. 1 )  and over the first 

two lambings (Fert. 2) were collected from the ewes born in 

the period from 1 955 to 1 962 inclus ive .  The record s  of nwmber 

ot lambs born per ewe over the first three lamb1ngs ( Fert. 3)  

we re based on the ewes born in  the period from 1955 to 1 96 1  

inclusive. 

The mean , the sta ndard dev ia t ion derived from the e rro r  

mean square and degrees o f  freedom for each mea surement of fer

til ity and the environmental e ffects are pre sented in Ta ble 4 .  
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Ta ble 4 .  

Character 

A 
J1 
-
6 

� r. 

Year of Birth 

1 955 

1 956 

1 957 

1 958 

1 959 

1 960 

1 961  

1 962 

Age ot Dam 
A A 
83 - 81 

A A 
83 - 82 

Type of Birth 
and Rea ring 

A "" 
b1 - b3 

A 
b2 � - 3 

Estimate s  of Env ironmental Effects 
on Fertil ity of the Ewe 

Pert .  1 Pert. 2 Fert. 3 

0- 939 2. 098 3- 457 

0. 660 1 .  01 9 1 .  381 

773 729 583 

o. oo8 0. 364 o. 4 99 

0. 207 0. 066 - 0. 022 

- 0. 1 36 - o. 32� - 0. 1 44 

0. 01 6 0. 1 1 3  - 0- 238 

0. 1 25 - 0. 065 0- 1 37 

- 0. 325 - 0. 237 - 0. 21 4 

0. 065 o. 094 0. 01 8 

0. 040 - 0. 01 1 -

- 0. 081 - 0. 032 - 0. 1 1 3 

- o. oso 0. 020 0. 039 

- 0. 1 1 3 - 0- �2 - 0. 386 

0. 01 6 0. 026 0- 1 53 

The estimates presented in Ta ble 4 were foQnd accord ing 

to the lea st-square procedure and the value s appea red reasona ble 
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as mea sare s  o f  tbe magnitu�e o� the varioas effects  stadied. 

The sta t i stical s ign ifica nce of the e stima tes however i s  

unknown because some doa bt exists a s  t o  val id ity of  a test 

ba se� on analysis  of  va riance in  the type of  data such a s  the 

present. However ,  the �ata pre sented in Ta ble 4 a re useful 

as a summary of ba ckground informat ion on va riat ion in tert 111t7 

of the ewes in  this  flock. A brief discuss ion of the results 

will be made a t  a later stage . 
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Discussion 

W ith few except ions , no publ ished  informat ion is ava ila ble 

for comparison with the results pre sented a bove. For this rea-

son and s ince the va rious estima te s such as the mean , the stand

ard deviation  and the enTironmental e ffects a re aelf-explanator, , 

a deta iled d i scus s ion of  eacb res ult appears unnecessary.  It is 

proposed the refore , to d iscuss only a few a spects e ither because 

a compa rison w ith the l iterature merits comment or a disce rna ble 

pattern is suggested by the da ta . 

( 1 ) Wean ing we ight 

A con s idera ble amount of informat ion ex ists in the l iterat

ure 1n so fa r as  environmental e ffects on wea n ing we ight 1s con

cerned (Hazel and Terrill 1 94 5  and 1 94 6 , S idwell and Grandsta ff 

1 94 9 ,  Blackwell and Henderson 1 955 ; Cb ' ang and Rae 1 961 ) .  In 

view of the o bserved interaction between age of dam and type of  

birth and rea ring cla ss ifications in the present data , two seta 

of environmental e ffects on weaning and Ma rch l ive we ight were 

pre sented in Ta ble 2 for purpose of comparison. The correspon

d ing value s  of the ma in e ffects showed close agreement between 

the two sets of e stimates ,  tbus provid ing further ev idence in 

support of the earl ie r  suggestion that the o bserved s ign ificant 

inte ra ct ion d id not represent a serious departure from add itiv

ity .  This conclus ion is 1n l i ne w i th wha t  is generally found 

in other stud ies ( Ha zel and  Terill 1 945  and 1 94 6 ; Ch ' ang a nd 

Rae 1 961 ) which us ing a s imilar model a s  the pre sent , showed 

that depa rture from additiv ity wa s not s ign ificant in  all first

order intera ctions. 
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Among the ma in env ironmenta l e tfects on weaning we igbt , 

t7pe ot birt h  i s  the most i portent . The pre sent e s t imate s ,  

in the orde r o t  n i ne to 1 0  lb in :tavour o t  the s ingle are 

tJpical ot t boae w ithin the ra nge o t  va lue s reported in o t 

ot the other stud ie s c ite d  ea rl ier. Tbe present est imate ot 

age of dam e t:tect a nd regre ss ion on age ( da te of b1rtb) a re  a l so 

within the range o :t  va lue s  found in the l i tera tQre .  In gene ra l , 

it appeared rea sona ble to conclude that addit ive correction t o

tors constructed trom the l inear e s t ima tes o t  env ironmental ett

eota , be ing s �le in application , maJ be used w ith a mini u. 

los s ot a ccuracJ. 

( ii) Compensa tory growth in l ive we ight 

Although the inte rpre ta t i on o f  ind iv idual e ffects tor age 

ot dara and type of birth and rearing on l ive w igbt measurements 

presented i n  Ta ble 2 is made d ifficult be cause the s tat istic 1 

significa nce ot these e ffe c t s  o n  wean ing we ight and Ha rcb l i•e 

we ight is unknown , t he contrasting pat te rn of e ffects between 

them ove r t he bogget period req u ire s t  lea t a comme nt. T king 

est ima te s  ba sed on the reduced model a t the ir face •alue , over 

the pe riod trom wean ing to poat-bogge t shea ring the tJpe ot birtb 

and rea ring e ffe cts may be seen at first , rapidlJ and later alow-

11 d imin ishing in size , wherea s  age of dam e ffects rema ined rela

t 1velJ ata ble . In othe r words , the ind ividuals born an� reared 

aa tw ins , compa re d  w ith the singles or tw i n s  rea red ainglJ te nde d 
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The ind ividuals reare d  by younger dams , while on average 

be ing somewha t lower in wea n ing we ight than those rea red  by 

mature dams , we re apparently insufficiently depre ssed in 

pre-wean ing growth - a pre-requisite for occurrence of compen

sa tory growth ; thus the ir pa ttern of growth was d ifferent from 

that of the more severely hand icapped tw ins during the hogget 

stage . 

( iii) Numbe r of hogget oe str�s 

The average number of ( overt) oestrus per ewe hogget in 

the present da ta was 2. � ,  be ing s imilar to the va lue of 2. 0 

reported by Hafez ( 1 952) for this characte r  in  the Kentish 

Romney Marsh breed at Cambridge , England. 

The results presented in  Ta bles 2 and 3 showed tha t nnmbe r  

o �  hogget oestrus was l ittle a ffected by yea r o f  birth and type 

o f  birth a nd rearing , but age of dam effects on this character 

were real and rela t iTely large in value. In the l ight of the 

re s1.1l t s  pre sented by Ha fez ( 1 952) and Allen and Lamming ( 1 96 1 ) 

which suggest a posit ive relationship between growth in l ive 

we ight and occurrence of first oestr11s or puberty in the ewe , 

the constra s t ing e ffects between age of  dam and type o f  birth 

and rearing on number of  hogget oestrus in the present data are 

interesting since they imply the contrary to what has been re

ported on this topic. In other words , it appears rea sona ble 

to expect a relat ively la rge type of birth a nd rea ring e ffect 

on a number of hogget oestr11s in comparison w ith tha t  d1.1e to age 

of dam as  the former tends to be a somewhat larger e ffec t  on 

l ive we ight of the ind ividual. The contrad iction may be resolved 
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in part at lea st , if the post-wean ing compensatory growth of  

the twins discussed earl ier , can  be supposed a s  a ma jor source 

of variation in num be r  of hogget oestrus. S ince the relative 

importance of several factors includ ing the post-wean ing l iTe 

we ight growth on variat ion in number of hogget oestrus has been 

stud ied and the results to be pre sented e lsewhere , further 

discussion on this topic w ill  be postponed unt il a later stage . 

( iv) Fert i l ity of  the ewe 

The e s t imates of yea r of b1rtb, age of dam and type of 

birth and rea ring e ffects on each of the three measurements of 

fert il ity were pre sented in Ta ble 4 . The yea r of  birth e ffects 

showed no de finite pattern. The type of birth and rea ring 

e ffects we re  both more cons istent among the va rious measurements 

of fert il ity and larger in  s ize than most of the e ffects due to 

age of dam. However,  the e ffects of age of  dam on fert il ity 

were considered sufficiently large to justify corre cting the 

data for tbis source of env ironmental variat ion prior to genetic 

analy s is.  

In the pre sent data , tbe tendency for ewes themselves born 

a s  twins to be higher in level of  fe rtil ity than tho se born as 

s ingles is in accord with existing information from the l itera

ture (Reeve and Ro bertson 1 953 , Rae and Cb ' ang 1 955 , Turner ,  

Hayman , Triffitt and Prunster 1 962 ; Dunn and Grewal 1 963) . 

Since type of birth e ffect on fertil ity may conta in a gene tic 

contribution from the dam a nd because its stat ist ical s ign ifi

cance is unknown , any interpreta t ion of the val ues found in 

te�s of an environmental or genetic effect is unl ikely to be 

correct or relia ble. 
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2. Sire-year inte raction in  hogget characters 

It has bee n  noted previously that the amount o �  data 

ava ila ble �or study ing sire-year intera c t io n  was l imite d , be ing 

ba se d  on two con secutive two-year pe riods .  Within each period , 

the same �our s i re s  were used in both years.  In period I ( 1 956 

and 1 957) and period II ( 1 958 and 1 959) a complete set o�  recorda 

o� hogget chara cters were ava ila ble for 1 02 and 1 87 ind ividuals 

respect ively. 

The pre sence of sire-year intera ct ion in the da ta ot each 

period wa s tested using analysis  o� variance as described  in 

sect ion III  2. The values of mean square s  calculated a nd used 

tor the test of s ignificance are pre sented in  Ta ble 5-

Ta ble 5. Est imates of Mean Square s 
( S ire-year d . f. = 3) 

(Error d. f. = 89 Period I ,  Error d . f. = 1 74 Period II) 

Cha racter Interaction MS Error MS 
Period I Period II Period I Period 

-
Wean .  wt. 2 7- 9 39- 8 60. 7 4 7. 8 

March L. wt . 26. 7 8. 2 72. 1 65. 1 

Short. - Day L . w t .  40. 8 37· 3 81 . 0  73. 0 

Hogg. B. wt.  21 6 . 0 32- 1 1 05. 4 92. 6 

No. Hogg. oe strus 0. 8 7- a- 3- 3 2. 6 

II 

• denotes statistical s ign ificance at the five per. cent level. 

Although the results presented in Ta ble 5 would require 

confirmat ion tor purpose of ga n e ra l 1 sa t 1on , a bsence o f  important 

hered ity-environment intera ctions appears to be typica l �or many 



o� the cha ra cters in the sheep th�s �ar investiga ted ( see  D�nlop 

1963) . The only cha racter - numbe r  o�  bogget oestr�s in the 

present da te which showed a s igni�icant s i re-year intera ct ion 

did so , only ba rely in the sense t ha t  the cal culated F - value 

exceeded its expectat ion only by a neglig i ble amount. Even 

for this  cha racter , the sire -yea r interactions were incons istent 

between periods I and II. Therefore , it appea rs reasona ble to 

concl ude that f'o r the hogge t  du ta used be re and elsewhere in 

the pre se nt study , sire-year interact ion may be regarded as a 

negl igi ble source of  varia t ion. The pra ct ical importance 1n 

t e rm s  of varia nce component s , of  the s ire-yea r interactio n  was 

not evaluated since the result would be unrel ia ble in view ot 

the small num ber of degrees o� freedom ava ila ble for its esti

mation . 
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3· Prelimina ry results based on analysis  of 

annual fert il ity of the ewe 

The re lat ionships among number of hogge t oestrus , type of 

birth of  the ewe itself and annual fert il ity a t  each of the four 

lambings have bee n  stud ied us ing different methods of analy s i s  

as  des cri bed i n  section I I I  3 - For a pa rt icula r lambing the 

same data were used in each method of analys is , t he data be ing 

those ava ila ble from the ewes born over the period between 1 955 

to 1 96 1  inclusive. As an example ,  the data at two-yea r-old 

lam bing expre ssed a s  number of ewe s  cla ss ified a c cord ing to the 

reproduct ive attri bute s : barrenne s s , s ingle - and tw in - births , 

in  each type of birt h  by num ber of hogget oestrus sub-class a re  

pre sented i n  Ta ble 6 .  

Ta ble 6 .  Two-year-old Reproduct ive Performance 

( 1 957 to 1 963) 

'l'ype of 
Birth of S ingle Mult iple 
the ewe 

r-·--
No. Hogg. Ba rren S ingle Twin Lambing Barren Single Tw in 

Lam bing 
oestrus .Fer Cent Fer Cent 

0 31 31 5 6 1  2 1  4 9  1 1  • 89 

1 1 4  31  4 80 9 34 3 87 

2 1 9  2 1  1 3  8 9  1 8  36 1 5  96 

3 1 2  24 7 88 1 2  38 1 2  1 00 

4 1 5  28 1 2• 96 1 0  2 1  1 62* 
1 1 7 

5 or 8 1 9  6 94 6 29 142* 1 20 
more 

• Triplet birth 
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Tbe lambing per cent o t  the ewe s , d iffe ring in numbe r  o f  bogget 

oestrus presented in Ta ble 6 ,  wa s ca lculated trom t he rat io ot 

the numbe r  ot  lambs born per ewe mated , exclud ing the ewe s  

whi ch d ie d  prior t o  lambing. 

Tbe �ata shown 1n Ta ble 6 may be analysed to provi�e 

informat ion in two ways. First , us ing the chi-square metho d , 

tbe differences among tbe proport ions of  ewes cla ss ified in 

va rious ways may be tested for stat ist ica l s ignificance. 

Second and t he more meaningful a nalysis is to detect sign ifi

cant trends in the data witb t he ordering of the various clas-

s ificat ions. Por tbe pre se nt data a nd those at  otber lambings , 

a we ighted and tbe lea st-squa re s  regre ss ion  analyses were used 

to provide some information on the l inear relat ionship betw en 

number of hogget oestrus and annual fe rt il ity of the ewe.  

( a } Test ot  mutual independence by 

chi-aquare a naly sis  

The compos ite hypothesis  of mutual independence ( B0) 

among num ber of bogget oes trus , type of birth and reproduct ive 

attri bute s  of the ewe at each of the four lambings ha s been 

tested us ing the chi-squa re method. The values of chi-square 

calculated under the compos ite hypothesis  and where appl ica ble 

for ea ch sub-hypothes is a re pre se nted 1n Ta ble 7. 
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Ta ble 7. Val�e s  of Chi-sq�a re assoc iated w ith 

aypotheses of Independence 

M�tual independence 

Independence between n�m ber of hogget oestr�s 
and reproduct ive attributes at lambing 

Cond it ional independence between type of 
birth of the ewe and reproduct ive attri butes 
at  lambing , g iven the number of hogget oestrus 

Independence between type of birth of the 
ind iv id�al a nd numbe r  o f  hogget oestrus 

-

aypotbesis  d .  f. Two-year- Three-yea r- Pour-year- F ive-year-
old old old old 

H
o 27 55· 2 • •  4 9· 5 •• 21 . 9 4 1 . 1  • 

8
o1 1 0  30. 0 • •  1 1 . 2  - 1 7. 2  

8
o2 1 2  1 6 . 1 29· 5 • •  - 20. 9 

Ho3 5 6 . 3 8. 9  - 4 · 3 

No . of ewes 654 488 355 24 9 

• and • •  denote stat istical s ign ificance at  the five and one per 
cent levels respect iTely. 

Tbe values ot chi-square presented in the first row ot 

Ta ble 7 suggest that the composite hypothes is ot mutual indepen

dence ( H0) may be re jected in all ca ses except the tbira lambing 

at four years of age . Accord i ngly , for each re jected composite 

hypothesis three su b-hypothe ses  H01 , H02 and H03 a s  specified 

a bove , were formed so tha t tbe o bserved dependence could be 

st�died more spec ifically. 

The cbi-square values  a ssociated w ith H01 and H02 shown in 

Ta ble 7 have provided some b�t not clea r c�t evidence of assoc i-
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at ton between reproductive attri butes and num be r of bogget 

oestrus ( H01 ) or type of birth (H02) of the ewe . For example ,  

signifi cant d ifferences in t he proport ions of ewe s  cla ss ified 

accorc ing to the reproduct ive attributes among the various 

hogget oestrus classes we re found at the two-year-old but not 

at the other lambings. The same wa s true for type of  birth , 

except the s ignificant chi-squa re value was o bserved at  the 

three-year-old lambing. For the final lambing at rive-year-

old , the chi-squa re va lue s  computed from the da ta under the 

sub-hypotheses d id not atta in ,  although t hose a ssoc iated w ith 

H01 and H02 were approaching s ignifi cance at the five per cent 

le-vel.  

In  contrast  to the results descri be d  a bove , the chi-square 

value s calculated rrom the data under H03 showe d  more definite 

evidence of  independence between type of birth of the ewe and 

number of  hogget oestrus. This find ing i s  cons istent w ith the 

earlier  conclus ion ba sed on the lea s t-square s  analy s is which 

showe d  a negl igi ble d ifference in average num ber of hogget o s

trus between ind ividuals born a s  singles and as twins ( see 

Ta ble 2) .  
The data have prov ided insuffic ient evidence to re ject tbe 

compos ite hypothesis  of mutual independence ( H0) at the four-

year-old lambing. An explana t ion for th is  result , be ing d iffer-

ent from tho se a t  t he other lambings , is  not ava ila ble except to 

note that  the ewe s a t  this age are approaching or have reached 

the peak of the ir reproduct ive a bil ity .  The ma in d irference 1n 

renroduct1-ve attri butes between ewe s , cla s sified accord ing to 
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e ithe r  numbe r  of hogget oestrus or its own type of birth is  

the refore l ikely to  be ba sed on  variat ion in the proport ion of 

single - and twin - births because the inc idence of barrennes s  

is , in gene ral  at  a much lowe r level a t  this age than previous 

lambings. The na ture of tbe a s sociation under investigat ion 

as  a consequence , is  somewhat d i fferent. In  add it ion , the 

model used may not be adequa te for example , the three-way inter

act ion among num ber of hogget oestrus , type of birth and age of 

the ewe at lambing assume d to be negl ig ible in the data , might 

have also contri buted to the pre sent result. 

Since ne ither a rbitra ry scales  nor .! priori knowle4ge of 

the underly ing d istri bution of the data is necessary for analy s is 

by chi-squa re , this method may be expected to provide informa t ion , 

useful a s  an alternative to tha t g iven by other type s of analyses. 

However ,  the conservative nature of  the chi-square test ( Coobran 

1 954 ) and the unknown sources of  va riat ion not take n into cons id

eration in the present analy s is are factors l ikely to be respon

sible in part at  least , for the complexity o bserved in t he results.  

( b) We ighted and lea st-squares  regression of 

annual fert il ity of the ewe on number 

of hogget oestrus 

The regres s ion of annual fert il ity of the ewe at each la b

ing on num ber of hogget oestrus was estimated using two methoda. 

Both the we ighted a nd the leas�-squa re s  regression a na lyses re

quired  the use  of  arbitrary scores but d i ffered in respect to 

th� a ssumptions , made for purpose of tests of s ignificance as  



-

outl ined in sect ion III , 3 ( a ) and { b) .  The assumption of a 

normal d istri but ion in the fert il ity data by the least-equare a 

analy s is leads to an exac t  test of s ignificance but the mea n  

square s ,  used for this purpose , may be e ither under - or oYe r -

estimated depend ing on the extent of  departure from normal ity. 

The test of s ign ificance of the we ighted regress ion coeffic ient 

is  only approx imate , in the sense that it is asymptotically 

e fficient for large samples .  While ne ither method is  co  plete -

ly sat isfactory , each is expected to prov ide some useful infor

mation on the rela t ionship between annual fert il ity of the ewe 

and numbe r of bogget oestrus.  For purpo se ot comparison , the 

we ighted and the leas t-square s  regre ssion coeffic ients ( b) to

gether w ith the standard e rrors ( �b) of the former coeffic ient 

are present�G in Ta ble 8 .  

Ta ble 8 .  Est imates of  Regression Coe fficient of Annual 
Fert il ity on Number of  Hogget Oestrus 

Jlethods Weighted Regress ion Least- squants No. of 
Regression Ewes 

Age of Type of A - a .  A 
Ewe Birth b c.f"b , . P b 

Two-year S ingle 0. 064••  0. 022 0. 002 0. 072• • 300 
-old Twin  0. 064•• 0. 020 0. 001 0. 076•• 354 

Three-year Single 0 . 009 0. 024 0- 350 0. 004 244 
-old Tw in 0- 052• 0. 026 0. 020 0. 060* 244 

Four-yea r Single -o. 042 o. 034 o. 1 1 3 - o. 026 1 69 
-old Twin 0. 003 0 . 023 0. 456 0 . 009 1 86 

-
Five-yea r Single 0. 1 00* • o. 040 0. 006 o. 047  1 1 3 

-old Tw in 0 . 088* *  0. 036 0. 008 o. oao• 1 36 

a. Pro ba bil ity ( P) ba sed on the ta ble of  norma l integral ( Fisber 
and Ya tes 1 953 ) . 

• and • •  denote s ign ificance at the five and one pe r cent 
levels re spect ively. 
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The correspond ing we ighted and least-squares regression 

coe fficients pre sented in  Ta ble 8 showed close agreement in 

value and reasona ble agreement in so far as  tests  of s ignifi

cance were concerned.  The pattern of relationship shown by 

e ither regression analy s i s  is consistent w ith the previous 

o bservations us ing the chi-square method. In part icular ,  the 

hypothesis  of independence between  fertil ity of the ewe and 

numbe r of  hogget oestrus at  the four-year-old lambing is con

firmed by results ba sed on the pre sent me thods of analyses.  

As ment ioned earl ie r a definite expla nat ion for this result 

is not ava ila ble.  However ,  wha tever is the real ca use of the 

observed discrepancy , the net e ffect  is le ss accura te pre dict

ion of l ife-t ime fert il ity ba sed on oestrous performance of the 

ewe at the bogget stage. 

In general , apart from the four-yea r-old lambing the pre

sent re sults suggest that the relationship be tween num be r  of 

oestrus recorded at the hogget s tage and subsequent fert il ity 

ot the ewe i s  positive. The value s  of the s ignificant reg

ression coe ffic ients pre sented in Ta ble 8 showed that tor each 

add itional hogget oestrus , the average increase in fert il ity 

is  in the range between 0. 05 to 0. 1 0  of a lamb or five to 1 0  

per cent increase in lambing percen tage. 

In a preliminary report by W iggins ( 1 955) , some evidence 

for a pos it ive relat ionship between occurrence of oestrus and 

level of fert il ity in the e e at the first lambing was found 

in Rambouillet and Columbia but not in the Ta rghee breed. 

These results were pre sented in terms of occurrence or non-
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occurre nce of oestrus at the hogget s tage a nd the proport ion of  

barren ewe s , thus a deta iled comparison w ith the  pre sent find

ings d id not appear to be wa rranted.  Howeve r ,  it was thought 

ne cessa ry to c i te the a bove study s ince it repre sented the only 

source of publ ished information on this subject based on the 

sheep , known to the writer. 

Finally , the ava ila ble ev idence showed that the d ifferent 

methods us�d in tbe present analy s is did not lea d to any contra-

d ictions in results.  The ev idence suggests tha t provided the 

sample s ize is not unduly small , the different assumptions made 

a bout d istri butional prope rt ies of the fert il ity data have bad 

in this  case , l ittle influence on interpre tation o f  tbe results. 

A s imilar conclus ion wa s also reached by Young , Turner and 

Dolling ( 1 963) in a study of inheritance of fert il ity in tbe 

Merino ewe . For the rema in ing analyses in the pre sent investi-

gat ion involving fertil ity of the ewe , it  was therefore decided 

to make the assumpt ion of normal ity for purpose of  tests ot s ig

nificance or calcula tion of sampl ing errors in orde r to provide 

an approx imate guide for the interpre tat ion of results.  
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4 . Est imates o f  phenotypic corre la t ions 

Tbe method used to e st ima te phenotypic correla t ions has 

bee n  descri bed in  sect ion I I I  4 ( a ) . In br1e� ,  a phenotypic 

correlat ion coe ffic ient was calcula ted as  the ra t io o f  cova r1-

a nce to the product o f  the appropriate standa rd deviations 

derived from the da ta used in paterna l be lt-si b  a na lysis. 

Since the amount o f  data use� va ried a ccord ing to the cha rac

ters in quest ion , it is conven ient to pre sent the results 

separa tely for the hogget cha racters among themselves a nd 

between each hogget chara cter and the various mea surements 

of fert il ity in the ewe. 

( a) Hogget characters 

The data used to est imate phenotypic  correlations between 

each pa ir of bogget cha ra ct e rs w e re ba sed on 851 ind ividual s 

born over the period from 1 955 to 1 963 inclus ive . 

Since the hogge t data used in paternal ha lf- s i b  a naly s is 

were a d j usted , prior to calcula t ion of mea n squares or cross

products for d ifferences in  age of dam and type o f birth and 

rea ring , the w ithin-yea r estima tes of phenotypic  correlations 

to be presented in Ta ble 9 were a l so free d from the d i ffe rences 

due to these sources. 
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'!'a ble 9. Est ima tes of Phenotypic Correla t ions ( d. f. = 84 1 )  

Cha racter March Short. - Hogg. Ga in 1 Ga in 2 Ga in 3 
No. Hogg. 

Lwt . day L.wt. B. wt.  oestrus 

Wean.  wt.  0. 82 ••  o. 74 
• •  

0. 62
* • -0. 1 4  

• •  
-0. 1 0  

• •  
-0. 05 

• • 
0. 39 

March L .wt. 0. 89 
• •  

o. 74 
• •  

0. 45  
* *  -0. 1 7 • •  -0. 05 0. 44 ••  

Short. - d ay • •  • •  • •  
0. 03 o. 47'" * 

L. wt.  0. 85 0. 37 0. 31 

Hogg. B.w t. 0- 33 
* *  

0. 28 
• •  • •  • • 

0. 50 0- 43 
• •  

0. 03 0 . 1 6
* * Ga in 1 -0. 1 3  

Gain 2 0. 03 0. 1 0  

Ga in 3 0. 04 

• •  denotes stat ist ical sign ificance at the one per cent level.  

In order to provide a more complete descript ion of l ive 

we ight gro th during the hogget stage , ga ins in l ive we ight 

were also calculated and pre se nted in Ta ble 9· Thus Ga in 1 ,  

Ga in 2 a nd Ga in 3 re fer to the increment in l ive we ight between 

eaning and March , Ma rch and the 1Shortest-da1 ' of t he yea r and 

• •  

I I 
from the shortest-day to post -hogget shearing in October respec-

The results showed that the va rious mea surements ot 

l ive we ight , be ing related a s  a part to the whole , were all 

highly correlated among themse lves a s  might be expected. Each 

of the post-wean ing l ive we ights wa s pos it ively correlated with 

ga in in we ight during the pre ce d ing period , the coefficients 

be ing mod e ra te in s ize .  

The data also showed that the re was a tendency for the 

we ight a l ready atta ined at wean ing to be related inversely 

with the post-weaning we ight gains.  The values of correlation 



ooefficients between eaning we ight ana each post-weaning we ight 

ga in presented in Ta ble 9 were all negat ive a nd rela t 1velJ small , 

the values  between weaning we ight a nd ga in in the first two p ri

ods be ing d ifferent from zero. These observations are cons 1 tent 

w ith  the phenomenon of post-wea n ing compensator)' growth tUscus e d  

previously. It was of some interest to note the s all but real , 

negat ive corre la tion between e ight ga ins made in the fir t and 

second period (Ga in 1 and Ga in 2)  post-wea ning.  Thl a nd other 

nega t ive correla t ions mentioned a bove suggest a fluctua ting patt

ern of growtb in tbe ewe bogget trom wea ning to the 'shortest-day' 

of the yea r ,  a pe riod which covers a ma jor port ion of the breed

ing season in the Romney ewe bogget under New Zealand condition 

{ Ch ' ang and Raes ide 1 957 ; Lew ls 1 959). 

The phenotyplc corre l a t ions between each l ive we ight or 

ga in in l ive we ight a nd num be r  of bogget oestrus with n o  exc pt-

ion , were all pos it ive. The potent ial influence ot l ive we ight 

growth induced expert enta l ly by nutrit ional treatments , on date 

of firat oestrus in the ewe hogget has been demonstra ted bJ 

Allen and Lamming ( 1 961 ) .  In add it ion , l ive weight growth aDd 

chronolog ical age of  the ind iv idual have been suggested by Bafez 

( 1 952 ) a s  be ing important fa ctors in rela t ion to occurrence o f  

first oestrus o r  puberty ba sed o n  atud 1e ot several breed o f  

sheep. Since any o f  the l ive we ight measurements , in one form 

or another a re  correlated among tbemaelves and each w itb ag 

( see Ta ble 2 ,  regression on da te of b irth) , tbe relativ import

ance ot growtb and age a s  taetors a ffecting variation in occur

rence of oestrus of the ewe bogget can not be assessed w itbo�t 
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tak ing into cons idera t ion the correlat ional structure between 

them. In order to prov ide some informa t ion on this  top ic a nd 

to a id the interpretat ion of phenotypie correlations between 

number of hogget oestrus and the va rious we ight mea surements 

pre sented in Ta bl e  9 ,  a study was  made us ing Path-coeffic ient 

method (Wright 1 934 ) to evaluate the rela t ive importance of 

wean ing we ight , we ight ga ins in periods 1 and 2 a nd chronological 

age of the ind ividual on varia t ion in num ber of hogget oestrus. 

The results a re presented below. 

( b) Relat ive importa nce of growth and age in the 

determination of num ber of hogget oestrus 

The correla tions requ ire d  for the Pa th-coefficient a nalysis  

were cal culated  from the same data  a s  t hose used in  the study of 

env ironmental e ffects on hogge t chara cters s ince the sum of 

squa res of age , mea sured by da te of birth and orossproducts bet

ween it  and the rema ining cha ra cters were already ava ila ble. 

Each correlat ion was ba sed on 681 degrees of freedom a s  1 0  deg

rees of freedom , having been ut il ised in ad just ing tbe data for 

differences in the mea n , year of  birth, age of  dam a nd type of 

birth and rea ring , were su btracted  from the total of 691 o bser-

va t ions .  The va lue s of the corre la t ion coefficients  rounded  to 

three places  a re pre sented in Ta ble 1 0 . 
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Ta ble 1 0. Correlat ion Coe ffic ients Used in the 
Path-coe ffic ient Ana lysis  ( d. f. =  681 )  --..---

Cha ra cte r  Ga in 1 Ga in 2 Date o f  No. Hogg. 
Birt h oestrus 

Wean .  wt.  -0. 1 72 -0. 072 -0. 348 o. 4 1 0 

Gain 1 -0. 1 00 o. 074 o. 074 

Ga in 2 0 . 073 0. 1 34 

Da te of -0. 228 
Bi rth 

I 

The corre spond ing correlat ion coeffi c ients presented in Ta ble 1 0  

a bove and in Ta ble  9 ba sed on more intensive da ta a re s im ila r in 

value .  
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The point of v iew taken in the study of rela t ive importance 

of growth  and age a s  fa ctors dete rmin ing variat ion in num ber ot 

hogge t  oestrus may be more clearly repre sented  by the Path-coe ffi

cient d iagram be low. 

- o .  35 

(Wean. w t . � (' - 0- 1 7  o. Q3 

- o.  07 (G& in 1 ·o. 28 � 
V - 0. 1 0 �� .... f' ------- o. 20 

0. 07 (Ga in 2 -\ 0. 07 ./ 0. 1 1  
Date of .� 

Birth 

No.  Hogg. 
oestrus 

The values of  the path-coe ffic ients found have bee n  inserted in 

the d iagram a bove for ease of interpre tat ion. Us ing Wright ' s  



convent ion , the dou ble-beaded a rrows denote the correlat ions 

while the s ingle -headed a rrows a re paths of  influence , from the 

postulated  cause s to the o bserved effect . The mult iple corre

la t ion coeffic ient calculated accord ing to the scheme of  deter

minat ion wa s 0. 53 , be ing sta t ist ically s ign i ficant beyond the 

one per cent level and a ccount ing for a bout a qua rter  of  the 

total variat ion in  num be r  of  hogget oestrus.  

The sca rc ity of  publ ished information re levant to the pre 

se nt study ha s been ind icated in a rev iew on pu be rty in fema le 

fa rm animal s  by Jou be rt ( 1 963) . S ince a sensi ble inte rpretat

ion or suggestion of  the und e rly ing biolog ical mechan ism of  the 

pa th-coeffic ients reported a bove depends ,  to a la rge extent on 

ex ist ing knowledge of this topic , the scope for d iscuss ion of  

the re sults is l im ited.  

The pre sent value s  of  pa th-coe fficients suggested t ha t  age , 

measured by date of birth wa s the least importa nt , among the fa c

tors stud ied , source o f  va ria t ion in number of hogget oes trus ; 

its influence be ing a bout a half  and a qua rter of that  a s  post

wean ing we ight ga ins and wean ing we ight re spectively. A sl ightly 

greater infl uence on num be r  o f  hogget oestrus wa s noted for 

we ight ga in made during the first period ( Ga in 1 ) be tween wean

ing and Ma rch , tha n that in  the second pe riod (Ga in 2) from 

Ma rch to tbe •ahortest -day' o f  the yea r. These two ' growth ' 

periods appeared part icularly relevant to the study of  va riat ion 

in num be r  of bogget oe s trus , since the first a nd the second peri

od corre sponded  to growth in l ive we ight ma de prior to the sta rt 

and during a ma jor port ion of  the breed ing sea son in the Romney 

ewe hogget under  New Zealand cond it ions ( Ch ' ang and Rae s ide 1 957 ; 
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Lew is 1 959) . By fa r the most important fa ctor , under the pre -

sent formula t ion , affect ing va riat ion in  num be r  o f  hogget oestrus 

i s  wean ing we ight. S ince much of the grow th in l ive we ight pre

weaning , is dependent among other fa ctors , on m ilk s upply ot the 

darn , the ca rryover ma terna l effect may well repre sent a n  ind irect 

source o f  va riat ion in  num ber of hogge t oestrus. 

( c ) Hogget chara cters and fert il i ty o f  the ewe 

The amount of data used in e stimating phenotypic correla

t ions between a bogge t cha ra cter a nd each of the three mea sure

ments of fert ility d i ffered sl ightly depending on the pa rticalar 

mea surement of fert i l i ty in que stion. S ince the da ta ava ila ble 

for present analysis  were ba sed on ind iv iduals born over a total 

period of n ine years from 1 955 to 1 963 inc lus ive , the yea r 1 965 

was the term inal  year for the fert il ity data collect ion. Thus , 

the da ta used for study ing phenotypic correlat ions between each 

hogget cha ra cter and Fe rt. 1 were based on those ind ividua l s  

born over the entire period from 1 955 t o  1 963 inclus ive ; between 

each bogget characte r  a nd Pert. 2 ,  from 1 955 to 1 962 and between 

each bogget characte r and Fert.  3 ,  from 1 955 to 1 96 1  inclasive. 

In view of the unavoida ble sele c t ion of data for purpose of the 

pre se nt analy s is because e ither tbe ewe bad d ied , gone m issing 

or lost its ident i ficat ion numbe r  over the years , some bias 
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could have been introduced into the results.  In order to prese nt 

information on this pro blem , the e s t imates of phenotypic standard 

deviat ion o f  each bogget characte r  a re also presented togetbe r  

w ith the value s o f  phenotypic correlat ions i n  Ta ble 1 1 .  



r-

Ta ble 1 1 .  

Hogget 
Character 

Wean. wt . 

March L.w t. 

Short.- d ay 
L. wt.  

Hogg. B. wt. 

Gain 1 

Ga in 2 

Ga in 3 

No. Hogg. 
oestrus 

-

o-, 

d. f. 

-
Estimates o f  Phenotypic Correlat ions (RP) 

Between Hogget Chara cters (x)  an a 
Fert il ity of  tbe Ewe ( y )  

· -

Pert .  1 Pert. 2 Fert. 3 
RP d'"x � crx RP CTX 

• •  
0. 1 34 8. 40  0. 1 51 

• •  
8 . 20 0. 1 52 

• •  
8- 23 

0- 1 91 
• •  

9· 31  o .  1 91 
** 

8 .  94 
• • 

8 .  95 0- 1 99 

• • 9- 66 
• • 9· 45  

• • 
9- 43 0. 227 0. 225 0. 223 

0- 232 
• •  

1 1 . 1 4 0. 224 
• •  • • 

1 0. 93 o. 234 1 1 . 03 

0. 1 23**  5 - 35 0. 091 . 5 - 1 3  0. 1 02* 5 - 22 

o. 096
* 

4 - 53 o. 094 
• 

4 - 4 7  0. 069 4 - 53 

0 . 067 5 . 87 0. 055 5- 75 0. 082* 5- 90 

o.  1 79 • • 
1 .  70 0. 1 98 

• • 
1 .  67 0. 1 77 

• •  
1 .  72 

0. 6 72 1 .  025 1 .  384 

84 1 733 587 

• and • • denote stat ist ical s ign ificance a t  the five and one 
per cent levels respectively. 

The e s t imates of pbe notypic standard deviations o� each 

hogge t  cha ra cter in Ta ble 1 1  showed good agreement among the 

three sets of data and each estima te was a lso s imilar in value 

to the correspond ing sta nda rd dev ia t ion presented in Ta ble 2 .  

The empirical evidence tbere�ore ind icates that the present 

estima tes of phenotypic correlat ion a re little , if at all 

biased by the manner in which the fertil ity data became ava il

a ble for analy s is .  

The estimates o f  phenotypic correla t ions pre sented in 

Ta ble 1 1  a bove were calculated a ccord ing to the method 
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described in section III  4 ( a ) , not ing that no adjustment was 

made for d i fferences due to type of birth and rearing in the 

fert il ity data .  The informat ion provided by the correlat ion 

be tween a hogget  character and each measurement of fertil ity 

is not independent in the sense that many of th same ind ivi

duals  were involved in ea ch of the three correla t ions. The 

extent o f  the redundancy in informat ion is  dependent in part 

on repeata bil ity of annual fert il ity in the ewe .  Previous 

stud ie s using data from this flock { Ch ' ang 1 955 ; Clarke 1 963) 

and other reports { Reeve and Robert son 1 953) have suggested 

that repeata bil ity mea sured by number of lambs born per ewe i s  

low i n  the order of  0 . 1 0  to 0. 1 5. 

The most usetul set ot pbenotypic correlat ions from the 

viewpoint o f  selection for pbenotypic improvement 1n fertil ity 

during the l t fe-t ime of a ewe in tbe breed ing flock is  tha t  

between each bogget cha ra cter a nd Pert . 3·  However ,  the 

results presented in Ta ble 1 1  showed that the three estimates 

o f  correlat ion between a hogget cha racter and each measure ent 

of fertil ity were all s imilar in value. A trend has beeu 

noted showing that among the l ive we ight measurements , value 

of the correlat ion tends to increa se w ith increa sing interv le 

from weaning. Thus , the phenotypio correlation between hogget 

body we ight , taken when the hogget was a bout 14 months old a nd 

each measurement o f  fertility was a l ittle larger in value than 

tha t  between fertil ity and other we ight measurements.  A defi

nite explanat ion for this trend i s  not ava ila ble , s ince its 

origin by definit ion of a pbenotypic correlation , may be e ither 

genet ic o r  environmental in nature .  
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It may be concluded tha t  for practica l purposes , apa rt 

from weaning we ight and the va rious mea surements of ga in in 

l ive we ight , all  other characters included in this study a re 

e s sentially , equally useful as  cr ite ria of potential fert il ity 

in the ewe. The cho ice among these hogget characters a s  to 

which onea a re t he more useful , for purpose of early recogni

t ion of  fert ility in the Romney ewe , the refore has to be made 

in relat ion to othe r evidence to be pre sented in the fol lowing 

sections. 
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5 · Est imates o f  herita bil ity a nd genetic correlat ion 

The relationship among paternal half- s t bs and that  between 

dam and daughter have been  used to prov ide two methods for est i

mat ing the amount of genetic va riat ion and cova rtat ion tn the 

cha racters under investigat ion. The ma in results ,  to be presen-

tea below , however ,  a re expre ssed in terms of berita bil ittes and 

genetic correlat ions. Sinee the da ughter-dam analyses were 

made using d i fferent a ssumpt ions regard ing the presence o r  other 

w ise of maternal sources of va ria tion in the data , it was thought 

tha t  the estimates of genetic variance and covaria nce o btained 

from these analyses should a lso be presented so that if needed , 

the value s  would be ava ila ble for comparison. 

The hogget data used in each analysts we re based on tbe in

d ividuals born ove r  the period from 1 955 to 1 963 inclusive , ex

cept in the case of weaning we ight records of the ' fostered ' 

lambs which covered the period from 1 951 to 1 966  inclus ive. 

The fert il ity data were collected from ewes born in different 

period s o f  years , tbe va rious year-of- birth periods be ing :  

Fert.  1 ,  1 955 to 1 963 ; Fert 2 ,  1 955 to 1 962 and Pert. 3 ,  1 955 

to 1 96 1  inclus ive . 

The data were adjusted for differences in a number of envi

ronmenta l factors prior to estima t ion of e ithe r  ber1ta b11 1ty or 

genetic correl�t ions . Tbe year of birth e ffec� tn the data 

were removed s ince a ccord ing to the methods of analy s is descri be d  

i n  section I I I  4 ( a ) and ( b) the va ria nce& and covar1ances were 

calculated on a w ithin year-of- birth ba sis .  In add it ion , the 

bogget data were adjusted for d ifference s  in age of dam and tJpe 
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of birth and rea ring. These cla s s ificatiom were regarded a s  

ma inly environmental in e ffect on the ind iv idual both a t  weaning 

and during the hogge t stage . The fert il ity data , on the other 

hand , were ad justed  for d i fference s  in age of dam but not tor 

those caused by type of birth  and rearing. The evidence , to 

be pre sented in this section , suggested tha t  this wa s an appro

priate procedure for the present da ta . 

( a) Estimates  of herita bil ity 

( 1) Hogget  cha ra cters 

For each hogget cha ra cte r ,  two different estimates and for 

some , three e s t imates of herita bil ity were ava ila ble depend ing 

on the methods of analysis  and whe ther or not , the presence of 

a carryover maternal e ffect was  a ssumed a s  a source of variat ion 

in the data . In order to make clear the various methods used , 

it  i s  conven ient to designate Method 1 ,  a s  paternal half-sib  

analysis � Method 2 , daughter on  dam regress ion ignoring the 

maternal and the ca rryover maternal effe cts  and Method 3 ,  

covariance ana ly s is between dam and daughter a ssuming the pre-

sence of a carryover maternal e ffe ct. The steps involved in 

calculat ing the va lue s  of herita bil ity by ea ch Method have been 

descri bed in section III 4 .  Tbe estimates o f  pbenotyp1c 

variance ( �
P

2) ,  herita bil ity ( H) and its standard e rror ( S. E. ) 

a re presented in Ta ble 1 2 . 



Ta ble 1 2. Eet 1 ates o� Her1ta b11 1ty of Hogget Characters 

Patern 1 half-s i b  analy s i s  
Regression of daughter o n  dam 

Method 1 .  
Method 2.  
Method 3·  Covariance between  daug hter and da� a ssuming 

tbe presence of a carrJover maternal e rteet 

- -·· 

Method 1 2 3 
-

.A. ....... 2 ....... -"" 2 ) 
-""' -" 2  

Character H + S . R. <fp B � S. E.  5P (Da B <f:p 

Wean. wt. 0. 30 .t 0. 1 2  70. 51 0. 23 ± 0 . 1 1 6 7. 72 - -

Ma rch L.wt. 0- 45 ± 0. 1 5  86. 75 0 - 35 ± 0. 1 0  84 . 1 6  0. 4 1  19· 59 

Short.-d&J 
L.  wt. 

o. 39 ±. 0. 1 4 93- 24 o. 4 2  .± o. 1 1  83- 50 0. 42  81 . 98 

Hogg. B. wt. 0. 51 .t 0. 1 2  121, . 1 6  0. 4 6 :!: 0. 1 1  1 1 1 . 20 o. L�J.t 103- 31 

Ga in 1 0. 30 ± 0. 1 2  28. 59 o. 1 2 ± o. 1 0  3 1 . 97 0 . 1 3 28. 1 3  

Ga in 2 0. 1 5  ± 0. 1 0 20. 65 0 . 09 ± 0. 1 2  1 7. 98 0. 09 1 9. 1 5 

Ga in 3 0. 21, ± 0. 1 1  34 - lt8 0. 35 ± 0. 1 2  28. 4 6  0. 33 30- 53 

No. liogg. 0. 32 ± 0. 1 3  2- 90 0 . 27 ± 0 . 1 0 2.  95 oestrus 
- -

a. r. 39 ( Sires) 51 8 (Daughters) 518 {IBughters} 

"" 2  
6P i s  tbe average phenotypic variance between daughter and da 

The herita btl tties estima ted using e tbod 1 were based on 

39 degrees of tre dom for a irea. However,  e ight s tre a  bad 

bee n  used 1n eacb of two yea rs , tbe sire degree s  of rreedo 

were a coord tn gly red uced to 31 for calcul t1ng tbe standard 

e rror of berita b1l tty. The standard errors of hertta bil 1t 1ea  

found bJ Me thod 2 were calculated us ing 339 degrees of treedo 

for dams , the value be log ba sed on the number of d ifferent da a 

present in  the data .  I n  the analysis  b7 Method 3 ,  tbe standa rd 

e rrors of  herita btl itiee  were not ava ila bl e  e 1oce the method of 

eet1mat 1oo was unknown. Nor � id the present data ana ly sed by 
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Method 3 allow a n  e st ima te of herita bil ity for wean ing we ight 

to be calculated. 

( 1 i) Fert ility ot the ewe 

The herita bil ity of fert il ity or num be r  ot lambs born per 

ewe wa s estimated by the paternal half-si b  method ( Me thod 1 )  

a nd regress ion o f  daughter on dam. In the latte r  analJsis , a s  

mentioned earlier two types of  ad justments were ma de in the data. 

First , the da ta ana lysed on a w ithin year-ot- birtb bas is , were 

ad justed for d ifferences in age o f  dam only (Method 2a) . Second , 

the data were ident ically analysed as  by e thod 2a , except tha t  

the d ifferences i n  type of birth and rea r ing w e re  also removed 

prior to comput ing the variances and covariances ( Method 2 b) .  

The e stimates of phenotypic variance ( �
P

2) and herita bil ity (H ) 
a re  pre sented in Ta ble 1 3. 

Ta ble 1 3. Estimates of Herita bil ity ot Pert 11 1ty 1n tbe Ewe 

Method 1 28 2 b  

Sire � ,.... 2 Daughter /'.. ""' 2  .A. - 2  
Character (J"p H op (Dam) H (fp (Dam ) 

d . f' .  d. f. 

Fert . 1 39 0- 053 0- 452 5 1 8  0. 045 0- 396 -0. 01 8 0- 392 

Fert . 2 33 o. 1 21 1 .  051 4 1 1 0. 1 1 1  0. 869 -0. 033 0. 838 

Fert. 3 2 9  0. 032 1 .  91 6 307 0. 205 1 .  694 0. 0214 1 - �0 

The standa rd e rrors of herita bil ities o f  fert il ity were all 

relat ively la rge , the value s  ranged from 0. 08 to 0. 1 0  for t he 

e s t imates by Method 1 and from 0. 1 1  to 0. 1 5  in the regress ion 

analysis  by Met hod 2a . These standa rd errors were computed 

using d ifferent numbe rs of sires and dams , in the same way as tbat 
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describe d  for hogget cha ra cters .  Since the s ize  of standard 

e rrors sugges t  that spec ific compa risons among the estimates 

of herita bil ity i s  not pos s i ble , the ind ividua l  values of 

standa rd errors were therefo re , not presented in Ta ble 1 3. 

Although e s t ima tes of herita bil ity of fertil ity in the present 

data were a ll small in value , th y a re in genera l  agreement  

with  what is  known on  tbis subject in the l iterature which w il l  

be discussed at a later stage . 

A compa rison of estimates of herita bil ity by Methods 2a 

and 2b showed that  an add itiona l adjustment  of the data for 

average d ifferences in type of birth and rea ring has reduced 

tbe size of tbe e st imated herita bil ity. Tbis was caused in 

each case , by a lower value of genet ic variance found according 

to Method 2 b  in which type of birth and re aring e ffects were 

a ssumed to be entirely due to environmental d i fferences and 

were removed from the data prior to calculat ing genetic variance 

of fert ility in the ewe. The v idence impl ies tha t  at least a 

part of  the o bserved d ifference in fertil ity between ewe s  them

selves born a s  s ingle s and those born as tw ins , is genetic in  

nature .  I t  was the refore dec ided that for pre sent purposes and 

tha t of estimation of genetic cova riance between each bogget 

chara cter a nd fert il ity of the ew , year of birth and age of 

dam were the only env ironmental effe cts which may � appropri

ately removed from the fe rtil ity da ta. 
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Discussion ( Est imates of herita bil ity) 

As a first step towards  d iscuss ing the results , it i s  

necessa ry t o  conside r  briefly the contri but ion t o  the estimates 

of herita bil ity , from environmental correla t ion between relative 

and non-a ddit ive genet ic e ffects which may be present in the 

data. An estimate of herita bil ity is  not expected to be bia sed 

by environmental correla t ion between relatives , if  experimental 

ra ndomisat ion ha s been  e ffect ive in removing this source of 

error. Although it can never be certa in that this i s  so in 

every sample of data , the knowledge of genera l  management prac

tic� in the pre sent flock suggests that contri bution from this 

source to estimates of herita bil ity pre sented earl ie r ,  i negli

gible.  Since no e ffort was made in the management of the flock 

to treat paternal half-si b  groups d i fferently or dam and daughter 

al ike , it wa s thought that tbe tendency , caused by environmental 

agencies ,  for cha racte rs mea sured on related ind ividuals to vary 

togethe r would not be greate r  or a ny less than tha t  between the 

un-related flock mates. 

Since most of  the individuals involved in the p resent study 

were reared  by the ir own dams , ma ternal environment could c�use 

additional resem blance between daughter and dam particularl y 

with respect to weaning we ight and the post-wean ing we ight mea -

surements. In the a na lys i s  by Method 3 ,  the presence of a carry-

over maternal e ffect wa s assumed.  The va lues of herite �il ity of 

post-weaning we ight mea surements found accord ing to Method 3 pre

sented in Ta ble 1 2 ,  s howed rea sona bly close agreement w ith those 
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estima ted by Methods 1 and 2.  Hence , the data suggest that 

the oarryover mate rna l e ffect ha s ma de a small and in most oases 

negl ig i ble contri but ion to the est ima tes o f  herita bil ity of post

weaning we ight mea surements.  

The non-addit ive genetic phenomena such as  dominance and 

epistasis may also affect the estimate of genetic variance used 

to find herita bil ity of each cha racter. However ,  genetic 

variance estimated using the paternal hal f- s i b  or daughter-dam 

re lationship is  free  from e ffects due to dominance devia tions 

but may include , to a vary ing extent , a part of the epistatic 

variance if  any of  tha t exists.  The importance of  epista s is 

in characters used in this study is  unknown , although some evi

dence ba sed on  stud ies of c ross breed ing ( Rae 1 952) be tween  dif

ferent breeds of sheep conta ins a suggest ion tha t non-addit ive 

genetic e ffects may be respons i ble for many of  the low value s 

o f  heritabil ity of fert i l ity found in the sheep. 

The expectat ion of mean square among s ires o bta ined accord

ing to the ne sted  l inear model used in Method 1 conta ins a com

ponent attri buta ble to sire-year intera ct ion. The efficiency 

with which the va riance component wa s est imated the refore depen

ded on the a ssumpt ion that sire -year interact ion wa s a neglig i ble 

source of varia t ion in the data.  The pre sence of sire-year 

inte ractions in the hogget chara cte rs was stud ied and the re sults , 

pre sented in Ta ble 5 ,  suggested tha t  the pre sent estima tes of 

herita bil ity of hogget cha racters would be l ittle , if a t  all , 

biased by the sire -year interact ion e ffec ts. Whethe r  or not 

dam-year interact ion is pre sent in the data , is unknown s ince 



very few dams during the ir l ife-time in this  flock leave ore 

than  three daughters ; in genera l , suita ble data for studying 

interaction between  dams and years in the sheep a re  d ifficult 

to o bta in. 

In forming the daughter-dam pa i rs for regression ana lysis , 

the dam' s record wa s repea ted for each addit ional daughter whose 

record was  also ava ila ble.  This  procedure , be ing equivalent to 

weighting the informat ion on the dam by number. o f  daughters in 

the hogget or breeding ewe flock may or  may not be optimal , in 

the sense of minimum sampling va riance { Kempth�rne and Tendon 

1 953) .  The num be r  of daughters per dam in the pre sent da ta 

varied between one and up to s ix w ith an e ffective ra nge fro 

one to three which covered 96 per cent of  all dams. The 

stud ies made by Bohren , McKean a nd Yamada { 1 961  a and b) sug

gested that a serious loss of e fficie ncy in  estimates of  bertt

a bil itJ , based on the e ffect ive range tn numbe r  o f  o ffspring per 

dam as in the present da ta , t s  unl ikely to occur. The values 

of herita bil i ty , found using the rela tionship be twee n  daughter 

and dam therefore , were not verified by the e igbted regression 

method proposed by Kempthorne a nd Tendon { 1 953) . 

The correspond ing e s t ima tes of  her1ta b11 1t1es  bJ d i fferent 

methods of a na lysts  presented in Ta bles 1 2  a nd 1 3  showe d , with 

one exception , good agreement. A fa irly large d iscrepancy was 

o bserved be tween value s  of herita bil ity of Pert. 3 b7 pa ternal 

hal f- s i b  ana lysis (Jletho d  1 )  a nd regres s ion or d.aughter on da 

( Method 2a ) . A defin ite explanat ion 1s  not ava ila ble a lthough 

sampl ing e rrors have no doubt contri buted to the o bse rved d 1scre-

pancy. The degrees of freedom , derived from d 1fterent numbers 
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ot s irea an� �ama , ava ila ble tor est imating the herita bil ities 

ot Fert . 3 were relat ively small be ing 21  and 1 98 respectively. 

The estimates ot herita bil ity ot weaning we ight (0. 30 , 

Method 1 ;  0. 23 , Method 2)  and hogget body we ight measured on 

the individual at a bout 1 �  months old (0. 51 , Metho� 1 ;  0. 46 , 

Method 2 ;  o. �� . Method 3 )  presented in Ta ble 1 2  are compara ble 

witb ·most or the publ ished values or berita bil it7 tor the se 

characters in the l itera ture (Rae 1 956) . More recently , Young , 

Turner and Dolling ( 1 960) reported a value ot o. 6q , being the 

estimate ot herita bil ity ot yearl ing body we ight ( 1 0  to 1 6  ontbs 

old) in the Australia n  Merino . The evidence suggests that even 

at an average value ot  a bout 0. 5 ,  yearl ing we ight ot the sheep 

must be regarded a s  a highly herita ble character. Bo p�bl lsbed 

estimates appear to be ava ila ble for comparison with the present 

values  of herita bil itJ tor March l ive we ight and l ive we ight a t  

the ' shortest-day ' o t  tbe year wbicb are intermed iate i n  s ize 

be tween those ot weaning we ight and hogget body we ight. In eaob 

set ot reaalts , there was a tendency tor the value ot heritability 

ot l ive weight mea surement to rise w ith increasing age ot the 

individual. The o bserved trend ma7 be expected it , as it haa 

often been argued , the environmental contri bution ot ma�ernal 

e trect tends to become a smaller proport ion ot the total variation 

with increasing 1nterTal ot t ime trom weaning. However, a •o� 

defin ite explanation ot  the increase in herita bil ity values ot 

l ive we ight measurements over the bogget age mu t awa it further 

investigat ions. 

The estimates ot herita bil ity ot we ight ga ins were also 
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pre sented in  Ta ble 1 2. This serves two purposes .  First , they 

provide a more complete descript ion of t he genetic basis  of 

growth d uring the hogget stage and second , they illustra te that  

herita bili ty of we ight ga in mea surements ba sed on  dam-daughter 

re lat ionship is  free from the ca rryover maternal effect. I t  is 

clear that while the l ive we ight measurements themselves a re  

assumed t o  be a ffected by e ither a materna l o r  its ca rryover 

e ffect , the expected va lue o f  cova riance for ga in in  we ight bet

ween daughter a nd dam conta ins no contri but ion from the maternal 

sources ;  the val ue s  of maternal terms van ish a s  an alge bra ic 

consequence o f  s ubtracting one mea sureme nt of l ive we ight from 

the other , in the process of find ing an expression for ga in in 

we ight . The correspond ing estimate s  o f  herita bil ity of we ight 

ga ins by Uetbods 2 and 3 would have been ident ica l in s ize  but 

for the s l ightly d ifferent values of the denominator ( �P
2) used 

in the ir calculat ion. 

Although the genetic basis  of age at first egg in pullets 

ha s been extens ively documented (Lerner 1 958) , l ittle is  known 

of inheritance in puberal  chara cters on a within- breed bas i s  for 

other species  of farm anima l s. No publ ished da ta are ava ila ble 

for compa rison w ith the p re sent estima tes  of herita bil ity of 

number o f  hogget oestrus. The sca rc ity of publ ished work on 

this topic is  perhaps  understanda ble s ince under the current 

sys tems o f  flock management , e ither the occurrence or number of 

hogget oestrus ha s l ittle or  no economic s ignificance in most 

breeds of ewes  wbich a re not mated until  the start of the ir 

second breed ing sea son. However ,  as an extended breed ing season \ 

in the ewe , such a s  that in the Merino and Dorset Horn breed , 
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can provide opport�n ities for extra lamb product ion , the present 

estimates of herita bil ity of n�mber of hogget oestrus point to 

the poss ibil ity o f  improvement , by &elect ion towards a more pro

longed breeding season in the Romney breed. 

The estimates of herita bility of fert il ity 1n the ewe presen

ted in Ta ble 1 3  a�ge st that it 1a a lowly herita ble cha racter. 

The pre sent evidence is  supported by previo�s results o bta ined 

from the same flock (Cb ' ang 1 955 , Rae and Ch' ang 1 955 ; Clarke 

1 963) and consis tent with progress from select ion experiments 

reported by Walla ce ( 1 964 ) ba sed on Romney sheep under New Zealand 

cond i t 1ons. The inheritance of fert il ity in the Romney breed i s  

i n  general  agreement witb what has been known o f  this characte r ,  

whether expressed as  num ber o t  lambs born per ewe o r  incidence ot 

m�ltiple births , in other breeds of sheep ( see review by Reeve 

and Ro bertson 1 953 , S idwell 1 956 , Rendel 1 956 , Ka ram 1 957 , 

Roberts 1 957;  Kennedy 1 959) . In a more recent study of fert il

ity ( numbe rs of lambs born per ewe) in the ewe , Young , Turner and 

Doll ing ( 1 963) found some evidence which indicated that herita bil

ity ot fert il ity in the Merino sheep might be somewhat h igher than 

most of the known e st ima te s  for that breed or other breeds ot 

sheep. However ,  this find ing awa its confirmat ion by selection 

experiment which is .underway {Turne r ,  Hayman , Trittitt and 
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Prunster 1 962 ) .  The current state of knowledge therefore suggests 

that herita bil ity of fertil ity 1n the ewe is low , be ing in the 

vic inity ot 0. 1 0  to 0. 1 5. The present study showed that the 

herita bility of fert il ity based on more than one lambing la not 

much , if at all , higher in value than previous estimates { Ch' ang 



1 955 , Olarke 1 963 and othe rs cited a bove) using aoaual la biog 

re cords. The impl icat ion , tak ing all ev idence into cons i der-

a t ion , there �ore is tba t genetic improve ent in te rtil it7 ot 

tbe Romne7 eweD b7 d i rect select ion i s  l lltel7 to be slow. 

{ b) Kst tmates ot geoe t lc correla t ion 

Tbe same data a nd relat ionships used to tiod tb 

berita bilit tes we re a l so av ila ble tor esttmat io genetic 

correla t ions , as descri bed t o  sect ion III � ( a ) a Dd ( b) .  

Tbe me thods ot analJ••• used ln the preaeot e tuc17 , 1187 be 

a�lla rl7 des igna ted aa �ol lowe : Method 1 ,  pa teroal bal t

aib aoalraie ; Method 2 ,  regress ion ot daughter on 4a taoor

lng the mat rnal sources ot va riation and Metbod 3 .  oov rlaoce 

ana lre ie between dam a od dauabte r aaauming tbe prea nee o� a 

careyover maternal e ffect. Since the ta bles abow 1na the 

valuee o� genetic correlat ions a nd covaria nce a are all relat

lvelJ l a rge in s lze , �or s 1mpl ic 1tJ nd conven ience tbe re

sults will be presented a c cord ing to tbe •e tbod o� aoa lJ&ta. 

g&f .  



( i) Paternal hal�-s1b  analJ&is 

The estimates o�  genetic correlation are presented iD 

'fa ble 1 � .  'rbe correspond ing genet ic covar1ance t�eecl to �in4 

each gene t ic correlation is  shown as the lower mamber iD eaob 

pair o� value s  in Ta ble 1 4 .  

Ta ble 1 4 .  

Character lla rob 
L.wt. 

Wean. wt. 0. 73 
25- 8 

Marc b L. wt. 

Sbort.-daJ 
L. wt.  

Bogg. &wt. 

Ho. Bogg. 
oestrus 

d. �. (Sire) 
- · 

Est imates o� Genetic Correlat ion 
and Genetic Covariance (lletbod 1 ) 

Short.- Hogg. lfo. Bogg. Pert . 1 Fert. 2 
d81 L.wt. B. wt. oestrlls 

0. 86 o. 74 0. 30 0. 32 o. �o 
23- 8 27. 0 1 .  32 0. 22 0. 67 

0. 96 0. 86 0. 35 0. 4 5  0. 4 1  
36. 2 42. 8 2 . 1 0  o. tata 0. 85 

o. 96 0. 52 0. 72 0. 96 
45- 7 3. 00 0. 67 2. 03 

0. 56 o. 81 0. 56 
4 - 31 1 .  00 1 .  59 

0. 56 0. 65 
0. 08 0. 22 

39 39 33 

J'ert. 3 

0. 32 
o. 31 

0. 38 
0. 4 9  

0. 63 
0. 82 

0. ,5 
1 . 1 8 

0. 411 
0. 1 0  

29  

Tbe approximate standard e rrors o f  genetic  correlat ions among 

the bogget oha.racters and between ea ch bogget cha ra cter and 

tertilitJ ot  the ewe were calot�lated , the range o� values 
\ 

be ing 0. 20 to 0. 40 and 0. 40  to 0. 70 respect ively. 
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( i i ) Estimates ot covariance be tween dam 

and daughter 

In order to make clear the val ues  used to compute the 

genetic  eova riance by Methods 2 and 3 ,  tbe est imates o f  cross

cova r1ances between dam and daughter a re pre se nted on tbe 

opposite page . The ' fostered ' wean ing we ight re cords were 

based on ewe and  wether  lambs. The sex e ffe ct was minim ised 

by convert ing all to a ewe lamb bas is. A val ue of three 

pounds ,  be ing the est imate of  sex e ffect reported by Ch ' ang 

and Rae ( 1 961 ) , we re subtra cted from each wean ing we ight 

re cord o f  the wethe r  lamb. 

The covariances presented in Ta ble 1 5  showed two trends.  

First , among the hogget characters , the est imates below and 

to the left of the main  d iagonal we re each larger in Talue 

than  the correspond ing e st imate a bove and to the right ot the 

ma in d iagonal. Second , between each bogget chara cter and 

fert il ity of the ewe , w ith one except ion ( dam ' s Fert.  2 and 

daughter' s  weaning we ight ) the estimates shown below and to 

the left of the ma in  d iagonal were each smaller in val ue than 

the correspond ing estimate a bove and to the right of the ma in 

diagonal. These results there fore showed two d i fferent pat

terns  of a symmet ry , oppos i te in d irect ion depend ing on whether 

it is within  the group of bogget characters or between hogget 

characters and the various mea sux•ements o f  fert ility in t he 

ewe . 

A definite explana t ion for the o bserved patterns  descri

bed a bove is not ava ila ble although two poss i bil it ies  may be 
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ment ioned. The tirat and also t he more d irricult one for 

ita substant iat ion , i s  conce rned w ith tbe bia s  wh i c h  ma1 be 

pre aent in t he data oallsed by exc lud ing from tbe analJ a is , 

tboee dams which have lett no daughte rs in & DJ one y ear. 

This 1s cons idere d  aa t he mos t  ae rioua derioie n cy in ua ing 

the re la t ionship be tween dam and daughte r a s  a e t hod ot 

est i. s t i ng genet ic pa ramet e rs.  The se cond pos s i b i l ity 1a 

the pre se n ce ot systema t i c  va riat ion in the da ta caused b7 

mate rna l o r  ca rryover ma te rnal e t:te ct. An attempt , th re

tore , wa s ma de to st udy the mat e rna l contri but ion to cova ri

ance be tween dam and daughter. Tile re slll ts ot t h i s  atudJ 

may be compare d  w ith t hose o bta ined :tro regre s s ion of da ugh

ter on dam ignoring the ma te rnal sourc e s  ot va ria t ion a nd 

w i t h  those g iven bJ tbe pat e rnal hal t- s i b  analys is.  

( i i i) Reg re s s ion ot daughter on dam a nd cova rianoe 

analy s i s  betwee n  dam and dallghte r 

'l'he e s t imat e s  ot gene t i c  corre lat ion together with the 

corre spond ing g e ne t ic covariance s hown as a lowe r number o:t 

the pa i r , round ll& ing regre ss ion o:t daughte r on d am (Metbod 2 )  

are presented in Ta ble 1 6. 
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Ta ble 1 6 . Estimates of Genet ic Correlat ion a nd Genetic Cova riance 
{ Method 2 Regression of daughter on dam) 

Character Karcb Short.- Hogg. No. Hogg. Fert. 1 Fert . 2  Fert. 3 L.wt. day L.wt. B. wt. oestrus 

Wean. wt. o. 96 o. 97 o. 90 0. 66 1 . 27"' 0- 83 -0. 02 
20. 6 22. 8 25. 6 2. 32 0. 67 1 . 1 0 -o. os 

March L.wt. 0. 98 0. 86 0. 60 1 . 1 6+ 0- 75 0- 1 5  
31 - 4 33 · 5 2. 86 0. 84 1 . 29 0. 46 

Sbort.-day 0. 90 0. 60 0. 82 0- 4 7  -0. 20 
L. wt. 38· 5 3- 1 3  0. 66 0. 96 -o. 62 

Hogg. B.wt. 0. 65 0. 72 0. 1 6  -0. 24 
4 - 1 4  0. 70 0. 34 -o. 91 

No. Hogg. 0. 98 0. 87 0. 57 
oestr11a 0. 1 2  0. 24 0. 34 

+ Vallle exce� theoretical  l imit of a correlation coeffic ient. 

The value of genetic Tariance o bta ined from the paternal 

half-sib  a na lysis  ( Method 1 )  for wean ing we ight (�2 = 20. 89) 
w 

was used to compute the genetic Tariance of mat6rnal enTironment 
- 2  ( 6G = 64 . 4 9) and the gene t ic coTariance between wean ing we ight 

m """"' 
and maternal environment  ( coT GwGm c - 21. 85) . The aTa ila ble 

estimates of genet ic corre lation and the corresponding genet ic 

oovariance Bbown as a lower mem be r  ot the pa ir ,  o bta ined using 

coTariance analysis between dam and daughter assum ing the 

pre sence of a oarryover maternal e ffect (Me thod 3)  are present

ed in Ta ble 1 7. 

Ta ble 1 7. EstiMates of Genet ic Correlat ion and Genetic Covariance 
{Method 3 Covariance analys is between dam and daughter) 

Cha ra cter Wean.  March Short. -:1 Hogg.  
wt. L.wt. day L. wt; B . wt. 

Maternal - 0. 76 - 0- 59 - 0. 54 - 0. 43 
Ennronrnent -27. 8 -27. 1 -25 · 5 -23· 3 

Wean wt. o. 95 0. 93 0. 81 
24 . 8 25. 0 25. 1 

March L.wt. 0 . 98 o. 84 
32 . 7  32. 1 

Sbort,- day 0. 88 
L. wt. 35 · 0 

Hogg. B. wt. 

:tb. li:g. 
oestrus 

0. 1 1  
0. 77 

0. 32 
1 .  28 
0. 46  
2- 31 
0. 44 
2. 28 
0. 46  
2. 73 

Pert. 1 

-0 . 1 9  
-0 . 21 

1 .  1 0+ 

0. 68  
1 - 47+ 
1 .  1 2  
0- 95 
o. �� 
1 .  + 
1 . 1 3  

Fert. 2  Pert. 3 

-0. 32 -0. 4 9 
-0. 80 -2. 32 

0. 62 0. 42 
o.  8;,9 1 . 1 4 
1 .  1 9+ o. 77 
2. 1 0  2- 58 
o. 9l:f 0- 53 
1 . ,2 1 .  84 
o. , 7 0. 4, 
1 .  40 1 .  9 

+ Value exceeds theoret ical l imit of a corre lation ooetfic1eut. 
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The accnrao7 ot genetic covariances and correlations 

pre sented in Ta ble 1 7 ,  found using Method 3 is partl7 dependent 

on the amount of weaning we ight da ta based on tbe ' fostered '  

lambs in tbia tlock. While the nwmber of ' fostered ' lambs 

ava ila ble for study was leas than desira ble , the results bow

eve r ,  all appeared  to be rea sona ble. In add it ion , the vari

ance of weaning we ight of the ' fo stered ' lambs (�p2 • 70. 7) 
w 

was found to be in close agreement w ith that of the ir own dams 
A 2 ( "" 2 ( �p' = 70. 6 )  and w ith other e st imates of this character �P • 

w 
....... 2 

w 
10. 5 ,  b7 paternal halt-sib  analysis ; 6p' = 67. 7 ,  b7 regression 

• 
of daughter on dam) presented in Ta ble 1 2  ba sed on  more exteu-

s iye data. Since phJ&ical stre ss and other e ffects associate d  

with the practice o t  ' fostering ' could ba'Ye affected growth ,  

hence causing tbe Yariance o f  wean ing we ight ot the ' fostered' 

lambs to be much c!l1t't'erent trora that ot t he ' dam-reared ' 1n4iv1-

duals ,  the sim ilarity in s ize  of varian ce &  noted a bove , suggests 

that in the present data , the effect of ' fostering ' per !.! a re  

not l ikel7 t o  be a ma jor source o t  e rror. 

It i s  also pert inent to point out a t  thia stage tba t  the · 

present study of maternal environment in the sheep using data 

based on ' fostered ' lambs doe a not represent a new pproacb to 

this pro blem. Two early examples  ma7 be c ited .  Tba anal7aia 

b7 Wright ( 1 931 ) for atud7ing tbe relative importance of beredit7 

and enYironment in determination of bnman intell igence and the 

work b7 Cbapman ( 1 94 6 )  on oYa rian weight re sponse in tbe rat to 

a gouadotropic  hormone treatment , have both used data o btained 

from ' fostered '  ind ividuals to eYSluate tbe •agnitude of 
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maternal ( or home env i ronment in  the ca se of human i ntell igence ) 

contri but ion. In  the a bsence of  a ny noted d isturbance of  the 

re sults derived using the wea ning we ight data ba sed on ' fostered ' 

lambs and in view of the general  appl ica bil ity of  a na ly s is em

ploy ing ' fostered ' ind ividuals .  a l i ttle more confidence in the 

val ue s  of gene t ic correlat ions , pre sented in Ta ble 1 7 , betwee n  

maternal environment a n d  other cha ra cters unde r invest iga t ion 

appears to be just ified.  
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D1souss ion ( Est imates  o f  genetic  correlat ion) 

'l'be l iterature conta ins l ittle information on the genetic 

basis of covariation e ither among l ive we ight measurements them

selves or between a series or l ive we ights and reproduct ive 

oba raeterm in  the sheep. The genet ic correlat ions , o bta ined 

using pate ruel balf-sib  analysis , between yearl ing we ight ( 1 0  

to 1 6  mon ths old) and fert il ity ( number o f  l ambs born per ewe ) 

in the Austra l ia n  Merino ewe have been reported by YoQng , 

Turner nd Dolling ( 1 963) , the value s  be ing 0. 4 7  and 0. 23 tor 

tbe ewe at  the first and over the first two lambings respect

ively . These gene t ic correlations are somewhat lower 1n 

va lue compared with the correspond ing st imates ( 0. 81 and 0. 52 , 

betwee n  hogget body we ight and Fert . 1 and Pert. 2 respectively) 

from paternal hal f-sib  analy s is in the pre sent study. However ,  

both  sets o f  re ulte agree 1n placing the s ign o t  the gen t ic 

correlat ions as be ing pos itive. 

S inoe no other publ ished estimates based on the sheep , a re  

ava ila ble for comparison with the present values of  genetic 

correlat ion , the fol lowing d i scuss ion is  ma inly confined to 

the results found in this study , but where appl ica ble , re fe r

ence to work on othe r  mammalian specie s  will be made. The 

results o bta ined using the paternal hal �-si b analysis (Method 1 )  

are unbiased and not complicated in the ir interpretation by the 

presen ce of mate rnal sources ot  variation. It appears rea son

a ble , there tore , to use genetic correlations touno accord ing to 

Method 1 (Ta ble 1 4 )  as a ba sis tor comparison with those give n  
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by Methods 2 (Ta ble 1 6 ) and 3 { Ta ble 1 7) ,  be ing the regressio n  

o �  daughter on dam and covariance analysis  betwee n  dam and 

daughter reap ct ively . 

In general , tbe corre sponding gene t ic correlat ions abowed 

goo d  agreement between  the dif�erent Methods of a nalysis. The 

nota ble exceptions were the genet ic corre lat ions between l ive 

we ight measurements and total number of lambs born per ewe 

over the first three lambings or Fert. 3 �or which the value 

found by Method 2 were lower tban  those by Method 1 ;  but more 

importantly , they were oppos ite in s ign. The discrepanc ie s  

noted for these characters originated i n  the d ifference of tbe 

signed values shown in '!'a ble 1 5  between correspond ing cross

covariancea computed for the dams and the daughters and pre sum

a bly were caused by maternal sources of  variation in the data 

which bad been ignore d  in the a naly s is by Method 2. This sug

gestion was supported by results o bta ined from Method 3 which 

gave compara ble values of genetic correlations , in nearly all 

case s , as Method 1 .  Some o� the genetic  correlat ions found 

using Method 3 pre sented in Table 1 7 ,  exceeded the theoret ical 

l imiting value of unity ; 

buted to these results. 

sampl ing e rrors no doubt have contri

The evidence d iscussed a bove po ints 

to maternal contri but ion as a source of compl ication in using 

the relationship between dam and daughter genetic corre lat ions. 

Any attempt at interpretation of a genetic  correlation 

between maternal e nv ironment and measurement s of growth or re

product ion involves cons ide ration of the biolog ical components 

represented by phenotype of maternal env ironment. In so ta r 
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as tbe post-natal period is conce rned , milk production o� the 

dam is a meaningful and in terms of growth in the lam b ,  a ma Jor 

component of materna l env ironme nt. Tbia po int of view waa 

taken in the present study and appeared to be also held bJ a 

numbe r  o f  workers ( for example , Dickerson 1 94  7 ,  Koch and Clark 

1 955 ; Young , Legates and Fartb1ng 1 965 ) . Tberet'ore , the 

genet ic correlat ions pre sented in Ta ble 1 7  between mat rnal 

environment and otber characters may be regarded e ssentially 

as a measure of tbe a ount ot genetic oova r1at ion betwee n  milk 

product ion and growth ot the lamb init ially up to weaning ; 

tben be tween the e ftect ot milk production lready pre sent 1n 

the ind ividual at weaning , tbe carryover maternal e ffect and 

post-weaning growth or oestrous performance of the bogget aDd 

finally , be tween it and fertil ity of the breed ing ewe. Por 

example , tbe negative genetic correlat ion ( - 0. 43 , Ta ble 1 7) 

be tween maternal env ironment and bogget body we igbt 1mpl 1ea 

that the dams wbicb are a bove tbe flock average in bogget body 

we ight tend to leave daughters wbicb are below the flock aver

age in  milk production and vice versa . 

The genetic correlations betwee n  maternal environme nt and 

live we ight measurements presented in Ta ble 1 7  are all negative 

in s ign. The largest value is assoc ia ted with the we ight at 

weaning ( - 0. 76) , compara ble witb tbe range of values ( from 

- o. 65 to - o .  68 ) reported  by Koch and Clark ( 1 955) for the 

genet ic oorrelation between post-Datal ma ternal env ironment and 

weaning we ight in bee f  cattle. The present estimates of gene-

tic  oorrelations between maternal environment and tbe l ive 



we ight measurements tended to decrease in a bsolute values 

with increasing age of the individual.  Since tbe correlat ion 

coe fficients were all negat ive , the re Qlts implJ that the 

genetic covariation between  maternal environment and post-wean

ing we ight ga ins ia  posit ive , a point which was also o baerYed 

in bee r  cattle and reported by Kooh and Clark ( 1 955 ) · 

The study or maternal environment in the mouse by Young , 

Legates and Farthing ( 1 965)  sugge sted that lactational perfor

man-ce ot the dam has l ittle direct e ffe ct upon the prol ificacy 

or lactational performance ot the young she nursed.  On tbe 

other  hand , Falconer ( 1 965)  showed a negat ive maternal e ffect 

OD l itter-s ize of the daughter. S ince the methods ot ana ly s is 

and assumpt ions made a bout the maternal e ffe ct were different 

between  the first and last mentioned stud ie s , s ignificance of 

the se different findings is not at all clear. The pre sent 

results (Ta ble 1 7) suggest tha t  in Romney ewe s , the genet ic 

correlation between post-natal mate rnal e nvironme-nt and fertil

ity of the ewe 1s  negative and its value s  ra nged  trom - 0. 1 9  at 

the first lambing to - o.  49 for the third measurement ot fer

til ity expre ssed as total num be r  of lambs born per ewe over 

three lambings. 

In contrast to the negat ive correlations d iscussed a bove , 

the gene t ic correlat ion be tween maternal e nv ironment and num be r  

of hogget oestrus in the pre sent data was positive but smaller 

in value ( 0. 1 1 ) .  If , in real ity , i nheritance o f  these two 
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cha ra cters i s  independent o f  each othe r ,  this property suggests 

that predict ions made a bout the response and correlated response 



us ing number of hogget oestrus a s  a criterion of select ion 

are more likely to be real ised in practice than those based 

on the l ive we ight measurements which are complicated by 

the maternal sources or Tariation. 
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Discllseion 

(Estimates  of herita bil ity and genetic  correlat ion ) 

It has bee n  mentioned that the a ccllracy of some ost 1 atea 

of her1ta b1l ities  a nd several genet ic corre lat ions is less tba.n 

sat isfactory.  The present find ings  require confirmat ion. On  

the othe r  band , there was  genera l  agreement in re slllts o bta ined 

ll&ing different methods of anal7s1s.  The more serious d iscre-

pancie s  wh1cb nave bee n  noted earl ier in d iscuss ing the genet ic 

correlations are tentatively attri buted to compl ica t ions oalla d 
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U,V maternal sollrees of variat ion a nd covariation in the rela

t ionship between a dam and her daughter. Although uncertainty 

a bout the rea l  value of the genetic parameters does not allow 

definite conclusions to be drawn from the pre sent estimates ,  an 

outl ine o� t he genera l  pa ttern of re sponse and corre lated respon� 

to select ion w ith reference to genetic  improvement in  fert il ity 

of the ewe , can be sketched for the cha racters llnder invest igation. 

The results used for this purpose a re those obta ined by the 

paterna l  hal f-si b  analysis , all pre sented in Ta ble 1 �  except in 

the ca se of genet ic correlat ions involving maternal environment 

which are shown in Ta ble 1 7. 

The herita bilit ies suggest that in vary ing degrees ,  ea ch 

bogget chara cter is  herita ble .  To the extent that the genet ic 

variance used to calculate the herita bil ity is add itive in 

effe ct , response to selection in all  hogge t chara cters is  expec

ted to cont inue for some t ime. The vallles of herita bil ity 

ind icate that  hogget  body we ight mea sure d  on the ind iv id�al  at  

a bout 1 �  months 1n  age , i s  the cha ra cter most l ikely to  show 



rap id response to select ion ; but onli a modera te ra te ot gain 

can be expected from select ion based on the rema ining we ight 

mea surements or �or a greater number of bogget oestrus. 

S ince the genetic corre lations betwee n  hogge t oha racte ra 

and fert il itJ of the ewe a re all pos itive , sele ct ion for an 

increased expression in an1 one of the hogge t  cha ra cters , is 

expected to cause correlated cbange towards an e nhanced level 

of fertil ity in the ewe . However , judg ing by the negat ive 

genet ic correlation between maternal env ironment and fertil ity , 

the gains thus achieved , w ill be partly offset by poorer lac

ta tional perfo�ance of t he ind ividual as it , in turn becomes 

the dam of the next genera tion. The negat ive gene tic corre-

lat ions between l ive we ight measurements , but weaning we ight 

in part icula r ,  and materna l env ironment also imply deteriora-

t ion in the latter , a s  the  average add it ive gene t ic value of a 

l ive weight chara cter increase s in response to selection. The 

maternal environment , there fore , appears to be in tbe role of 

a regula toT1 agency w ith the effect of conserving what i 

status quo by restoring , in part at lea st , tbe change caused 

by selection a s  it may be pred icted from the knowledge of 

herita bil lt ie s  and gene t i c  correlat ions. Consequently , 

select ion for higher fert i l ity of  the ewe based on bogget l ive 

we ight cha ra cte r ,  is l ikely to be made less effect ive by the 

homeostatic  propert ies of maternal env ironme nt. This a ssess-
db 

me nt need not imply a pe�nt o bstacle to improvement. For 

example if the reduct ion of average weaning we ight , resulting 

from deteriorat ion of  the maternal e nv ironment , should rea ch 

a serious magn itude of say n ine to 1 0  l b ,  it may be speculated 
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t ha t  a t  this point o r  beyond , post-w e a n i ng compe nsatory g rowth 

a s  t hat d e s c r i be d  for tbe tw i n s  in s e ct ion IV 1 ,  cou l d  opera te 

aa a me cha n i sm e na bl i ng the hogg e t s  to ove rcome part ially 

the seve re growth ha n d icap impo sed prior to wean i ng. While 

t he o s c i l la t i ng p a t t e rn o f  chang e s  outl ined a bove bave the 

ma i n  e ffe ct of making re spon se to s e le c t io n  s ho rt o f  the 

to tal and t he corre l a te d  re spo n se s less pre d i c ta ble , the 

re s ul t s  sugg e st tha t  worthwhile g e ne t i c  improveme n t  is s t il l  

po s s i ble.  

Finally , the re sults may be summarised by not i ng : 

{ 1 ) T he bogget cha ra cte rs under i nve s t iga t ion were a l l  

he rita ble. The va l ue s  o f  her ita b i l i t ie s  of hogge t 

cha ra cters ranged from 0. 23 to 0. 51 (Ta ble 1 2 ) each be ing 

l a rge r in s ize tban the be rita bil i t i e s  of fe rt il ity i n  

tbe ewe ( 0. 04 to 0. 20 , Ta ble 1 3) .  

( 2 )  The gene t ic correlat i o n  between each pa i r  o f  bogg e t  

chara c te rs w a s  w ithout except ion , a l l  pos it ive in s ign 

and va ry i ng in s ize from 0. 30 to 0. 98 ( Ta ble s 1 4 , 1 6 a nd 

1 7) .  Tbe gene t i c  corre l a t ions betw e e n  bogg e t  c ha ra o t e ra 

an� e a ch mea s urement o f  fe rt i l ity o f  tbe ewe , w itb few 

except ions , we re a l l  po s i t ive. The val ue s range d from 

0. 32 to 0. 81 , by pate rna l ha l f- s i b  a na ly s i s  ( Ta bl e 1 4 ) ; 

from - 0. 24 to un ity , by regre s s io n  o f  d a ughte r o n  d am 

ignoring the mate rnal e ffe c t s  ( Ta ble 1 6 ) a nd from 0. 42  

t o  un ity , by cova ri a n ce analy s i s between d am a n d  d a ughte r 

ass um ing the pre sence o f  ma te rna l e ffe cts (Ta ble 1 7) .  

1 09. 



( 3 )  The g e n e t i c corre l a t ions be tw e e n  mate rna l e n� ironme n t  

a n d  a l l  cha ra ct e rs except n um be r  o f  hogget oe s t ru s  ( 0. 1 1 ) 

w e re nega t ive in s ig n  a n d  the value s  ra nge d from - 0. 1 9  

to - o. 76 ( Ta ble 1 7) .  

(4 ) The pa t t e rn of re sponse a nd corre la te d  response i n  the 

p re se n c e  of ma t e rnal e ffe c t s  was outl i n e d  w i th pa rt icular 

re fe re n c e  to gene t i c improveme nt of fe rt i l i ty i n  tbe ewe . 

De sp i t e  t he n ega t ive gene t i c  corre la t ions w it h  ma t e rna l 

e nv i ronme n t , rea so n a bly good prospe c t s  o f  improv i ng 

fe rt i l ity i n  the ewe by i n d ire c t  s e l e c t ion ba s e d  on 

hogget cha ra c t e rs , a re ind ica ted by the re s u l t s .  

1 1 o.  



6 .  The selection ind ices 

The methods used to construct each of the three type s 

o f  select ion indices denoted by 11 , 12 and 13 have been  out-

l ined in section III 5. Each index was constructed using two 

bogget oba ra oters : num be r  o t  hogget oestrus ( P1 ) and bogget 

body we ight ( P2) mea sured on the individual at a bout 1 4  months 

in age . Although the criteria used in  oonstructing the 

indices were va ried for purpose of making comparisons among 

tbe results , the common o b je ctive was to produce an index 

which in its use , may lead to maximum improvement in fert il ity 

of the ewe .  

The variance s  and covariances used in  construct ing tb 

various types of indices , except the genetic  covariance s  bet-

ween ma t e rna l env i ro nment and t he bogge t cha ra ct e rs , were all 

o bta ined from the paternal half-sib  ana ly sis  a nd the ir val ue s  

a re pre se nted i n  Ta ble 1 8. The genetic va riance and eovari-

ance are each shown as a lower membe r  of the pa ir of values. 

Ta ble 1 8. Est imate s of Variance s  and Covariances used 
in Constructing the Selection Indices 

CoTa riance 

No. Hogg. ( P ) oestr11s 1 

Hog g. ( P2) B. wt. 

Variance 

No. Hogg. 
oestrus 

-

-

-

-

2.  901 
0. 93Ll 

Hogg. 
B. wt.  

8. 1 22 
4 . 3 1 2 

-

-

1 24 .  1 62 
63. 4 25 

Fert.  1 Fert. 2 Fert . 3 llaternal 
Environment 

0. 204 0- 338 0. 4 20 -

0. 085 0 . 21 8 0. 096 0. 772 

1 .  740 2. 507 3· 571 -

1 .  000 1 .  594 1 .  1 78 -23· 300 

0. 4 5 1  1 .  051 1 .  96 1 -

0 . 024 0. 1 27 0. 061 -

--

1 1 1 .  



The first index ( I1 ) was constructed by maximising the 

correlation between 11 and B ,  where H = G1 + G2• The val aes  

ot b1 1  and b1 2  were found to be 0. 34 and 0. 52 respectiTely . 

The index , there fore has the form :  

The correlat ion between 11 a nd H is 0. 71 based on the Talues 
....-.. 

ot ooTariance between 11 and H ( CoT I1 H = 37. 24 ) and the res-

pective sta ndard deviations ( �
H = 8. 54 ,  61 = 6 . 1 0) . The 

1 
s implest way to provide some eTidence on the e f'f'ect iveness of 

I1 a s  a basis  ot  selection tor higher fert il ity in the ewe is 

to compute tbe corre lat ion between 11 and e ither the phenotype 

or the add it ive genetic value of'  fertil ity .  By expressing 

each ot the latter correlations a s  a traction ot the square 

root ot  herita bil ity of' the appropriate mea surement or fertil

ity , the relatiTe e ffic iency of selection between the ind i rect 

and tbe d irect methods or select ion tor fert il ity may be round. 

These results are presented in Ta ble 1 9. 

Table 1 9. Values of' Correla t ion ( R) Between I1 and Fertil ity 
ot the Ewe and tbe Rat io of Relative Effic iency of'  

Selection ( RES) 
" 

I1 and Character R RES 

Phenotype ot  Fert. 1 o .  24 -
Fert. 2 0. 23 -
Fert. 3 0. 24 -

Add itive Genetic 
2. 5 t ar Value o f  Fert. 1 0. 58 

Fert.  2 0. 42 1 . 2  1 . 3  
Fert. 3 0. 4 3  2. 4 1 . 0 

'--· 

1 1 2.  

+ ind icates that the value of tbe denom i nator used to calculate 
tbe ratio shown in brackets , i s  derived from herita bil ity 
ot fertil ity reported in Ta ble 1 3  based on regression of' 
daughter on dam ( Me thod 2a) . 



The s e cond series o f  ind ice s denoted in ge ne ral by 12 , 

we re oonstr�ot e d  by max im i s i ng t he corre lation be twee n  e a ch 

ind ex and e ithe r  tbe phenotype o r  the a d d it ive g net ic Yal �e 

o f  fe rt i l ity in the ewe. The YB l ue s  o f  these co rre la t ions , 

we ighting fa ctors a n d  standard devia t ion o f  e a ch index a n4 

tbe ra t io o f  relat ive e ff i c ie ncy o f  s e l e ct ion a re  pre se nted 

in Ta ble 20. 

Ta ble 20. Va l�e s of Corre la t ion ( R) Betwe e n  12 a n d  Fe rt il ity 
of the Ewe and the Ra t io of Re lat ive E ff i ciency 

o f  Se l e c t ion ( RES) 

I /\ 
' b22 I 

----------------f-- -----
Phenotype of 8 I Oo 01 1 Fe rt. 1 

Fe rt. 2 
Fert. 3 

3 : o. 01 5 
0. 03 
0. 07 
0. 07 9 : o. 024 

-r 
Additive Genetic 
Value of Fe rt.  1 0. 00 

Pert. 2 0. 04 
Fert. 3 o. oo 

I 

8 : o .  007 
8 I o. 01 0 
8 ;  0 . 009 

r--· 
.......... -""' 
6J: R RES 

--
0. 1 66 0. 25 -
0. 253 0. 24 -
0- 343 0. 25 -

0. 093 0- 57 2 - 5t 7l 0. 1 59 0. 45 1 . 3  1 . 4  
0. 1 06 0. 44 2. 5 1 .  0 

For a given mea sureme nt o f  fe rt il i ty for example , Pe r� . 3 ,  

two se lect ion ind ice s have been constr�cted.  It is there fo re 

o f  some int e re st , to study the exte nt to wh ich a we wit h in a 

group ava ila bl e for s e l e ct i o n , i s  ra nke d the same o r  d iffe re nt-

ly by the two ind ices. This t e nd e n cy may be most s imply 

a s se ssed by comput ing the corre l a t ion coe ffi cie nt between each 

pa ir of ind ices for the thre e  mea sureme n t s  o f  fert il ity . The 

va lues of the corre l a t i o n  coefficients we re : 0. 95 , 1 . 00 and 

0. 96 tor Pe rt .  1 ,  Pe rt . 2 a nd Pe rt .  3 re spe ct ively , ind i c a t ing 

tha t v i rtua lly tbe same ewe s would be s e l e cted as repla ceme nts 

1 1 3. 



wbe tber t.proTement of fert11 1t7 was intended for the �urrent 

or the ne.zt gene ra t ion. Por pract ieal purpoa a ,  tbe re f'ore , 

it would be conve n ient t t  ea ch pa ir o f  the correapon4 1ng 

1nd 1 c.a COQld be combined into a s ingle general purpoa. ln�ez. 

Tbe etbod tor doing thla haa been deaoribed in section III 5· 

A gene ra l  purpo se index wbieb ma7 be llaed to select tor 

1 proTe nt in tert il 1tJ o t  the ewe o'Ye r tM firs t  tbr 

lambinga ( �ert. 3) waa constructed. To construct t h 1a i de% ,  

the a asopt i on was made tha t pbenotJpic a nd gene tic 1rapro't'e

.. nt in tbi a cha racter would be e qQa lly d e s ira ble , a s  lnde 4 

log iea l ba a ia tor d i fferent we ight inga was not aTa i1a ble. 

The genera l  purpose index ( I2) ta : 

I2 • 0. 087 P1 + 0. 033 P2 o r  more a�l7 , 

I2 • 2.  6 P1 + P2 .  

The p re s e n ce o f  materna l e tte cta and the coapl ica t toD 

tbe7 ma7 cause 1n pred icting t he re sponse a nd corre lated 

re sponse t o  select ion baTe been d i scussed previouslJ· ID an 

attempt to 1n1 1 se tbe carr,over aternal ettect on t be  ho ge t 

chara cters , a re strict ion , b31 Co't' o1 om + b32 CoY G2G• • 0 wa s 

imposed in the process of constru c t i ng tbe t h ird t7pe of indices 

denoted 1D gene ra l  bJ x3. Io the reatrtotion stated boYe , 

Oo't' G1 Gm aad CoY a2om are ge ne t i c covariancea between ma teraal 

e nv 1roDIIent and DWilber ot bogget oe strus and boge t boc!J we l.gbt 

re spect 1YelJ. Tbe re l eTant resul ts are prese nted 1D Ta le 21 .  



Ta ble 21 . Values o� Correlat ion ( R) Betwee n  I3 and Fert 11 1t7 
o� the Ewe and the Rat io o� Relat ive Eft1c iencJ 

of Select ion (RES) 
- • 

/\ I A A A 
13 and CharBo1m> b31 

I b32 
cri R RES 

I 

Phenotype 0� Fert. 1 o. 073 I 0. 002 0. 1 37 0. 20 -
Fert. 2 0. 1 1 8 I o. o� 0. 21 8 0 . 2 1  -
Fert. 3 o. 1 51 : o. oos 0. 279 0. 20 -

I - -I 
Additive Gerletic I 
Value of Fert. 1 0. 033 : 0. 001 0. 063 0. 4 1  1 .  8 t 9l Fert. 2 o. 076 I 0. 002 0. 1 41 0. 39 1 .  1 1 . 2  

Fert . 3 0. 038 : 0. 001 0 . 010 0 - 29 1 .  6 o. 6  
.....___ I 

A general purpose index ( I3) constructed using Pert. 3 

as  the criterion ot improvement is : 

I3 = 0. 1 89 P1 + 0. 006 P2 

I3 = 31 . 5 P1 + P2• 

or more siraplJ 

( 4) Propert ies ot tbe selection ind ices 

1 1 5 .  

The expected change in �e rtil itJ o �  the ewe resulting from 

the use ot a bogget selection index ma7 be to11nd as a regrea,sion 

ot this cha racter on the i nd�x. In a s imilar manne r ,  tbe 

expected genetic ga in o f  tbe bogget characters may be evaluated .  

In both instances ,  the results used to find the correlat ions 

pre se nted in Ta bles 1 9 ,  20 and 21 were re-cast in the �orm ot 

the re levant regre ss ions. In general terms , the expected 

changes in phenotype ( 4 P) and in additive genet ic value ( .6 G) 

result ing from select ion based sole ly on the index , are : 

4 P = ( Cov PI/oi) Z/p and 

� G = ( Cov GI/oi) Z/p. 



----------------

The Z/p is  the intens ity o f  sele ct ion defined a s  the d iffer

ence in standard deviat ion units between tbe mean of  the 

truncated port ion of the populat ion and tbe mean of the pop

ula tion prior to select ion , p be ing the proportion selected. 

Since Z/p is constant for a ll indice s , it  has been omitted 

from the ca lcula t ions of ..6P a od 4G. The expected ga ins 

have not been  computed for every index or a ll mea surements 

of fert il ity.  The res�lts presented in Ta ble 22 be low a re 

appl ica ble to the improvement of  fert il ity in the ewe o"Yer 

the first three lambings.  

Ta ble 22. 

Cha ra cter 

r--
No. Hogg. 
oestrus 

The Expe cted Ga ins { in s ta ndard deviation 
llnits) from the Use of Hogget Selection 

Ind ice s  
· -

11 I2 13 
Na t11re of 

Improvement 

0. 4 2  0. 44  0. 58 Genet ic 

Hogg. B. wt. 5- 68 5·  71 3- 4 1  Genetic 

Fert. 3 0. 1 1  0. 1 1  0. 20 Genet ic 
---- -- -

Pert.  3 0. 33 0. 1 0  0. 1 0  Pbenot;vpic 
- · . 

1 1 6 . 



Di scus s ion 

Sele ct ion ind ices have been constru c t e d  a c co r� ing to 

three d i ffe re n t  crite ria of max im i s a t ion. As a common denom-

ina tor of tbe e ffe c t ivene s s  of e a c h  index , its c o rre la t ion 

w ith fe rt i l i ty of the ewe was �ompute�. The corre lat ions 

be twe e n  phe notype of fert il ity a nd each index varied w ithin 

a na rrow ra nge o f  va l ue s , from 0. 20 to 0. 25 , rega rdl e s s  of 

whi ch crite rion w a s  used in con struct i ng the index and a ppl i

ca ble to eve ry mea sureme n t  of fe rt il i ty. - The se va lue s  a re 

near the uppe r  l imit of the i n d iv idual phenotypi c  corre la t ion s  

o f  the hogge t  chara c t e rs w i th fe rt i l ity o f  the ewe (0. 1 7  to 

0. 23 , aee Ta ble 1 1 ) .  The correlat ions between the ad d it ive 

gene t ic val ue of each mea sureme nt of fe rt i l ity a nd the i n d i ce s  

cons t ructe d u s ing d i ffe re nt cr iteria , show e d  a g rea ter ra nge 

of va l ue s , vary i ng from 0. 4 to 0. 6 w i th one except ion at 0. 3 , 

but all grouped a round t he l ower l im its of tbe ind iv idual 

ge ne t ic c o rrelat ions between the bogge t  chara ct e rs a nd t be 

fe rt il ity o f  tbe ewe ( num be r o f  hogge t o e s t rus , from 0. 4 to 

un ity , see Ta ble s  1 4  and 1 6 ;  hogget body we ight , from 0. 6 to 

unity , see Ta ble s  1 4  and 1 7) .  Tak ing a l l  re sul t s  into con

s i d e ra t ion , t be rea l ity of a pos i t ive corre l a t ion between 

fe rt il ity of the ewe and these two bogge t c ha ra ct e rs , e ithe r  

taken s i ngly o r  combined a s  a n  index , may be cons idered a a  

e s t a bl i s he d , a l t hough unce rta inty e x i s t s  a bout i t s  a ctua l  s ize.  

� compa r i ng tbe corre spo n d i ng val ue s  p re se nt e d  1n 

Ta ble 20 fo r I2 with those o f  r3 in Ta ble 2 1 , some 1nd1cat 1ona 

may be ga i ned o f  tbe ca rryoTe r ma te rna l  e ffe ct on corre l a t e d  

1 1 7. 



response in fert il ity of the ewe .  The most not icea ble e ffect 

associated w ith the restrict ion imposed on r3 is the marked 

reduct ion in value of the we ight ing :fa cto r  ( b32) for hogget 

body weight.  This tenden cy i s  opposite to the change in 

1 1 8. 

value of tbe we ighting fa ctor ( b31 ) assoc ia te d w ith number of 

hogget oestrus. The we ight ing factors ( b31 ) in r3 all showed 

some increa se in value compared w ith the correspond ing e stimates 

These re sult s imply that if the carryover mater-

nal effect is  to be minim ised , less  empha s is should be placed 

on hogget body we ight in selection. Tbis interpretat ion 

appears to be rea sona ble in view o f  the re lat ively strong 

genet ic correlat ion ( - 0. 43)  between bogge t body we ight and 

maternal environment compared w ith the smal l  value ( 0. 1 1 )  of 

the genetic correlation between number of bogget  oestrus aDd 

maternal  environment . It  is  also noted that the correlat ion 

between each r3 amd :fertil ity of the ewe pre sented in Ta ble 21 , 

are each somewhat lower in value than the correspond ing e st i-

mate in Ta ble 20 , o bta ine d using r2 a a  the index. This pre-

auma bly , wa s a consequence of  the shi ft in relat ive emphasis  

from hogget body we ight to  num ber o f  bogget oestrus descri be� 

a bove. If this 1s the cause , it 1s understanda ble be cause 

the genetic  correlations between bogget body we ight and measure

ments o f  fert il ity are , in general , somewhat larger in s ize than 

the correspond ing est imates between numbe r of bogget oe strus and 

:ferti lity o f  the ewe a s  indicated earlier in  the d iacusa1on. 

The present evide nce , tbere �ore , agrees w ith the po int made 

prev1oQSlJ tba t an e tte et ot tbe oa rr1over materna l  intl�enoe 

1 s  to cause the response in ewe ' s fertilitJ wb1ch i s  correlated 



with the change result ing �rom select ion in the hogget l ive 

we ight chara cters , to fall short of wbat is the pred icta ble 

total.  At the same t ime , it appears rea sona ble to suggest 

tbat the propert ies of the re stricted hogget index ( I3) are 

more l ikely to be real ised in pra ct ice tban those of the other 

types or ind ices constructed w ithout reference to t he possi ble 

e ffects of maternal e nvironment. 

Finally , it  is clea r  that in crder to make more syste

ma tic use of the estimates already ava ila ble for the phenotypic 

and genetic  parameters of  the cha racter& under at udy , selection 

ind ices were constructed. In  general , the re sults presented 

in this section a re cons istent w ith the previous findings baeed 

on herita bil itiea a nd genetic corre lations which suggest that 

select ion using hogget characters ia a feas i ble method for 

improving fert il ity in the ewe . It tbe estimates o� variance& 

and covar1anees used in construct ing the ind i ces can be rel ied 

on , the results  of  relat ive e ff i ciency of select ion , pre sented 

1 1 9. 

in  this sect ion , would suggest that under certa in circumstance s , 

indirect selection based on properly constructed bogget indices 

ma7 be prefe ra ble to d irect selection , a s  a me thod �or improve-

ment of fert ility in the ewe . The pro ba bl e  amounts or corre -

lated response in  fert il ity of the ewe over the �irst three 

lambings and the ga ins in each bogget cha ra cter to be expected 

from the use of each type o� index bave been pre sented in Ta ble 

22. Assuming that 60 pe r cent ( Z/p = 0. 64 ) ot tbe total number 

o� ewe boggeta were selected as  replacement & accord ing to 13 -

the restricted hogget index , and convert ing all  to actual an its 

of mea surement used in this study , the expected ga ins per 



genera t ion in each chara cter a re : 

Num be r  of bogget oestrus 

Hogget body we ight 

Genetic improvement in fert il ity 

o. q Oestrus 

2.  2 l b  

0. 1 3  Lamb 

Phenotypic improvement  in fert il i ty 0. 06 Lamb 

While the amounts of ga in to be expected  from use ot the index 

do not suggest rapid improvement in e ithe r  fert il ity of tbe 

ewe or number ot llogget oestrus , it is clear from the values 

pre sented that worthwhile p rogre ss can be made .  

1 20 .  



V. APPL ICATIONS 

The leve l o f  lamb pro d u c t i o n  during tbe ' l i fe-t ime ' o f  

a ewe depe nds o n  bo t h  t he total num be r  o f  lambs sbe re a re d  a nd 

t be ave rage wea n i ng we ight o f  he r l am bs .  Tbe lam b product ion , 

t hus d e fine d , i s  gove rne d to a l a rge extent by the tota l num be r  

o f  lambs bo rn which ba s bee n  use d i n  t h i s  st udy a s  a mea sure of 

fe rt i l i ty.  Since lamb pro d uct i o n  re p re se nt s  a substant ial 

contri but io n  to tot a l  pro d uct iv i ty of t he shee p , the e co nom i c  

impo rta nce o f  a s a t i s fa c tory l evel o f  fe rt i l ity i n  the ewe 

flo ck can not be ove r- s t re s se d .  A t  the same t ime , the nee d  

1 21 .  

fo r s imulta neous improveme nt in lam b a nd wool product ion s houl d 

se rve a s  a consta nt rem i n d e r  o f  t be l im it a t ions o f  t he pre sent 

re sult s , in the ir appl ica t io n  to sheep production under p ra ct i c a l  

con d i t ions.  

The ev idence pre sented 1n t b i s  study has s ugge sted t hat 

ind i re c t  se l e ct io n , ba sed on bogget cha ra cters c a n  be a n  a lte r

nat ive to d i re ct s e le c t io n  for h ighe r fe rt il ity in t he Romney 

ewe .  Howeve r ,  i n  tbe appl ica t io n  o f  re sul t s , i t  i s  a bove all , 

ne c e s s a ry to a s sume tha t  the gene t i c a nd e nv iro nmental re l a t ion

s h ips in othe r Romney fl ocks a re s im i l a r  to tho s e  found i n  t he 

p re sent flock.  Seve ra l  rea sons may be put forw a rd in suppo rt 

o f  t h i s  a s s umpt ion. F i rst , the fo und a t io n  ewe s and a large 

propo rt ion of t he s i re s use d , we re d rawn from a n um be r  of ram 

bre e d i ng flocks loca te d in t he Ma nawatu a nd Wa i ra rapa , a n  a rea 

in w h ich many of t he well -e sta bl i shed a n d  popular Romney stud 

fl ocks a re found. Second , know l e dge o f  t he a im s  of Romney 

bre e d e rs ind ica t e s t ha t  unt il re ce ntly , p ro ba bly l e s s  t ha n  a 
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decade , few if any of the ram breeding flocks have had a 

select ion plan for fe rt il ity of the ewe , number of bogget 

oestrus or l ive we ight characters of the sheep. Therefore , 

random breed ing ,  pra ct iced in the present flock by design , ma7 

well be a feature in effe ct , shared by many other Romney ram 

breed ing flocks. Third , the calender of fa rming and general 

management of  tbie  flock are s imilar to those found on othe r  

sheep fa rms i n  the surround ing areas. If tbe assumption of 

a general resemblance between this and other Romney flocks is 

reasonable as suggested a bove , it is proposed to conside r  

br iefly the appl icat ion ot present results , i n  the first inst

a nce , aga inst a background of the ex ist ing methods of select

ion and then , in terms of tbe pract ical pro blems 1nvo1Ted in 

putting them to work. 

Although a higher leTel of fert il ity in Romney ewe s  is 

equally des ira ble e ither for the stud or the commerc ial flocks , 

tbe prospects of improvement by select ion in this character 

appear to be bette r  in the stud flocks. The ma in factors 

1 22. 

which may l imit the ra te of gene t ic improvement in the commer

c ial flocks are the lack of permanent ind ividual ident ificat ion , 

thus making select ion more d ifficult to apply and the rel iance 

of sire s  bred in an outside flo ck as the ma jor source of 

genet ic improvement. Therefore a method of select ion appl ic-

a ble under the cond it ions of a stud farm may wel l  require mod i

ficat ion before it ca n be e ffect ively used in  the typical 

comme rc ial flock. As an example , a method of dire ct sele ct ion 

for lamb product ion ha s  bee n  ava ila ble to the Romney stud 

breeders for a num ber of  yea rs (Rae 1 958 a ) . Much can be sa id 



in favour of this method. It is s imple to use , requiring 

ped igree info rma t ion on lambing performance ot the ewe wb1ch 

is normally kept by a stud breede r ,  and bas the et'te ct o f  

keeping the genera t ion interval down t o  a minimum. However, 

1 23. 

modifications of this method are necessary if it is to be used 

in tbe conmercial flock.  This has led to a search for metb.oda 

of gene t ic improTement which may be mo re easily applied to botb 

types ot flocks. In the report on face cover in Romney abeep 

( Cockrem, BartoD and Rae 1 956) , some preliminary evidence of 

inhe ritance in this  character and ita phenotypio association 

with lambing per cent in particular, but with other characters 

as well , were presented ; tbe impl ication was that ' aD animal 

without wool on the face forward of  the eyes ' aboul d be prefer

red in select ion. More recently ( see tor example , Coop 1 96lt } 

studies on tbe phenotypic association between the average liTe 

weight o t  the ewes in the breeding flock and the incidence of 

barreness and twinning have led to the suggest ion that live 

we ight of the ewe near mating may be a useful criterion of her 

potential lambing performance in tbe same year. While botb 

face cover and l ive we ight of the ewe near mating may be useful 

as some indications of her more immediate lambing perforuaance , 

the genetic correlat ion between eaob chara cter and fertility of  

the Romney ewe is unknown. The results of the pre sent study , 

therefore, may add something to that  whicb 1 alread)' ava ila ble 

as methods of  select ion , both directly and indirectly for 

higher fertility in the ewe. 

A more complete assessment of the app1 1cab11 1tJ ot the 

present resnlts require s cons ideration of tbe monetar,J and other 

types o f  costa l ikel1 to be involved in putting tbem to work. 



Spe c i fic i nforma t ion on t h i s  a spe ct o f  shee p  bre e d ing unde r  

New Zealand cond i t ions , is not ava il a ble at p re se nt.  In t b• 

a bsence of informa t ion on this p o i n t , all tha t  can be sa id is 

that the me thod must b e  s imple t o  u s e  and the performance of 

t he animal eas il7 mea sured.  While the se requirements , b7 
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themselve s , do not ne ce asa rilJ mean e�icienc1 o r  profita b11 1tJ , 

tbeJ a re  clearly tbe essential features of a pract icable breed

ing plan. In t he se t rma and o ther considerat ioms as ide , the 

re cord o f  a hogget bodJ weight must rank , among tbe characters 

stud ied , a s  the easie st measureme nt to take unde r  fa rm ing con

d i t ions. Taken after shearing , this mea surement does not 

include the we ight o f  a tleeoe a s  a source o t  1na courac7 and 

s ince the bogget a , hav ing bee n  muste re d  to r shearing , woGld be 

read i l7 ava ila ble in o r  near the sheep J a rd s , the work required 

for we ighing a t  this t ime is  kept down to a m i n i  um. 

The oe strous performa n ce o f  the ewe boggeta ma1 be re cord

ed but less eas ilJ , aDd a t  tbe expense of a somewha t higher 

l a bour charge than is the case fo r bogge t bodJ we ight. On 

the other ba nd , expe rience ga i ne d  in the work during t be oourae 

o f  the pre sent inve st igat ion sugge sts tha t  the nece a sa ey  e fforts 

ca n be m i n im i sed und e r  ce rta in con d i t ions. For example , if 

occurrence o f  the first oe strus or pubert1 in t he ewe bogge t  i s  

the oDlJ crite rion o f  se l e ct ion , the work 1 n  record ing o f  number 

ot bogget oestrus reduces to that o f  iden t if) 1ng those indivi

dua l s  wh ich ta il to show e v i dence of oestru s , fro tbe rema 1nde� 

This pro ce dure i s  l ikely to be appl ica bl e  in the initial stages 

ot select ion , in view o f  tbe re lat ivelJ low 1ntens it7 ot 

sel ect ion which is gene ra lly the ca se w i  tb t he fe ale sheep. 
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Without a doubt , whether the complete informat ion on nwmber ot 

bogget oestrus is required or not , it would be easier to do the 

work under tbe condit ions of a stud flock than those commonl7 

found 1n commerc ial sheep flocks. For both  seta of conditions , 

the use of s ire-sine crayons a s  a la bour-saving deTice of sting 

ident ificat ion keeps tbe amount ot  work within rea son. 

In closing , it may be pointed out tha t  mass  selection baa 

been impl ied in the a bove d iscuss ion. Tbi s , be ing tbe case , 

tends to reduce the need tor perma nent ind ividual identification. 

For example , it single-character mass select ion is to be used , 

only temporarJ individual ident ificat ion 1s  require d ; tor 

bogget body weight , near shearing and for number of bogget 

oestrus , fro the t ime o t  first occurrence of oestrus unt11 

select ion. In the latter case , selection ot the ewe boggeta 

may be carried out at  various times during the breeding season. 

If on eaeb occa s ion , the replacements selected are remoTed from 

tbe maiD mob ,  onl7 tbe mat ing marks a re  needed tor ic!entif1cat

ion. Botb of these characters , if used •uglr as criterion ot 

selection , would lead to s imple appl ication and tb11a , mar well 

be prefe rre d  under cert a in cond it ion s  such as those found OD 

the bill countr,J sheep farms. 

F inally , it mar be noted that the bogget obaraetera lnYea

t igated in 'tllis atudr are all herita ble and each bears a s imilar 

degree ot phenotypic and genetle  correlat ion w ith tert11 1t7 ot 

ewe. In order to mak more systematic use of tbis informa t ion , 

bogget selection indice s  have been constructed. In doing eo , 

onl1 two bogget characters , num be r  of hogge t  oestrQa aDd bogge� 

bodr we ight were included in the index so that s �l 1e1tJ , 



normally found in a s so c i a t ion w ith tbe use of a 1ngle-obaracter 

selec tion met hod s , iD some mea sure , is  reta ined  and at the 

same t ime , propert ie s of the se l e c t ion ind ices , a re  more 

t ra c ta ble. In concl us ion , t be  evide nce presented in tb1a 

the s is s ugge ats that pote nt ial fert i l ity of the ewe can be 

recognised early in l ite a s  ind i cated bJ the information on 

each bogget cha ra c te r. Howeve r ,  tbe use ot a properl7 cona

tructed bogget index e n sure s , to a greater degree , that  tbe 

purpo se o f  e a rly re cogn it ion of fe rt il ity 1a  more l ike ly to 

be achieved in the current attempt to improve lam b product ion 

of the Romne7 Marsh ewe. 
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V I .  SUOA.RY 

The study was prima rily conce rne a  w i t h  e a rly recog n i t ion 

o t  fe rt i l i ty , a s  a met hod ot improvement by select ion tor lam b 
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prodact ion in the Romney Ma rsh ewe. The mea sureme nts o t  growtb 

in l ive we ight and oestrous behav iour whieb can be recorded at 

the hogget stage , tour to 1 4  months in age , we re inve st igated a s  

pos s i bl criteria o t  potent ial fe rt i l i ty i n  t he ewe. Per tbia 

purpose , informat ion was requ ire d and o bta ined on be rita bil itJ 

ot the cha ra cte rs and pbe notJp 1 c  and gene t i c  corre l a t ions among 

them. The bogget cha ra cte rs used in the stud7 we re : wean ing 

we ight , l ive we ight in Marc h , l ive we ight at the ' short e s t -clay ' 

( 21 st , June ) of t he 7ear a nd bogge t body we ight ( post-shea ring 

1n Octo be r) , eacb we ight be ing mea sure d  to t he neare st pound ; 

and number o f'  ove rt oestrus pe r ewe bogge t during tbe tirat 

bre e d i ng sea son ( March to e a rly August) in the l ite o t  a ewe .  

Tbe mea sureme nts of fe rt il ity we re : num be r  of' lam bs bora per 

ewe a t  t he first , ove r the first two a nd t he n  t hree lam binga , 

the last me nt ioned wa s cons i de red a s  be ing tbe most important 

o bj e c t ive o f'  111lprovement. The data we re collected tram a.n 

expe ri�aental Romney tlo ok ma inta ined at lla s ae1 Un i?e rs 1tJ , 

Pal e rston North , New Zealand and repre sented t ho se ava ila ble 

ove r a pe riod ot 1 1  Jeers from 1 955 to 1 965 1nclus1 ve . 

The studJ o t  env i ronme ntal e ffe cts on bogget cba ra ot e ra 

abowed t ha t  t7pe o t  birth and rea ring e tf'ect wa s most a rked on 

l iv we ight characters but pa rt icularly tor wea n ing we ight , tbe 

ave rage d iffe re nce be twe en s ingles a nd twins b ing a bout n ine l b. 

a t  wean ing. Pre suma bl� be cause ot the severe ha nd icap �poa�d 

pre -wean ing , t he twins showed compensatory growth post-wean ing. 



Tbe e ffe cts d�e to age of d am and regre ss ion on age we re moder

ate on t he va rious c haracters , e st imate s of the ir Ta lue a  be ing 

compa ra ble w ith those repo rted in the l itera ture .  Ev ide nce o t  

int e ra ct ion between age of dam and type of birth and re a ring 

was found in the data for wean ing we ight and l ive we ight in 

Ma rch , but furthe r analy is showe d that the extent of departure 

from l inea rity wa s not se rious , he nce l inea r corre ct ion fa ctors , 

be ing s impl e r  to apply , we re used in all cases. Some d o u bt 

ex isted a s  to whe ther the ave rage d i ffe re nce in fert il ity be t

wee n  ewe s t hemse lves born a s  s ingle s a nd tw ins ( type of birt h  

e ffect) could be rega rded a s  enviro nmental or genet ic in orig in. 

The re sults found in this study ind icated tha t  type ot b i rt h  

e ffe ct conta ined some gene t i c  cont r i bution a n d  t he re fore , no 

ad j ustme nt was made to remove tbe type of b i rth e ffe ct in tbe 

fe rt il ity data. Howeve r ,  tbe fe rt i l ity data we re free d  fro 

age ot dam e ffe cts prior to e s t imat ion of he rita bil ity a nd 

gene t ic correlat ions. 

The ge ne t ic pa rameters were e s t ima te d  using two re lat ion

ships commonly ava ila ble in sheep. The analys i s  based on tbe 

pate rnal hal f- s i b  relat ionship , was cons idere d  to be a more 

sa t isfactory me t ho d  in view of the pos s i ble pre sence o� ma ternal 

e ffe ct in the data. I :t'  the ma t e rnal e ffe ct wa s a n  important 
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source of va riat ion , the regre s s io n  o t  daughte r on dam , the sec

ond me thod of analy i , would be unsuita bl e w i thout mod i:t'ica t ion , 

for the purpose intended. In a d d i t ion , pa rt icula rly in re lat ion 

to the a na ly s is i nvolTing fe rt il ity of t he ewe , t he paternal 

be l t-s i b  me thod allowed a mo re complete ut i l i s a t ion of the ava il-

a ble d a ta .  I n  tbe model used , the s ire s were ne s t e d  w i thin yea ra .  



Ybe ooet�lolent of the relat1onsb1p ong paternal hal t-a l ba 

�sea to fin� the be r1ta b il i t 1e a  and genetic  oorrelat iooa haa 

tbe 'Yal�e of a qaa rte r ,  be ing t hat  expected fro� a Hende l 1an 

popalatlon under ra ndom �a t lng. Tbe e s t �atea ot berit bil ltJ 

tor tbe different characters were : wea n ing weight ( 0. 30) , 

llarcb l i'Ye we 1gbt ( 0. �5), ' aborteat-daJ ' l iTe we ight (0. 39) , 

bogget bod7 w e ight to October ( o. 51 ) ; number ot bogget oeatraa 

( 0. 24 ) ; DU ber ot la ba born per e e to r t he t'1 ra t la biD t 
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two 7eara ot age ( 0. 05) , o•er tbe tlret two la�bin a (0. 13) and 

o•e r tbe tlrst tbree lamblnga (0. 03) . Tbe genet ic correl tlon 

between eacb pa lr of bogget chara cters waa pos1t 1Te and tbe 

Talue a  ranged fro o. 3 to 1 ; a nd tbo.. between a bonet obarao

ter aad tbe 'Yarioua m aaure eats ot te rt i l 1tJ , all being poa1t1ve , 

tro• o. 3 to 1 1n Ya lue. These reattlta a re  llD1 1kelJ to be t� t

ed bJ the inter ct lon between a trea and ' 7eara '  wb l cb waa atQdled 

tor e a ob bogget o bara ter Dd tollnd to be a negl ig i ble aouroe ot 

•a r1at1on ln a aa ple o't the preae.nt data. 

'l'be coYar1anoea and Ta rtancea ade aYe lla ble b7 the paternal 

ba l t-a l b  ana 1J a1a were uae4 to t1nd pbenotJplc correl tlona bet

ween eaob pa ir ot bogget cha ra cters ( ra nge 1o Yal.lle t"roaa 0. 4 to 0. 9); 

a nd be tween a bogge t  cb ra cte• a nd each a aure nt o't 1"ert11 1tJ 

ot tbe ewe ( ra nge 1n Ya l Qe rro. 0. 1 to 0. 2) . Tbe relat tye �r

tanoe ot weaning we lght , post-wean ing wetgbt sa loa (weantaa to 

Marob , Ma rc h to tbe ' ahorteat-da7 ' )  and age o't tbe 1nd 1Y 1daal on 

T rlat1on lo number ot bogget oestrus we a eYalGated ualng tbe 

Pa t b-coe tf1c 1  ot a na l7a1a. Tbe reault ebowed that wea o lo 

we t bt ••• bJ te r tbe aoat , nd ge ot tbe 1nd 1Yldua l , tbe leaat 

�ortant taotor tn tbe determ1aat1oo o't n ber ot bog et oeetraa. 



This find ing toge ther with the infonDation based on pbenotyplo 

and gene t i c  corre la tions suggest a ma rke d degre e  of d e pe nde nce 

be tween growth and tbe phe nomenon or oe strous behav iour in tbe 

ewe bogge t. 

The e s t imate of beri ta b i l i  ty for each character found b7 

dou bl ing the regre ssion o f  daughte r on d am with one except ion , 

agreed closely w i th the co rre sponding value report e d  e a rl ier 

b7 the paternal half- s i b a na l y s i s. The empirical ev 1denoe 

the refore , i nd icated tha t  the po st-natal maternal e nv i roa.eot 
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o r  ita ca rryove r e ffect , it pre se n t , d id not repre se nt a n  �or

tant source o t  va riat ion in so tar a s  the e s t ima tes o f  herita b il-

ity we re concerned. On the othe r  band , a sy stema t i c  i nequal it7 

in va lue of the corre spo n d i ng oroas-oova riancea between dam and 

da�hter wa s o bserved and further a naly s i s  s bo ed tha t  t b i a  waa 

l ikely to have been cause d by a ca rryove r mate rna l e tfe o t. The 

pro blem or mate rnal and ca rryove r mate rnal e fre ct in the relat

ionship be tween a dam and be r daughter was i nve st igated using , 

in the first instance , wea n i ng we ight data o bta ined from lambs 

which bad bee n  re are d  post-na tally by ' fo ster'  d ams. The 

value s ot ge netic correla t ions found accord ing to a mod ified 

me tho d  wb i c b  includ e d  t he oa rryover mat e rnal e ffect as a souree 

o f  va ria t ion , we re more compara ble w i th the corre spond ing e s t i

mat e s  trom the paternal ha lf- s i b  me thod , than those o bta ined b7 

the usua l analJ a is based on regre s s ion o f  daughte r OD dam. 

Po int est ima tes o t  gene t i c  correlat ions be twee n  maternal e nv iron

ment and cha racte rs used in t h i s  studJ , exo pt in the ca s e  ot 

num be r  o f  bogge t oe atr�a ( 0. 1 1 ) , we re all negat ive in val�e 

( range trom - o.  2 to - o. 8 )  , and the large s t  a baolu.te valRe , be iag 

that tor mat e rnal environment and wean ing we ight of the lam � 



In general , the re sul t s  sugge st that t he hogget cha ra c ters 

used in this inve s t iga tion a re all he rita bl e , vary ing in value 

o� he rita bil ity from 0. 50 to 0. 2.  The fe rt il ity o f  the ewe , 

on the othe r  band , i s  a lowly herita ble cha ra ct e r ,  tbe pre sent 

e st imates o� ita he rita bil i ty whe t he r  ba sed on one , or ore 

lam bing& , we re all low in va l ue , be ing in gene ral agreement 

w i th tho se report e d  in the l iterature. Each hogge t cha racter 

was �ound to bea r  a s imilar and uaetul deg ree o� pbe ootypic and 

gene t i c  correlat ion w ith fe rt i l ity o �  tbe ewe. Tbe re sult s , 

the re fore , suggest that pote n t ial fert i l ity o t  the ewe can be 

re cog niaed early in l ite . In order to make a mo re systemat i c  

use ot t he informat ion prov ided by the pre sent data , sele c t ion 

ind ice s were constructed ea cb based on two bogget cha racters : 

n wn be r  of bogget oestrus and bogget body we ight ( po st-shea ring 

a t  a bot&t 1 4  �aontha in age ) . Tbe l ikely consequence s  o t  t he 

ca rrJove r ma terna l e ffe ct in re sponse and correla ted re sponse 

to select ion , we re inve st iga te d  by comparing the propert i e s  o� 

a r stri a t e d  se lect ion index with those ot an unre s tricted 

se lect ion index. T he re strict ion imposed ba d tbe e ffect ot 

keeping tbe add i t ive gene t i c  value o� mat e rnal e nv ironment 

con stant , rega rd less of the d ire c tion or magn itude o f  t he re s

ponse to selection in e ither of t be two bogget cha ra cters .  

The ne t re sult of tbe re striction w a s  a smal l  l o s s  in the accu

racy o f  pred i c t ion and a mode ra te re duct ion o f  the expe cted 

gene t i c ga in in bogget body we ight. The tentat ive conclus ion 

is tha t  worthwhile improveme nt in fe rt il ity ot the ewe can be 

expe cted , d e spite t he c�ncess 1oD wb1cb ha a to be made iD tbe 

p re se nce o f  a carryove r ma ternal influence. The pract ical 

1 ,31 . 



p ro blems o f  ind i re c t  se l e c t ion for highe r fe rt il itr of t be ewe 

were d iscussed a n d  t he need for s �pl ic itr in method s o f  selec

t ion and record i ng o f  a n imal pe rformance was stre s sed.  It ma7 

be concluded t hat the appl icat ion o f  a imple and properlr coD

atructed hogget index is l ikelJ to proYide a use ful alterna t ive , 

to d ire ct ae lect ion for fert i l ity iD tbe current attempt to 

�prove lamb pro d uct iom o f  the Ro ney Ma rsh ••• · 

1 32 .  
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