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A B S T R A C T 

Performance records on 1 7 2 4  two-year , 1160 three-year , 7 26 four-year 

and 4 4 9  five-year Perendale sheep from the Mas sey Univers ity flock were 

analysed . These records were collected between birth-years 1 9 6 1  and 

1 974 inclusive , and therefore different numbers of years were involved 

at each age . The data compri sed 97 , 8 2 , 65 and 56 sire groups for the 

respective ages . There were 4 0 3  ewe s in 56 sire groups which had four 

consecutive records between two- and five -years of age . There were 9 2 2  

two-year , 584 three-year , 2 9 6  four -year and 1 2 5  five -year dam-daughter 

pairs , but the last age group of records wa s considered too few to 

j ustify analysis. 

The dependent variables examined were qual ity number (QN) , wool 

character (WC)  , staple length ( SL) , greasy fleece weight (GFW) , f ibre 

diameter (FD) , and number of lambs weaned per ewe joined and pre sent at 

lambing (NLW ) . Fibre diameter had been recorded in fewer year s than 

the other traits and there were consequently less observations availabl e .  

The effects of the environmental factors of year , age of the darn of 

the ewe , rearing rank , NLW (wool traits onl y ) , and all interactions among 

them were assessed by computing the percentage of the total variance 

contributed by each fac tor for each variabl e . Quadratic components for 

these fixed effects were temporarily considered to be variance components 

for this purpo se . Year effects were the most important source o f  

enviromental variation i n  wool character i s t ics , but were less important 

for NLW . None of the other main effects were consistently important 

( i . e .  contributed greater than two percent o f  the total variation) in 

explaining the observed variabil ity . Year x NLW was the only interaction 
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which contributed more than two percent o f  the total variance in any 

wool trait. The affected characteristics were two- and three-year QN , 

three-year FD and f ive-year SL . NLW ( five -year-old ewes only) was 

affected by dam age x rearing rank and year x rearing rank interaction . 

Heritability estimates calculated by paternal hal f-s ib method 

(daughter-dam regression estimates in brackets )  were in the range o f  

0 . 2 2 - 0 . 28 ( 0 . 3 9 - 0 . 66 ) , 0 . 16 - 0 . 3 9 ( 0 . 1 2 - 0 . 25) , 0 . 3 2 - 0 . 7 1 ( 0 . 25 

- 0 . 3 6 ) , 0 . 24 - 0 . 53 ( 0 . 4 3 - 0 . 62 ) ,  0 . 3 8 - 0 . 68 (0 . 45 - 0 . 50 )  and 0 . 02 -

0 . 24 ( -0 . 02 - 0 . 03 )  for QN , WC , SL , GFW , FD and NLW respec tively . 

Differences between ages were seldom signi ficant and the rel evance of 

such a compar ison was discussed . Paternal hal f-sib heri tabil ity 

estimates for the average of four mature ( two- to five-years )  produc tion 

records were 0 . 50 ,  0 . 61 ,  0 . 84 ,  0 . 44 ,  0 . 4 9 and -0 . 01 for the same 

respective characteristics . Binomial analys is methods resulted in 

heri tabi l i ty estimates for fert ility ( twinn ing in brackets )  of 0 . 06 

( 0 . 1 2 ) , 0 . 02 ( 0 . 15) , -0 . 01  ( 0 . 1 3 ) , and -0 . 15 ( 0 . 0 1 for two- , three- , 

four- and five-year-old ewes respectively . 

Repeatabi l i ty was estimated by averaging the regress ion of l ater on 

earl i er record for a l l  pairs of ages for wool traits and mature ages for 

reproductive characteristics and resul ted in values of 0 . 4 6 (QN) , 0 . 18 

(WC) , 0 . 50 (SL) , 0 . 6 2 (GFW) , 0 .  7 1  ( FD) , and 0 . 09 (NLW) . S imilar 

methods gave computed values for the repeatabi lity of the difference 

between zero and one l amb weaned of 0 . 01 ,  and between one and two l ambs 

weaned of 0 . 13 .  

Genetic and phenotypic corre lations between all variables were 

calculated separately at each age by paternal hal f -sib and daughter-dam 

methods . The correlations were positive for GFW - FD , GFW - S L ,  GFW -
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WC , QN - WC and F D  - S L ,  negative for GFW - QN , QN - FD and QN - S L ,  and 

mixed for FD - WC and SL - WC although the last of these were mostly 

positive . The phenotypic correlations between wool tra i ts and reprod-

uction were negative for NLW - GFW and NLW - SL and approxima tely zero 

for the remainder . Genetic correlations were negative for NLW - GFW , 

NLW - FD and NLW - SL , positive for NLW - QN and mainly positive for 

NLW - WC. Many of the genetic correlations involving NLW had large 

standard errors . 

Application of the results was discussed in terms of the selection 

indices which were constructed . 
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C H A P T E R 0 N E 

INTRODUCTION 

The interbred cross between Cheviot rams and Romney ewes , 

registered as the Perendal e  breed in 1960, has become widely used on 

1 .  

the hil l  country of New Zealand s ince its inception . The New Zealand 

Perendale Sheep Society claims that 25 percent (Anon , 1977) of the 

national flock comprises Perendale sheep . Thi s value i s  at best an 

estimate ,  as in the past , census figures have not been taken separately 

for the breed . There i s  no doubt however ,  that the se sheep are important 

contributors to animal produc tion in New Zealand . 

the breed is inc luded in a later sec tion . 

A br ief history o f  

The objective s of thi s study were firstly to provide further 

estimates of the various genetic and phenotypic parameters for produc -

tive traits in the Perendale breed of sheep . Only in recent years have 

sufficient records become avai lable from the Ma ssey University f lock to 

enable reliable e stimates to be computed . Ell iott (1975) examined 

records collected from observations on hoggets from the same flock as the 

data for thi s study , but the estimates which he derived may not be 

strictly applicable to the formulation of selection p lans and indices 

involving older sheep . It  seems a reasonable proposition that the 

physiological condition of the immature animal is such that a different 

environment mediates in the expres sion of the genotype . Another factor 

is that no information i s  avai lable from hogget records pertaining to 

reproductive performance . 

S e l ection of rep lacements for the flock can be made from amongst 

candidates born of parents of varying ages , which have been sequentially 

selected during their l ifetimes . The average genetic merit o f  the 
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parental age group s (and their progeny) will therefore di f fer according 

to the number of cycl es of culling they have survived . Compari sons 

between the expected breeding value s of the progeny of parents of 

di fferent ages requires a knowledge of parameters cal culated at the 

various age s . No report has been publ ished in terms of estimates 

calculated at a full range of usual mature performance ages . A second 

intention o f  this study was to provide thi s information for ewe s up to 

f ive-years o f  age . 

A third aim was to examine the average performance record s  of 

mature ewes , in particular the heritabilities , and genetic correlations 

with individual ages . Thi s  would enable the predictive val ue of each 

age record to be compared on a genetic ba si s .  The phenotypic relation-

ships be tween age record s  were also calculated , as a knowledge of 

repeatability i s  vital in de termining current selection po licy . 

The fourth and final objective was to investigate the influence , 

and pos sible causes of some environmental fac tors on the expres sion o f  

the productive traits stud ied . Asses sment can then be made on the 

advi sabi l ity of correcting for environmental ef fects . 

Short and long term improvement i s  the concern of the sheep 

bre eder , and data relevant to both current and future flocks wi l l  be 

presented in the form of genetic and phenotypic parameter estimates . 

The productive characters studied in thi s respect inc lude both wool and 

rep roductive traits . 



I .  Introduction 

C H A P T E R T W 0 

REVIEW OF LITERATURE 

3 .  

Few workers have inves t igated genetic and pheno typic parame ters 

using data col lec ted from sheep o f  normal reproduc t ion age ; the maj ority 

o f  e s t ima tes are derived f rom s tudies of  1 5 - to 16-mon ths or younger 

animal s .  S everal comprehens ive reviews have been pub l i shed accumulating 

information on young sheep , but in some case� including estimates f rom 

two year and older animals . Morley ( 1 95 1 ,  1 9 55 ) , Rae ( 1 9 5 6 ) , Turner 

( 1 9 5 6 , 1 9 64 , 1 9 7 7 ) , Brown and Turner ( 1 968) , Turner and Young ( 1 9 6 9 ) , 

Lundie ( 1 9 7 1 ) , and Ellio t t  ( 1 9 75 )  are examples . The above comments do 

no t apply to reproduct ive characteristics , since these are only 

ob servabl e  in o lder sheep . 

Ther e  are no estimates for  two-year and older Perendale sheep since 

the breed is relatively new and only recently have suf f ic ient records 

b ecome availab l e  for analys is . Ellio t t  ( 1 9 7 5 )  analysed a subset o f  hogget 

records f rom the same f iles f rom which the data for the p resent s tudy 

were drawn . E l l io t t ' s  estimates f rom immature sheep form part of  an 

age series with results from this thesis and will therefore be  extens ively 

c ited . The only other estimates  which will be quoted involving animals 

o f  less than two-years o f  age wil l  be  those from studies wher e  data on 

b o th immature and mature sheephave been analysed . 

For the purpose o f  this review , "mature" is  def ined as  b e ing o f  

normal reproduc t ive age ( two years ) o r  o lder . 



II . Heritability 

A. Introduc t ion . 

Hill ( 19 74 )  argued that heri tability  of  a trait is the mos t  

4 .  

imp or tant single concep t i n  applied animal breeding . No pred iction o f  

genetic  gain is  possible  without recourse to heritability e s t ima tes 

(Turner and Young , 1 9 6 9 ) . 

The concept  o f  her itabil i ty is  based upon the closer resemblance 

of  rela ted as compared with unrelated individuals . Lush ( 1 940)  def ined 

her i tability  as the fraction of the observed variance in the t rait  which 

is caused by dif ferences in hered i t y .  He observed that i n  t h e  narrow 

sense only add i t ively genetic variance is considered , whereas in the 

broad sense , dominance deviat ions ( non-additive effects  of allelic  genes )  

and epis tatic  deviat ions (non-add i t ive e f f e c t s  of  non-allelic  genes)  a r e  

incl uded . S ince i t  is genes and no t geno types which are transmi t ted 

f rom parent to o ff spring , an effect  requiring the simultaneous presence 

of two o r  mo re genes is less l ikely to be passed on than an addi t ive 

e f f e c t  requiring only one gene . The add i t ive variance , o r  the variance 

of  b reeding values is the mos t  impor tant componen t since i t  is the chief  

cause of  resembl ance be tween relat ives ( Falconer , 1960) . Therefore 

her i t ability is mos t  conveniently expressed as the propor t ion o f  the 

to tal pheno typic variance which is due to  addi t ive gene a c tion ; that is, 

in terms o f  Lush's "narrow" def init ion . 

The true population value o f  heritability is never known , but can 

be e s t imated from samples f rom the popul a t ion . The mos t  commonly 

observed relatives for this type of s tudy are daughter-dam pairs and 

pat ernal hal f- sib group s .  The covariance between parent and o f fspring 

e s t imates hal f  of the addi t ive gene t i c  variance plus a part o f  the 
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epistatic  variation , but has the disadvantage that where  the parent 

is  the dam, maternal effects  may also be  included in the estimate . 

Regressions and correlat ions are calculated from the data , but the 

former is  more meaningful for the computa tion of heri tability where 

there has been selec tion o f  the independen t variable, for example, dams 

in the case o f  daughter-dam pairs . Bias due to non-random mat ing o r  

different ial sire group treatmen t is removed b y  carrying o u t  the 

analysis on an intra-sire basis . 

The analysis of  variance o f  paternal half-sib groups enables the 

add i t ive gene t ic variance to  be  estimated free of any ma ternal componen t ,  

but  still  including some epistatic  effec t s . The intraclass correlation 

calculated f rom the between-sire component is mul tiplied by four to  

es tima te her i tability . The disadvantage in the method is  tha t in 

mul tiplying by four , any errors are  l ikewise mul tiplied . The 

s tandard error is computed as four t imes the error of the int rac lass 

c orrelation and therefore can be  large . 

Heritabil ity estimates show whe ther selec tion in the present 

generat ion is l ikely to resul t in improvement in the following generat ion . 

Mass ( individua l )  selec t ion wil l  only be of  value if the pheno typ ic 

diff erences b e tween the candidat e s  for  selec t ion are h ighly heritable ; 

i . e .  if  pheno typic differences are  largely genetic in o r igin . Where 

the heritab i l i ty is low,selec t ion on the basis of  informat ion on a 

number o f  r el a t ives , repeated obse rvations o r  correl a t ed traits may b e  

advisabl e . 

Young and Turner ( 19 6 9 )  suggested the following arb i t rary classi­

f icat ion o n  the basis o f  their experience . 



H ighly heritable 

Intermediate 

Weakly heri table 

B.  Wool Characteristics . 

0 . 3 

0 . 1 to 0 . 3 

0 .  1 

6. 

In a review of a large numbe r  o f  Aus tral ian experimen ts , Turner 

( 1 9 7 7 )  observed that "heri tability  levels are high for all wool charact-

eristics" . The tabulated data had been gathered from papers on young 

as wel l  as ma ture sheep , but not on subj ectively assessed traits . 

Examination o f  Tab les 2 . 1 to  2 . 1 0 confirms Turner ' s  opinion when appl ied 

to mature animals  for tho s e  characteris tics considered in this review .  

Wickham ( 1 9 73 )  s tated that f l eece weight i s  one of  the few woo l  

traits on which there i s  suff icient information to enab le accurate 

estima tes o f  re sponses . Corroborative  evidence can be  provided by 

this wr iter who found many references pertaining to greasy fleece weigh t ,  

but few for some o f  the o ther charac teristics , particularly when the 

criterion that they refer to two-year and older sheep was applied . 

A par t icularly comprehens ive study was tha t of  Mullaney et  al . 

( 1 9 70 )  which included heritabil i ty estima tes for all of  the woo l  traits  

relevant t o  this  dissertation . Data were collected a t  1 8- and 30-mon ths 

from three breeds of sheep (Merino , Corriedale and Polwarth)  over a 

period of  three dam-years . The e s t imates were calcul a t ed by two 

methods ,  b o th involving the correlation  between daughter and dam , 

app l icable  where there has been no selection applied , as ment ioned 

earlie r . The dam record for the first  method was the individual 

observation , whereas for the second me thod the sum of the three dam 

records was used . Heritab il ity estimates for greasy f leece weight over 
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the three breeds were wi thin the range 0 . 39 to 0 . 5 1 .  Resul t s  derived 

from the i r  second me thod were very s imilar in value between breeds , only 

0 . 04 separating the highest and lowe s t  her itability estimates . These 

estimates fall about the middle of  the range of  those pub l ished by other 

workers (Tabl e  2 . 1 )  who analysed data from a divers ity o f  b reeds . 

Three heritab ilities for greasy fleece weight for ma ture sheep 

which are less  than 0 . 30 are l isted in Table 2 . 1 (Ghone im et al . , 1 9 74 ; 

Eikj e ,  1 9 7 lb ;  Eikj e ,  1 9 7 5 ) . The number of  records analysed by Eikj e 

( 1 9 7 1b )  was not ment ioned in the abs t ract but was assumed equal to the 

numbe r  s ta ted in a p revious paper ( E i j ke ,  1 9 7 1 a )  referred to by the 

autho r .  If  the assump tion i s  correc t ,  then very small s t andard errors 

could b e  expec ted . A later paper by  Eikj e ( 19 75 )  included a comprehens ive 

list  o f  greasy fleece  weight heritability estima tes . Dif ferent analyses 

were carried out within breed , year , age and various pooled combinations 

by two method s , paternal hal f-sib and daughter on dam regre s s ions . All 

except one s e t  of  estima tes exceeded 0 . 30 ,  the exception b e ing the values 

quo ted for two-year-old ewes ( 0 . 25 - 0 . 2 7 ) . Estima tes derived by 

regres sion methods are expected to yield higher values than those calcu­

lated by  the analysis of  variance of half-sib data since the former 

include maternal ef fect s .  Eikj e ( 19 75 )  recorded resul t s  opposite in 

comparative magnitude to expectation for his two-year-old  ewes and 

explained that this may have resul ted from inappropria t e  correction o f  

some o f  the data . 

above . 

The same explanat ion may apply to the low values 

The heritability  estimat e  of  S ingh and Rempel ( 19 6 7 )  was for greasy 

fleece weight per 4 5  kg bodyweight and hence is for a dif feren t  charac ter 

than the o ther e s t imates . I t  can be  seen f rom the s tandard errors that 
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Table 2 . 1 E&tima te o f  Heri tab ility of  Greasy Fleece Weigh t 

Es tima te 

0 . 5 1  

0 . 4 9 

0 . 40 

0 . 4 6 

0 . 39 

0 . 45 

0 . 55 

0 . 58  

0 . 5 2 

0 . 6 1  

0 . 4 7-0 . 4 9 

0 . 25-0 . 2 7 

0 . 4 1  

0 . 3 6 

0 . 38 

0 . 4  7 

0 . 48 

0 .  40  

0 . 5 1  

0 . 3 1  

0 . 3 1  

0 . 5 2 

0 .  4 1  

0 . 30 

0 . 3 7  

0 . 5 9 

0 . 1 6  

0 . 4  7 

0 . 2 7 -0 . 3 1  

0 . 43-0 . 6 7 

0 . 3 7  

Breed· 

Mer ino 

Mer ino 

Cor r iedale 

Corriedal e  

Polwarth 

Polwarth 

Rambouil let  

Rambouil l e t  

Rambouil l e t  

Wel sh Ht . 

Combined
3 

Comb ined
3 

Comb ined
3 

Comb ined
3 

Dala 

Rygj a 

Chevio t 

Spaelsau 

Steiga r  

Comb ined4 

Hinnesota 

Galway 

S tavropol  
6 

Cros sbred 

Comb ined7 

Texel 

Awas s i  

Awassi  

Dala 

Shuman 

Pol ish Mt . 

Age 
(Months ) 

30  

30 

30 

30 

30 

30 
2 

He an 
2 

He an 
2 

Mean 

24 

24  

36 

1 2-36 

1 2-36 

24  

24 

24 

24 

24 

60 

60 

24-60 

30 
8 

3 rd sr. . 

Comment 

DDC 

DDC
1 

DDC 

DDC
1 

DDC 

DDC
1 

PHS 

PHS 

DDR 

DDR 

PHS 

PHS 

DDR 

PHS 

DDR 

DDR 

DDR 

DDR 

DDR 

PHS 

DDR5 

S . E . +0 . 7  

PHS 

DD? 

DD? 

DD? 

PHS 

DDR 

PHS 

PHS 

Reference 

Mullaney et  al . ( 1 9 70)  

Mullaney �al . ( 1 9 7 0 )  

Hullaney e t  a l . ( 1 9 7 0 )  

Mullaney et  al . ( 1 9 7 0 )  

Hullaney et  al . ( 1 97 0 )  

Mullaney e t  al . ( 19 7 0 )  

Shel ton and Menzies 0. 968a). 

Shel ton and Menzies(1 968b ) 

Shel ton and Menz ies( 196Eb) 

Doney ( 1 958 )  

Eikj e ( 1 9 7 5 )  

Eikj e ( 1 9 7 5 )  

Eikj e ( 1 9 7 5 )  

Eikj e ( 1 9 7 5 )  

Eikj e ( 1 9 7 5 )  

Eikj e ( 1 9 7 5 )  

Eikj e ( 1 9 7 5 )  

Eikj e ( 1 9 7 5 )  

Eikj e ( 1 9 7 5 )  

Gj edrem ( 1 96 6 )  

Singh and Rempe l  ( 1 9 6 7 )  

Hore O ' Ferral l ( 1 9 76 )  

Vachal ( 1 9 6 2 )  

Vachal ( 1 9 6 2 )  

Vachal ( 1 9 6 2 )  

Koo i s tra ( 19 6 6 )  

Ghoneim e t  al. ( 1 9 7 4 )  

Ghoneim e t  al . ( 1 9 7 4 )  

Eikj e ( 1 9 7 lb )  

Nakev ( 1 9 7 3 )  

Nawara and Duniec  ( 1 9 7 2 )  
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Table 2 . 1 Cont i nued 

l. 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8.  

9 .  

0 . 33 

0 . 32 

0 . 30 

Pol ish Mt . 

Perenda le  

Perendale 

9 
4 th sh . 

1 5 - 1 6  

1 5- 1 6  

Pl!S 

PHS 

DDR 

Nawara and Duniec ( 1 9 7 2 )  

El l i o t t  ( 1 9 7 5 )  

Ell io t t  ( 19 7 5 )  

Sum o f  three dam records between three- and seven�years of age . 

Mean o f  weigh ts between three- and s even-years of age . 

Five Norwegian b reeds . 

Three Norwegian b reeds . 

Annual fleec e  weight per 45  kg bodyweight . 

S tavropol - Mu t ton Merino cross . 

S tavropol and S tavropol-Mu t ton Merino cross comb ined . 

Third shear . 

Four th shear . 



the estimat e  lacks prec i s ion and this may explain the low value . A 

similar crit icism r egarding standard errors could be l evelled at  the 

report  of Gj edrem ( 1 96 6 ) . The pr imary purpose of  his paper was t o  

ob tain estimates for  inclusion i n  a selec t ion index . 

10. 

The figures no ted by Shel ton and Menzies ( 1 968a , 1 968b) were 

rela t ively high , b u t  were based on composite  records related to l i fe t ime 

p roduc t ion . The observa tions analysed were the mean greasy fleece  

weights of  a t  lea s t  three clips  taken between the ages of  three- and 

seven-years .  This averaging would have influenced the estima te o f  

heritab il i ty upward s .  

Ellio t t  ( 1 9 7 5 )  calculated heritability  estimates o f  0 . 32 (paternal 

hal f- sib ) and 0 . 30 (regression) from Perendale hogget records . 

Heritabil i t ies  f o r  the remaining woo l  characters have been 

recorded by Mul laney e t  al . ( 1 9 70) . None of  their estima tes for  any of  

three breeds for f ibre diameter mean , qua l i ty number , character o r  s tapl e  

length fell  below 0 . 3 1 .  Ranges are resp e c t ively 0 . 44 - 0 . 7 0 ,  0 . 3 3 -

0 . 60 ,  0 .39 - 0 . 54 ,  and 0 . 3 1 - 0 . 59 for 30 month-old ewes . Rema ining 

estimates in Tables  2 . 2  and 2 . 4  for mature sheep are in general agreement 

with Mullaney e t  a l . ( 1 9 7 0) . 

Lower values were noticed by Ellio t t  ( 1 9 75 )  for heritab il i ty o f  

qua lity number and character i n  Perendale hoggets , b u t  the remaining 

woo l  traits compared well with o ther repo r t s . 

A wide range of  e s t imates for the heritability o f  each o f  the woo l  

characteristics  i s  indicated b y  the tables  presented . The vari e ty o f  

breeds and environment s  would contribute t o  the variability . However 

the resul t s  sugges t that all wool traits reviewed wil l  respond well to 

selection , as heredity is an impor tant source of variation for each 
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Table 2 . 2  Estimates of  Heri tabil i ty o f  Quality Number 

Es timat e  Breed Age Comment Reference 
(Months ) 

0 . 33 Merino 3 0  DDC Mullaney e t  al . ( 1 9 7 0 )  

0 . 4 3  Merino 30 DDC
1 

Mullaney e t  al . ( 19 70 )  

0 . 39  Corr iedale 30 DDC Mullaney e t  al . ( 1 97 0 )  

0 . 5 1  Cor r iedale 30 DDC 1 
Mullaney e t  al . ( 1 9 7 0 )  

0 . 54 Polwarth 30 DDC Mullaney et al . ( 1 9 7 0 )  

0 . 60 Polwarth 30 DDC 1 Mullaney e t  al . ( 19 7 0 )  

0 . 59 Texel 24 PHS Koois tra et al . ( 1 9 6 6 )  

0 . 2 6  Ferenda l e  1 5 - 1 6  PHS Ellio t t  ( 1 9 7 5 )  

0 . 3 1  Perendale 1 5 - 1 6  DDR Ellio t t  ( 1 9 7 5 )  

Table 2 . 3  Estima tes of  Heri tabilit.z: of  Wool Character 

Estima t e  Breed Age Comment Re ference 
(Months) 

0 . 4 2  Nerino 30 DDC Mu llaney e t  al . ( 1 9 7 0 )  

0 . 54 Merino 30 DDC 1 Mullaney et a l .  ( 1 9 7 0 )  

0 . 44 Corriedale 30 DDC Hul laney e t  a l .  ( 1 9 7 0 )  

0 . 4 5 Corriedale 30 DDC
1 

Mul laney et al . ( 1 9 7 0 )  

0 . 3 9  Polwarth 30 DDC Hullaney e t  al . ( 1 9 70)  

0 . 49 Polwarth 30 DDC 1 Mullaney e t  a l . ( 1 9 7 0 )  

0 . 2 3 Perendale 1 5 - 1 6  PHS El l io t t  ( 19 75 )  

0 . 2 3 Perendale 1 5 - 1 6  DDR Ellio t t  ( 19 7 5 )  

1 .  
Sum o f  three dam records . 
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Table 2 . 4  Es tin,a tes  of  Heritab i l i ty of S taEle Length 

Es t imat e  Breed Age Comment Referenc e 
(Months)  

0 . 3 1  Mer ino 20 DDC Mullaney et  a l . ( 1 9 70 )  

0 . 4 3  Merino 30 DDC
1 

Mullaney e t  al . ( 1 9 70)  

0 . 4 2 Corriedale 30 DDC Yul laney e t  a l . ( 1 9 70)  

0 . 5 9 Corriedale 30 DDC 1 Mullaney et  al . ( 1 9 7 0) 

0 . 4 7 Poh.;ar th 30 DDC Mullaney et al . ( 1 9 70)  

0 . 53 Polwar th 30 DDC
1 

Mul laney et  a l .  ( 1 9 70)  

0 . 5 7 Pol ish 8 
and ( 1 9 7 2 )  Mt . 3rd sh . PHS Nawara Duniec 

0 . 29 Pol ish Mt . 9 and Duniec ( 1 9 7 2 )  4 th sh . PHS Nawara 

0 . 4 9 Perendal e  1 5- 1 6  PHS Elliott ( 1 9 7 5 )  

0 . 35 Perendale 1 5 - 1 6  DDR Elliott ( 1 9 7 5 )  

Tab le 2 . 5  Estima tes  of  Heritab ility of Fibre Diameter 

Es timat e  Breed Age Comment Reference 
(Months) 

0 . 62 Merino 30 DDC Mul laney et  al . ( 1 9 70)  

0 . 64 Herino 30 DDC
1 

Hul laney et al . ( 1 9 7 0 )  

0 . 56 Corr iedal e  3 0  DDC Mul laney et a l . ( 1 9 70 )  

0 . 59 Corriedale  30 DDC 1 
Mullaney et a l . ( 19 7 0 )  

0 . 44 Polwarth 30 DDC Mullaney e t  al . ( 1 9 70)  

0 .  70 Polwarth 30 DDC 1 
Mul laney et  a l . ( 1 9 7 0 )  

0 . 54  Perendale 1 5- 1 6  PHS Ell iott ( 1 9 7 5 )  

0 . 4 7  Perendale 1 5 - 1 6  DDR Ell iott  ( 1 9 7 5 )  

l. 
Sum of three dam records .  

8 .  
Third shear 

9 .  Fourth shear 
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f l eece variable. 

The assessment o f  age differences in heritabil ity  e s t ima tes i s  

p o s s ible f rom only three of  the papers reviewed (Mullaney e t  al . , 1 9 7 0 ;  

Nawara and Duniec , 1 9 7 2 ;  Eikj e ,  1 9 7 5 ) . Thes e  are lis ted in Tab l es 

2 . 6 to 2 . 1 0  for comparison . A decrease with age from s econd shearing 

was reported by Nawara and Duniec ( 1 9 7 2 )  for  fleece weight heritabil i ty 

but the first  shearing e s t imate did no t fol low the trend , being lower 

than for second shearing . Eikj e ( 19 75 )  analysed a very large data sEt 

and found that one-year-old ewes had a higher heri tabil ity for greasy 

f leece weight than two-year-old or  three-year and o lder sheep . Two-

year-olds were considerably lower than older and younger ewe s , but this 

may have in part been due to adj us tments  made to the data of this group . 

Younger ewes ( 1 8 -months)  consis tently had lower fleece weight 

her i tabilities  than o lder ewes ( 30-months-o l d )  accord ing to Mullaney 

et al . ( 1 9 7 0 ) . The discrepancy was 4 2 , 4 5  and 64% for Mer ino , 

Corriedale and Polwarth breeds respec t ively . 

Nawara and Duniec ( 1 9 7 2 )  found an upwa rd trend for the heritab i l i ty 

o f  s taple length f rom the first  to third shearings , but this decreased 

for the fourth shearing . Mullaney e t  al . ( 1970) no ted the same trend , 

1 8-month ewes recording a lower heritability than 30-month ewes when 

the sum of three d am ' s records were correlated with individual 

daughters reco rd s .  When s ingle records o n  b o th relat ives were analysed , 

30-month never exceeded 18-month her itability  and was generally lower 

by both methods .  

No conclusion can be stated regarding any possible age t rend in 

heritability e s t imat e  for woo l  characters f rom these few ,  o f ten 

conflicting reports ;  however , age differences are apparent . 
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Tabl e  2 . 6  E s t ima tes o f  He ritabil ity of Greasy Fleece We igh t 
at  Dif ferent Ages 

E s t imat e  Age Reference 
(Month) 

0 . 1 4 -0 . 30 1 8  Mullaney e t  al . ( 1 970) 

0 . 39-0 . 5 1  30  Mullaney e t  al:_ ( 1 970) 

0 . 32-0 . 34 1 8
1 

Mu llaney e t  al . ( 1 970 ) 

0 . 4 5-0 . 4 9  3 0
1 

Mullaney et  al . ( 1 970 ) 

0 . 47-0 . 5 1  1 2  Eikj e ( 1975 ) 

0 . 25-0 . 27 24  Eikj e ( 1 975)  

0 . 3 6 -0 . 40 36  Eikj e ( 1975 ) 

0 . 47 1 s t  shear Nawara and Duniec ( 1 972)  

0 . 50 2nd shear Nawara and Duniec ( 1972)  

0 . 37 3rd shear Nawara and Duniec ( 1 972)  

0 . 33 4 th shear Nawara and Duniec ( 1 972)  

Tab l e  2 . 7 Es timates o f  Heri tability of  S taple Length a t  Different Ages 

0 . 3 1 -0 . 5 3  1 8  Mul laney et  al . ( 1 970)  

0 . 3 1-0 . 47 30 Mul laney e t  al . ( 1 970 ) 

0 . 36-0 . 50 1 8
1 

Hul laney e t  al . ( 1 970 ) 

0 . 43-0 . 59 30
1 

Hul laney et  al . ( 1 972 )  

0 . 3 1  1 s t  shear Nawara and Duniec ( 1 972)  

0 . 45 2nd shear Nawara and Duni ec ( 1 972 ) 

0 . 57 3rd shear Nawara and Duniec ( 1 972)  

0 . 29 4 th shear Nawara and Duniec ( 1 972)  

l. 
Sum of  three dam records 
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Table 2 . 8  Es t imat e s  of Heri tab i l i ty of Fibre Diame ter  at Dif ferent Ages 

E s t imat e  Age Reference 
(Months)  

0 . 30-0 . 4 9 18  Mullaney �a_!_ .  ( 1 9 7 0 )  

0 . 44-0 . 62 30 Mul laney e t  al . ( 1 9 7 0 )  

0 . 46-0 . 4 9 18 1 Mullaney e t  a l .  ( 1 970)  

0 . 59-0 . 7 0 30
1 

Mullaney e t  al . ( 19 7 0 )  

Table  2 . 9  E s t imat e s  of Her i tab ility of gua l i ty Numb er at  Dif feren t A�es 

Es t ima t e  Age Reference 
(Months) 

0 . 3 2 -0 . 3 7  1 8  Mullaney e t  al . ( 1 9 70)  

0 . 3 3 -0 . 54 30  Mullaney e t  al . ( 1 9 7 0 )  

0 . 35-0 . 38 1 8
1 

Mullaney e t  al . ( 1 9 7 0 )  

0 . 4 3-0 . 5 1  30
1 

HullanE:y e t  al . ( 1 9 70)  

Table  2 . 1 0 Es t ima tes  of Her itabil i ty of Wool Charac t e r  at  Differen t A�es 

Es t imat e  Age Reference 
(Honths) 

0 . 3 2 -0 . 3 9 1 8  Mul laney e t  al . ( 1 9 7 0 )  

0 . 39-0 . 44 3 0  Mullaney e t  al . ( 19 7 0 )  

0 . 4 1-0 . 78 1 8
1 

Mullaney e t  a_!_ . ( 1 9 7 0 )  

0 . 4 5 -0 . 54 3 0
1 

Mullaney �a_!_ . ( 1 9 70)  

1 .  
Sum of  three dam records . 



C. Numb er o f  Lambs Weaned . 

The reproductive level of  a sheep flock is important to  the 

pro f i tabil i ty of the commercial enterprise for three reE.sons : 

16. 

( i )  A high reproduction rate  w i l l  allow a higher selec t ion intensi ty 

to be  appl ied to whatever trait the breeder considers importan t . 

Assuming that the selec ted t raits  are heritable, gene tic gain 

will thereby be increased . 

( ii)  The second point follows from the firs t .  Having re tained the 

necessary replacements, a la rger number of  surplus animals  

will be available for disposal by sale . Dickerson ( 1 9 70 )  

considers that sheep e f ficiency can best be achieved by increasing 

reproduc tion rate and hence meat production from surplus animal s .  

( iii)  Grea ter per-ewe produ c t ion will  reduce overheads on  a live-

s to ck unit basis . 

Reproduc t ive abil ity in t e rms o f  number of  lamb s weaned per ewe 

mated anc p resent a t  lamb ing (NLW) includes componen t s  such as fertil ity 

( the ewe did or did no t lamb ) , prolif icacy ( single o r  mul t i ple birth) 

and l ivab i l i ty ( live lamb or no t ) ,  as  defined by She l ton and Menzies 

( 1 9 70) . These components  are no t independen t ,  each l a ter one being 

dependent upon the existence o f  the earl ier parts . Subcomponents make 

further con tributions, a no tabl e  example b eing mo thering abi l i ty which 

affec t s  l ivability . The f inal outcome of  the effec t o f  all these 

element s  is measured as  the tra i t  number of lambs weaned . 

She l to n  and Menzies' ( 19 68b)  estimates relate to various 

expression of l ifetime produc t ion and therefore are expected to be  higher 

than s ingle record e s t ima t es . Values of  0 . 28 and 0 . 2 5 from these 

authors  were for the heri tabil i ty of lambs raised by a ewe during her 
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Table 2 .  1 1  Estima tes of  Heri tability o f  Number of  Lambs Weaned 

Estimat e  Breed Age Comment Reference 
(Man ths ) 

0 . 00-0 . 1 5  Romney DDR+PHS Rae and Ch ' ang ( 1 9 5 5 )  

0 . 03 Mer i no 24 PHS Young et al . ( 1 96 3 )  

0 .  1 5  Mer ino 3 6  PHS Young et al . ( 1 9 6 3 )  

0 . 0  Mer ino 24 ML Young et al . ( 1 9 6 3 )  

0 . 29 Merino 36  ML Young et al . ( 1 96 3 )  

0 . 09 Merino 24+36 PHS Young et al . ( 19 6 3 )  

0 . 06 Mer ino 24  PHS Kennedy ( 1 9 6  7 )  

0 . 28 Rambouillet  Lifet ime Shelton and Menz i es 
( 1 968a ) 

0 .  1 9  Rambouillet  Mean /yr Shel ton and Menzies 
( 1 968a)  

0 . 2 8 Rambouillet  36-84 PHS To tal Shel ton and Men z ies  
( 1 968b)  

0 . 25 Rambouillet  3 6-84 DDR To tal Shel ton and Menzies  
( 1 9 6 8b )  

0 . 22 Rambouillet  Mean PHS Shel ton and Menzies 
( 1 968b)  

0 . 2 7  Rambouill e t  Mean DDR Shel ton and Menzies 
( 1 9 6 8b )  

0 . 00 Scot t ish BF PHS Purser ( 1 9 6 5 )  

0 . 03 \.Jelsh Mt . PHS Purser ( 1 9 6 5 )  

0 . 08 1 Galway 24 PHS More O ' Ferrall ( 1 9 7 6 )  

0 .  1 6  Galway 24 PHS Mo re 0 '  Ferrall ( 1 9 7 6 )  

0 . 24 Ga lway Index PHS More O ' Ferrall  ( 1 9 7 6 )  

0 . 08 Dala & S teigar He an PHS Gj edrem ( 1 96 6 )  

0 . 0 1  Dala Eikj e ( 1 9 7 5 )  

0 . 04 Rygj a Eikj e ( 1 9 7 5 )  

-0 . 0 1  Chevio t Eikj e ( 1 9 7 5 )  

0 . 0 1 Spaelsau Eikj e ( 1 9 75 )  

-0 . 0 1  Steigar Eikj e ( 1 9 7 5 )  

0 . 03 Several 24  Eikj e ( 1 9 7 5 )  

0 . 04 Several 3 6  Eikj e ( 1 9 7 5 )  

1 .  
Includes only ewes which weaned lambs 



productive l i f e , while  heritabilities o f  0 . 22 and 0 . 27 were recorded 

for the number raised expressed as an annual mean. These resul t s  

confirmed a n  earlier s e t  o f  estimates from the same authors ( Shelton 

and Menzies , 1 9 6 8a ) . 

18. 

More O ' Ferrall ( 1 9 7 6 )  computed his results from two-year-old ewe 

records , and from an index comb ining various age records . As expec ted , 

the heritabil ity estimate for NLW based on the index wa s highes t  a t  

0 . 24 .  When converted to a single record basis , this fell  to 0 . 1 2 ,  in 

agreement with o ther e s t ima tes in Tab le 2 . 1 1 . Two-year-old ewe data 

yielded a heritability  of  0 . 1 6 ,  but when computed omi t t ing barren 

ewe record s ,  and ewes which did no t rear a lamb, the figures became 

0 . 08 .  

I t  seems clear f rom evidence provided in the l i t erature that 

selec t ion for fertility  characteristics and in par ticular NLW , wil l a t  

best  resul t i n  slow progres s .  Additive genetic var iance forms only a 

sma l l  part of  the total variation , probab ly because reproduc tion is  

continuously subj ect  to natural selec t ion . 

Age differences have been studied by f ew researchers . Eikj e 

( 19 75 )  compared ewes o f  one- , two- and thre�years and older , and found 

the m�ddle group to have the lowes t  heritab ility for NLW , but ( according 

to the author )  this may have been an artefact of data adj ustmen t 

procedures . A signif icant age trend was no t iced by Purser ( 19 6 5 )  f o r  

the Welsh Mountain breed which showed increased heritability w i t h  age . 

The same trend was apparent amongst the S co t t ish Blackfac e data analysed 

but was non-significan t .  Young e t  al . ( 1 9 6 3 )  also found tha t the 

younge s t  age group had the lowest heritability value as ind icated 

earlier . Data from two-year-old ewes indicated a negligible heritab i l i ty 
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which rose  to 0 . 1 5  and 0 . 29 a t  three-years by analysis o f  variance and 

maximum l ikelihood respec t ively . 

binomial (0 , 1 )  da ta . 

The second method pertains to  

The possibil ity of  an upward trend in  heritab ility for  NLW sugge s t s  

that selec tion of  replacements from older dams may be more accura te in 

increas ing reproduct ion rat e .  

Turner and Young ( 1 9 6 9 )  concluded their review o f  the gene tic 

comp onen t s  of reproduc t io n  by stating that selec t ion for number of 

lamb s born (NLB ) would be  the mos t  pro f i table method of  increasing 

number of lambs weaned . Their argument was based on the higher 

heri tab i l i ty estimate for the former than for the la tter obtained by 

Young et a l . ( 1 9 6 3 ) . Purser ( 1 9 6 5 )  agrees , sta t ing that he found the 

gene t ic correlation between the two charac teristics  to be 0 . 5 .  However ,  

easy-care breeds o f  sheep such as the Perendale owe much o f  their 

economic advantage in labour reduc tion to no t being shepherd ed dur ing 

the l amb ing period . Common pra c tice is to ignore the flock until  the 

bulk of the lambing activity has passed . Number o f  lamb s present a t  

the t ime o f  observation , which may be quite some t ime a f t e r  birth , may 

no t accurately reflect the number ac tual ly born . From the prac t ical 

viewpoin t ,  NLW may best be  s elected direc tly .  Ano ther considera t ion 

is that s el ection for NLW is equivalent to selec t ing  the end product 

o f  a l l  o f  the traits  ment ioned in the introduc tion to  this sec t ion . 

Ill . Gen e t i c  Co rrela tions 

A. Introduction . 

Genetic  correlations can arise from two sourc e s : l inkage be tween 

genes , and plei otropy . Generally , l inkage will be the least important 

as  crossing-over will break up comb inations o f  genes in the long term. 



I f  pleiotr opy was the only cause o f  gene tic  correlat ion, then the 

calculated coef f i c ient would expre s s  the proport ion of  genes tha t 

the two asso c iated traits have in common . 

Turner ( 1 9 7 7 )  l isted three uses for genetic correla t ions . 
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( i )  To indicate the change which is  l ikely to occur i n  charac teris tics, 

other than those under select ion, in the next generat ion . 

( i i )  To h e l p  dec ide wha t  counter-selec t ion may need t o  b e  appl ied 

to reduce the e f f ec t of such changes , or to preven t them . 

( ii i )  T o  dec ide whe ther a n  easily measured charac teristic  can be  used 

to obtain genet ic gains, ins t ead o f  one more d i f f icul t (or more 

expens ive)  to measure .  

As with heritability e s t imat ion, the methods commonly used in the 

computation of gene tic  correlation coefficients rely on the c ovar iance 

between relat ives, and again the mos t  impor tant relatives are o f f spring­

parent and hal f-sib groups .  

Fol lowing Brown and Turner ( 1 9 6 8 )  the classificat ion below will 

be used as  guide for  co rrelat ion coe f ficients : 

H igh negat ive -0 . 6  and lower 

Medium negat ive -0 . 4  to -0 . 6  

Low negative -0 . 2  to -0 . 4  

Negli g ible -0 . 2  to +0 . 2 

Low posi t ive +0. 2 to +0 . 4  

Medium pos i t ive +0. 4  to +0 . 6  

H igh positive +0 . 6  and grea t er .  
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B .  B etween Wool Charac teris tics  . 

In  dual purpose breeds , the selec t ion poten t ial for wool is  

diluted by the  requirement that a t tention be concurrently given to other 

obj ec t ive s .  Young and Dunlop ( 19 5 6 )  sugges ted tha t for the Merino 

breed , wi thin any parti cular class , the greatest re turn would be  

achieved by selec t ing animals produc ing a heavy fleece  with  a h igh 

quality number , moderate length and of good colour and tha t at t en t ion 

to other charac ters would be economically unreward ing . 

The gene t ic correla tion be tween qual i ty number and fleece we ight , 

and between f ibre diameter and f l eece weight indica ted a trend towards 

coarser woo l  as  the weight of  the greasy f leece increased in Merino , 

Polwar th and Corriedale breeds (Mullaney e t  al . ,  1 9 7 0 ) . Turne r  ( 1 9 7 2 )  

s tated tha t wool  weight and f ibre d iameter mean are always pos i t ively 

rela ted, a l though the s i ze of the correlat ion may no t always be large . 

The Corriedale breed was found by Mul laney et a l . ( 1 9 70)  to have a 

negligible  genetic  correlation be tween these  charac ters compared with 

the other two breeds which showed a medium correlation. The t rend was 

no t observed for the fleece weight-quality  number rela tionships . 

E l l iott  ( 19 75 )  found that fleece weight and quality number had a 

mod erate negative gene t i c  correlation d er ived from paternal hal f-sib  

data , which became a negligible pos itive value when calculated f rom 

the daughter-dam relat ionship . H i s  result s  for fleece weight-fib r e  

diameter wer e  in agreement with o thers in Table 2 . 1 2 .  

Genet i c  correla t ions between g reasy f l eece weight and s taple 

length are p o s i t ive and generally o f  low to medium magn itude (Tabl e  

2 . 1 2 ) . 
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Tabl e  2 . 1 2 Estimates o f  Genetic  Correlations . Wool Traits . 

Value Breed Age Comment Reference 
(Months 

Greasy fleece  weight 
fibre d iame ter 

0 . 4 3 Merino 30 DD Mullaney e t  al . ( 1 97 0 )  

0 .  1 9  Corriedale 30 DD Mullaney e t  al . ( 1 97 0 )  

0 . 40  Polwarth 30 DD Mullaney e t  al . ( 1 9 7 0) 

0 . 43  Perendale 1 5 - 1 6  PHS Ellio t t  ( 1 9 75 )  

0 . 44 Perendale 1 5 - 1 6  DD Ellio t t  ( 1 9 7 5 )  

- quality number 

-0 . 5 3 Merino 30 DD Mullaney e t  al . ( 1 9 70)  

-0 . 48 Corriedale 30 DD Mullaney e t  al . ( 1 9 7 0 )  

-0 . 66 Polwarth 30 DD Mullaney e t  al . ( 1 9 7 0 )  

-0 . 48 Perendale  1 5 - 1 6  PHS El lio t t  ( 1 9 7 5 )  

0 . 09 Perendale 1 5- 1 6  DD Ellio t t  ( 1 9 75 )  

- s taple length 

0 .  1 7  Herino 30 DD Mullaney e t  al . ( 1 9 7 0 )  

0 . 1 8  Corriedale 30 DD �ullaney e t  al . ( 1 9 7 0 )  

0 . 29 Polwar th 30 DD Mullan ey e t  al  ( 1 9 7 0 )  

0 . 76 Perendale 1 5 - 1 6  PHS Ell io t t  ( 1 9 75 )  

0 . 44 P erendale 1 5- 1 6  DD Ellio t t  ( 1 9 7 5 )  

- charac ter 

- 0 . 2 7  Herino 30 DD Mullaney e t  a] . ( 1 9 7 0 )  

0 . 09 Corriedale 30 DD Mullaney e t  al . ( 1 9 7 0 )  

0 . 29 Polwarth 30 DD Mullaney e t  al . ( 19 70 )  

0 . 52 Perendale 1 5 - 1 6  PHS Ellio t t  ( 1 9 7 5 )  

0 . 32 P erenda l e  1 5- 1 6  DD Ellio t t  ( 1 9 7 5 )  

Qua l i ty numbe r  

- fibre d iamet e r  
-0 . 50 Merino 30  DD Hullaney e t  al . ( 1 97 0 )  

-0 . 69 Corriedale 30 Df• Mullaney e t  al . ( 19 7 0 )  

-0 . 4 7  Polwarth 30 DD Mullaney e t  al . ( 1 9 7 0 )  

- 0 . 4 6  Perendale  1 5- 1 6  PHS Ellio t t  ( 1 97 5 )  

-0 . 2 7 P erendale 1 5 - 1 6  DD Ellio t t  ( 1 9 7 5 )  

- s taple  length 

-0 . 57 Merino 30 DD Mullaney et al . ( 19 7 0 )  
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Table 2 . 1 2 Cont inued 

-0 . 6 1 Corriedale 30 DD Mullaney e t  al . ( 19 70)  

-0 . 4 7 Polwarth 3 0  DD Mullaney �a_l. ( 1 97 0) 

-0 . 63 Perenda1 e 1 5- 1 6  PHS Ell io t t  ( 1 9 7 5 )  

-0 . 4 1 Perendal e  1 5- 1 6  DD El lio t t  ( 1 9 7 5 )  

- character 

0 . 55 Merino 3 0  DD Hullaney e t  al . ( 1 9 7 0 )  

-0 . 2 7 Corriedale 3 0  DD Mullaney e t  al . ( 1 9 7 0 )  

-0 . 2 1  Polwarth 3 0  DD Mullaney e t  al . ( 1 9 7 0 )  

-0 . 1 3 Perendale 1 5- 1 6  PHS El l i o t t  ( 1 9 7 5 )  

0 . 44 Perendale 1 5- 1 6  DD Ellio t t  ( 1 9 7 5 )  

Fibre d iameter  

- s taple l ength 

0 . 09 Merino 30  DD Mullaney e t  al . ( 1 9 7 0 )  

0 . 2 6 Corrieda l e  3 0  DD Mullaney e t  al . ( 1 9 7 0 )  

-0 . 63 Po lwarth 30  DD Mullaney �a_! . ( 1 9 70 )  

0 . 53 Perendale 1 5- 1 6  PHS Ellio t t  ( 1 9 7 5 )  

0 . 3 1 Perendale 1 5 - 1 6  DD Ellio t t  ( 1 9 7 5 )  

- charac t er 

-0 . 63 Merino 30 DD Mul laney et al . ( 19 7 0 )  

-0 . 06 Corriedale 30 DD Mullaney et al . ( 19 70 )  

-0 . 1 3  Polwarth 30  DD Mul laney et al . ( 19 70)  

0 . 09 Perendale 1 5- 1 6  PHS Ellio t t  ( 1 9 7 5 )  

0 . 10 Perendale 1 5- 1 6  DD Elliot  t ( 1 9 7 5 )  

S taple l ength 

- character  

-0 . 1 6 Merino 30 DD Mullaney et al . ( 19 7 0 )  

0 . 2 3  Corriedale 30 DD Mul laney et al . ( 19 70 )  

0 . 40 Polwarth 30  DD Mul laney e t  a l .  ( 19 70)  

0 . 4  7 Perendale 1 5- 1 6  PHS Ellio t t  ( 1 97 5 )  

0 . 03 Perendale 1 5- 1 6  DD Ellio t t  ( 1 9 7 5 )  
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S ince qua l i ty number and mean f ibre diame ter are both e s t imates 

of woo l  f ineness, a large nega t ive co rrelat ion is expected b e tween them . 

The range of  values for ma ture sheep (Mullaney e t  al . 1 9 70)  is  from 

-0 . 4 7 to - 0 . 69,  the larger value showing agreement with theory . Both 

of the Perendal e  hogge t e s t imates o f  Ellio t t  ( 19 7 5 )  are smaller than 

those above . 

Mullaney e t  al . ( 1 9 7 0) reported widely varying estima tes o f  the 

genetic  correlat ions be tween greasy f l eece weight and charac t er, be tween 

quality number and character,  fibre diameter and staple length and between 

. stapl e  l ength and wool character which all  showed a swing from positive 

to negative for different breed calculations . No other publ ished data 

are available from animal s  of comparable age to theirs for confirmat ion . 

S taple length  and qual ity  number  are negatively genetically 

related with medi um to high correlat ion coefficient s .  The values 

recorded by Mul laney et al . ( 1 9 70)  were in the range -0 . 4 7 to -0 . 6 1  for 

their three breeds of 30-month-old ewes, similar in magni tude to the 

estima te of Ell io t t  ( 1 9 7 5 ) . The former au thors reported a wide range 

of consistently nega t ive genet ic correlat ions between fibre d iame ter and 

charac t er, whereas Elliott found pos itive but smal l as soc iations . 

From evidence presented here for  mature sheep, the following 

conc lusions could be drawn . Selec t ing for increased greasy f leece 

weight would resu l t  in a correlated response amongst  the progeny of  the 

selected group in the direct ion of increased staple l ength, coarser woo l  

and possibly improved character . S e l e c t ing parents with the f inest  wool 

will cause the pro geny to have lower f leece weight, but  the e f f e c t  on 

s taple l ength is  unclear . 
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A feature o f  some o f  the pairs of charac teristics  is  the wide 

differences in the estimates of  correlation between them . The paucity 

of  data relevant to this review has meant that drawing firm conclusions 

from estimates available was no t possible . 

C .  Wool Charac ters and Number of  Lambs Weaned . 

In consider ing the genet ic correla t ion between repro duc t ive and 

o ther trai t s, in teres t  centres on a t temp ting to selec t young animals  on 

a charac ter which has a s trong gene t ic relationship with the number of  

lambs weaned a t  a later s tage . If  there is a consisten tly s trong 

genetic correlation be tween some hogget trait and reproduc tion, then 

early culling on this characteris tic should lead to the re ten t io n  of 

ewes whose progeny wil l  on average produce most lamb s .  Within-age 

gene tic associations are also important as  a selec t ion tool , al lowing 

prediction of  correlated responses to selection at  tha t age . A 

further variat ion is to correlate hogget records with combina tions or 

means o f  later reproduc t ion records .  

The gene tic correla t ion between greasy fleece weight and the 

number of lambs weaned per ewe j o ined has b een investigated by several 

authors and has been reported to  be  variabl e  in bo th sign and magnitude . 

Ch ' ang ( 1 9 5 5 )  noted that no previous a t t emp t had been made to c alculate 

genetic covariance between fleece weight and number o f  lambs weaned . 

He presented his resul t s  as  regressions which indica ted tha t the 

covariance between the characters was variable in sign at different 

ages in his sample  o f  Romneys . However , there was a p redominanc e  o f  

negat ive values , and Ch ' ang concluded that selec t ion for  increased 

fleece weight would be accompanied by a reduc t ion in fer til i t y .  This 

comment is  supported by the conclusion of Shel ton and Menzies ( 1 968b)  



Table 2 . 1 3 .  Estimates o f  Gene tic  Correlations 

N . L . W .  with Wool Tra i t s .  

Value Breed 

N . L . W .  
- greasy f leece weight 

+ and - Romney 

- 0 . 3 7  Rambouillet  

-0 . 25 Rambouil l e t  

-0 . 1 0 Rambouille t  

-0 . 06 Merino 

-0 , 1 1  Mer ino 

0 . 34 Merino 

0 . 09 Comb ined
3 

- 0 . 06 Comb ined 

- 0 . 66  Comb ined4 

- O . R 5  Herino 
- s taple length 

0 . 32 Merino 

0 . 09 Merino 

0 . 2 1 Merino 

- f ibre diameter  

-0 . 55 Mer ino 

-0 . 1 3 Merino 

-0 . 33 Mer ino 

3 , 4  Legend below Table 2 . 1 

Age* 
(Months)  

24-60 

( 36-84 ) Av . 
x ( 24-84 ) Av . 

Comment 

Covarianc es (DD) 

PHS 

Lifetime Av . 
x ( 24-84 ) Av .  

To tal 
x Mean 

24x Hgt . PHS 

36x Hgt . PHS 

( H irst  3 )  PHS 
X Hgt . 

Mixed PHS 

Mixed DDR 

Mixed PHS 
24xHg t PHS 

24x Hgt . PHS 

36x Hgt . PHS 

( H irs t 3 )  PHS 
x Hgt . 

24x Hg t .  PHS 

36x Hgt . PHS 

( H irst  3 )  PHS 
x Hgt . 

26 .  

Ref erence 

Ch ' ang ( 1 95 5 )  

Shel ton and Menzies 
( 1 968b ) 

Shel ton and Menzies 
( 1 96 8b )  

Shel ton and Menzies 
( 1 9 68b ) 

Young e t  al . ( 1 9 6 3 )  

Young e t  a l . ( 1 9 6 3 )  

Young et al . ( 1 9 6 3 )  

Eikj e ( 1 9 7 5 )  

Eikj e ( 1 9 7 5 )  

Gj edrem ( 19 6 6 )  

Kennedy ( 1 9 6  7 )  

Young et al . ( 1 9 6 3 )  

Young e t  al . ( 1 9 6 3 )  

Young e t  al . ( 1 96 3 )  

Young e t  al . ( 1 9 6 3 )  

Young et al . ( 1 9 6 3 )  

Young e t  al . ( 1 9 5 3 )  

* Where the woo l  t rai t and fer t il i ty t rait are measured a t  d i f ferent 
ages , the f irst  age is tha t for N . L . W .  and the ages are s epara ted 
by an X .  
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who analysed mean annual f leece weight and lambs raised . When the 

number of lambs raised was expressed as a to tal for ewes between three­

and seven-years of age the genetic  correlat ion coeff ic ient was -0 . 10 ,  

but this  increased to -0 . 37 when the mean number o f  lambs raised per 

mating over the same age range was used and was repor ted as  -0 . 25 when 

related to the number of lambs raised per mating during the ewe ' s l ife-

time . These f igures are greater than recorded by some o ther invest igators . 

This is probably in part an effect  o f  the compound observa tions with 

which the authors  worked . 

Further confirmat ion o f  a negat ive genetic correlation be tween 

lambs weaned and greasy fleece weight is available in a paper by 

Kennedy ( 1 96 7 ) . He  wo rked with wool  p roduc t ion records from 1 5- 1 6  

month o l d  ewes , and fertility observa tions taken a t  two years and found 

a correlation o f  -0 . 85 (Non-signif icant ) . Such a high estimat e  

sugges ts that selec tion for greasy fleece weight would have a disastrous 

effect  on repro d uc t ion rate . A large estimate o f  the gene tic  co rrelation 

can arise by chance from paternal half-sib me thods when the genetic 

variance for one o r  bo th traits is very small . Kennedy ( 1 9 6 7 )  used 

this method and cal culated a heritab i l i ty for NLW of 0 . 06 .  Large 

standard errors no ted are a symp tom o f  the same probl em .  Young 

et  al . ( 1 9 6 3 )  pub l ished a paper based on woo l  data collected a t  

a similar age to Kennedy ' s  b u t  lamb product ion records were assembled at  

two-years , three-years and the sum of  the f irst three lamb ing s .  

Their  e s t imates were -0 . 06 ,  -0 . 1 1  and 0 . 34 respec t ively . Eikj e ( 19 7 5 )  

computed a pos i t ive e s t imate b y  analysis o f  variance ( 0 . 09 )  and 

negat ive by regress ion ( -0 . 06 )  but both values are negl igibl e .  A high 

negative (-0 . 66 )  correlation was found by Gj edrem ( 1 9 6 6 )  but was based 



on a small  sample  of  mixed age ewes . 

Mos t  o f  the gene tic correlation estimates discussed so far in 

this section have failed to achieve s ignificanc e ,  but are consistent 

enough in direct ion to suggest tha t selection for one may cause a 
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decrease in the o ther . This  is par t icularly unfortunate s ince these 

are the mos t  important componen ts o f  economic produc t ion f rom sheep . 

However , Turner ( 1 9 72 )  s tated tha t she believed they could be  increased 

toge ther providing at tent ion is paid to both in the select ion plan . 

B ecause the above relationship i s  so impor tant , the o ther wool-

fertility associa t ions have been largely ignored . One o f  the studies 

ment ioned previously (Young et al . 1 9 6 3 )  included genetic  correla tion 

estima tes be tween fibre character measured at  1 5 - 1 6  months and lambs 

weaned a t  a later age . The values were -0 . 55, -0 . 1 3 and -0 . 33 for ewes 

lambing a t  two-years , three-years and for the sum of  the f i r s t  three 

lamb ings . The same authors found that s taple length and NLW were 

pos i t ively correla ted in the same groups of sheep (0 . 3 2 ,  0 . 09 ,  0 . 2 1 ) . 



IV . Repeatab i l i ty 

A .  Introduction 

Many o f  the produc t ive charac ters o f  sheep can be  measured a t  

successive t imes during the l i f e  o f  the animal . I t  is therefore o f  

interest  t o  have a n  ind ication o f  the tendency o f  individual s  to 
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maintain their ranking relation to each o ther . This is the concep t o f  

repeatab i l i ty . A high repeatab i l i ty implies that there is  a s t rong 

tendency for the ranking to be  maintained . 

Environmental variance can be d ivided into two ca tegor ies . The 

first part i s  due to t emporary circums tances associated with the within-

individual variance . The second part is  a variance component which 

contribu tes to permanent between animal d i f ferences (VE ) .  
p 

The remaining 

segmen t of the permanent dif ferences is  the genetic variance (VG ) . 

Repea tab i l i ty expresses the proport ion o f  the varianc e o f  a single 

measurement (Vp ) due to permanent dif ferences b e tween ind ividua l s  

(Falconer, 1 96 0 )  

Repeatab ility t 
VG + VE 
------�P 

Vp 

If VG is  cons idered as only the add i t ive genetic  variance, then 

it  can be seen tha t repeatab i lity sets  the upper limit  to heri t ab i l i ty 

s ince i t  will  always exceed heritability  so long as there are permanent 

environmental d i f f erences between individuals . One o f  the purposes o f  

repeatab i l i ty is , i n  fac t ,  t o  allow the pred i c t ion o f  the upper l imit  

o f  heri tab ili ty . A second use i s  to a llow computation o f  the gain in 

accuracy of selec t ion due to repeated as  compared to s ingle measurement s . 

Because a knowledge o f  pheno typic relationships allows the possib i l i ty o f  

studying the e f f e c t  o f  culling operat ions o n  subsequent performanc e  o f  

the retained portion o f  the flock , a third i s  t o  use the repeatabi l i ty 
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e s t imates t o  predict increases i n  later product ion through selec t ion . 

Repea tab il ity can be estimated as an intra- class correlat ion, the 

class in this case being the repeated observa tions on the ind ividual ewe . 

I t  indicates how well the lifetime performance  of an animal can be pre­

dic ted on average from a s ingle record . But i t  gives no c lue as to 

which reco rd gives the best  estimate . For this reason, some researchers 

prefer to calculate the interc lass correla tion between each single record 

and lifetime performance in terms of  average or total produc t ion . I f  the 

particular single record is included in the compound reco rd, then a 

degree o f  spur ious correlation can arise, as this would then be a corre-

lation between a whole and one o f  its component s .  Turner ( 1 9 5 8 )  has 

shown that the correlation between a whole and one of  its component s  is 

1 / ln when the components are no t correlated but have equal variance 

where n is the number of  records making up the whole record . For example, 

when one record is correlated wi th the sum o f  five , a correlation o f  0 . 4  

can be  expec ted even when there is  no correlation between the five 

components . An alternat ive me thod is  to correlate one record with the 

remaining life-time records . For practical purposes, valuable estimates 

are the correlat ion coefficient between early records and the sum or 

average of  remaining records, and be tween pairs of records at  ( in particular) 

early and later ages . 

B .  Wool Charac teristics . 

The repeatability o f  greasy f l eece weight has been e s t imated by  

many authors , while the  o ther woo l  t rai ts have received less  a t ten t ion . 

Various e s t imates  for greasy fleece weight are listed in Table 2 . 14 .  

Many o f  the papers cited have been reviewed by Turner ( 19 5 6, 1 9 7 7 )  who 

found estimates  o f  repeatability b e tween 0 . 6  and 0 . 7  for Merino and 

a l lied breeds , and 0 . 4  to 0 . 6  for British breeds . Mos t  o f  the addi t ional 



papers lis ted are in good agreement with Turn er ' s  ob servations . The 

exceptions are Ka tada and Takeda ( 1 9 5 9 ) ,  Kno the ( 1 9 64 )  and Guirgis 
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and Galal ( 1 9 7 2 ) . The first  of  these presented a range of  values the 

lowest of  which (0 . 3 5 )  referred to the Corriedale . The estima te o f  

0 . 4 1  found b y  Kno the is  low for the Merino breed , but falls wi thin the 

suggested bounds for the Brit ish breeds . A remarkably low value for  

greasy fleece weight repea tab ility of  0 . 03 was no t discussed or  

expla ined by Guirgis and Galal ( 1 9 72 ) ,  but  they were working with a 

fairly smal l  group o f  ewes, and the resul t could be due to sampling . 

They c ited Kadry ( 1 9 7 1 )  who also found a very low value of  0 . 1 

from the same flock, which sugges t s  tha t low repeatab il ity may be a 

flock or breed characteri s t ic . 

Although Turner ( 1 9 5 6 )  s ta ted that Terrill  ( 19 3 9 )  recorded an 

e s t imate wi thin the range o f  0 . 6  to 0 . 7  for his  Rambouillets, in fact  

i t  was no t a true repeatab i l i ty, but  a co rrelation between yearl ing and 

l i f e t ime ( two- to f ive-years ) records . Mo rley ( 1 95 1 )  converted the 

f igure of  0 . 59 to a repeatab ility of  0 . 4 5 , outs ide Turner ' s  Merino range . 

In terms o f  correlation between pairs o f  records , repeatabil i ty 

is s t ill  maintainec a t  a s imilar value for greasy fleece we ight, 

although Young et  al . ( 1 960)  found a decreasing  correla t ion as records 

became further separa t ed in t ime when the f i r s t  observat ion was a t  

1 5 - 1 6  months o f  age . The same trend can be  s een in the earlier e s t imates 

o f  Wrigh t  and S tevens ( 1 9 5 3 ) , but only two interva l s  were analysed in 

this case . The f indings o f  Mullaney et  al . ( 1970)  are interes t ing in 

that for three breeds , pairs o f  records for o l der ewes were more highly 

correlated than for pairs of records from younger ewes . The authors  

s tudied pairs  o f  records from ewes taken a t  1 8- and 30-months , and 

pairs of  successive records f rom mixed age ma ture ewes . 
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Table 2 . 1 4  E s t ima tes of  Repea tab i l i ty of  Greasy Fleece We ight 

Estimate 

0 . 6 1  

0 . 53 

0 . 64 

0 . 60 

0 . 64 

0 . 66 

Breed 

Border 

Border 

Merino 

Merino 

Merino 

Merino 

0 . 68 Herino 

0 . 74 

0 .  7 2  

0 . 5 1  

0 .  7 7  

0 . 6 7 

Mer ino 

Merino 

Merino 

Merino 

Merino 

0 . 4 1  Oxford 

0 .  5 7  Suffolk 

L 

L 

0 . 55 Cros sbred 

0 . 5 2 Pooled 

0 . 03 Barki 

x Cheviot 

x Chevio t 

0 . 5 3  Merinc x Barki 

0 . 45 Rambouill e t  

0 . 56 Rambouillet 

0 . 56 Can . Corriedale 

0 . 4 3 Romney x B .  

0 . 6 1  4 Breeds 

0 . 5 7 

0 . 49 

0 . 46 

0 . 58 

0 . 4 3 

3 Norwegian 

Norwegian 

Welsh Mt . 

Langhe 

Langhe 

Comment  

2 records 

2 - 5  records , 
unselec ted 

2-6 records , 
selec ted 

Reference 

Yalcin and Bichard ( 1 9 64 ) 

Yalcin and Bichard ( 1 964 ) 

Young e t  al . ( 1 960)  

Young et  a l . ( 1 9 60) 

2-6 reco rds , Young et  al . ( 1 960)  
selected ,adj usted 

Rams 

2-5  records 

2 records 

3 records 

4 records 

5 records 

1 6 8  records 
7 0  ewes 

1 4 1 records 
5 7  ewes 

5 records 

1 s t  records 

1 s t  records 

on 

on 

1 s t  3 records 

adj u s ted for 
breed 

Young et  al . ( 1 9 60) 

Bea t t ie ( 1 9 6 1 )  

Morley ( 1 9 5 1 )  

Morley ( 1 9 5 1 )  

Morley ( 1 9 5 1 )  

Morley ( 1 9 5 1 )  

Morley ( 1 9 5 1 )  

Fahmy and Bernard ( 1 9 7 3 )  

Fahmy and Bernard ( 1 9 7 3 )  

Fahmy and B ernard ( 1 9 7 3 ) 

Fahmy and Bernard ( 1 9 7 3 )  

Guirgis and Galal ( 1 9 7 2 )  

Guirgis and Galal ( 1 9 7 2 )  

Terrill ( 1 9 39 )  

Rasmussen ( 1 9 4 2 )  

Rasmussen ( 1 9 4 2 )  

Rasmussen ( 1 94 2 )  

Blackwell  & Henderson ( 1 9 55 ) 

Gj edrem ( 1 9 6 9 )  

Eikj e ( 1 9 7 5 )  

2 o r  more records Dal ton ( 1 9 6 2 )  

unco rrec ted for 
env . Mason and Da ssat ( 1954 ) 

c o rrected for env . Hason and Dassat ( 1954 ) 



Table 2 . 1 4 Cont inued 
0 . 35-0 . 66 Corriedale 

0 . 58 

0 . 6 6  

0 . 4 1  

0 . 4 1  

0 . 32 

0 . 36 

Merino 

Fr . Precoce 

Ger . Precoce 

Polish Merino 

Awa s s i  

Awas s i  

3 3 .  

adj usted to 42mo . Katada and Taked a  ( 19 5 9 )  

2 - 6  record s / ewe . Nel ( 1 9 6 4 )  

5 shearings 

5 shearings 

correlat i on 
be tween pairs 

Peppe l  and Tapia ( 1 9 6 2 )  

Peppel and Tapia  ( 1 96 2 )  

Kno t he ( 1 964 ) 

Ghoneim e t  al . ( 1 9 7 4 )  

Ghoneim e t  al . ( 1 9 7 4 )  

Correlation between pa irs of  records 

0 . 68 Merino 

0 . 62  Mer ino 

0 . 4 3 .  Mer ino 

0 . 5 1  Co rriedale 

0 . 35 Corriedale 

0 . 6 3  Merino 

0 . 7 9 

0 . 62  

0 . 7 9  

0 . 5 1  

0 . 84 

:tv:erino 

Corriedale 

Corriedale 

Polwa r th 

Polwa r th 

1 5-30 month 

1 5-4 2 month 

1 5-54 month 

Hgt-2nd shear 

Hg t-5th shear 

1 8-30 month 

mixed 1 8-54 
month 

1 8-30 month 

mixed 1 8-54 
month 

1 8-30 month 

mixed 1 8-54 
month 

Young et al . ( 1 9 60 )  

Young e t  al . ( 1 9 60)  

Young et  al . ( 1 9 6 0 )  

Wright and S tevens ( 1 95 3 )  

Wright and S tevens ( 1 9 5 3 )  

Mul laney e t  al . ( 1 9 70)  

Mul laney et al . ( 1 9 70)  

Mullaney et  al . ( 1 9 70) 

Mul laney e t  al . ( 1 9 70)  

Mullaney e: t  al . ( 1 9 70)  

Mullaney et  al . ( 1 9 7 0 )  

Correlat ion be tween singl e and compound records 

0 . 62 Mut ton Merino Yrlg-l ifetime Gartner and Ungern-
Sternberg ( 1 9 38 )  

0 . 5 7 Merino-Landscha f Yrlg-average 
l ifetime No thacker ( 1 9 5 2 )  

0 . 63 Merino-Landschaf Yrlg- l i f e t ime  Wolf  ( 1 9 5 1 )  

0 . 44 Romney 

0 . 62 Romney 

0 . 7 2  Corriedale 

0 . 84 Corriedale 

0 . 6 1  Welsh Mt . 

Hgt-sum o f  4 
mature 

Hgt-sum of 5 

Wright and S tevens ( 19 5 3 )  

( inc . Hg t )  Wright and S tevens ( 1 9 5 3 )  

P.gt-mature Wright  and S tevens ( 1 9 5 3 )  
average ( 3  r ecords) 

Hgt-lifetime 
( inc . Hgt )  Wright  and S t evens ( 1 9 5 3 )  

first-mean o f  sub-
s equent Doney ( 1 95 8 )  
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Tabl e  2 . 1 4 Cont inued 

0. 7 2  Merino Hgt-life time Young e t  al . ( 1 9 6 0 )  

0 . 86 Herino 30 month-
lifetime Young e t  al . ( 1 960)  

0 . 86 Merino 4 2 -month-
life time Young e t  al . ( 1 9 60)  

0 . 86 Mer ino 54 month-
life time Young e t  al . ( 1 9 60)  

0 . 59 Rambouille t  Yrlg-l ifetime 
average Terrill ( 1 9 3 9 )  

0 . 56 Perendale Hgt- 2-5 year Elli o t t  ( 1 9 7 5 )  
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The co rrelat ion between a record taken a t  any early age and the 

sum or  mean o f  records taken later has received at tent ion from several 

authors as l i s ted in Table 2 . 1 4 . Some have included the singl e  record 

in the lifetime performance (Wo l f , 1 9 5 1 ;  Wright and S tevens , 1 95 3 ;  

Young e t  a l . ,  1 9 60)  produc ing a correspondingly higher e s t imate due to  

spurious co rrela t ion as described earl ier . 

Al l o f  the estimates of repea tab ility o f  staple length in 

Tabl e  2 . 1 7  are above 0 . 3  excep t that of  Guirgis and Galal ( 1 9 7 2 )  which 

is no ticeably lower ( 0 . 1 6 ) . A higher value ( 0 . 32)  was calcula ted by 

Kadry ( 19 7 1 )  f rom data on the same flock . Discount ing the one low value , 

the range i s  a round 0 . 3 to 0 . 7 .  

Correlations between pairs o f  records for staple l ength are high 

(Table 2 . 1 7 ) . Gj edrem ( 1969 )  correla ted all pairs o f  records collected 

be tween six months and 66  months a t  1 2  monthly in terval s .  The correlations 

ranged from 0 . 60 to  0 . 84 .  The lowes t values involved earl iest and 

latest  ages , while  the highest correlations were be tween consecutive records 
pairs of 

o f  o ldes t age groups . There was a no ticeable increas ing trend be tween A 

adj acent or  closely related observat ions as the animal s  became olde r .  

N o  o ther repor t s  are comprehens ive enough t o  suggest a s imilar trend . 

Young e t  a l . ( 1960)  noted values grea ter than 0 . 8 3 f o r  the 

correlation be tween single and l i f e t ime s taple length records ( two-

to four-years o f  age) for  all  three s ingle ages studied . However ,  

the s ingle age was again a component o f  the lifetime dat a .  

Bea ttie  ( 1 9 6 1 ) , Young e t  al . ( 1960 )  and Gj edrem ( 19 6 9 )  have all  

recorded repea tability e s t ima tes for  fibre diameter b e tween 0 . 50 and 

0 . 7 0 .  Various e s t imates derived by  Young e t  al . ( 1960 )  and 

Mullaney et al . ( 1 9 70)  between pairs of records fell within the same 
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Table 2 . 1 5  Estima tes o f  Repeatability o f  Wool Chara c t er 

E s t ima te Breed Comment Reference 

0 . 46 Merino 1 8 -30 month Mullaney e t  al . ( 1 9 7 0 )  

0 . 48 Merino mixed 1 8-54 month Mul laney et al . ( 1 9 70)  

0 . 50 Corr iedale 1 8-30  month Mullaney et al . ( 1 9 7 0 )  

0 . 4 6 Corriedale mixed 1 8-54 month Mullaney et al . ( 1 9 7 0 )  

0 . 50 Polwarth 1 8-30 month Mullaney et al . ( 1 9 7 0 )  

0 . 5 1  Polwarth mixed 1 8-50 month Mullaney et al . ( 1 9 7 0 )  

Correlation between singl e and comEound records 

0 . 28 Perendale Hgt- 2-5 year Ell io t t  ( 1 9 7 5 )  

Table 2 . 1 6 Estima tes o f  Rep ea tab ili ty of Qual i ty Number 

Es tima te Breed Comment Reference  

Correla tion b e tween Ea irs o f  records 

0 . 60 Herino 1 8 -30 month Mul laney et  al . ( 1 9 7 0 )  

0 . 66 Merino mixed 1 8-54 month Hullaney e t  al . ( 1 9 7 0 )  

0 . 68 Corriedal.:: 18-30  month Mullaney et al . ( 1 9 7 0 )  

0 .  7 0  Corriedale mixed 1 8-54 month Mullaney e t  al . ( 1 9 7 0 )  

0 . 7 1  Polwarth 1 8-30 month Hullaney e t  al . ( 1 9 7 0 )  

0 . 78 Polwarth mixed 1 8-54 month Hullaney e t  al . ( 1 9 7 0 )  

Correlation between single and comEound records 

0 . 5 2 Perencale Hgt- 2-5 year Ellio t t  ( 1 97 5 )  



Table 2 . 1 7  

Estimate 

0 . 58 

0 . 39 

0 . 5 7  

0 .  7 1  

0 . 1 6  

0 . 3 2  

0 . 38 

0 . 5 7  

0 . 56 

0 . 64 

0 . 3 1 -0 . 6 1  

0 . 3 2  
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Estima te of  Repeatability o f  Staple Length 

Breed 

Merino 

Merino 

Mer ino 

Merino 

Barki 

Merino x 
Barki 

Barki 

Comment 

unselected , 
2-5 record s / ewes 

selected on CFW 
2-6 record s / ewes 

1 6 8  records on 
70  ewes 

14 1 records en  
5 7  ewes 

Rambouillet 5 records 

Wel sh Mt . 2 o r  more records 

Norwegian 

Corriedale 

Polish Merino 

Reference 

Young e t  al . ( 1 9 6 0 )  

Young et  al . ( 1 9 6 0 )  

Bea t t ie ( 19 6 1 )  

Morley ( 1 9 5 1 )  

Guirgis and Galal  ( 1 9 7 2 )  

Guirgis and Galal ( 1 9 7 2 )  

Kadry ( 1 9 7 1 )  

Terrill ( 1 9  3 9 )  

Dal ton ( 1 9 6 2 )  

Gj edrerr ( 19 6 9 )  

Katada and Taked a ( 19 5 9 )  

Kno the ( 1 964 ) 

Correlat ion between single and compound records 

0 . 84 Mer ino Hgt-lifetime Young e t  al . ( 1 9 60 )  

0 . 8 6 

0 . 84 

0 . 69 

0 . 4 9 

Herino 

Merino 

30 month- l i f e t ime 

4 2  month-l i f e t ime 

Rambouillet Yrlg-lifetime 

Perendale : Hg t-lifetime 

Young e t  al . ( 1 9 6 0 )  

Young et  al . ( 1 9 6 0 )  

Terrill  ( 1 9 3 9 )  

Ell i o t t  ( 1 9 7 5 )  

Correlation be twe�:n pa ir� o f  records 

0 . 58 Merino Hgt-30 month Young e t  al . ( 1 9 6 0 )  

0 . 5 5 

0 . 7 5  

0 . 7 5 

0 . 60-0 . 84 

0 . 6 1  

0 . 5 7  

0 . 62 

0 . 63 

0 . 6 7 

0 . 69 

Merino Hgt-4 2 month 

Welsh Mt . 20-32 month 

Wel sh Mt . 24-36 month 

Norwegian see text 

Merino 1 8-30 month 

Merino mixed 1 8-54 month 

Corriedale 1 8-30 mc·nth 

Corriedale mixed 1 8-54 month 

Polwarth 1 8-30 month 

Polwarth mixed 1 8-54 month 

Young e t  al . ( 1 9 60 )  

Doney ( 1 9 5 5 )  

Doney ( 19 5 8 )  

Gj edrem ( 19 6 9 )  

Mullaney e t  al . ( 1 9 70 )  

Mul laney e t  a l . ( 1 9 70)  

Mullaney et  a l . ( 1 9 70)  

Mullaney e t  al . ( 1 970)  

Mull aney e t  al . ( 1 9 7 0 )  

Mullaney et  al . ( 1 9 70)  



Table 2 . 1 8 

Estimate 

0 . 60 

0 . 50 

0 . 5 3  

0 . 69 

0 . 4 2 

0 . 55 

0 . 66 

0 . 68 

0 . 6 7 

0 . 66 

0 . 68 

0 . 66  

0 . 50-0 . 85 

0 .  7 7  

0 . 80 

0 . 88 

0 . 59 
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E s t ima tes of  Repea tab ility of  Fibre Diame ter 

Breed 

Merino 

Merino 

Merino 

Norwegian 

Conrrnen t 

selec ted on CFW 
2-6 record s / ewe 

unselected 
2-5 records/ewe 

2-5 records 

Reference 

Young e t  al . ( 1 9 60)  

Young et  al . ( 1 9 60)  

Beat tie ( 1 9 6 1 )  

Gj edrem ( 1 9 6 9 )  

Correlation between pa irs of records 

Merino 

Merino 

Merino 

Merino 

Merino 

Merino 

Merino 

Merino 

Norwegian 

Hgt-30 month 

Hgt-4 2 mon th 

1 8-30 month 

mixed 1 8-54 month 

1 8-30 month 

mixed 1 8-54 month 

1 8-30 month 

mixed 1 8-54 month 

See text 

Young et  al . ( 1 960) 

Young et  al . ( 1 9 60)  

Mul lanE y et  al . ( 1 9 70 )  

Mullaney e t  al . ( 1 9 70 )  

Mul laney e t  al . ( 1 9 7 0 )  

Mullaney et  al . ( 1 9 70 )  

Mullaney e t  al . ( 1 9 7 0 )  

Mullaney e t  al . ( 1 9 70 )  

Gj edrem ( 1 9 6 9 )  

Correla tion between singl e and compound 
records 

Merino 

Herino 

Merino 

Perendal e  

Hgt-l ifetime 

30-month-lifetirne 

4 2-month-l ifetime 

Hgt-lifetime 

Young et al . ( 1 960)  

Young e t  al . ( 1 9 60)  

Young et  al . ( 1 9 6 0 )  

Ellio t t  ( 1 9 7 5 )  
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range . Gj edrem ( 1 9 6 9 )  examined the pheno typic assoc iation be tween 

many pairs of records as described earlier . His range was 0 . 50 t o  

0 . 85 f o r  f ibre diameter with a tendency f o r  t h e  higher values to  oc cur 

among consecutive records of o lder ewes . The correlat ions showed a 

decrea s e  as records became further separa ted . 

The concept o f  correlating an early record wi th lifetime records 

has been s tudied only by Young e t  al . ( 1 960)  and Ell io t t  ( 1 9 75 )  in regard 

to fibre diame ter, and their high estimates are summarised in Table 2 . 1 8 .  

The correlat ions be tween pairs o f  records wa s given as 0 . 4 6 - 0 . 5 1  

for character , 0 . 60 - 0 . 78 for qual ity number by Mul laney et  al . ( 1 9 7 0 ) , 

while Elliott  ( 1 9 75 )  found that the correlations between hogge t and 

mature to tal were 0 . 28 and 0 . 5 2 for the two traits respectively (Tabl e  2 . 1 5 ) . 

E s t imates of  repeatability for the wool charac ters are generally 

high , which implies tha t selec t ion on an early record should be the mos t  

eff icient method o f  increasing produc tion in the current flock . This 

idea is  supported in par ticular by Young et al . ( 1 960)  who correla ted 

single greasy fleece weight , fibre diame ter and staple l ength records 

at  various ages wi th l i f e t ime produc tion and found that hogget records 

gave j us t  as good a prediction of lifetime performance as  any o ther age . 

C .  Number o f  Lambs Weaned . 

Considering the importance o f  reproduc t ion rat e ,  surprisingly 

few papers  have been published referring to the repeatab il i ty of lambs 

weaned . 

Young e t  a l . ( 19 6 3 )  used two methods on Merino data , the analysis 

o f  variance and a regression sys tem adap ted from Lush ( 1 95 6 ) . The 

methods gave similar e s t ima tes o f  0 . 08 with ranges of 0 . 02 to 0 . 10 

( Anova) and 0 . 04 to  0 . 1 1  ( regression) . They also found that the records 
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Table 2 . 1 9  Estima tes o f  Repea tab i l i t1_ of Number of Lambs Weaned . 

Estima te Breed Corrunent Re ference 

0 . 03-0 . 22  
(Average 0 . 1 3 )  Several LW/EJ Ins keep et al . ( 1 96 7)  

0 . 0 1 

0 . 1 1  

0 . 0 1  

0 . 07 

0 . 07 

0 .  1 0  

0 . 1 2-0 . 25 

0 . 00 

0 .  1 0  

0 . 08 

0 .  1 7  

0 . 08 

0 . 08 

0 . 08 

0 . 1 0  

0 . 05 

Merino 

Merino 

Scott ish BF 

Sco t t ish BF 

Welsh Mt . 

Welsh Mt . 

UJ I EJ Anov a Kenned y ( 1 9 6 7 )  

LW/ EJ Regression Kennedy ( 1 9 6 7 )  

LW/ EJ 

LW/EL 

UJ/EJ 

LW/ EL 

Purser ( 1 9 6 5 )  

Purser ( 19 6 5 )  

Purser ( 1 9 6 5 )  

Purser ( 1 9 6 5 )  

Romney Successive record 
pairs Rae and Ch ' ang ( 1 9 5 5 )  

BL x Chevio t Shearling bred Yalcin and Bichard ( 1 9 64 )  

BL  x Chevio t Shearling bred Yalcin and Bichard ( 1 9 6 4 )  

B L  x Cheviot Lamb-bred Yalcin and Bichard ( 1 9 6 4 )  

Romney LW/ EJ Lundie ( 1 9 7 1 )  

Merino 

Merino 

Merino 

Nerino 

Merino 

Regression 

Anova 

24 month 

36  month 

4 8  month 

Young et al . ( 1 9 6 3 )  

Young et  al . ( 1 9 6 3 )  

Young e t  a l . ( 1 9 6 3 )  

Young e t  al . ( 1 9 6 3 )  

Young e t  a l . ( 1 9 6 3 )  
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o f  three-year-olds were more repeatable than two- o r  four-year-old ewes . 

The same two me thods were employed by  Kennedy ( 19 6 7 )  and resul ts were 

obtained in agreement wi th the p revious autho r .  The regression me thods 

have the highest estima te in both case s .  Analysis o f  variance was 

preferred by Purser ( 1 9 6 5 ) . Lambs weaned per ewe mated was more 

repea table amongst Welsh Mountain than Sco t t ish Blackface , al though the 

d ifference was less when the da ta were analysed on the basis of ewes 

lambing , wh ich removes prena tal sources o f  variabi l i ty . Yalcin and 

Bichard ( 1 9 6 4 )  recorded intraclass correla tion estima tes of repeatabil i ty 

of  lambs weaned based on ewes lambing and found none which exceeded 0 . 1 .  

Two groups o f  data were col l e c t ed from ewes first bred as  shearlings , 

while a third was collec ted f rom ewes which were firs t ma ted as  lambs . 

Inskeep et  al . ( 1 9 6 7 )  used a novel me thod of pairing where the 

f irst and second records , and then the second and third , third and fourth 

were treated as pairs . Repea tability of  NLW per ewe j o ined averaged 

over eight breed and crossbreed groups was 0 . 1 3  with a range of 0 . 03 

to 0 . 22 .  

The two repea tab ility values available on the Romney sugge st the 

possib il i ty tha t the repeatab i l i ty of lambs for this breed may be 

higher t han for o ther breeds . Rae and Ch ' ang ( 1 9 5 5 ) calculated 

repeatab ility  as a correlation  b e tween records at successive ages and 

noted values of 0 . 1 2  to 0 . 2 5 .  Lundie ' s ( 1 9 7 1 )  es t imat e  o f  0 . 1 7  was 

computed by analysis of variance . 

The repeatabil ity  o f  number of l ambs weaned is low according to 

reports  reviewed . This  implies  that temporary environmental factors 

have a l arge e ffect , while permanent environmental and genetic  contri-

butions to b etween sheep d i f f erences are small . A low genetic  component 

has already been conf i rmed in the heritabili ty sec t ion . The outcome is 



that selection on the basis of  performance at  a single lambing is 

unlikely to result in a large increase in life time production of the 
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flock . Effor t s  t o  increase average lamb production by early selec tion 

will be confounded by the inefficiency inherent in the low repeatabil i ty 

of  reproductive tra it s .  

V .  Phenotypic Correlations 

.A .  Introduction 

The pheno typic correlation measures the association between 

observed characters wi thin sheep . Causes of  pheno ty pic correla tion 

include the factors a f f ecting the gene tic covariance as outlined earlier , 

but in addi tion contributions can be expec ted from environmental sources . 

Pheno typ ic correlations are calculated to enable an assessment 

to be made o f  the probable effects  on o ther traits when select ion is 

applied to a chara c teristic of interest within the current flock .  I f  

the correlated r esponse i s  undesirable , then counter-sel ect ion may 

be necessary . A second usage for the correlation coeff icien t  is to 

aid in es tablishing whether or  no t indirec t selec t ion for some d i f f icult­

to-observe tra i t  can be  more easily achieved by sel ecting for a correlated , 

easily measured character . 

B .  Woo l  Charac teris tic s .  

Phenotypic correlation between the various woo l  traits  a s s embled 

from the l it erat ure  are listed in Table 2 . 20 .  

t o  be  shown from these estimates are that 

Some important conclusions 

( i )  Sele c t ion f o r  fleece weight will cause correlated responses 

amongs t  the retained group towards increased fibre diame ter , 

s taple l ength and charac ter , and decreased quality number . 



Table 2 . 20 Estima t es o f  

Value Breed 

Greasy flee c e  weight 

- fibre diameter  

0 . 36 Mer ino 

0 . 32 Corriedale 

0 . 40 Polwarth 

0 . 50 Perendale 

- quality number  

-0 . 36 Mer ino 

-0 . 34 Co rriedale 

-0 . 4 5 Po lwarth 

-0 . 33
1 Romney & 

x b reed 
-0 . 3 7 1 3 / 4  breed 

-0 . 4 7 1 
�-breed x 
corriedale 

-0 . 1 6 Perendale 

- staple l eng th 

0 . 23 Mer ino 

0 . 33 Corriedale 

0 . 33 Po lwarth 

0 . 2 7 Herino 

-0 . 08 Her ino 

0 . 44 Perendale 

- Charac ter  

-0 . 09 Herino 

0 . 1 9 Corriedale 

0 . 06 Po lwa r th 

0 . 23 Perendal e  

Quality number 

- fibre d iame t er 

-0 . 3 1 Merino 

-0 . 5 2 Corriedale 

-0 . 5 3 Polwarth 

-0 . 26 P e rendale 

4 3 . 

Pheno typic Correlations . Woo l  Trai t s  

Age Comment 
(months) 

30 

30 

30 

1 5 - 1 6  

30 

30 

30 

Qual . No . 4 6-54 

Qual . No . 5 0-56 

Qual . No . 54 -64 

1 5- 1 6  

30 

30 

30 

Mixed 

24 

1 5 - 1 6  

30 

30  

30  

1 5 - 1 6  

30 

30 

30 

1 5 - 1 6  

Reference 

Mul laney e t  al . ( 1 9 7 0 )  

Mullaney et al . ( 19 7 0)  

Mullaney e t  al . ( 1 9 70)  

Elliot  t ( 1 9 75 )  

Mullaney et al . ( 19 70)  

Mullaney et al . ( 1 9  70)  

Mullaney et  al . ( 1 9 70)  

Henderson ( l 95 3a )  

Henderson ( l 9 5 3a )  

Henderson ( l 9 5 3a )  

El l io tt  ( 1 9 7 5 )  

Hul laney e t  al . ( 1 9 70) 

Hul laney et al . ( 19 70 )  

Mul laney e t  al . ( 1 9 60)  

Bea t t ie ( 1 9 5 6 )  

Bea t tie  ( 1 9 5 6 )  

Ell io t t  ( 1 9 75 )  

Mullaney e t  al . ( 1 970 )  

Mul laney e t  a l . ( 1 9 70 )  

Mullaney e t  a l . ( 1 9 70 )  

Ell i o t t  ( 1 9 7  5 )  

Mul l aney e t  al . ( 1 9 7 0 )  

Mullaney e t  a l . ( 1 9 70 )  

Mullaney e t  a l . ( 1 9 70)  

Ell io t t  ( 1 9 7 5 )  
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Table 2 . 2 0 Continued 

- s taple length 

-0 . 30 Merino 30 Mul laney e t  al . ( 1 9 7 0 )  

-0 . 4 2 Corriedale 30 Mullaney e t  a l . ( 1 97 0 )  

-0 . 30 Polwarth 30 Mullaney et al . ( 1 97 0 )  

-0 . 45 Perendale 1 5- 1 6 Ellio t t  ( 1 9 75 )  

- character 

0 . 29 Merino 30 Mullaney et al . ( 1 9 7 0 )  

-0 . 29 Corriedale 30 Mul laney e t  al . ( 1 9 7 0 )  

0 . 04 Po lwarth 30 Mullaney et al . ( 1 9 7 0 )  

0 .  1 3  Perendal e  15- 1 6  Ellio t t  ( 1 9 7 5 )  

Fibre diame ter 

- staple leng th 

-0 . 04 Merino 30  Mullaney e t  al . ( 1 9 7 0 )  

0 . 2 7  Corriedale  30  Mullaney et al . ( 1 9 7 0 )  

0 . 1 5  Polwarth 30 Mullaney et al . ( 1 9 7 0)  

-0 . 1 9  Rambouillet  1 2 - 1 08 Jones e t  al . ( 1 9 4 4 )  

0 . 34 Perendale 1 5 - 1 6  Ellio t  t ( 1 9 7 5 )  

- character 

-0 . 34 Her ino 30 Mullaney e t  al . ( 1 9 7 0 )  

-0 . 0 1 Corriedale 30 Mullaney e t  a l .  ( 1 9 7 0 )  

- 0 . 1 8  Polwarth 30 Mullaney e t  al . ( 1 9 7 0 )  

0 .  1 2  Perendal e  1 5 - 1 6  Ell io t t  ( 1 9 7 5 )  

S taple length 

- eharacter 

0 . 1 6  Merino 30 Mullaney et al . ( 1 97 0 )  

0 . 1 9 Corriedale 3 0  Mullaney et al . ( 1 9 7 0 )  

0 . 1 4  Polwarth 30 Hullaney et al . ( 1 9 7 0 )  

0 . 10  Perendale 1 5- 1 6  Ellio t t  ( 1 9 7 5 )  

1 .  
Reg�ession of  f l eece weight o n  quality  number . 



( ii) S el ec tion for s taple length wil l  increase f leece weight 

4 5 . 

and charac ter , but decrease qua l i ty number . The effect  on 

( iii)  

f ibre diameter is uncer tain , but the quality number 

association with s taple length , and the reasonably high 

correlations o f  0 . 2 7 and 0 . 1 5  (Mullaney et  al . 1 9 7 0 )  and 

0 . 34 ( E l l io t t , 1 9 7 5 )  sugges t  a positive associa tion . 

The pheno typic correlations are generally smaller than 

the genetic  e quivalen ts , but of the same sign . The 

s imilarity in sign is of vital impor tance because i t  

e s tabl ishes that if the breeder ' s  selec tion plans are 

defined in t erms o f  the wool  charac ters d iscussed here , ther 

both his sho r t  and long term obj e c t ives wi ll be satisfied 

without conf l ict . 

C .  Woo l  Charac teris tics  and Number o f  Lambs Weaned .  

The pheno typic c o rrela tion be tween wool  characters and number 

o f  lambs weaned has been s tudied only for fleece we ight , staple l ength 

and fibre d iameter . In  some cases various func tions in relation to 

t ime or age have b een used to transform single observa tions to compound 

cbserva t ions . Shelton and Menzies ' ( 1 9 68b)  figures associa ted f leece 

weight as  a mean o f  at  least three records collected b e tween three ­

and seven-y ears of  age , with number o f  lambs raised ( compared with 

number born) . 

Many breeders wou l d  consider tha t i t  was desirab l e  to b e  abl e  

t o  sel e c t  hoggets  o n  the basis o f  their greasy fleece weights , and 

would be intere s ted in the later lamb produc tion perfo rmance of the 

r etained ewes . Kennedy ( 1 9 6 7 ) , Young e t  al . ( 1 9 6 3 )  and Ellio t t  ( 1 9 75 )  
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have produced the necessary correla t ions which are a l l  nega tive , the 

large s t  being -0 . 1 2 .  Cunningham and Gj edrem ( 1970 )  reviewed many 

�pers and concluded that as they had found bo th pos i tive and nega t ive 

correla tions , all small , be tween various measures o f  fertil ity , inc luding 

NLW , and greasy fleec e weight , the two characteristics  are probably 

independer t .  I f  this is true , and there is no real evidence to the 

contrary , ther selection for fl eece we ight will have no effect  on 

life time fertility .  

All o f  the correlations b etween s taple l ength and number o f  

lambs weaned , and between fibre d iame ter and NLW are similarly very small .  
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Table  2 . 2 1  Estima tes  o f  Pheno typi c Corre l a t ions . 
Number  o f  Lamb s Weaned With Woo l Tra it s .  

Value Breed 

Lamb s weaned 
- greasy fleece weight 

-0 . 1 2  

-0 . 0 1  

-0 . 02 

0 . 03 

-0 . 08 

-0 . 08 

0 . 02 

0 . 03 

0 . 04 

Mer ino 

Merino 

Herino 

Her ino 

Da l a  and 
S teige r 

Rambouil l e t  

Comb ined 

Galway 

- f ib re diameter  

0 

-0 . 02 

0 . 09 

Merino 

Her ino 

He rino 

- s taple length 

0 . 03 

0 . 03 

0 . 02 

0 . 06 

Mer ino 

Herino 

Her ino 

Her ino 

Age 
(Months ) 

24xHg t 

24xHg t 

36xHgt 

( H i r s t  3) xHg t 

Nixed 

Comment 

Hean FW 

Reference 

KenneJy ( 1 96  7 )  

Young e t  a l . ( 1 9 63)  

Young e t  al . ( 1 9 63)  

Young e t  a l . ( 1 9 6 3 )  

Gj ed rem ( 1 9 6 6 )  

To tal lamb p rod . She l ton and Menzies 
( I  9 6 3 b )  

Index f o r  NLW 

24 

24xHg t 

3 6xHg t  

( H i r s t  3 ) xHgt 

24xHgt 

2 4xHg t  

3 6xl-lgt 

( H i rst 3 ) xHgt 

Eikj e ( 1 9 7 5 )  

Ho r e  0 '  Fe rrall  ( 1 9 7 6 )  

Ho re O ' Fe rr al l  ( 1 9 7 6 )  

Young e t  a l . ( 1 9 6 3 )  

Young et  al . ( 1 9 6 3 )  

Young e t  al . ( 1 9 6 3 )  

Kennedy ( 1 9 6  7 )  

Young e t  al. ( 1 9 6 3 )  

Young e t  a l . ( 1 9 63)  

Young e t  a l . ( 1 96 3 )  



C H A P T E R T H R E E 

I The Sheep and Environment 

A. The Farm . 

MATERIALS 
, 

The data were collected from a Perendale flock run on the Mas sey 

University hill country farm about 4 km south of the wes t ern end o f  

48 .  

the Manawatu Gorge . The area o f  the farm is 4 2 5  hec tares , consis t ing 

of about 325 hec tares o f  hill  and the remainder flats . The land to the 

back of the farm ( south) is second to third class hill , much of  which is 

easy contour , rising to an al t i tude o f  about  2 1 3  metres . The 1 1 0 

hec tares nearer the front o f  the property is o f  s teeper contour . 

B .  The Perendale . 

The Perendale was developed by interbreeding the Cheviot-Romney 

cross af ter early trial work beginning at Massey Univers ity in 1 9 3 9 . 

The Cheviot-Romney cross led to the es tablishment of  the Perendale  

as a b reed in 1 960 . The various papers pub l ished on the tes ting o f  

the cros sbred and i t s  comparison with the Romney have been reviewed by 

Dal to n  ( 19 7 1 ) . 

C .  Management .  

Only thos e  aspec ts o f  management which affect  the collection or  

analysis of  records will  b e  d iscussed . 

The lambing s eason began about the 20th o f  Augus t .  One o f  the 
at lambing and 

economic advantages o f  the Perendal e  is their " easy-care" potential J\ 

Peren ( 19 70)  s t ated that the breed is best  l e f t  alone a t  thi s time . The 

older lambs may be three to f ive weeks of age when first handled a t  

docking , al though the younges t will only b e  a few days o ld . Welch and 

Kilgour ( 1970)  found that in about ten percen t of cases , ewe-lamb 
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relationships will  b e  misidentif ied due t o  mis-mothering . Their results  

were based on a t rial involving Romneys a t  a very high stocking rat e  

( 1 2 3  ewes p e r  hec tare) where the opportunities for mis-mo thering would 

have been greater than in the commercial si tuat ion . Under extens ive  

stocking condit ions , incorrec t identif ication from this  cause would b e  

reduced due t o  less contac t between sheep , and the increased opportunity 

for the lambing ewe to iso l a t e  hersel f from the other sheep . 

Lambs are weaned o f f  the ewes during the f irst week in December . 

The main ewe f lo ck is shorn during the first or second week in 

November . The hoggets  are shorn a t  the b eginning o f  Oc tober when they 

are 1 2- 1 3  months o f  age , and carrying e ight to nine months ' woo l  growth . 

Hogget bodyweight is recorded in Oc tober after shea ring . Selec t ion 

of  candidates for entry into the flock is based on maintaining the 

Perendale " type" , and involves cul l ing abnormally coarse woolled sheep 

( f ew fel l  b elow the 48s count benchmark) , or  those which fail to exhib i t  

woo l -free poin t s . The selection o f  f ine wool sheep was given par t icular 

emphasis in the early 1 960s , but recently fert ility has been given 

atten t ion and the hoggets are now selec ted par tly on an index based on 

their dams ' performance .  Poor conformat ion o r  phys ical unsoundness 

would also exc lude a ewe f rom consideration as a replacement . Abo u t  

hal f  o f  t h e  hoggets  availab l e  enter t h e  flock a s  two-tooths . Towards 

the end of  the p eriod under  considera t ion , this proportion represen ted 

about  230  sheep , but prev iously fewer replacements were available , o r  

were required , when the f lock was smaller . 

Once a ewe is  drafted into the stud flock she may b e  subj ect  t o  

continuing selec t ion for f ine wool and f o r  reprodu c t ive performanc e  and 

ind irect selec t ion f o r  o ther traits as correlated responses . Ewes  
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culled  i n  this way may remain i n  the commercial flock and therefore 

the overa l l  selec tion is of minor intensi ty .  S tud two-tooth ewes 

which fail  to lamb or o lder ewes which do not maintain a 100 percent 

lambing average are deregis t ered . Dea ths from disease or  misadventure 

account for further losses and o thers are culled for ill-hea l th and 

teeth wea r .  

Rams are selec ted for wool character , and for a qual i ty number in 

the 5 0 / 5 2  range which is about average for the breed . The fertil ity 

rat ing of the dam and paternal grandam based on the lamb produc t ion 

index ( Rae , 1 9 58b)  are also important fac tors . Particular a t tention 

is given to confo rmation and physical and sexual soundness . The 

maj ority  o f  rams are used f o r  only one year . 

II  The Da ta 

Dat a  were available  on a mixture of s tud and commercial sheep 

born from 1 9 6 1  to  1 9 7 2  inclusive . The d is tribution o f  ages within years 

is shown in Tabl e  3 . 1 .  I t  can b e  seen that ages are par tially con-

founded with years . I t  is  also apparent that different numbers o f  

years o f  data are availabl e  for each age , and this i s  a maj or  fac tor in 

accounting for the reduction in total numbers of records f rom one age to 

the nex t .  

Tables 3 . 1 and 3 . 2  do no t include the progeny o f  any sire with less  

than three offspring . 

diameter 

FibreAmean was not measured after record year 1 9 7 2  and therefore 

the data availab l e  for this character are less than for  the remaining 

trai t s . The init ial analyses were performed on record s which included 

a full  set of observa t ions including f ibre diame ter . 



Tabl e  3 . 1 Dis t r ibut ion �es Within Years 
--

Record Year 

Age 1 9 6 3  1 964 1 96 5  1 966  1967  1 968 1 9 6 9  1 9 7 0  1 9 7 1 1 9 7 2  

2 54 86  95  9 1  1 37 1 00 1 30 1 68 2 2 2  1 7 4  
( 54 )  ( 8 6 )  ( 9 5 )  (9 1 )  ( 1 3 7 )  ( lOO)  ( 1 30 )  ( 1 33 )  ( 2 1 6 )  ( 1 6 3 )  

3 5 1  7 8  6 7  8 7  1 04 55  99  1 50 1 9 8  
( 5 1 )  ( 78 )  ( 6 7 )  ( 8 7 )  ( 1 0 3 )  ( 5 5 )  ( 9 0 )  ( 1 48)  ( 1 9 8 )  

4 4 8  6 8  60 5 1  6 7  5 0  6 3  1 1 3 
( 4 8 )  ( 6 8 )  (60)  ( 5 1 )  ( 6 7 )  (46 )  ( 6 3 )  ( 1 1 3 )  

5 36 63  4 5  39 54 28  50 
( 36 )  ( 6 3 )  ( 4 2 )  ( 3 9 )  ( 4 6 )  ( 2 6 )  ( 5 0 )  

5 Consec . 25  5 7  40 40 52 29 42 
Records ( 2 5 )  ( 5 7 )  ( 39 )  (40)  ( 4 3 )  ( 2 5 )  ( 3 5 )  

(Final year)  

Figures in parenthe sc refer  to  numbers of animal s  assessed for fibre diameter . 

1 9 7 3  1 9 74 

2 3 8  2 2 9  

1 29 1 4 2  

1 1 3  9 3  

5 4  80 

49  69  

To tal 

1 7 24 
( 1 20 5 )  

1 1 60 
( 8 7 7 )  

7 26 
( 5 1 6 )  

4 4 9  
( 30 2 )  

403  
( 264 ) 

lJl 
I-' 
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Tabl e  3 . 2  Number of  S ire Groups Analysed 

Age S ires Record s/Sire 
Group 

2 9 7  1 7 . 8  
( 7 5 )  ( 16 . 1 )  

3 82  14 . 1 
( 6  7 )  ( 1 3 . 1) 

4 65  1 1 .  2 
( 50) ( 1 0 .  3)  

5 56  8 . 0  
( 3 7 )  8 .  2 )  

5 Consec . 56  7 .  2 
Rec o rds ( 36 )  7 .  3 )  

Table 3 . 3  Daughter-Dam Pairs 

Age Pairs o f  Records Dtrs)Dam 

2 9 2 2  1 . 6  
( 5 96 )  

3 584 1 . 4 
( 37 3 ) 

4 296  1 . 3  
( 1 5 1 )  

5 1 25 1 .  3 ' 
( 4 5 )  

Figure s  in parentheses refer to number s of animal s  

a s sessed for fibre diameter . 



Tabl e  3 . 4  

Table  3 . 5  

Numbers o f  Ewes With Records at  Both Age 1 and 

Age 1 Age 2 

1 

2 

3 

4 

2 3 4 5 

1650  1 1 1 2 7 1 0 4 5 5  
( 1 18 6 )  ( 8 5 4 ) (523)  ( 309)  

1 1 37  7 1 0 4 4 7  
( 8 3 2 )  ( 4 90) ( 29 8 )  

7 3 3  4 6 0  
( 5 1 5 )  ( 303)  

469  
( 3 1 1 )  

Figures in bracke ts refer to numbers of animals 

assessed for fibre diame ter . 

Qual i ty Number Codes 

Qua l i ty Number 

4 4  
4 4 / 4 6  

4 6  
4 6 / 4 8  

4 8  
4 8 / 5 0  

5 0  
50/ 5 2  

5 2  
5 2 / 54 

54  
54 / 5 6  

5 6  
5 6 / 58 

5 8  

Code 

44  
45  
4 6  
4 7  
4 8  
4 9  
50 
5 1  
52  
53 
54 
55  
5 6  
5 7  
5 8  

5 3 . 

Age 2 
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Rec o rds were on fil e  for ewes older than five years but  the ilumbers 

declined greatly with each age increment .  There were insu f f ic ient 

daughter-dam pairs at  five years of age for the der ivat ion of  meaningful 

resul ts , and these were no t analysed . 

The charac ters recorded and analysed were as fol lows : 

( i )  Greasy Fleece Weight . 

Greasy fleece weight was measured as each fleece was 

r emoved and recorded to the nearest  0 . 0 1 kg . 

inc l udes belly woo l . 

( ii )  S taple Length . 

The weight 

S taple length was measured to the neares t  0 . 5 cm by rule 

and represented the l ength from the cut end of the uns tre t ched 

s taple to a point midway be tween the beginning of the taper and 

the end of the longest fibre . 

( ii i )  Quality  Number . 

Quality number was a subj ective appraisal o f  wool fineness 

and i s  influenced by crimp frequency and lus tre as well as 

techn ic ian var ia tio n .  I t  i s  general ly an inac cura te assessment 

of fibre fineness .  Qual i ty number grades were coded for ease o f  

analys i s , and the codes used are  lis ted in tabl e 3 . 5 .  

( iv)  Fibre Diameter . 

Fibre diameter was an assessmen t o f  mean diame ter by the 

air f low technique (Ro s s , 1 9 5 8 ) . Estima tes by this technique 

can be b iassed down-wards by the effec t of medu l l a t ion when 

this is present (Wickham , 1 9 7 2 ) . 
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(v ) Charact e r .  

Chara c t e r  was graded on a one to  nine scale and reflec t s  

c lari ty and evenness o f  crimp , and absence o f  tippiness and 

medulla tion . 

Midside samples were the basis  o f  the s taple l ength , 

quality number , f ibre diame ter and charac ter records . 

(vi ) Number o f  Lambs Weaned . 

Af ter mustering for docking , the dam-of f spring relat ion­

ship were es tablished , the lambs were tagged and their dams 

recorded . Number o f  lambs weaned is a record o f  whe ther zero , 

one or two lamb s ,  credited to a ewe a t  docking were s ti l l  in 

the flock at weaning . 

(vii ) Hogget Body Weight . 

Body weight is recorded to the nearest 0 . 1 kg when the 

hogge ts are we ighed within two weeks of Oc tober shearing . 

Only a minor part o f  the analysis invo lved this trai t . 
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C H A P T E R F 0 U R 

METHODS 

I .  Analys is  o f  Variance 

A .  Least  Squares  and Comput ing Me thods . 

A preliminary analysis o f  variance was carried out as a first  

step in  d e termining the  impor tance o f  var ious facto rs in  account ing for 

the observed variat ion in each measured variabl e .  I f  the environmental 

effects in the da ta c an be id entif ied and removed , e s t ima tes o f  

gene tic parame ter s will then b e  free o f  these facto r s . To simpl ify 

computa t io n ,  a sub se t of the data wa s sel ec ted in which each record had 

observations on a l l  variables of interes t . Fibre diameter had no t 

been recorded in recent years and this l imited the number o f  sui table  

records .  

To ac count for d isproport ion in the various sub class numbers , the 

least squares me thod of fitting cons tant s  was used (Hazel , 1 9 4 6 ; 

Kempthorne , 1 9 5 2 ) . The basis of  the method is the minimizat ion o f  

the sums o f  squares o f  the deviations o f  the observations from t�eir 

expected values under the model . Briefly the procedure is as follows : 

A general ma thematical model describ ing a datum can be wri t ten 

in matrix t erms a s : 

Y Xb + e 

y is a nx 1 

X is  a nxp 

b is  a p x 1  

e is a nxl  

vector of  observa t ions 

inc idence matrix o f  effects in the 

vec tor o f  unknown parame ter values 

estimated 

vec tor of random error effec t s  

E ( e )  = 0 ,  E (ee  ) 
2 

o I e 

model  

to  be  



I t  follows tha t  

e = y -Xb 

and since E (y)  = Xb 

e 1 e  (y-E (y)  ) 1 (y-E (y) ) 

(y-Xb ) I (y-Xb) 

y 1 y- 2b 1 X 1 y  + b 1 X 1 Xb 

5 7 . 

The calcula tion of  the estima tor of  b which minimizes e 1 e  requires 

the differentia t ion of e 1 e  with respec t to b and equating the par tial 

deriva t ive to zero . The normal equat ions which resu l t  are 

*X 1 Xb X 1 y  

o r  b ( X 1 X)
- l

X 1 y  

I f  X 1 X  is no t o f  full rank , i t  has no inverse and therefore the 

equations have no unique solution , and b is no t estimab l e .  One o f  many 

solutions can be derived by use o f  a general ized inverse o f  X 1 X  which 

will allow linear functions of the element s  o f  b to be e s t ima ted . The 

alterna t ive is to apply res trictions to the X 1 X  matrix and X ' y  vec tor and 

0 
solve for  p- 1 of  the **b . ' s .  1 The remaining b� is calculated as  a 

1 
0 

func tion o f  the o ther b . ' s  o r  set  equal to zero , depending upon the 1 
restric t ion appl ied . A general ized inverse can be  computed by 

res tric ting X ' X ,  inverting , and calculating the miss ing rows and 

columns o f  the inverse a s  l inear combinations o f  the o ther elemen t s , 

analogous to  finding the f inal b� above . 
1 

The two methods give 

iden tical solutions corresponding to the constraint applied . In this 

analysis , the restrict ion u s ed was that the sum o f  the constan t s  

calcula t ed for each set  o f  factors in the model should sum to zero 
A * i s  used to ind icat e  an estimate . b is an estimate o f  the parameter 

**
0 

is  used to indicate a solution . bo 
is a solut ion to the normal 

equat ions , but does not  estimate the parameter b .  

b .  



( Lb� = 0 ) , and the final b� within each factor  was calculated as the � � 
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negat ive sum o f  the o ther element s of  the solution vecto r .  Ma trices 

of order less than 30 were inverted us ing the FORTRAN scien t i f i c  sub-

routine package , o therwise the partitioning me thod was used as d escribed 

by Searle ( 19 6 6 ) . 

Wherever s ires were included as a fac tor in a model , it  was 

necessary to absorb the s ire subclasses into the o ther effec t s  to  reduce 

the model to a manageable size . This was achieved by defining a compound 

parame ter s . .  = � + t .  + s . .  and absorbing  all  three terms . �J l lJ A programming 

me thod designed to partially avoid the storage res tric tions of FORTRAN 

IV and which included absorp t ion was developed , and will be  briefly 

described in general terms . 

Let a model  be  

y .  " k �J 
� + F .  + b . + e . . k l J lJ 

i 1 .  . .  n 

j 1 .  . .  p 

p i s  very much greater  than n 

F . represen t s  all factors o ther than b . in the model . The l J 
normal equations are par titioned as 

A nxn 

B ' 
pxn 

B 
nxp 

c pxp 

F 
nxl 

b 
pxl 

X ' y  
1 

The method i s  s imply to s e t  up A ,  B ,  C ,  X ' y
1 

and X ' y
2 

as  separate 

matrices a s  the data are read in . C i s  s tored as a column vecto r , but 

is  operated upon as though it  were a d iagonal matrix . I t  will there-

fore no t have the u sual e f fect  of l imit ing the size of the matrix . The 

l imitat ion in matrix s i z e  is now contro l l e d  by B .  ( B '  is  no t c reated 
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at this s tage but may be  later by transpos ition ) . I f  the model  

included 5 0  F sub classes then B could  be  o f  order 50 x 1 250  before  the 

maximum s torage l imit o f  approximately 6 2500 elements was reached . 

Absorpt ion i s  completed as 

s A - B 1 C
- l

B 

y X 1 y - B 1 C
- l X 1 y  

1 2 

C is a d iagonal ma trix and the inverse is  calcula ted a s  the recip rocal 

of  the ind ividual elemen t s . A solut ion ( F0 ) for the F parame t e r s  after  

(n-Rank (F )  ) restrictions have been appl ied is  

F
o = s- l

y 

The to tal reduc tion in sum of  squares for the model is 

( ) F
oy + 1 XC

- 1 1 *R � , F , b  = Y2 X Y z  

The absorp tion procedure is computationally more eff icient whe re the 

absorbed factor con tains a large propor t ion of the total subc lasses in 

the model a s  it reduces the order o f  the mat rix requiring invers ion . 

The only invers ion required is  C
- l  

which may be large but generally  is  

d iagonal . I t  becomes ineffic ient for smaller c lassifications as the 

ac tual ab sorpt ion process  is intrica te and would then resul t in an 

invers ion o f  a ma t r ix only slight ly sma l l e r  than the original . 

B .  Fi t t ing Models  to the Da ta . 

A model which could describe a da tum on  a wool trait  is  

y . " kl l.J mn � + t . + s: t . .  + d + r + w + td 1. k 
+ tr 1. 1 + tw . + 

1. l.J k 1 m 1.m 

d rkl 
+ dwkm 

+ rwlm 
+ e

ij klmn . 

Where � = the overall populat ion mean when there are equal subclass  

frequenc ies . 

* The terminology o f  Searle ( 1 9 7 l a )  will b e  used  extensively throughout 

this tex t .  R ( . ) implies reduc t ion , and the let ters within the 

parentheses refer to the model being f i t ted . R( . I . ) means tha t one 

factor is  fit ted after  ano ther . The pl ural definition is  also  impl ied . 
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]_ 

s :  t . . 
l.J 

the 

i 

i 

i 

i 

the 

j 

j 

j 

j 

e f f e c t  o f  the i t h  year . 

1 to 1 0  ( Two-year-old reco rds)  

1 to  9 ( Three-year-o ld  record s )  

1 to 8 ( Fo ur-year-old record s )  

1 to 7 (Five-yea r-old records )  

e f f e c t  o f  the j th sire nested wi thin the ith year . 

1 to 7 5  (Two-year-o ld records )  

1 to 67 ( Three-year-old record s )  

1 to 50 ( Four-year-old records )  

1 to 3 7  (Five-year-old record s )  

d
k 

the ef fec t of  the kth age o f  t h e  darn o f  the ewe obs erved . 

k = 1 to 4 d eno t ing two - , three- , four- , or  f ive-year and 

older  dams respec tively . 

r1 
the e f fect  of  the lth rea ring rank . 

6 0 . 

1 = 1 o r  2 ,  specifying ewes reared as a s ingle or ewes reared 

a s  a twin , re spec t ively . The �ery few triplets  available 

were included with the twins . 

w the ef fec t of  the number o f  lambs weaned . m 

tw . 1ffi 

m 1 to 3 ,  d e t e rmining zero , one o r  two or mo re lamb s weaned 

respec t ivel y .  

the e f f e c t  of  interac t ion between year and dam age . 

the effect  o f  int eract ion be tween year and rearing rank . 

the ef fec t o f  inte rac tion between year and number o f  lambs 

weaned . 

the effect  o f  int e ract ion be tween dam age and rearing rank . 

the ef fec t o f  inte rac tion betweer. dam age and number o f  lambs 

weaned . 
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y
ij klmn 

the observation on the n th ind ividual , o f  the mth lambs 

weaned clas£ , reared under the l th rearing rank regime , 

daughter  of  a ewe in the kth age group and th� j th s i re in 

the i t h  year . 

e
ij klmn 

a random error term peculiar to the observat ion specif ied by 

the i ,  j ,  k ,  1 ,  m ,  n subscrip t s , describing the devia t ion  of  

the  observat ion from the expec ted value und er the  mode l .  

All factors  i n  the model were cons idered a s  f ixed e f f e c t s  except 

the e . ' kl 
and s : t . , ,  which are defined as random factors with z ero 1J mn 1J 

mean , and variance a 2  respec t ive l y .  
s : t  

The error is  further a s s umed 

to be normally d i s tr ibuted for the rurposes of the s ignificance testing . 

Year e f f ec t s  removed in the model are a conglomera te �f fac to rs 

which a f f e c t  all animals  in a pa r t icular class ificat ion group alike . 

Age ,  year o f  birth and year o f  ob� e rva tion are confounded as  d e f inition 

of  any two automa tically determines the level of  the third . S eparate 

analysi s  wi thin each age comb ines yea r s  of  birth and record . Therefore 

year e f f e c t s  in the context o f  this anal ysis include any fac tor  which 

affec t s  early development of the individual a s  wel l a s  environmen tal 

dissimilar i t ie s  peculiar to the year in which t he wool was grown or the 

l amb raised . 

A model to  describe an observation on the trait lambs weaned varied 

from that above by  the exclusion o f  terms in w . 
m 

The model i s : 

"·here the t erms are as described previously . 

In both s i tuations , interactions invo lving sires were a ssumed to �e 

unimpor tant . 
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The reduct ions in sums of  squares and expec tations for the main 

effec ts for the ana lys is  o f  variance are shown in Table  4 . 1  ( q 2 

quadratic  in a f ixed effec t ) . 

F i t t ing more than two interac t ions s imul taneously in a model becomes 

computationally cumbersome and therefore the FORTRAN program was des igned 

to handl e  a large number of  main e f fec t s , but only zero , one or t\.JO 

interact ion classes . The interac t ions invo lving lambs weaned as a 

fac tor (which are only val id for the wool trai t s )  we re run firs t .  

The remaining three interac t ion classes  then hwd t o  b e  run twice  - once 

Table 4 . 1  Main Effec ts  and Nes ted Fac to r . Ca lcul a t ion of  Reduc t ions 
in Sums of Squares and Expec t a t ions o f  Mez n Squares  ( EMS ) . 

Factor 

Year 

Reduct ion 

R ( t j f.l , d , r , w) 

s · z- 1 s 

EMS 

o 2  + k q 2 + k o 2  
e 5 t 6 s : t  

S ire : Year R ( s : t j f.l , t , d , r , w)  o 2  + k o 7  e 4 s : t  

Dam Age R ( d j f.l , t , r , w) 0� + k 3
q� 

Rearing Rk R ( r j f.l , t , d , w) 

s · z- 1s 

NUl* 

Error 

R (w j f.l , t , r , d )  

y ' y  - R ( f.l , t , s : t , d , r , w)  o 2  
e 

The t e rm S ' Z- 1 13  refers to d irec t me thod of  sums of  squares 
computation . 

q2 = quadratic  t e rm ( f ixed e f fec t ) . 

* NLW omi t ted a s  an environmen tal e f f ec t  from NLW mod el s .  



Tabl e  4 . 2  Intera c t ions Amongs t Fixed Effec ts . 
Calcula t ion o f  Reduc tions i n  Sums of Squares and 
Expectations of  Mean Square�  ( EMS ) 

Interac t ion Reduct ion  EMS 

Wool Traits  

NLW x Year R ( tw l � , t , d , r , w , wd)  a 2 

R (wd l � , t , d , r , w , tw) a 2 
e 

NLW x Dam Age 

y ' y-R 6,J ,t , s : t , d , r , w, tw , wd ) a 2 
e 

Error 

NLW x Rearing Rk R ( rw l � , t , d , r , w) a2 
e 

a 2 
e 

Error y ' y -R (� , t , s : t , d , r , w) 

a2 
e 

Dam Age x Rear ing Rk R (dr l � , t , d , r , w , t d )  

a 2 
e 

Dam Age x Year R ( t d l � , t , d , r , w , d r )  

Erro r y ' y- R ( � , t , s : t , d , r ,w , dr , td ) cr 2 
e 

Year x Rearing Rk R ( tr l � , t , d , r , w)  

Error y ' y-R ( � , t , s : t , d , r ,w , tr)  

Number of  Lambs Weaned 

Dam Age X Rearing Rk R (dr l � . t , d , r , td )  a 2 
e 

Dam Age x Year R ( td l � , t , d , r , dr )  a 2 
e 

Error y ' y -R ( � , t , s : t , d , r , dr , td )  a 2 
e 

Year x Rearing Rk R ( tr l � , t , d , r) a 2 
e 

Error y ' y-R ( � , t , s : t , d , r , tr )  a 2 
e 

All calculated by 8' z- 1 8  

+ 

+ 

+ 

+ 

k 2 
1 59tw 

k l49�d 

k 2 
1 3

9rw 

k
1 29�r 

2 
+ k l l  qtd 

+ k
9

q�r 

+ k
8

q�d 

+ k 2 
79tr 

63 . 
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for  the wool charac ters , and once for lambs weaned . •  The order o f  ana l y s ing 

interac t ion mode l s  and the expec tation o f  the reduct ions in sums o f  

squares are listed  i n  Tab l e  4 . 2 .  

c .  S ignif icance Test ing .  

Formal F-tests  o f  s i gnif icance were carried o u t  o n  the fac tors 

af f ec t ing the woo l  variables . For reasons to be described , the tests  

were largely ignored in forming models for later  analyses . The term used 

as the d enominator in the test was the error below the fac tor in Tables  

4 . 1 and 4 . 2  except in the case o f  the year ef fect which contains a s ire : 

year component . S ire : year provides only an approxima te tes t o f  year effec ts 

s ince k
4 

and k
6 

o f  Tab l e  4 . 1  will be s l ightly d ifferent in value . 

NLW raises a problem in  s ignif icance testing s ince the ob serva t ions 

are not normally d is tributed , thus breaching an assump tion o f  the analys i s  

o f  variance which requires that the experimental errors should be no rmally  

dis tributed . The NLW observa t ion o n  a ewe will be  zero , one or  two 

( the occasional ' three ' observat ion was included with the twins ) ,  and may 

be in a c lass of d i s t ribut ions in which the var iance of an ob serva tion and 

i t s  mean are correlated ( Snedecor and Cochran , 1 9 6 7 ; Cochran , 1 9 4 7 ) . 

Cochran ( 1 9 4 7 )  reviewed previous work on the problem o f  failure o f  the 

assump t ions of the analys is of variance and concluded that no serious 

error would resu l t  f rom using the F-tes t on non-normal data , but added 

that the tabula ted probabi l ity would err towards understatement ; tha t i s  

too many · - tests would  b e  declared s ignif icant . Lindman ( 1 9 74 )  also 

suggested that the F-t e s t  is robu s t  with respect to non-norma li ty . I t  

i s  not known whether i n  e ither case such gro s s  d eviations a s  are 

presen t  here were inve s tiga ted , but lesser aberrat ions such a s  kur to s i s  

and skewnes s  were d i scus sed . Therefore no test  o f  s igni f icance was 

appl ied to  NLW . No real information was l o s t  since the o ther metho d s  
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were available to a ssess the impor tance of  the fac tors affecting the 

variable .  

I I . Account ing for Observed Var iance . 

A .  Var iance  Component Estimat ion . 

Variance components are required to al low the computa tion o f  the 

pheno typ ic and gene tic parameter estimates . During the preliminary 

analyses of variance phase of the inve s t iga tion , var iance components  

were required to enable an assessment to b e  made o f  the impor tance of  

the fac tors in the model in account ing for the observed variance .  The 

variance ra t io , or F test  will show where the means of the subclasses 

differ s ignificantly in a statistical sens e , but  give no informat ion as 

t o  the d egree of  this difference where large numbers o f  observat ions 

resul t in many error  degrees o f  freedom . In these  circumstances very 

small d ifferences in subclass means may be statistically signif icant . 

The variance components  were calculated and expressed as a percentage 

of  the to tal observed variance . To enable the computat ions to b e  

undertaken on  a l l  factors in the model s , the fixed quadra t ic components  

were temporarily regarded as variance components . 

Sche f f� ( 1 9 5 9 )  and Lindman ( 1 9 74 )  both stated that non-normality  

does no t b ia s  p o in t  estimates o f  variance c omponents  and  therefore 

the percentage variance accounted for by the •arious factors in the  

model was calculatec from the expec tations of  the mean s quares in the 

analysis of  variance for NLW a s  wel l  as  the woo l  charac ters . 

Henderson ( 1 95 3b ) described three metho d s  which are suitable for  

estimat ing variance componen t s  with  unbalanced data , known as Henderson ' s 

Method 1 ,  Method 2 ,  and Method 3 .  Searle ( 1 968)  d i s cussed the metho d s  

i n  matrix terminology , and the a t t r ibutes and l imi tations have been 
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further cons idered by Searle ( 1 9 7 1a ,  1 9 7 1 b )  and Henderson e t  al . ( 1 9 7 4 ) . 

Method 1 ( the analys i s  o f  variance metho d )  involves calculating 

uncorrec ted sums o f  s quares and equating them to their expec ted values 

in an analagous fashion to the ba lanced data si tua tion . Al though easy 

to  opera t e ,  thE me thod has the maj or deficiency tha t where both f ixed 

and random e f fects  ( o ther than �) are defined in the rrodel , variance 

components cannot be estima ted free from b ias  by f ixed effec t s .  

Me thod 2 overcomes the shortcoming o f  Me thod 1 by f irst estima t ing 

the f ixed effects  by fit ting constants and then correc t ing the data using 

these estimates . Method 1 is then used on the adj usted data to derive 

variance component e s t imates  unb iassed by f ixed effec t s .  Henderson 

et  al . ( 1 9 74 )  demonstra ted that Me thod 2 is  uniquely spec ified regardless 

of  the part icular solution for the fixed e f fects . This method has 

the limitation tha t it cannot  be used whenever  there are interactions 

between f ixed and random effects , nor where random and f ixed effec t s  

are nested wi thin each o ther (Henderson et  al . 1 9 74 ) .  

Me thod 3 involves calculating the d i f f erence in sums o f  squares 

reduc tions due to f i t ting submodels by the f i t ting cons tants metho d , 

The variance component s  are estimated by equating the reduc tions t o  their 

expectations under the full model s . The impor tance o f  this me thod i s  

tha t the expec ted value o f  reduc tion due t o  f it t ing a s ingle random 

effect  contains only a variance component for  that effect  and the 

error variance .  In particular , in the mixed model situation , the 

expectation o f  the reduction due to  f i t t ing a random e f f e c t  is a 

func tion only o f  that random effect  and o2 , but no t o f  any f ixed e f f ec t .  
e 

A d i sadvantage is tha t in models containing a large number o f  e f f e c t s  

i t  may be d i f ficul t t o  ob tain the coeff icient s  in the expectations , a s  

the inverse o f  the full model  matrix l e s s  the ef fec t o f  interes t , 
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is required . Method 3 was the preferred method for this analysis 

because variance component s  were required from a mixed model , and sires  

(a  random factor)  were nested  within yea r .  

A s imp l i f ied procedure equivalent t o  f i t t ing submodels ( Harvey , 

1 9 60 ; Searle , 1 9 6 6 ; Cunningham , 1 9 7 0 )  was frequently used to calculate 

sums of squares for  the f ixed e f f e c ts . This direc t me thod , described 

in detail by Harvey ( 1 960)  requires the computa tion of  the sums of 

squares  as 

s s  B Z - 1
8 

A A A A 

where B ' is the transpose o f  the column o f  constant e s t imates , 
A 

B rel a t ing to fac tor A ,  and 
A 

z - 1  is the inverse o f  tha t part o f  the full model 

(X ' X)
-1  

ma trix relating to fac tor A .  

\fhere reduc tions in sums o f  squares were obtained by the direct 

method , the k coe f fic ients of Table 4 . 1  and 4 . 2  were calculat ed by the 

equivalent  procedure , and s imilarly for indir e t  reduc tions and coef f ic-

ien t s .  As an approximation , k
6 

and k4 o f  Table 4. 1 were assumed equal . 

B .  Propo r t ion-of-variance Calcula tions . 

The propor t ion o f  variance accounted for by each fac tor  was 

calcula ted from the positive variance c omponents ( including f ixed 

effect  quadrat i c  components)  and then c onverted to a percentage . For 

example variance  due to year ( %Vt ) for a woo l  charac ter might be 

%Vt X lOO 
q2 + 02 + q 2 + q2 + q2 + 

t s : t  d � int ( l )  

where int ( i ) = ith interac t ion 
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I l l . Environmental Effec t s . 

Environmental effects  were obtained as least squares estimates  

from fixed e f f e c t s  models and were required : 

( i) as  correction fac tors for later analyses 

( ii)  to  allow inves tigation of the source of  the d i f f erences 

which lead  to  large between group var iances , by examina t ion 

of the magnitude of the e f f ects . 

The analysis o f  f ixed effects  from a fixed-effec ts-only model will 

be biassed unless  i t  can be  assumed that the effects omi tted or 

unidentified  are randomly distributed over the remaining factors . There 

was no evidence to the contrary and therefore the procedure was adopted . 

S tandard errors o f  a least squares e f f ec t  were calculated acco rding 

ii 2 � ii . to the formulae given by Harvey ( 1 9 60)  as � o ) where c 1s  the inverse 
e 

diagonal element co rrespond ing to that e f f ec t , and o 2  is the estimate e 

o f  the erro r  variance . 

A two-way int erac t ion expresses the extent to which the d i f f e rence 

b e tween the l evels of one effect  arc incons is tent at d i f f erent levels  

o f  a second effec t . The magnitude o f  a s ignif icant intera c t ion shows 

the extent o f  the failure of the add i t ive model . The consequence is 

that the interac t ing main effects  in an interaction model only have meaning 

when the level o f  b o th i s  detailed . The interaction l east  s quares e f fects 

should therefore be  used as correc tion fac tors when the interac tion 

has been shown to b e  an important source of variation . Environmental  

effects  were only calculated for  interactions which contributed at  least  

two percent o f  the total  observed varia t ion . S tandard errors were no t 

computed as the e f f e c t s  are unl ikely to be  used as corre c t ion factors  by 

o ther workers , who would require an e s t imat e  of their  accuracy . 



IV.  Gene tic and Pheno typic Parameter s . 

A .  Pa ternal Hal f-sib Analysis . 

l .  Woo l  Tra i t s and Number o f  Lamb s Weaned . 

The pa ternal hal f-sib method was used to estima te separately 

parame ters for each age a�d for between-age and life time performance 

from variance and covariance component s  using Henderson ' s  Me thod 3 .  

Harvey ( 1 9 7 0 )  showed that variance and covar iance components can be  

calculated by s imilar procedures . 

6 9 .  

The preliminary estima t ion of  the proport ion o f  the observed 

variance accountec for by the various factors in the model f o rmed the 

basis f o r  choos ing an appro priate mod e l  for each variable . Var iance 

and covariance components for sire : year and error were e s t ima ted by 

including in the model , or correcting for , all main effects  which had 

been previously shown to con tribu t e  greater than two percent of the 

total  variance of any charac ter . The variance due to NLW was removed 

by corr e c t ing the wool data us ing the environmental ef fec ts  calculatec 

earl ier , thus enabl ing the variance components  and covariance components 

between wool charac ters and NLW to b e  e s t imated toge ther . 

The correla t ion between the environmental  effec t of  NLW as a ewe 

charac teris tic and woo l tra i t s  requires tha t fertility sta tu s  be  

inc luded as a factor  in  woo l  character i s t ic analysis  to  ensure that the 

between sire component is  only genet ic in origin . 

Part  o f  the d i f ference in the rear ing rank of  eves is  due to 

genetic differences between their dams . Insofar a s  these d i f f erence s  

are heritab l e ,  including rearing rank in a model f o r  NLW wil l  r effiove a 

part of  the genetic variance .  Rearing rank was therefore ignored and 

considered as part of the random variat ion whenever tt e analysis  

involved NLW . Whe r e  necessary , wool charac teristics  were corrected for  

rearing rank in  the  covariance  analysis . 
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The only interaction o f  importance and no t exc luded b y  o ther 

considera t ions was year x NLW , acco rding to the pre l iminary analys is . 

Three age groups o f  wool charac teris tics  were re-analysed with this 

interaction f i t ted and the varianc e and covariance componen t s  and the 

estimates  of parame ters derived from them were accepted . 

A d i f f icu l ty arose from the a t t effip t made to general ise the FORTRAN 

IV program to hand le data sets  in which there was a large number o f  

subclasses i n  one classif icat ion . I t  was earlier explained how 

� + t .  + s : t  . . was absorbed as a ccmpound parameter . l lJ 
The only main 

effects  that should have been inc luded in some model s were tho se to be 

absorbed , and i t  was therefore necessary to include some o ther factor to  

make absorpt ion po s s ible . Dam-age was chos en as it  could be  inc luded 

in a mod el for any o f  the trai t s . 

Fibre d iameter was analysed separately on a smaller data s e t  and 

therefore varianc e s  and covar iances involving thi s trait a re estima ted 

wi th lower accuracy than for the o ther charac ter istics . 

The between-age analysis  and l i f e t ime performance s tudy were run 

together , and the data were correc ted for main effects  as abov e .  The 

hogge t data were correc ted for rear ing rank us ing factors derived by 

Ellio t t  ( 1 9 7 5 ) . Interac tions were ignored . 

Al though the trait NLW fal l s  into the category o f  coarsely 

grouped �ata , Turner and Young ( 1 9 6 9 )  sugges te� that the analysis o f  

variance i s  val id and genet ic and phenotypic parameters can be  approxi-

mated by this method . Sche f f e  ( 19 5 9 )  and Lindman ( 1 9 7 4 )  s ta t ed that 

the val id i ty o f  the variance of the po int estima tes of the variance 

components  which rely on normal-theory formulae is in doub t .  The 

estima t es , mor e  appropriate for normally d i s tributed data are used 

here a s  an approxima t ion . 



Heritab il i ty was e s t ima t ec as 

h2PHS 
cr 2 4cr2 

a = s : t  
(17 . cr2 cr2 

p s : t  + e 

Approximate standard errors were calculated f o l l owing Swiger 

et  al . ( 1 9 6 4 ) . 

The gene tic corre lat ion b e tween tra i t s  x and y were est ima ted 

from the s ire variance and covariance components as : 
Cov a a . 4 Cov s s rgxy X V X Y. 

[cr�x 
x aq l, [4 cr�

x 
x 4 cr

�Y]
� 

where a is an abbreviat ion for add i t ive gene t i c  , and 

s refers to the s i r e  component . 

7 1 .  

Robe r t son ( 1 9 5 9 )  d er ived samp l ing variances for  gene t ic correlat ion 

co e f f i c i en t s ,  but his development is  app l icable to the special case  

where t he her i tab i l i t ie s  of  the two characters are  equal . A general 

formula t ion was pub l i shed by Ta llis  ( 1 9 5 9 )  which do e s  no t su f f er f rom 

the above restric t ion , and this wa s the me thod used . 

as : 

and 

The p heno typ ic correlat ion b e tween charac ters x and y is def ined 
Cov px py r pxy [()2 x aZ r 

px py 
. 

where p pheno typi c  

e = error 

This f o llows f rom 

+ cr2 V 
X 

E (cr 2 ) = 0 . 25 cr2 s a 
X X 

E (cr 2 ) 
e 

X 
0 . 7 5 . cr 2 a 

X 

( V = 

+ . cr2 
V 

X 

Cov ( s  + e ) X X 
[ (cr�x 

+ cr2 ) X e 
X 

environmental)  

+ Cov ( s  + e ) 
� y (aZ + a- ) J k s e 2 

y y 

(Kemp thorne , 1 9 6 9 ) 



2 .  Fer t i l i ty and Twinning 

7 2 . 

The data f o r  these analys es f o rm b inomial distribut ions in which 

the a l terna t ive observa t ions are tha t the ewe raised a lamb or d id no t 

( fer t il ity) , or  the ewe weaned twins o r  did no t ( twinning ) . Al though 

the pheno typ ic express ion of f e r t il i ty or twinning foll ows an all-or­

none d i s t r ibution , i t  is reasonabl e  to pos tulate an underl y ing 

cont inuous d is t r ibut ion . 

assump t ions involved . 

Dempster  and Lerner ( 1 950) l i s ted the 

( i ) The underlying var ia t e  is  the sum of independent 

no rmally  distributed env i ronmen tal and gene t i c  components . 

( ii )  The charac ter is exhib i t ed only in tho se ind ividuals in 

which the value of the underlying variate exc eeds a 

c e r t a in thresho ld value . 

( ii i )  Gene sub s t i tut ions have individually smal l and s t r i c tly 

add i t ive effects  on the underlying variate . 

B inomial ly d i s t r ibuted data pre sent d i f f icul ties in analys is by 

me thods develop ed for cont inuous data  as the mean and var iance are 

correlated . The variance o f  a b inomial d is t r ibution is p ( l -p ) ,  

wher e  p is  t he p ropo r t ion of  the popula t ion possessing some a t tr ibute 

and therefore var ies more widely at the extremes o f  the 0 , 1 range for 

a given change i n  p than near the middle .  Therefore methods o f  

analysi s  approp r ia t e  f o r  continuous data may only be a n  approxima t ion 

for b inomial data . 

Equally ser ious is  the e f f e c t  on s t andard error s ,  which will also 

only be an approximat ion . 

As the her i tabil i ty of  f er t i l i ty and twinning were o f  interes t ,  

var ious methods o f  analys i s  for threshold t ra i t s  were inves t igated . 
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Rae ( 1 950)  derived a sys tem o f  finding scales to replace the observat­

ional scale s , which maximize the r egress ion of  o f f s p r ing on paren t , or 

the correla t ion b e tween hal f - s ib s . Ch ' ang ( 1 95 5 )  i l lustrated the 

comput a t ional procedures invo lved and showed that the me thod gave higher 

heri tab i l i ty estima tes than were ob tained where a s cale of equal 

intervals was used . However , the e s t ima tes ob tained can only be 

appl ied r e l a t ive to the scales der ived and extrapo l a t ion and inter-

pretat ion are diff icul t .  Add i t ional ly , no me thod i s  availab l e  for 

calcul a t ing standard erro r s  of the estimate . 

The me thod of  Lush , Lamor eux and Hazel ( 1948)  i s  an analysis of  

variance procedure appl icab l e  to  bi nomial data . To avo id the 

disto r t io n  which occurs in propo r t ions at low incidenc es , the authors 

sugges ted the use of  the prob i t  t ransforma t ion . Fal coner ( 1 965 )  used 

the same t ransforma t ion in d evelop ing formulae in which the mean 

incidence ( o f  disease) among the rela tives of af fec ted  individuals 

was related  to the mean inci d ence in the general popula t ion . The 

dif ference between the normal devia tes of  the popula t ion and af fec ted 

rela t ives was trans formed t o  t he prob i t  scale to give a d i rec t e s t ima te 

of  the regression of  rela t ives on a f f ec ted individua l s  and henc e 

heri t ab i l i t y .  Smith ( 1 9 7 0 )  p ointed ou t that although norma l i t y  o f  

the d i s t r ibution for relat ives i s  a s sumed , i n  fact they a r e  related t o  a 

truncat ed par t o f  the normal curve . Inasmuch as the character is 

her itab l e ,  the assump t ion w i l l  resul t in a bias which could b e  up to 

10 percent ( Smith , 1 9 7 0 ; Edwards , 1 96 9 ) . 

Unb ia s s ed ver s ions o f  Fal coners model were pub l i shed by Edwards 

( 19 6 9 )  and Smith ( 1 9 70) . However ,  as with Falconer ' s  ( 1 9 6 5 )  method , 

to r emove the environmental e f f e c t  o f  year i t  was necessary to sub d ivide 
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the data accord ing to both dam and daughter b ir th yea r s  within each 

age s epara tely , reduc ing the sub -class numbers in many cases to l evels 

cons idered too small for reliab il i ty . 

A maximum l ikel ihood me thod appl icab l e  to b inomial data was 

presented by Tallis ( 19 6 2 )  and fur ther developed by B rown et al . ( 1 9 6 3 ) . 

The sampl ing errors for the e s t ima t e s  derived by this procedure can be 

compu ted wi th the her itab il ity e s t imates . The calculations invo lve 
the method i s  

the evalua t ion of  many par t ia l  deriva t ives , andA an i tera t ive 

procedure . The size  of  the da ta s e t  involved in the analysis was 

expected to ensure s t andard errors o f  a rea sonable s i z e  wi th the 

possible excep t ion of the f ive-year set using other methods . I t  wa s 

the complexity of 
considered that under the ci rcums tancesAthi s  method would no t outwe igh 

the bene fits  of the expected increase in ac curacy . 

The me thod of  Rob e r t son and Lerner ( 1 94 9 )  was used to calculate the 

her i tab il i ty of fert ility and twinning because it wa s appropriate for 

the data and b ecause  it is  s imple to apply . However , as pointed out 

by Demp ster  and Lerner ( 1 9 5 0 )  it may include a certa in amount o f  non-

addi t ive var iance . 

The authors d e s c r ib ed their method in terms of  realized gene t i c  

change and quan t if ied her i tab i l i ty a s  

gene tic improvement 
p heno typi c  s elec t ion d if feren t ial 

p ( 1 -p ) 
, where p i s  the mean incidence o f  thetrait 

Adapting the method to the fertility - analysis , i f · s �s ires have n .  
l 

progeny o f  which a .  are f er t il e  in a part icular year then her i tab ility 1 
is expressed as : 
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The square bracketed term i n  the numerator is  the heterogeneity 

2 
X in the 2 x s contingency table formed by the a .  and ( n .  - a . ) � � � 
elements • 

Therefore 
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rk 

and 
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Computation o f  the elements of this formula proceeded year by year 

and were pooled as follows : 

Assume that there are y years data ( j  

calculated from the j th years data i s  then 

h
2 2 

X . - S ,  - 1 
j J J 

rk . 
J 

l .  . . .  y) • The heritability 



h
2 

pooled 

2 
L X . J 

L ( s . - 1 )  
J 

r Lk .  
J 

where the summations are over j = l • . . •  y .  

7 6 .  

Approximate standard errors were calculated according to the method 

of Swiger et al . ( 1964 ) . 
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B .  Daughter-dam Regres sion Analys is  

The covariance b e tween parent and o f f spring pheno types  e s t imates  

hal f  of  the additive gene t ic var iance (Fal coner , 1 9 6 0) . This covariance 

is commonly used to e s t imat e  heri tability (Lush , 1 9 4 0 )  and is the 

denominator required for genetic  correlat ions (Hazel , 1 9 4 3 ) . 

Heri tabil i ty can be  e s t imated a s  e i ther twice the r e gress ion o f  daughter 

o n  dam ,  o r  twice the daughter-dam correla t ion . The former was the 

preferred method for this s tudy as it was known tha t  some seJ e c t ion had 

been appl ied . 

Three  methods are available for  tte estima tion o f  the regres s ion o f  

offspring o n  parent . 

( i )  The regre s sion of  the pheno typic mean of a l l  progeny 

on the parents  record . 

( i i )  The regres s ion of  each o f f psring o n  the paren t , with 

the paren t s  record repea ted for e2ch addi t ional progeny . 

( i ii) The weighted regres s ion technique . 

The first  method gives  minimum variance estima tes  when the 

correla t i on between o ff spring of one parent is equal to one , while  the 

second is o p t imal when the correlation is zero . The true s i tuat ion 

l ies somewhere in between these extremes , and therefore Kemp thorne and 

Tandon ( 1 9 5 3 )  proposed the third method . However , this relies for 

i t s  suc c e s s  upon an accurat e  guess of  the value o f  the correlat ion (p ) 

between d eviations f rom the regression a s sociated w i th prc geny o f  the 

same parent . The parameter  p i s  required as an element o f  the facto r  

which weights the progeny mean . The weighting fac tor i s  also  a 

func t ion o f  the number o f  progeny . The precise e f fe c t  of  an inaccurat e  

gue s s  appears to be  unknown , but i t  would resul t in a n  increase in the 
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samp l ing var ianc e  of the regre s s ion estimate . Bohren e t  al . ( 1 9 6 1 )  

s tud ied the relative eff icienc ies o f  the various regr ess ion computat ion 

method s ,  and a l though they pointed out that p will only equal. zero if 

the heri tab i l i t y  is one or  zero , t hey also showed tha t there is l i t t le 

d i f ference be tween the e f f i c ienc ies  o f  me thods ( 2 )  and ( 3 )  in terms o f  

var ianc e o f  the estima tes when p i s  smal l .  Me thod ( 1 ) was consis tently 

less e f f ic ient . Kemp thorne and Tandon ( 1 953 )  also observed that the 

regression o f  p ro geny means on dams record was less e f f i c ient al though 

the d i f f erence was no t grea t . The o ther two methods resulted in 

iden t ically equal standard erro r s . The autho r s  stated that the 

inconsequential  dif ference b e tween the eff iciencies of the three 

regr essions was due to the small  average number of progeny per dam 

( 1 . 39 ) . The average progeny group size in the data f o r  this s tudy 

sl ightly exceeded the average o f  Kemp thorne and Tandon ( 1 9 5 3 )  for t he 

two- and three-year-old groups but  was smaller for the r emainder . The 

dec ision to use the repeated dams record method was taken on the basis 

of the above info rma t ion plus the unknown magni tude o f  the effect o f  a 

gue s sed value o f  p .  

Cons idera t ion was given to whether or  no t the re gression should b e  

calculated o n  a n  int ra-sire basis , or  whe ther s ires should b e  igno r ed . 

A summary o f  the data appears in the following tab l e : 

Age group 

2-year-o ld 

3-year-old 

4-year-old 

Number of sires 
( 1 )  ( 2 )  

To tal �3 progeny 

8 8  34 

7 1  2 7  

54 2 2  

P a i r s  o f  records 
invo lved in ( 2 )  

7 0  

4 9 

4 2  
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S ince the accuracy o f  an e s t ima t e  i s  def endent upon the number o f  

observat ions (pairs ) and the smal l  p rogeny groups would have to b e  

e l imina t ed , i t  was decided tha t s ire s would b e  ignored . The rat ionale 

for this action comes from Turn er and Young ( 1 969 )  who indica ted that 

when all sire groups are r un together and ma t ing is  a t  random the b e tween 

sire  covar iance s  have zero expec tation . ,  I t  was thought tha t some 

a s so r t a t ive ma t ing may have been prac t ised involving qua l i ty number . 

A s tudy of  sel e c t ion d i f f er en t ials for ma t ing group s within year 

sugges t ed tha t only two s ir e s  may have been selec t ively ma ted . A 

s imilar resul t could b e  exp ected purely by chance . 

The true e s t imat e  o f  heri tab ility is compu ted when both dam and 

daughter are of the same age at the t ime of reccrding . Each animal of  

the pair will  then have been ob served in d i f f erent years , for which 

ac count must  be taken . 

Dam-daughter pairs o f  the same age were assemb led into a f ile and 

sorted f irst  by daughter  b i r th-year , and then sub-sorted on dam b irth -

year . After correc t ion o f  the data for  importa�t env ironmen tal main 

e f f e c t s  and in terac t ions , t he analys i s  proceeded by dam b i r th-year s ,  

with correct ed sums of  squares and degrees of  f reedom b e ing accumulated 

at  the end of each dam year and further comb ined at  the end o f  each 

daughter year un t i l  the f i l e  was comple ted , when the parame ter e s t ima tes 

were calculated . 

Heritability was e s t imated f rom 

h2 
= 2 

Cov ( P , 0)  
a2 

p 
where P refers to parent and 

0 refers to o f f spring 

The standar d  error me t hod was supp l ied by Falconer ( 1 960 ) . 
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Comb ining the covar iances b e tween traits x and y measured on both 

� aren t and o f f s p r ing , fo rms the bas i s  of gene t ic correla t ion compu tat ion 

(Hazel , 1 94 3 )  . 

The formula i s : 

Cov P 0 · + Cov P 0 X y y X 
( Cov P 0 x Cov P 0 ] �  2 X X y y 

with s tandard errors given by Reeve ( 19 5 5 ) . 

I f  the a r i thme t i c  mean is  used in tr e numerator as above ra ther than 
( 1 94 3 ) 

the geometric  mean as originally sugge s t ed by Haze� a resul t is  more 

probab l e . In the lat ter case , if  the two numerator covar iances are 

of  oppo s i t e  s ign t hrough samp l ing , the correla t ion is def ined as 

indetermina t e . Us ing the arithme t i c  mean does no t guaran tee a result 

however , a s  thro ugh sarnpl ing , one o f  the covariances in the denominator 

may b e  nega t ive , and the square roo t of  the produc t is then und ef ined . 

C. Repeatab i l i ty 

1 .  Woo l  Charac tE r i s t i c s  

Repeatab i l i ty calculated as a n  intraclass co rrelat ion ref ers t o  

t h e  average cons i s t ency o f  performanc e  o f  the same ewe a t  d if feren t  

ages . I t  gives no informa t ion on d i f fe r ences between individual 

records a s  predic tors of  later performanc e . To ob tain informa t ion on 

this aspe c t  of p roduc t ion , interclass co rrelations can b e  cal culated 

b e tween pairs o f  ages . I f  required , the average rela t ionship b e tween 

pairs of records can be derived by pool ing these corre lat ions us ing 

Fisher ' s  z t rans f o rmation , as desc r ib ed by Snedecor and Cochran ( 1 96 7 )  

and this can � e  interpre ted in the s ame way a s  the intraclass  

correlat ion . 
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Cunningham and Henderson ( 1 9 6 5 )  described the use o f  the regress ion 

of later on earlier records as an e s t ima tor of the co rrelat ion bet� een 

records . They showed tha t on the assump t ion tha t the pheno typic var i-

ance of  the two records is  the same , the regression e s t ima tor of  

repea tab i l i ty is unb ias sed by s elec tion based on the earl ier record . 

Even if the var ianc es are dif f erent,  the regression o f  later  on earlier 

record is  of interes t in quant i fying the change in la ter produc t ion which 

may arise  f rcm selec t ion on an earlier  record . In the situa t ion whe re 

the var iances are het erogeneou s ,  the regression wi l l  only approxima t e  

the correl a t i on .  As Er canb ra ck ( 19 6 8 )  po inted out , the failure o f  the 

e s t ima tion will depend upon the exten t  to wh ich the t rue standard 

deviat ion of  t he c epend en t var iab l e  is  larger or sma l l e r  than tha t of 

the ind ependent va riable . 

The ewes on which the record s  were based have b e en shown to have 

been s ubj ec ted to l i t t le selec t ion , but the regre s s ion approach was 

used for the other rea sons men t ioned . 

The wool records were co r rec ted for year and NLW environmen tal 

effec t s  before the regre ss ions we re calcula te� and s tandard errors were 

calculated acco rd ing to Fal c oner ( 1 960) . 

The number o f  records involved in the calcul a t ion of  each regress ion 

is  de tailed in tab l e  3 . 4 .  

2 .  Number o f  Lamb s Weaned 

The regression of l a t er performanc e  on an ear l ier record is  also 

app ropri a t e  for NLW (Lush , 1 95 6 ) . A separa te regress ion coef f i cient 

was calculated for each pair o f  ages within b irth year and pealed over 

year s  t o  ob tain the tabula ted values . The procedure i s  a s  follows : 

assume there are N .  ewes born in year j (j = l . . .  y ) , with a f er t il i ty J 



record a t  the ear l ie r  of the two ages , with n . . ( i  
�J 

ewes in each clas s .  

0 , 1 ,  o r  2 )  

where i 0 ( ewe barren at  the earl ier lamb ing) 

i 1 (reared a singl e )  

i 2 (mul tiple lamb s reared ) . 

I: n . .  = N 
i �J j 

82 . 

The mean number o f  lambs reared a t  the second lamb ing by ewes in 

each status class  f o rm a vector o f  three means m . . � Then , the 

es t imated repea tab i l i ty of a d i f f erence b e tween zero and one lamb 

t . OJ 

Pooled over year s t 0 I:w . t . OJ  OJ  
I:w . OJ 

where the surnma t ions are over j 1 .  . .  y .  

S imilarly the repea tab ility o f  a d i f f erence b e tween one and two lamb s 

weaned 

where w . 
oJ  

w .  
l] 

" �w . t . t 
1 �J l] 

I:w . l ] 

l: k- 1 (n 
oj n . )  l] 

n o j  + n 
lj 

l: k- 1 ( n  n ) 
l ]  2 j  

n lj + n2j 

k number o f  r eco rds on each animal 

( two in this case ) . 

The w . .  ' s  are the usual weights for we ight ing a d i f ference according l] 
to the inverse o f  its variance as shown by Turner and Young ( 19 6 9 ) , who 

also provided the method of  calculat ing s tandard errors . 



The regression me thod was con sidered appropriate a s  i t  allows a 

compar i son between the repea tab ili ties of  an init ial d i f ference o f  

one lamb at  dif ferent l evel s  o f  produc t ion which may give a n  ind i c a t io n  

of  the advisab i l i ty o f  var ious flock improvement methods .  

V .  S el e c tion 

I t  wa s nec essary to have a me thod of assessing the amoun t o f  

sel e c t ion wh ich had been applied t o  each variable during the ewe ' s  

l i f e t ime in the flock . The dec is ion to re tain an an imal in the f lock 

for a fur ther year is  based  on many c r i t eria . As we l l  as d irec t 

sel e c t ion for the well d e f ined produc t ive charac teristics  o f  intere s t  

i n  tr i s  s tudy , there are o ther fac tors invo lved i n  ind irec t selec t ion . 

Many o f  these fac tors may be correla ted \dth produc tive trai t s .  For 

examp l e ,  if  selec t ion wa s being appl ied direc tly for f l eece veigh t , a 

ewe may ce culled for a d i sease  wh ich reduced f leece we i ght . I f  the 

disease was selec t ed aga in s t  direc tly , then an increase would be 

expec t e d  in fleec e  we ight . 

To estima te the total amoun t of  selec t ion appl ied to each trait , 

i t  wa s as sumed tha t a l l  animal s  above a cer tain t runc a t ion poin t we r e  

re tained while the rema inder were culled . 

I t  was fur ther a s sumed tha t  all s e-.lec t ion wa s based on each 

dependent var iate  in turn . Selec t ior. d i f f erentials wer e  computed for  

each age af ter correct ing for environmen tal fac tors where necessary . 

The selec tion d if f eren t ia l s  calculated in th i s  manner represents the 

d i f f e r ence be tween the mean of the en t ire age group , and thE'. mean 

of the s elec ted group , and were expressed in s tandard ized form a f ter 

d iv id ing by the s tandard d evia t ion o f  the observations on the who l e  

age sample . The process  wa s repea ted s eparately for the full  da ta 

set  which was used for p a ternal hal f -s ib e s t i ma te s ,  and for the dam 

data . 

8 3 . 



C H A P T E R F I V E 

RESULTS AND D I S CUSS ION 

I .  Analyses o f  Var i ance and Environmen tal Effects 

Computat ional procedures and model s used in the analyse5 of 

var iance and env i ronmen tal e f f e c t s  have been de scribed previou sly . 

84 . 

The main env ironmental e f fec t s  with the ir standard errors are 

rresented in tab l e s 5 . 1 to 5 . 4  while  selec ted intera ct ion e f f ec ts  are 

tabula ted lat e r . The percen tage variances accounted for by all f a c tors 

in a model describ ing a dependent variable are l i s t ed in tables  5 . 5  to 

5 . 8  and the s t a t i s t ical s ign if icance o f  the ma in , nested and inter­

ac t ion mean square� are included in the same tables . 

The analyt ical resul ts  will now b e  p resented by trai t s . The 

propo r t ion of variance accoun t ed for by various fixed fac tors will b e  

discussed , and i n  this con t ext , total  var ianc e refers to the sum o f  

the quadratic and variaEce components . 

A .  Qua l i ty Numb er 

Qua l i ty number is a subj e c t ively-assessed charac t e r i s t i c  based 

ma inly on crimp frequency wh ich crudely ref lec ts  f ibre d iame ter 

(Ross , 1 9 6 5) . Other factors a f f ec t the grading such a s  leng th , 

handle and lus t re , but var ia t ion in these character i s t i c s  does no t 

necessari ly r e f l e c t  changes in f ibre f ineness (Wickham and Bigham , 1 9 7 3 ) . 

E s t ima t e s  o f  d iff erences b etween subclasses wil l  b e  �l ightly 

b iassed b y  s el ec t ion which has b een appl ied , but selec t ion on qua l i ty 

number s eems no t to haye been very intense ( see tab l e  5 . 1 2 , next sec t ion ) . 

The d i f f e renc es will , however ,  accurately de�cribe the s i tuat ion a s  i t  

exi s t s  i n  this f lock . 



Tabl e  5 . 1 Two-year-old Ewes . Least  Sguares Es t ima tes and S tandard Errors of Environmental E f fec t s  

Qua l i ty Woo l  S taple  Fleece Fibre 
Factor  Number Charac ter Length Weight Diameter N . L . W .  

Year (unit )  (grad e )  (cm) (kg) (microns) 

1 9 6 3  1 . 46+0 . 2 3  0 . 20+0 . 1 2 -0 . 1 2+0 . 20 0 . 02+0 . 06 -0 . 55+0 . 26 -0 . 08+0 . 07 
1 9 64 0 . 69 0 . 1 8 0 . 4 7 0 . 1 0 0 . 99 0 . 1 6 0 . 60 0 . 05 0 . 44 0 . 2 1  0 . 1 3 0 . 05 
1965  - 1 . 36 0 . 18 1 . 2 2 0 . 09 2 .  1 1  0 .  1 5  0 . 4 5 0 . 05 1 . 4 2  0 . 2 0 0 . 04 0 . 05 
1966  -0 . 66 0 . 1 8  0 . 94 0 . 09 0 . 3 8 0 . 1 6  -0 . 29 0 . 05 -0 . 05 0 . 2 1  0 . 08 0 . 05 
1 9 6 7  - 1 . 1 1  0 . 1 5  -0 . 39 0 . 08 1 . 7 2 0 . 1 3  0 . 4 3 0 . 04 0 . 4 1  0 . 1 7  0 . 03 0 . 04 
1968  0 . 83 0 . 1 7  - 1 . 80 0 . 09 1 . 5 1  0 . 1 5  0 . 1 1  0 . 05 0 . 0 3 0 . 2 0 -0 . 1 5 0 . 05 
1 9 6 9  1 . 26 0 . 1 5  - 1 . 00 0 .  08 -0 . 40 0 . 1 3  0 . 25 0 . 04 -0 . 02 0 . 1 8  0 . 08 0 . 04 
1 9 70 0 . 4 1  0 . 14 -0 . 6 3 0 . 07 -0 . 4 1  0 .  1 2  -0 . 2 9 0 . 04 - 1 . 80 0 . 1 7 0 . 06 O . OL; 
1 9 7 1 -0 . 50 0 . 1 2 0 . 44 0 . 06 - 1 . 7 9 0 . 1 1  -0 . 1 9 0 . 03 -0 . 2 1  0 . 14 -0 . 07 0 . 04 
1 9 7 2  -2 . 9 7  0 . 1 3  -0 . 05 0 . 07 -0 . 8 3 0 . 1 2  -0 . 2 2 0 . 04 0 . 3 3 0 . 1 6  -0 . 03 0 .  04 
1 9 7 3  0 . 3 1 0 . 1 2  0 . 68 0 . 06 -0 . 58  0 . 10  -0 . 40 0 . 03 - - -0 . 09 0 . 04 
1 9 7 4  1 . 65 0 . 1 2  -0 . 0 7 0 . 06 - 2 . 5 7 0 . 1 1  -0 . 46 0 . 03 - - 0 . 02 0 . 04 

Dam age 
2-year-old -0 . 1 5 0 . 08 0 . 00 0 . 04 -0 . 1 1 0 . 07 -0 . 08 0 . 02 0 . 04 0 . 1 1  0 . 0 1 0 . 02 
3-year-old 0 . 0 7 0 . 08 -0 . 03 0 . 04 -0 . 05 0 . 07 -0 . 0 1  0 . 02 -0 . 1 8 0 . 1 1  -0 . 02 0 . 02 
4 -year-old 0 . 0 1  0 . 09 -0 . 02 0 . 05 0 . 23 0 . 08 0 . 05 0 . 02 0 . 07 0 . 1 1  -0 . 0 1  0 . 0 3 

5+-year-old 0 . 0 7 0 . 0 7 0 . 05 0 . 04 -0 . 07 0 . 06 0 . 0 3 0 . 02 0 . 07 0 . 09 0 . 02 0 . 02 
Rearing Rank 

S ingle 0 . 0 1 0 . 05 0 . 00 0 . 02 0 . 02 0 . 04 0 . 05 0 . 0 1  -0 . 1 5 0 . 06 -0 . 0 1  0 . 0 1 
Twin -0 . 0 1  0 . 05 -0 . 00 0 . 02 -0 . 02 0 . 04 -0 . 05 0 . 0 1  0 . 1 5  0 . 06 0 . 0 1 0 . 0 1 

N . L . W .  
0 -0 . 03 0 . 08 0 . 00 0 . 04 0 . 24 0 . 07 0 . 1 0  0 . 02 0 . 02 0 . 1 1  
1 0 . 0 3 0 . 07 0 . 03 0 . 04 0 . 05 0 . 06 0 . 00 0 . 02 0 . 06 0 . 09 N . A .  
2 0 . 00 0 . 10  -0 . 0 3 0 . 05 -0 . 29 0 . 09 -0 . 1 0 0 . 03 -0 . 08 0 . 14 

General Mean 50 . 7 3 0 . 05 5 . 1 5 0 . 02 14 . 48 0 . 04 3 . 60 0 . 01 34 . 3 8 0 .  06 0 . 89 0 . 0 1  

S tandard Deviation 
( from error)  1 . 84 0 . 9 7 1 .  67  0 . 50 2 . 2 3 0 . 5 5 

CO 
\.11 



Table 5 . 2  Three-year-old Ewes . Least  Sguares Estima tes and Errors of Environmental E f fec ts . 

Quality Wool S taple Fleece Fibre 
Fac tor  N umber Charac ter Length Weight Diame ter N . L . W .  

Year (uni t)  ( grade)  (cm) (kg) (microns)  
1 9 64 0 . 73+0 . 30 0 .  1 5+0 . 1 3  0 . 96+0 . 20 0 . 3 2+0 . 06 0 . 46+0 . 28 -0 . 2 6+0 . 07 
1 965  -0 . 8 1  0 . 24 1 . 5 7  0 . 1 0  1 . 53 0 . 1 6  0 . 4 1  0 . 05 0 . 7 6  0 . 2 3 0 . 1 2  0 . 06 
1 9 6 6  -0 . 80 0 . 26 0 .  35 0 . 1 1  -0 . 03 0 . 1 7  -0 . 2 9 0 . 06 0 . 1 9  0 . 2 5 0 . 1 0  0 . 06 
1 96 7  - 1 . 35 0 . 23 -0 . 4 7  0 . 1 0 0 . 76 0 . 1 5  0 . 06 0 . 05 0 . 8 1  0 . 22 -0 . 00 0 . 06 
1 9 6 8  1 . 20 0 . 2 1  - 1 . 76 0 . 09 -0 . 06 0 . 14 -0 . 29 0 . 05 -0 . 3 3 0 . 2 1  -0 . 07 0 . 05 
1 969  1 . 1 9 0 . 28 - 1 . 30 0 . 1 2  -0 . 1 0  0 .  1 9  0 . 28 0 . 06 0 . 0 3 0 . 2 7 0 . 04 0 . 07 
1 9 7 0  0 . 7 8 0 . 2 2 -0 . 44 0 . 09 -0 . 05 0 . 1 5  -0 . 1 1 0 . 05 - 1 . 86 0 . 2 2 -0 . 1 0 0 . 05 
1 9 7 1 -0 . 90 0 . 1 8 0 .  8 1  0 .  08 -0 . 69 0 . 1 2  0 . 1 8  0 . 04 -0 . 25 0 . 1 8  0 . 09 0 . 04 
1 9 7 2  - 1 . 8 1  0 . 1 6  0 . 1 9  0 . 07 -0 . 35 0 . 1 1  -0 . 05 0 . 04 0 . 1 7  0 . 1 6  0 . 1 0  0 . 04 
1 9 7 3  0 . 7 2 0 . 1 9  1 .  0 9  0 .  0 8  -0 . 2 1  0 .  1 3  -0 . 2 7 0 . 04 - - 0 . 0 1  0 . 05 
1 9 7 4  1 .  04 0 .  1 9  -0 . 1 9 0 . 08 - 1 . 75 0 . 1 3  -0 . 24 0 . 04 - - -0 . 0 3 0 . 05 

Dam age 
2-year-old  -0 . 20 0 . 1 2  -0 . 06 0 . 05 -0 . 02 0 . 08 -0 . 09 0 . 03 -0 . 1 4 0 . 1 4 -0 . 03 0 . 03 
3-year-old 0 . 08 0 . 1 2  0 . 05 0 . 05 -0 . 03 0 . 08 0 . 02 0 . 03 - 0 . 1 2  0 . 1 4  0 . 0 1 0 . 03 
4-year-old  0 . 04 0 . 1 3  0 . 04 0 . 06 0 . 08 0 . 09 0 . 03 0 . 03 0 . 1 3  0 . 1 4  0 . 0 1  0 . 03 

5+-year-old 0 . 08 0 . 1 1  -0 . 03 0 . 04 -0 . 03 0 . 07 0 . 04 0 . 02 0 . 1 3  0 . 1 2  0 . 0 1  0 . 0 3 
Rear ing rank 

S ingle -0 . 03 0 . 0 7 -0 . 0 2 0 . 03 -0 . 02 0 . 05 0 . 04 0 . 02 -0 . 2 7 0 . 08 -0 . 0 1  0 . 02 
Twin 0 . 03 0 . 07 0 . 02 0 . 0 3 0 . 02 0 . 05 -0 . 04 0 . 02 0 . 2 7 0 . 08 0 . 0 1  0 . 02 

N . L . W .  
0 -0 . 1 5 0 . 1 4 -0 . 04 0 . 06 0 . 24 0 . 09 0 . 08 0 . 0 3 0 . 1 4 0 . 1 5  
1 -0 . 03 0 . 1 0  0 . 02 0 . 04 0 . 0 1  0 . 0 7 -0 . 03 0 . 02 -0 . 1 1  0 . 1 1  N . A .  
2 0 . 1 8  0 . 1 2  0 . 02 0 . 05 -0 . 2 5 0 . 08 -0 . 05 0 . 02· -0 . 03 0 . 1 3  

General Mean 50 . 7 5 0 . 06 4 . 93 0 . 03 1 3 . 7 3 0 . 05 3 . 44 0 . 01 34 . 9 1  0 . 08 1 . 05 0 . 0 1 

S tandard d evia t ion 
0 . 56 ( f rom error)  1 .  8 1  0 . 98 1 .  6 1  0 . 5 3 2 . 3 3 

(X) 
0'1 



Tabl e  5 . 3  Four-year-old Ewes . 

Quality 
Fac tor  Number 

Year 
(unit)  

1965  -0 . 93+0 . 2 3 
1 9 66 -0 . 98 0 . 20 
1 9 6 7  - 1 . 1 3  0 . 2 1  
1 9 68 1 . 32 0 . 2 3 
1 9 6 9  0 . 96 0 . 20 
1 9 7 0  0 . 7 0 0 . 20 
1 9 7 1 -0 . 78 0 . 2 1  
1 9 7 2  0 . 06 0 . 1 6 
1 9 7 3  0 . 25 0 . 1 6  
1 9 74 0 . 54 0 . 1 7  

Dam age 
2-year-old 0 . 0 1  0 . 1 3  
3-year-old 0 . 06 0 . 1 3  
4-year-old  0 . 0 1 0 . 14 

5+-year-old  -0 . 08 0 . 1 2 
Rearing rank 

S ingle -0 . 04 0 . 08 
Twin 0 . 04 0 . 08 

N . L . W .  -

0 0 . 1 7  0 . 1 6 
1 -0 . 1 8 0 . 1 1  
2 0 . 0 1 0 . 1 2  

General Mean 5 0 . 66 0 . 07 
S tandard Deviat ion 

( from erro r )  l .  7 8  

Least  Sguares Es t ima tes and S tandard Errors of Environmental E f f ec t s . 

Wool  
Character 

( grade)  

0 . 4 6+0 . 1 3  
0 . 25 0 . 1 1  

-0 . 49 0 . 1 2  
- 1 . 48 0 . 1 2  
- 1 . 20 0 . 1 1  
-0 . 30 0 . 1 3  

1 . 1 4 0 . 1 1  
0 . 40 0 . 09 
1 . 1 0 0 . 09 
0 . 1 2  0 . 1 0 

-0 . 04 0 . 08 
-0 . 02 0 . 07 
-0 . 04 0 . 08 

0 . 1 0  0 . 07 

-0 . 02 0 . 05 
0 . 02 0 . 05 

-0 . 0 1  0 . 09 
-0 . 09 0 . 06 

0 . 10 0 . 07 
4 .  6 7  0 .  04 

0 . 9 6 

S taple 
Length 

(cm) 

1 . 40+0 . 20 
0 . 6 5 0 . 1 7  
0 .  34 0 .  1 8  
0 . 09 0 . 1 9 
0 . 38 0 . 1 7  
0 . 20 0 . 1 9  

- 0 . 80 0 . 1 7  
0 . 02 0 . 1 4 
0 . 04 0 . 1 4 

-2 . 3 1 0 . 1 5  

0 . 05 0 . 1 2  
0 . 05 0 . 1 3  

-0 . 10 0 . 1 2  
-0 . 00 0 . 1 1  

-0 . 1 1  0 . 07 
0 . 1 1  0 . 07 

0 . 3 1 0 . 1 5  
0 . 07 0 . 1 0 

-0 . 39 0 . 1 1  
1 3 . 09 0 .  06 

l .  5 1  

Fleece 
We ight 

(kg)  

0 .  2 1+0 . 06 
-0 . 1 0 0 . 05 

0 . 20 0 . 06 
-0 . 24 0 . 06 

0 . 44 0 . 05 
-0 . 14 0 .  06 

0 . 1 6  0 . 06 
0 . 09 0 . 04 

-0 . 1 1  0 .  04 
-0 . 5 2 0 . 05 

-0 . 05 0 . 04 
-0 . 02 0 . 04 

0 . 0 1  0 . 04 
0 . 06 0 . 03 

0 . 04 0 . 02 
-0 . 04 0 . 02 

0 . 09 0 . 08 
0 . 06 0 . 03 

-0 . 1 5 0 . 03 
3 . 3 1  0 . 02 

0 . 4 8 

F ibre 
Diame ter N . L .W .  

(mic rons ) 

0 . 39+0 . 29 0 . 08+0 . 08 
-0 . 1 2 0 . 26 0 . 1 4  0 . 07 

1 . 28 0 . 2 7 -0 . 03 0 . 07 
-0 . 02 0 . 29 -0 . 1 2  0 . 08 

0 . 1 3  0 . 26 0 . 08 0 . 07 
- 1 . 44 0 .  30 -0 . 28 0 . 08 
-0 . 5 7 0 . 26 0 . 03 0 . 07 

0 . 29 0 . 2 1  0 . 20 0 . 05 
- - -0 . 05 0 . 05 
- - --0 . 06 0 . 06 

-0 . 04 0 . 1 8  -0 . 04 0 . 04 
-0 . 1 9 0 .  1 7  0 . 06 0 . 04 

0 . 07 0 . 1 9  -0 . 02 0 . 04 
0 . 16 0 . 1 6  0 . 00 0 . 03 

-0 . 14 0 . 1 1  -0 . 02 0 . 02 
0 .  14  0 .  1 1  0 . 02 0 . 02 

-0 . 09 0 . 2 2 
0 . 08 0 . 1 5 N . A .  
0 . 0 1 0 . 1 6 

35 . 2 2 0 . 1 0 1 . 1 8 0 . 02 

2 . 28 0 . 59 

m 
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Tabl e  5 . 4  F ive-year-ol d  Ewes . Lea s t  Sguares E s t ima tes and S tandard Errors of Environmenval E f f e c t s  

Qua l i ty Wool  S taple Fleece Fibre 
Fac tor  Number Character Length Weight Diameter  N . L . W .  

Year (uni t )  ( g rade )  (cm) (kg)  (mic rons) 

1 96 6  - 0 .  7 7+0 . 2 5  -0 . 09+0 . 1 5 0 .  1 8+0 . 2 2  -0 . 20+0 . 08 -0 . 2 7+0 . 32 0 . 05+0 . 09 
1 9 6 7  - 1 . 2 3 0 . 1 9  -0 . 44 0 . 1 1  1 .  2 5  0 . 1 7  0 . 50 0 . 06 1 . 0 1  0 . 25 -0 . 08  0 . 07 
1 968  1 . 3 1 0 . 22 - 1 . 76 0 . 1 3  0 . 36 0 . 20 -0 . 29 0 . 07 0 . 00 0 . 29 - 0 . 05 0 . 08 
1 9 6 9  1 .  3 4  0 .  24 -0 . 98 0 . 14 0 . 06 0 . 2 1  0 . 29 0 . 07 -0 . 3 2 0 . 3 1 0 . 02 0 . 09 
1 9 7 0  0 . 1 9  0 . 2 1  -0 . 1 8 0 . 1 2 0 . 55 0 . 1 8 -0 . 04 0 . 07 - 1 . 04 0 .  29  -0 . 1 9 0 . 08 
1 9 7 1 -0 . 8 2 0 . 28 1 . 25 0 . 1 6 -0 . 7 7 0 .  24 0 . 07 0 . 09 0 . 64 0 . 36 0 . 1 5  0 . 1 0  
1 9 7 2  -0 . 26 0 . 2 3 0 . 55 0 . 1 3  -0 . 1 0 0 . 1 9  -0 . 05 0 . 07 -0 . 03 0 . 28 0 . 26 0 . 08 
1 9 7 3  0 . 1 8 0 . 2 1  1 . 1 0 0 . 1 2  0 . 24 0 . 1 8 0 . 04 0 . 06 - - 0 . 03 0 . 07 
1 9 74 0 . 05 0 . 1 8  0 . 56 0 . 1 1  - 1 . 7 7 0 . 1 6 -0 . 3 2 0 . 06 - - -0 . 20 0 . 07 

Dam age 
2 -year-old 0 . 09 0 . 1 4 -0 . 23 0 . 09 - 0 . 1 3  0 . 1 5 -0 . 03 0 . 05 0 . 00 0 . 2 1  -0 . 06 0 . 05 
3-year-old 0 . 2 1  0 . 14  0 . 1 2  0 . 09 0 . 08 0 . 1 5  0 . 03 0 . 05 -0 . 1 7 0 . 2 1  -0 . 0 1 0 . 05 
4-year-old -0 . 2 1  0 . 1 6 0 . 1 0  0 . 1 0  0 . 02 0 . 1 7  -0 . 05 0 . 06 -0 . 02 0 . 24 0 . 1 0 0 . 06 

5+-year-ol d  -0 . 09 0 . 1 3  0 . 0 1 0 . 08 0 . 03 0 . 14 0 . 05 0 . 05 0 . 1 9 0 . 1 9 -0 . 03 0 . 04 
Rearing rank 

S ingle -0 . 20 0 . 09 0 . 06 0 . 05 -0 . 0 1 0 . 09 0 . 07 0 . 03 0 . 1 6  0 . 1 3  -0 . 03 0 . 03 
Twin 0 . 20 0 . 09 - 0 . 06 0 . 05 0 . 0 1  0 . 09 -0 . 0 7 0 . 0 3 -0 . 1 6 0 . 1 3  0 . 03 0 . 03 

N . L . W .  
0 0 . 0 1 0 . 2 1  -0 . 08 0 . 1 3 0 . 03 0 . 2 2 0 . 04 0 . 08 -0 . 1 1  0 . 3 1  
1 0 . 08 0 . 1 3  0 . 0 7 0 . 08 0 . 09 0 . 14  0 . 05 0 . 05 0 . 00 0 . 1 9  N . A .  
2 -0 . 09 0 . 1 4  0 . 0 1 0 . 09 -0 . 1 2 0 . 05 -0 . 09 0 . 05 0 . 1 1  0 . 2 1 

General Mean 50 . 6 9  0 . 0 9  4 . 4 1  0 . 05 1 2 . 4 1  0 . 08 3 . 1 3  0 . 02 3 5 . 1 6 0 . 1 2 1 . 2 7 0 . 03 

S tandard d eviat ion 
( from error)  1 .  7 6  0 . 97 1 .  53  0 . 5 1 2 . 2 3 0 . 58 

CD 
CD . 



Table 5 . 5  Two-year-old Ewes . 

Qua l i ty 
Variabl e  Number 

Fac tor  

Year 36 . 2** 

Dam-age -

Rear ing-rank 0 . 0  

Lambs-weaned -

S ire : year 1 . 9** 

N . L . W .  x Year 3 . 6** 

N . L . W .  x Dam-age -

N . L . W .  x Rearing-rank 0 . 7  

Dam Age x Rearing rank 0 . 3  

Dam Age x Year -

Year x Rearing rank -

Error 5 7 . 3 

Percentage o f  To tal Variance At tributable to Each Fac tor for Each Var iable 

Woo l  S taple Fleece 
Character Length Weight 

4 3 . 0'(* 4 1 .  0** 2 7 . 6 ** 

- 0 . 3  1 . 0** 

- - 1 . 8 1(* 

0 . 2  1 . 5*1( 1 . 8** 

5 . 4 ** 7 .  21(* 7 . 3** 

- 0 . 0  0 . 8  

- - -

0 . 8  - 0 . 0  

- - 1 . 5 ** 

1 .  9** - 1 . 0  

0 . 7  - 0 . 5  

48 . 0 50 . 0  56 . 7  

N . A .  No t Appl icable  

S ta t ist ical S ignif icance o f  Mean Squares 

* 0 . 0 1 < p < 0 . 05 

** O . O b p 

Fibre 
Diame ter N . L . W .  

9 .  8·/( 1 . 0  

0 .  7* 

- N . A .  

1 1 .  9 1( * 4 . 4  

- N . A .  

0 .  1 N . A .  

0 .  1 N . A . 

0 . 7  

- 1 . 4  

7 6 . 7  9 3 . 2  

ro 
I.D 



Tabl e  5 . 6  Three-year-old Ewes . Percentage of  To tal Variance Attributable to Each Fac tor for Each Variable  

Qua l i ty 
Variable Number 

Fac tor  
Year 1 9 . 5**  

Dam-age -

Rearing-rank -

Lamb s-weaned -

S ire : year 2 . 4* 

N . L . W .  x Year 3 . 7* 

N . L . W .  x Dam age -

N . L . W .  x Rear ing rank -

Dam Age x Rearing rank 0 . 1  

Dam Age x Year -

Year x Rearing rank -

Error 74 . 3  

Wool  S taple Fleece 
Charac ter Leng th Weight 

50 . 4**  1 3 .  6** 14 . 0** 
-

0 . 0  - 1 . 2** 

- - 1 . 2** 

- 1 . 9** 1 .  5** 

3 . 1 ** 1 0 . 2 ** 1 1 .  1>'<* 

0 . 0  0 . 6  -

- 0 . 2  -

- - 0 . 6  

- - -

- 0 . 7  

- - -

4 6 . 5  7 2 . 8  7 0 . 4  

N . A.  Not App l i cab l e  

S t a t i s t ical S igni ficance of  Man Squares 

* O . O l <p <0 . 05 

** 0 . 0 1> p 

Fibre 
Diameter 

7 . 6 ** 

2 . 2** 

1 1 .  1 ** 

2 . 5  

0 . 6  

0 .  1 

1 . 4  

74 . 5 

N . L . W .  

3 . 3 

t-! . A .  

0 . 3  

N . A .  

N . A .  

N . A .  

1 . 8  

0 . 2  

94 . 4  

1.0 
0 



Table  5 . 7  

Variab l e  

Fac tor 

Year 

Dam-age 

Rearing-rank 

Lambs-weaned 

S ire : year 

N . L . W .  x Year 

N . L . W .  x Dam Age 

N . L . W .  x Rear ing rank 

Dam Age x Rear ing rank 

Dam Age x Year 

Year x Rearing rank 

Erro r 

Four-year-old Ewes . Percentage o f  To tal Variance At tribu tab l e  to Each Factor  for  

Qua l i ty 
Number 

2 1 .  9** 

-

-

0 . 2  

6 . 7** 

-

-

-

-

1 . 8  

-

69 . 4  

Each Variab le 

Woo l  S taple Fleece 
Charac ter  Length  Weight 

44 . 0** 9 . 7 ** 1 2 . 7** 

- - 0 . 3  

- 0 . 5 1 . 0** 

0 . 4  3 .  1 *i( 6 . 0** 

1 . 9 8 . 4 ** 8 . 0 * *  

- - -

- - -

- - 1 . 7 *  

0 . 3 - 0 . 6  

1 . 5  - -

0 . 4  0 . 5 -

5 1 . 5  7 7 . 8  6 9 . 7 

N . A . No t Appl icab le 

S tatis tical S igni f icance o f  Mean Squares 

* 0 .  0 1  < p < 0 .  os 
** 0 .  0 1  > p 

---

F ibre 
Diame ter  N . L . W .  

6 . 5** 3 . 7 

- 0 . 1 

0 . 3  

- N . A . 

8 . 8 ** 5 . 3 

- N . A . 

0 . 5  N . A .  

- N . A . 

- 1 . 1  

1 . 9 

8 2 . 0 89 . 8  

""' 
I-' 



Table 5 . 8  five-�ear-old Ewes . 

Qual ity 
Variable Number 

Factor  

Year 32 . 1 ** 

Dam-age 0 . 2  

Rear ing rank 2 . 0* 

Lambs-weaned -

Sire : year 8 . 6** 

N . L . W .  x Year 0 . 4 

N . L . W .  x Dam-age 0 . 3  

N . L . W .  x Rea r ing rank -

Dam-age x Rear ing rank -

Dam-age x Year -

Year x Rearing rank 0 . 3  

Error 56 . 1  

Percentage o f  To tal Var iance Attribu table to Each Factor  for  Each Variable 

Wool S taple 
Charac ter Length 

4 8 . 2**  9 . 1 **  

0 . 9  

0 .  1 -

- -

4 .  91<* 1 5 . 9**  

- 6 . 0* 

0 . 5  -

0 . 5  -

- 1 . 0 

- 0 . 5  

- -

44 . 9  6 7 . 5  

N . A . No t Appl icab l e  

Fleece  
Weight 

2 5 . 1 ** 

2 . 0* 

1 . 7  

-

-

-

-

0 . 3  

0 . 9  

-

70 . 0  

S ta t i s t ical S igni f icance o f  Mean Squares 

* 0 . 0 1 < p  < 0 . 05 

**  0 . 0 1 >p  

Fibre 
Diame ter N . L .W .  

4 . 9* 3 . 2  

0 . 4  

- N . A .  

1 6 . 2 ** 

0 . 3  N . A .  

1 . 4  N . A .  

- N . A .  

- 5 .  1 

1 . 2  0 . 0  

0 . 3  4 . 5  

7 5 . 3  8 7 . 2  

� 
N 
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The general mean f o r  each age shows tha t there is  very l it t le 

change in qual ity number  with age , al though the two younger ages have 

rrarginally h igher grad ing ( 50 . 73 and 50 . 7 5 )  than the two older groups 

( 50 . 66 and 5 0 . 6 9 ) . The difference be tween adj acent ages never 

exceeds the standard error of the mean of ei ther age . All o f  the 

means are cons iderably lower than the 5 2 . 24 recorded by Ellio t t  ( 1 9 7 5 )  

f o r  Perendal e  hogge ts f rom the same flock . 

Year was identified  as the environmental factor contro lling the 

greatest  proportion of the varianc e in qua l i ty number . This source 

2ccounted for 1 9 . 5  to  3 6 . 2  percent o f  the t o tal variat ion in qua l i t y  

number within age , w i t h  the extreme ages ( two- and f ive-year-ol d )  

being a f f e c t e d  to  a cons iderably greater degree than the interme d ia t e  

age s .  Compari son o f  the estima tes within each year shows that the 

d eviation o f  the effects  from the respec tive  means is grea test for 

the two- and f ive-year-o ld ewes , and this suggests tha t  the younger  and 

older sheep are more sensitive to changing environmer. tal cond i t ions , such 

as nutrit ional s tre� s ,  than the remaining ages . Generally , the 

deviation of the ages f rom their respective means wi thin each year are  

in  the  same d irec tion . 

The 1 9 7 2  record year is  notabl e for the very large deviation o f  the 

two - and three-year-old group s .  Quality number was ini t ially based 

on Romney grades �hich are lowe r )  in that year , and by the t ime the 

error was d i scovered , the two- and part of the three-year samples had 

b een scoured and therefore could not be  re-assessed , al though the 

remainder  were re-examined and recorded . A wide variat ion in the 

deviation of ages was a l so calculated for the 1 9 74 data when the 

technician sorted the s amples according to tag year before commen c ing 
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grading . I t  is  interes t ing to note that in tha t year the deviation 

0f  quality  number f rom the respective means decreased by hal f a grade 

for each age increase . 

Year effec t s  on qua l ity  number are probably in the main an 

express ion of  d i f f erential nutri tion l evels in the year in which the 

f leece was grown ( the e f f ec t  on f ibre f ineness as opposed to the o ther 

con t r ibutors to quality number will be discussec in a subsequent 

sec t ion) . Good f eeding t ends to lower quality number , presumably due 

to increased leng th growth ( Ryder and S tephenson , 1 9 6 8 ) . 

Sumner and Wickham ( 1 9 6 9) discussed the effec t o f  increased stocking 

rate on quality number . They suggested tha t  coarser quality numbers 

were given to fleeces f rom ewes run at  higher s tocking rates as a 

resul t o f  the wool being more  lus trous . There has been an inc reasing 

s tocking rate in this flock over the years which may have added to the 

var iability  of quality  number . 

The age o f  the dam o f  the ewe had no important e f fect  on quality 

number at  any age . Two- and threE-year-old daughters o f  two -year-old 

dams t ended to have coarser wool than the daughters of older dams , but 

the s t andard errors were in mos t  cases large in comparison with the 

e s t ima t es . Ellio t t  ( 1 9 7 5 )  observed the same dam-age rela tionship 

tendency for hogget s . 

Rearing rank a c counted f o r  two percent o f  the varia tion in 

qua l i ty number  of f ive-year-old  ewes , but had no nc t iceable e f f e c t  on 

the o ther groups . Among the f ive-year-olds , ewes reared as twins were 

0 . 40 o f  a qual ity number f iner than single s .  

Hight e t  al . ( 1 9 7 6 )  found tha t  ewes rea r ing twins had f leeces with 

lower quality  number than those rearing singles , which in turn were lower 
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than b.:,rren ewes . No similar trend with NLW wa s found here . 

The only interac t ion o f  importance was year x NLW which affec ted 

the two- and three-year-old  ewes , acccunting for 3 . 6  and 3 . 7  percent 

o f  the to tal variance respe c t ivel y ( tables 5 . 5  and 5 . 6 ) . In the case 

of  two-year-old sheep , in seven of the twelve years , ewes which reared 

twins gre\\ the coarsest woo l ,  and in tive of these years barren ewes grew 

wool with the f ines t  count  ( table 5 . 9 ) .  On a wi thin -year basis , these 

resul t s  are in reasonable agreement with tho se of  Right et al . ( 1 9 7 6 ) . 

If  high f l eece weight is used as  a measure o f  a ' good ' yea r i t  seems 

that a better  environment tends to cause a decreased qual ity number 

among twin-rearing ewes rela t ive to single-rearing or barren ewes . 

There was no logical pa t tern among the remaining years , nor among the 

interact ion e f fects for the three-year-old ewes . 

B .  Woo l  Charac ter 

Woo l  charac ter is a subj e c t ively graded charac ter i s t ic based on 

crimp clarity and evenness , s taple formation , blockiness  o f  the staple 

t ip and f reedom from m edullation (Wickham and Bigham , 1 9 7 3 ) . 

Character grade decreasec s t ead ily with age , the means being 

5 . 1 5 ,  4 . 9 3 ,  4 . 6 7 and 4 . 4 1  for the two- , three- , four- and f ive-year­

olds respect ive l y .  Ellio t t  ( 19 7 5 )  recordec the hogge t wool charac ter 

as  5 . 03 .  Henderson ( 1 968)  s tated tha t  dogginess , which i s  associated 

vith poor character wool ,  is more  f requent amongst older age groups , 

and that the f ibres that are respons ibl e  grow f rom follicles  which have 

a grossly enlarged lower outer roo t sheath j us t  above the f o l l icle  

1:- ulb . The same author sugges tec the d i f f erential respons e  to the 

s tress o f  advanc ing age by large and small  f ibres is ano ther explana t ion . 

Year effec t s  accounted for b e twee� 4 3 . 0  and 50 . 4 percent o f  the 



Tabl e 5 . 9  Two-year-old Ewes . Least Squares E s t ima tes o f  
Environmental Effec t s . Year x NLW In t erac t ion 

on Qual i ty Number 

Year Number of Lambs Weaned 

1 9 63 

1 964 

1 96 5  

1 9 66 

1 9 6 7  

1 968 

1 9 6 9  

1 9 7 0  

1 9 7 1  

1 9 72 

1 9 7 3  

1 9 74 

0 

1 .  29  

1 .  37  

- 1 . 3 1 

-0 . 52  

-0 . 7 3 

1 . 03 

1 . 1 5 

0 . 84 

-0 . 65 

-4 . 05 

0 . 60 

1 .  3 5  

1 

1 .  5 7  

0 . 63 

- 1 . 24 

-0 . 84 

- 1 . 1 3 

0 . 8 6 

1 .  3 7  

0 . 38 

-0 . 55 

-2 . 3 7 

0 . 2 3 

1 .  7 0  

2 

1 .  2 5  

0 . 63 

- 1 . 7 7  

0 . 07 

- 1 . 2 6 

-0 . 67 

1 .  02 

0 . 34 

1 .  2 9  

-3 . 7 5 

0 . 4 0 

1 .  5 1  

96 . 
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to tal varia t ion in charac ter . The deviations from the .e.ge mec:ns for  

each group were  fairly consi s ter..t in  direc t ion . Various environmental 

factors a f f e c t  different components o f  charac ter . Chapman ( 1 964 )  f ound 

that high rainfall and high feeding levels increased dogginess but 

Short  e t  al . ( 1 95 8 )  thought tha t  high feeding decreas ed dogginess due 

to the d i f ferential response of large rrimary f ibre s . However ,  

Ryder and S tephenson ( 1 96 8 )  conc luded that nutrition e f fec t s  would reduce 

charac ter only if the stre�s was severe and prolonged . Infes tat ion 

of the f leece by parasites  which resul t in the sheep rubbing against  

obstruc t ions can induce tippines s  and lack o f  crimp (Wickham and 

B igham , 1 9 7 3 ) . Year and y ear x sheep int erac t ions c an affect  

medulla t ion (Goo t ,  1 945 ) . Y ear  e f f ec t s ,  which include environmental 

and management sources , as well as the probl em o f  b e tween- and within­

observer repeatability can take many forms insofar as charac ter i s  

concerned . 

None o f  the o ther environmental factors analysed had an impor tant 

influence on character , and neither did any of the f ixed interac t ions . 

The fa irly l arge difference in f avour o f  s ingle-reared hoggets no ted 

by Ellio t t  ( 1 9 7 5 )  had disappeared by the tw�tooth s tage . 

C .  S taple l ength 

The greatest  s taple l ength was grown by two-tooth ewes and 

declined s t eadily thereafter  with increasing age . The means were 

1 4 . 4 8 ,  1 3 . 73 ,  1 3 . 09 and 1 2 . 4 1  cm . The two -year-old  s taple l ength i s  

not s tr i c tl y  comparab le w i t h  t h e  o ther age groups a s  more the n 1 2  

months wool growth may have a t  t imes been mez sured . Ros s  ( 1 965 )  also  

recorded a constant decrea s e  with age , but  Hight et a l . ( 1 9 7 6 )  

reported that s taple length p eaked a t  three-years o f  age . 
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Differences between years explained 4 1  percent of  the variation 

in two-year-old s taple length , b u t  this fell to 1 3 . 6 percent for three-

year-olds and was below 10 percen t  for the other age s .  Nutritional 

effec t s  during the year of b ir th and the year in which the f leece was 

grown are instrumental in changing s taple length . Sho r t  ( 1 9 5 5 )  

repor ted tha t Merino lamb s from ewes which had had adverse nutritional 

trea tment durin[ pregnancy , producec fewer and longer f ibres at 200 

days than their counterpar t s  f rom dams which were fed wel l .  

S chinckel and Sho r t  ( 1 96 1 )  con � iderec that the effect was p ermanent in 

respect  to number of follicles , and concluded that tr e abil ity of  

foll icles to produce fibre at  ma turity was unimpaired by pre-natal 

nut rition . Sho r t  ( 1 9 5 5 )  also no ted that high levels o f  nutrition during 

the las t few weeks of pregnancy and during the early post-par tum per iod 

can increase the number of foll icles  and increase the secondary : 

primary ratio ( S /P )  through an influenc e  on the ma tura tion of  secondary 

follicle s .  Early pos t-natal feefing l evels reduced the ab ility o f  

the fol l icles t o  grow f ibre . Longer f ibres may be produced by sheep 

with low follicle  population ( Fraser , 1 9 5 2 ; S chinckel and Shor t ,  

1 9 6 1 ;  Henderson , 1 9 5 3a ) . Nut r i t ional effects  during the year of  bir th 

carried through to the year o f  fleece-growth , can cause d i f ferences 

between years at maturity . Differences  between record -year nutri tional 

l evels c an also  cause varia tion (Ryder and S tephenson , 1 9 6 8 )  by 

causing compet i t ion between the various t issues for nut rients . 

S taple l en[th showed a decre�sing trend with t ime over the 

duration of the recording perio d , but part icularly from 1 9 70 onwards .  

These later years have b een notable for  summer droughts , severe a t  

t imes , which could depress  woo l  growth through nutrit ional depriva tion . 
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In add i t ion , stock ing rates have increased s teadily over the years , 

possibly l eeding  to d ecreesed woo l  produc t i on per sheep (Ryder and 

S tephenson, 1 96 8 ) . 

A maj or source o f  varia t ion in staple length is  t ime be tween 

shearing (Wickham and Bigham , 1 9 7 3 ) . A short clima tically-inducec 

delay or managemen t decision to a l ter shearing dates would be  influential , 

par ticularly as woo l  growth rate is  approaching itE  maximum in 

November (Henderson , 1 9 6 8 )  when shE:aring is scheduled for completion . 

The environmental effec t o f  number of  lambs weaned accoun t ed for 

1 . 5  to 3 . 1 percent of the variance i n  s taple length within the three 

younger age groups but had no important influence on the f ive-year-olds . 

In the af fected groups , barren ewes tended tc have the longes t  staples 

and ewes which reared twins the shortest . The difference be tween 

raising z ero and twins was in each case more than the disparity be tween 

rear ing s ingles  and twins imply ing tha t  the stress of rear ing mul t iple 

lamb s is  much grea t er than the s tress  of rear ing a single lamb . 

The age o f  the dam of the ewe and rearing rank were unimportan t  

i n  explaining the varia t ion i n  s taple l ength . 

The inte rac t ion  o f  years with number  o f  lambs weaned accounted 

for s ix percent of  the variation i n  f ive -year-old ewe s stapl e  length. 

There was no consistency o f  ranking o f  NLW within year , and there 

"Tas wide variat ion  b etween subclass  e s t imates withi n year . 

D .  Fleece Weight 

The weigh t o f  greasy f l eec e produc ed by this flock of  Perendales 

dec l ined with increasing age but , as  with s taple length , there may be 

b ias in the meen of  the two-year-olds  which in some years may have 
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been carrying more than twelve months woo l growth . A decreasin g  wool 

weight has been observed by o ther researchers ( Fahmy and B ernard ,  

1 9 7 3 ;  Wr ight e t  al . , 1 9 7 5 ; Thrift  and Whiterran , 1 9 70 ) , but H ight 

e t  al . ( 1 9 7 6 )  found f rom the average o f  s ix flocks tha t  two-year-olds 

grew the l ightest  fleece ,  with three- and four-year-old ewes c l ipping 

the heaviest  f leec e . A similar trend wa s no ted by Brown e t  al . ( 19 6 6 )  

who recorded peak wool produ c t ion a t  3 �  y ears . 

A decrease in greasy f l ee c e  we igh t with t ime was no t unlike the 

trend observed in s taple  leng th . Turner ( 1 9 5 8 )  showed that s tapl e  

l ength is a n  impor tant component o f  f l e e c e  weight and �herefore a 

similar i ty o f  response to environmen tal p ressures was no t unexp e c t ed .  

The main effects were a l l  signi ficant sources o f  variation i n  

two- and three-year greasy fleece weight , but only year was important . 

In the remaining age analyse s  year , NLW ( four-year-only) and rear ing rank 

( five-year -old only) af fected the to tal variation significantly ,  but 

the latter never reached the arbitrary two percent theshold . The extreme 

ages were more sensitive ( 2 7 . 6  and 25 . 1  percent of the observed 

variatio n )  to differences between years t han intermediate age s ( 14 . 0  

and 12 . 7  percent ) . 

Be tween- year e f f e c t s  are partly media ted through nutri t io n  as  

well  as o ther environmenta l and managemen t fac tors . Adverse feeding 

l evels during late  pregnancy , and up to  weaning can depress b o t h  

ini t ia tion and devel o pment o f  secondary f ibres , ( Schinckel , 1 95 3 )  

and the e f fect  c an be  permanent .  S chinckel and Sho r t  ( 196 1 )  s tudied 

the e f f e c t  o f  d i f f erent l evels of  feeding during pregnancy in Merino 

ewe s ,  and also imposed h igh and low intak e  levels on their l ambs up 

to 1 6-weeks of age . Lambs from low intake ewes were nine percent 



1 0 1  

l ighter a t  maturity t han lambs from wel l  fed ewes , had about  15  percent 

f ewer fol l ic l es , and produced about 8 . 5  percent less woo l  a t  ma turi t y . 

A reduc tion of  1 0 . 5 p ercent in f ibre we ight resul ted in about  1 2  p ercent 

less woo l  from adu l t  ewes which had been poorly fed after lamb ing . 

Maximum fleece weigh t s  can be expec t ed from ewes whose dams were well  

f ed during late  pregnancy , and who were themselves subj e c t  to high l evels 

o f  nutrition dur ing early l ife . No t only the level o f  nutrition , but  

a l so pas ture spec ies may affect wool produc tion (Joyce an� Newth , 1 9 6 7 ; 

Bublath , 1 9 6 9 ) . 

Al though two- , three- and four-year-old daughters of  two-year-old 

dams clipped less woo l  than daughters of older dams , the percen tage 

variance controlled was never greater than 1 . 2  percent and therefore 

this source was rela t ively unimportan t . The greatest  dif ference was 

a lways between the f l eece weigh t s  of  daughters of two-year-old dams 

and the daughters of o lder ewes . The e s t ima tes for four-year-old 

daughters were small  relat ive tc the s tandard errors . 

Being born and raised as a twin reduced the [reasy f leece we ight 
kilograms 

by 0 . 10Afor t�u-year-olds , 0 . 08 for three- and four-ye2 r-olds , and 

0 . 14  for f ive-year-olds . The five -year-old group analys is was the only 

one for which the variance caused by rearing rank reached two percent 

o f  the to tal but the consistency of the trerd suggests  tha t it is 

meaningful . Ewes nursing twin lamb s  have a higher in take , and 

p rovide more milk _f o r  their progeny (Coop and Drew , 1 96 3 )  but the 

increase is  insufficient to meet requiremen t s ,  and the body weight and 

wool-producing abil ity  of the mul tipl e-born lamb is retard ed relative 

to the s ingle-born l amb . Twins therefore t end to b e  l ighter than 

s ingles at all  ages , al though the percentage dif ference decreases  a s  
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the sheep get o lder (Dun and Grewal , 1 9 6 3 ) . I t  was repor t ed by Turner 

( 1 9 6 1 )  that unhandicapped ( s ingles from ma ture dam) 1 6-mon th-old Mer inos 

produced 0 . 1 5kg more woo l  than their handicapped ( twins from two-year-

cld dam) contemporarie s .  Fol l icle density and fibre diame ter reduct ions 

accounted for more than hal f  of the d ifference . Secondary follicle  

numbers were considerably  lower within the hanc icapped group . 

Brown e t  al . ( 1 9 66 )  confirmed that retarda t ion c. f  early development 

through ma ternal hand icap is permanen t .  

The evidence p rovided in the l i tera ture and the resu] ts o f  this 

s tudy suggest tha t early restriction on development , caused by 

comp e t ition o f  various sorts for nutrients , is influential in reduc ing 

mature fleece weight . 

NLW had a s ignificant effect on greasy fleece we ight product ion 

of a l l  but the f ive-year-olds , but in the two- and three-year groups 

differences accounted for less  than two percent of the variat ion . For 

the three ages the order o f  the effec t was the same - barren ewes 

rroduced more wool than ewes rearing single o f f  spring , who in turn 

produced more than ewes weaning twins . Ro s E  ( 1 965 ) found the oppo s i t e  

a g e  response t o  NLW , s t a t ing that although average woo l  produc t ion 

was least  for ewes b earing twins , the effec t was only no ticed a t  

f ive- and six-years o f  age . Thrif t and Whi teman ( 1 9 70) found that 

Dorset  ewes produced about the same weight o f  wool regardless o f  

their l ambing status , whereas Western ewes which failed t o  lamb and 

tho s e  which gave birth to one l amb had heavier f leeces than tho s e  

which gave birth to two , regardless o f  t h e  number  reared . This 

resul t suggests  that pregnancy affec t  on greasy fleece weight produ c t ion 

may b e  more impc.r tant than lac tation s tress , and Brown e t  al . ( 1 9 6 6 )  

c oncurred . However , Ray and S idwell  ( 19 64 )  and Mullaney et  al . ( 19 6 9 )  
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d isagreed , finding that the effect  of  lac tat ion was more impo r tan t .  

Hight e t  al . ( 1 9 76 )  tabula ted the fleece we ight fer six flocks accord ing 

to NLW c las sif ica tion . The average over all f locks showed that dry ewes 

cl ipped 3 . 66kg , ewes weaning single lamb s 3 . 4 6kg and ewes weaning 

rr.u l t iple  lambs 3 . 39kg . I t  is no t surprising tha t di sagreemen t  should 

occur as to the relative impor tance of the lac tation and pregnancy 

effects  on woo l  produc t ion , as these ef fec ts are generally confounded 

with season of  year . 

CompE tition be tween the dam and lamb for nutrit ion could explain 

the decreased fleece weigh t s  o f  fertile as opposed to barren ewes . 

Pre-na tal effec t s  arise from a portion of  the produc ts o f  diges t io n  

being ' siphoned o f f ' f o r  the conceptus . Pos t-natal compe t i t ion 

arises from the provis ion of milk by the ewe for the nouristment o f  

the lamb . The high intake of  a ewe rearing twins is insuff icient to 

allow her to gain no ticeably in bodywe ight , whereas the same ewe will 

gain in bodyweight on less feed when rearing a single lamb ( Coop and 

Drew , 1 9 6 3 ) . 

E .  Fibre Diame ter 

There is an upward trend in fib r e  diame ter from the f ir s t  to the 

third mature record ( tables 5 . 1 to 5 . 4 ) . The means were 34 . 38 ,  

34 . 9 1 ,  3 5 . 22  and 3 5 . 16 f o r  the four age groups respec t ively . E l l i o t t ' s  

( 1 9 7 5 )  analysis o f  hogget records showed tha t fibre diameter for 

immat ure Perendales was much lower at 30 . 98 .  Ro ss ( 1 965 )  a l so reported 

en increasing f ib r e  d iamet er from two-year-old to four-year-old 

among Romneys with a dec rease therea f ter . Brown et  al . ( 19 6 6 )  reported 

that f ibre diameter increased with age until i t  reached a peak a t  6� 

years in Merino sheep . 
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Dif ferences b e tween years had cons istently less  effec t on  this 

trait than on o ther woo l  charac ter i s t ic s , never expla ining more  than 

10 percent of the observed varia t ion , and decreased with age . 

An inf luence o f  year o f  birth on ma ture fibre diame ter measurement 

was recorded by Schinckel and Sho r t  ( 1 96 1 ) , who found that restric ted 

intake by the dam during the pre-natal phase was assoc iated with the 

product ion o f  s l ight l y  coarser fibres by the lamb . Low nut r i t ional 

level s  during early pes t-na tal l i f e  caused finer fibres to bE. produced 

at ma turity . Other workers have suppl ied evidence to show tha t 

pre-natal nutrit ional depriva tion resul t s  in coarser , longer f ibres 

in lambs ( e . g .  Hend erso n , 1 953a ; Schinc kel and Shor t , 1 9 6 1 ) . 

Rearing rank wa s a significant so�rce 0 f  variat ion in f ibre 

ciameter of  two- and three-year-cld ewes , but only for the l a t t er 

was more than two p ercent of  the total variance accounted for by  this 

fac tor .  In the three-year analysis i t  was found that singl e  lambs were 

0 . 54 microns finer than twins . The two- and four-year-olds recorded 

the same rear ing rank trend . 

More than 2 . 5  percent o f  the total varianc e in f ibre d iame ter 

could be  attributed to the NLW x year interac tion in the three-year­

old analysis (Table 5 . 6) but no consistent trend was apparen t . 

F .  Number o f  Lamb s Weaned 

There was a s trong upward trend in NLW with age . This i s  a 

common observation recorded by many o ther writers ( e . g .  Fahmy and 

Bernard , 1 9 7 3 ; Dickerson and Gl imp , 1 9 7 5 ;  Turner and Dol ling , 1 9 6 5 ) . 

However , insufficient age groups were analysed to inves tigate the 

age a t  which lamb produc tion peaks . Turner and Young ( 1 9 6 9 )  thought 
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that the g eneral pat tern is for a peak to be attzined a t  be tween four­

and seven-yea rs of  age . 

Lax and Turner ( 1 9 6 5 )  sugges t ed that s�rvival is  also  affected by 

dam age , a peak being recorded at the same age as f o r  maximum 

lamb ing rate in their sheep . Hight and Jury ( 1 9 70) a l so found an 

e f f e c t  of age on survival , but  s uggested tha t there are  dif f erences 

b etween s ingles  and twins , with the l a tter having the higtest 

probab i l i ty of  surviving . 

Year effects  were o f  minor impo rtance as  a cause  o f  variat ion in 

NLW and accounted for only 1 to 3 . 7  percen t .  Pre-tupping nutri t ion , 

b o th static  ( l iveweight ) and dynamic ( liveweight change ) is 

vitally impor tan t in influenc ing NLB and u l t imately NLW (Wallac e ,  

1 96 1 ;  Tribe and Seebeck , 1 9 6 2 ; Coop , 196 2 , 1964 ; Hight and Jury , 1 9 7 3 ) . 

I t  was sugges ted by Coop ( 1 9 E 2 )  that reproductive performance increased 

with age solely as a func tion o f  l iveweight .  Hight and Jury ( 19 7 3 )  

f o und tha t a g e  d i f f erences could no t b e  a t tributed t o  weight alone , and 

that heav ier ewes reared more lamb s at each age . 

Between-year diff erences could arise from d if f erences in pasture 

l evel s  during the tupping s eason and for a short period preceding mat ing . 

Nutrit ional d i f f erences wou l d  then be  a dire c t  refl e c t ion of  summer 

rainfall . Management a ttempt s  t o  f lush ewe� pre-tupping would b e  

included i n  b e tween-year d i f f erences . 

None o f  the o ther main effects  was important in a f f e c t ing NLW , 

but  i t  i s  int eresting to no t e  tha t ,  albeit  small ,  there is a consistent  

d isparity in  favour o f  ewes r eared as twins . In economic terms , this 

would be  at least par t ially o f f s e t  by the oppos ite ob s erva tion for 

greasy f l eec e weight . Par t  o f  the rearing rank d i f f erences are 
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genetic  in origin as rearing rank d i f f erenc es  are an observa t ion on 

the performan c e  of  the dam while  NLW i s  an observa t i on of the same 

tra i t  on the daugh ter , and can form the basis of a her itab i l ity  

calculation . 

Two interactions contributed more than two percent to the variance 

of NLW for the five-year-old analysis : year x rearing rank and 

dam-age x rear ing rank . In s tudying year x rearing rank interac t ion 

i t  can be seen ( table 5 . 10 )  tha t the o rder of  performance o f  rear ing 

rank within years changes with time . In the early years the tendency 

was for ewes born a s  twins to wean mos t  lambs , but later this changed 

so that single born ewe� weaned more l ambs . It seems tha t ,  if  twin 

lambs had an advantage in geno type for NLW during the early years , this 

advantage could no t be expressed during the drought years from 1 9 70 

onwards . 

I n  consid ering the interac tion o f  dam-age with rear ing rank ,  

( table 5 . 1 1 )  i t  can be  seen tha t the daugh ters born as  twins from two- , 

three- , o r  four-year-old dams produc ed more  lambs a t  weaning than singl e 

born daugh ters . For the daughters o f  five-year-old dams , the opposite 

o cc urred . The d if ference between the lat ter dam-age subc l a s s  means is 

very small and may be  due to c hanc e .  A fur ther po int to no te i s  tha t 

the d if ference between rear ing rank c lasses d ecreases as  the age o f  Lhe 

dam increases , by far the largest d i f f erenc e being asso c ia ted wi th 

two -year-old dams . 



Table 5 . 1 0 

Year 

1 966  

1 96 7  

1 968  

1 9 6 9  

1 9 7 0  

1 9 7 1  

1 9 7 2  

1 9 73 

1 9 74 

Table 5 . 1 1  

Darn Age 

2 

3 

4 

Five-year-old Ewes . Lea s t  Squares Estima t es o f  
Environmental Effec ts .  Year x Rearing Rank 

Interac t ion for NLW 

Rearing Rank 

1 2 

0 . 04 0 . 05 

-0 . 1 6 0 . 07 

-0 . 1 6 0 . 30 

0 . 03 -0 . 05 

-0 . 20 -0 . 1 6  

0 .  1 9  -0 . 1 1  

0 . 30 0 . 1 9  

0 . 03 0 . 02 

-0 . 24  -0 . 1 5 

Five-year-old Ewes . Leas t Squares Es t ima tes o f  
Environmental Effec t s .  Dam age x Rear ing Rank 

Int erac t ion for NLW 

Rear ing Rank 

1 2 

5 - 5+ 

- 0 . 04 

0 .  1 7  

-0 . 33 

0 . 04 

0 . 2 5 

0 . 2 1  

- 0 . 36 

0 . 0 1 
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I I  Selec t i on appl ied 

The amount o f  s elec t ion applied to  the ewes in the flock during the 

data collec t ion period was computed by s tudying the selection 

differentials  a t  each age . I t  is  apparent from table 5 . 1 2  tha t mo s t  

sel ec tion pressure on woo l  traits tas been impo sed at  the hogget s tage . 

The maximum selec t io n  intensity was appl ied to fibre d iameter , which 

�as lower by 0 . 1 5  standard devia t ions for those  hoggets retained a s  

breeding ewes  than for a l l  hogge ts . 

in the same direc tion . 

La ter selec tion was minor but 

It  is ass�med tha t  d irec t selec tion was no t applied to reduce wool 

charac ter , a s  an increase would be more  desi rab l e .  The pheno typ i c  

correlations be tween character and o ther wool trai ts or  hogge t body­

weight (Ellio t ,  1 9 7 5 )  are no t grea t enough to sugges t that a correla ted 

response has occurred . The decrease may have been correl ated with 

some unrecorded culling variate . 

ages is  negl igible  and variable . 

Selec tion for charac ter a t  later  

S taple length selec t ion is o f  low int ensity but  continuous 

throughout the age range studied . This is  undoub tedly a corre l a t ed 

response to o ther selection as increased s taple length is a breeding 

obj ective . The same comments apply to fleece weight whi ch decreases 

slowly bu t continuously after an init ial l arge dror . 

Quali t y  number i s  the only woo l  trait to which conscious 

selection was appl ied . Apar t from s elec t ion a t  the hogget stage , 

the effect  o f  selec t ion has been rela t ively unimportan t .  

Vir tua lly no selec tion has occurred on the bas is  o f  two-year-old 

NLW performance ,  but the effect  of cull ing some of  the barren ewes at 

three- and four-years of age is more  apparent as the mean of retained 



Tabl e  5 . 1 2 

Age i 

Hgt 

Hgt 

Hgt 

Hgt 

2 

3 

4 

--- -----------

Di f ference in standard deviat ion uni t s  be tween the per formance of a l l  animals  of age i ,  
and the age i Eerfo rmance of animal s  whi ch s u c c e ed to age j 

Hogget Qual i ty Woo l S taple  Fleece Fibre 
Age j body weigh t  number character leng th weight Diame ter 

2 0 . 2 7 0 . 1 3  -0 . 1 0 -0 . 04 -0 . 1 1  -0 . 1 5 

3 0 . 33 

4 0 . 3 2  

5 0 . 26 

3 <. 0 . 00 0 . 0 1  -0 . 06 -0 . 04 -0 . 05 

4 0 . 04 0 . 00 -0 . 02 -0 . 02 -0 . 02 

5 0 . 02 -0 . 0 1 -0 . 04 -0 . 06 -0 . 02 

N . L . W .  

0 . 03 

0 . 20 

0 . 1 1  

1-' 0 �0 
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ewes exceeds the mean o f  all ewes a t  those  age s .  The effec t o f  

' 
selec t ion of hoggets on their dams performance was no t calcula ted . 

The hoggets retained in the flock for a fur ther year were 

heavier than tho s e  which were culled , and represent 85 percent of  a l l  

cand idates f o r  selection . Al though ewes which rema ined in the flock 

as three- and four-year-o lds were heavier on average as  hoggets than 

were the two-year-old ewe s ,  the difference is sma l l . ThE trend does 

no t continue into the final age group . 

The only cull ing o f  ma ture ewes carried out as a mat ter of  

policy  involved qual ity number and NLW .  The s i ze of  the change i n  some 

of the o ther woo l  chara c t eristics is surprising . However ,  for any 

particular trait analysed cul l ing on the bas i s  o f  that charac teris tic 

is  rela t ively unimportant as an explana tion of the to tal cull ing 

proce s s . 

I l l .  Within-age S tudy 

A .  Heritability Estima tes 

ThE: heritability es t iffiates derived by both paternal half-sib 

(PHS ) , and the regress ion o f  daughter on dam (DDR) methods appear with 

their  s tandard errors  in tabl e  5 . 1 3 .  The approxima te amount o f  

selec t ion bias i n  each e s t ima te is also incluced in the same table . 

This was calculated for  the PHS estimates  from resul t s  reported by  

Ronningen ( 19 72a)  who e s t imated the degree o f  b ias when selec t ion has 

b een appl ied to  progeny groups .  A second paper by the same author 

( Ronningen , 1 9 7 2 b )  considered the b ias in various o ffspring-parent 

methods and prec iction e quations were developed . In bo th case8 the 

b ia s ses  were always nega t ive . 
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The s ignif icance o f  differences be tween heritability e s t imates 

was assessed by calcula ting the s tanda rd error of the difference , and 

examining tte d iscrepancy in terms of this s tandard error . 

1 .  Qual i ty Number 

The heritability of fl eece qual ity  number was compe ted as  

0 . 2 2 ± 0 . 06 ,  0 . 2 7 ± 0 . 08 ,  0 . 28 ± 0 . 1 1  and 0 . 25 ± 0 . 14  by PHS  for the 

two- , three- , four- and five-year-old groups respec t ively . The 

equivalent e s t imates by DDR were 0 . 39 + 0 . 08 ,  0 . 48  ± 0 . 0 9  and 

0 . 6 6 ± 0 . 14  for  the first three ages . Probable sel ection b iasses 

indicate tha t the values presented could be  0 . 04 to 0 . 06 ( PH S )  or 

0 . 0 7 t o  0 . 1 1  ( DDR) too low . As the calculated biasses are in all  

cases  not grea ter than the s tandard erro r ,  the  impl ica tion  is tha t  

they a r e  unimportan t .  

The two- an� three-years-old paternal hal f-sib heritab i l ity 

e stima tes are lower than any of  those  o f  Mullaney et  al . ( 1 9 7 0 )  for 

30- month ewes of  three breeds (Table 2 . 2 ) . However ,  the c omparab le  

DDR e s t ima tes are  in reason2.ble agreement with their Corriedale and 

Polwarth values . 

No trend is apparent with age among the PHS estimates , all  being 

2bout the same magnitude , but there is an upward trend with age 

accord ing to the DDR heritability  values . Ellio t t ' s ( 1 9 7 5 )  hogget 

resu l t s  were 0 . 2 6 ± 0 . 01 ( PHS ) and 0 . 3 1  + 0 . 04 (DDR) which fall into 

the p a t t ern of mature e s t imates . The only significant dif ference 

( p ( 0 . 05)  is b e tween the DDR hogge t and four-year-old e s t imates , and 

the r eality  o f  an age trend is doub t ful . Mullaney et  a l . ( 19 7 4 )  

is  the only sour c e  of  between-age information o n  quality number 

her i tability , and they repor t  that 1 8-month were less than 30-month 
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Table 5 . 1 3 He:ritability Estimates , S tandard Errors and A:e:eroxima te 

Biasses 

Trai t  Age PHS DDR 

Es tima t e  Bias  Estimat e  B ias 

Qual ity Number 
2 0 . 2 2  + 0 . 06 -0 . 04 0 . 39 + 0 . 08 -0 . 0 7 
3 0 . 2 7 0 . 08 -0 . 04 0 . 4 8 0 . 09 -0 . 08 
4 0 . 28 0 .  1 1  -0 . 06 0 . 6 6 0 . 1 4  - 0 . 1 1  
5 0 . 2 5 0 .  14  -0 . 06 

Woo l  Charac ter 
2 0 . 3 3 0 . 08 -0 . 03 0 . 2 1  0 . 06 - 0 . 04 
3 0 . 26 0 . 08 - 0 . 0 3  0 .  1 2  0 . 09 -0 . 03 
4 0 . 1 6 0 . 09 -0 . 02 0 . 2 5 0 .  1 1  - 0 . 04 
5 0 . 39 0 . 1 6  - 0 . 04 

S taple Length 
2 0 . 44 0 . 08 -0 . 02 0 . 36 0 . 0 7 -0 . 05 
3 0 . 5 2 0 .  1 1  -0 . 07 0 . 33  0 . 09 - 0 . 06 
4 0 . 32 0 .  1 1  -0 . 05 0 . 2 5 0 .  1 2  -0 . 05 
5 0 .  7 1 0 .  1 8  -0 . 1 2 

Fleece Weight 
2 0 . 53  0 . 09 -0 . 0 7 0 . 4 5 0 . 0 7 -0 . 07 
3 0 . 5 2 0 . 1 1  -0 . 08 0 . 62 0 . 0 8 -0 . 09 
4 0 . 40 0 . 1 2  -0 . 0 7 0 .4 3  0 . 1 1  -0 . 07 
5 0 . 24 0 . 1 4  -0 . 08 

Fibre Diame ter 
2 0 . 54 0 . 1 1  -0 . 10 0 . 50 0 . 08 -0 . 08 
3 0 . 54 0 .  1 3  -0 . 1 3 0 . 4 5 0 . 1 0 - 0 . 08 
4 0 . 3 8 0 .  1 4  -0 . 1 1  0 . 45 0 . 1 7  -0 . 06 
5 0 . 6f. 0 . 23 -0 . 1 8 

NLW 
2 0 . 14 0 . 05 -0 . 02 0 . 06 
3 0 . 02 o . o: -0 . 00 0 . 0 1  0 . 09 -0 . 02 
4 0 .  24 0 . 1 0  -0 . 08  0 . 03 0 . 1 3  -0 . 0 2 
5 0 . 04 0 . 1 1  -0 . 02 

Fer t ility  
2 0 . 06 + 0 . 04 
3 0 . 0 2  0 . 02 
4 -0 . 0 1  0 . 07 
5 - 0 . 15 0 . 1 6  

Twinning 
2 0 .  1 2  0 . 05 
3 0 . 1 5  0 . 07 
4 0 . 1 3  0 . 09 
5 0 . 0 1  0 . 0 5  
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value s ,  but  the d i fferences were no t significa�t . 

The sets  of  f igures presented above are widely dif feren t be tween 

methods , DDR e s t imates always exceed ing PHS estimates , al though the 

difference was only significan t at  four-years . Poir. t s  to consider are : 

( i )  Bias  could have arisen in the DDR e s t ima tes from ma ternal 

environment . This possib ility  is remo te as the e f f e c t  is 

unlikely to carry over to four-years , when the greatest  

differences occur , part icularly as the recorded ma ternal 

effects  (rear ing rank and dam age) were found to be 

unimpo r tant . 

( ii )  A s  the DDR computations were carried out on cons iderably 

smaller samples , sampl ing errors may have been responsible  

for  the  discrepancy . 

( iii)  The var iance between s ires could have been reduced by 

assortative mat ing . No evidence wa s found for non­

randomization of  ewes wi thin mat ing groups but may 

never theless have occurred . I f  for example , many 

coarse woolled rams were assortatively mat ed to ewes with 

f ine wool but each group mean devia ted l it tl e  from thE: flock 

mean the pro geny groups would be more alike than whE:re t rue 

random mat ing was prac t ised . The between-sire variance , 

and PHS heritability e s t imat e  would then be  reduced , without 

a f f ec ting the DDR e s t imate . Evidence against this explanation 

comes from the fact tha t the estima tes for f ibre d iameter 

show no analagous differences . 



2 .  Wool  Charac ter  

1 14 . 

Values calcu l ated for the heritab i l i ty of  wool charac t e r  wer e  

0 . 33 ± o . oe ,  0 . 2 6  + 0 . 08 ,  0 . 1 6  + 0 . 09 and 0 . 39 ± 0 . 1 6  us ing PHS 

procedures , and 0 . 2 1  ± 0 . 06 ,  0 . 1 2  ± 0 . 09  and 0 . 25 ± 0 . 1 1  by the DDR 

method . These e s t ima tes re late  to the age group� in increas ing order . 

Selec t ion has reduced heritability  by 0 . 04 or le s s ,  which i s  consid-

erably below any o f  the s tandard erro r s . Mullaney e t  al . ( 1 9 70 )  

have published t h e  only wool charac t e r  heri tability e s t ima tes  for  

ma ture sheep (Tab le 2 . 3 ) ,  and their resul t s  can be  compared with the  

two- and three-year values from the  pr esent s tudy For the three 

breeds tha t they s tud ied , the es t ima t e s  were cons istently t igher than 

for the Perendale  sampl e .  No published e s t ima tes are available with 

which to compare the older age resul t s .  

No regular age trend i s  perceptible in the heritabi lity e s timates 

even when Elliott ' s  ( 19 7 5 ) tabulated va lues of 0 . 2 3 + 0 . 01 and 

0 . 23 + 0 . 03 are cons idered . 

The differences between methods at each age and between ages 

within each me thod separately were not s tatistically signi f icant . 

3 .  S tapl�_ Len.8!.b_ 

The Perendale e � t ima tes  for t he heritability o f  s taple length for 

two- , three- , four- and f ive-year-old  ewes by PHS were 0 . 44 ± 0 . 08 ,  

0 . 5 2  ± 0 . 1 1 ,  0 . 32 ± 0 . 1 1  and 0 . 7 1  ± 0 . 1 8 .  Equivaler• t e s t ima t es for 

the f ir s t  three ages by DDR were 0 . 3 6 ± 0 . 07 ,  0 . 33 ± 0 . 09 and 

0 . 2 5  + 0 . 1 2 .  B ia s  due to selec t ion wa s o f  minor impor tance rela t iv e  

t o  t h e  s tandard errors (Table 5 . 1 3 ) . PHS estimates  were mor e  variable 

and con s is tently h igher than those  from the DDR analys is . The two- and 
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three-year-old heritab il i t ies were wi thin the range of  those  presented 

by Mullaney e t  al . ( 19 70) . Age was no t expl icitly quantified by 

Nawa ra and Duniec ( 1 9 7 2 ) o ther than by shearing numb e r ,  but their 

evaluation of  heritab ility was 0 . 5 7 for two ages , wi thin the range o f  

PHS values presented here . 

When they examined heri tabil i ty of  s taple  length based on the 

correlation b e tween s ingle records on the daught er and dam ,  

Mul laney e t  al . ( 1 9 7 0 )  found tha t al though 18-month e s t ima tes were 

grea ter than or equal to 30-month values , the differences were smaller  

than the standard errors . There is an apparent peak in s taple length 

her itab il ity a t  third shearing according to Nawara and Duniec ( 19 7 2 )  

but i t  is no t known how real this observa t ion i s  as no standard errors  

were included in  the ab strac t .  Elliott ' s ( 1 97 5 )  he. ritabilit ies o f  

0 . 4 9 + 0 . 0 1  (DDR) and 0 . 35 � 0 . 04 (PHS) form par t o f  an age series with 

the present e s t ima te s ,  but no real trend is no ticeable and the be tween­

age dif ferences  are not significant i n  a s ta t i s t i c a l  � en�e . 

4 .  Fleece Weight 

The ind ividual age group heritability  estimates from two- to 

five-year-old were 0 . 5 3 + 0 . 09 ,  0 . 52 � 0 . 1 1 ,  0 . 40 � 0 . 1 2  and 

0 . 24 � 0 . 14  by PHS . For the two- , three- and four-year-old ewes the 

e s t imates were 0 . 45 + 0 . 0 7 ,  0 . 6 2  � 0 . 08 and 0 . 43 � 0 . 1 1  by the DDR 

metho d .  The e f f e c t  of  select ion was t o  b ias  the heritab i l i t ies 

downwards by  an amount less than one stand2rd error excep t in th e case 

of  the three-year-ol d  (DDR) where the b ias  marginally exceeded the 

standard erro r o f  the e s t imate . 

There are a wide range of heritabil ity estima tes recorded in 

table 2 . 1 and the Perendale values derived here are wi thin the range  o f  
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tho s e  l is ted . There a r e  no reports  comparabl e  with the four- and 

five-year-old es tima tes for the Perendales , bu t the two- and 

three-year-o ld heri tabil ities by ei ther method compare well with many 

of those in the l it erat ure (Doney , 1 958 ; Koo i stra et al . l966 ; Mull aney 

et al . 1 9 7 0 ;  Nake v, 1 9 7 3 ;  Mo re O ' Ferral l ,  1 9 7 6 ) , but are higher than 

others (V achal , 1 9 £ 2 ; Nawara and Duniec ,  1 9 7 2 ) . Eikj e ' s  ( 1 9 7 5 )  

est ima te for ewes over 36-mon ths i s  near the f ive-year Perendale resul t ,  

but less  than the four-year va lue . 

The hogge t heritab ility estima tes for fleece we ight were 

0 . 32 i 0 . 0 1  ( PH S )  and 0 . 30 + 0 . 03 (DDR) accc.rding to Ellio tt  ( 1 9 7 5 ) . 

There is a decreasing t endency in PHS estima t e s  af ter the hogget stag e , 

but only the dif ference between hogget and two-year-old records are 

signif icantly d i f feren t ( p < 0 . 05) , and the trend may not be real . 

There is no trend among the DDR heri tab il ity value s ,  but the one- and 

three-year-old e s t ima tes were signif icantly differen t �  Mullaney 

et  al . ( 1 9 7 0 )  found tha t 1 8-mon th estima tes were always less  than 

30-month estima tes but the dif ference was only signif icant in one o u t  

of  three comparisons . The s i tua t ion with Eikj e ' s  ( 19 7 5 )  values is 

confused by the adj ustiTent o f  the records o f  one age group , but the one­

year estima te was higher than those recorded l a ter for fleece weight . 

N awara and Duniec ( 1 9 7 2 )  found that the e s t imates o f  greasy fleece 

weight heritab il ity dec rea s ed from second shearing onwards ,  but the 

ac tual age at s econd s hearing was unspec if ied . 

5 .  Fibre d iame t e r  

Estimates  for  f ib re d iameter he ritability  are presented in 

tabl e  5 . 1 3 with the o ther charac teristic s ,  b u t  are less  precise a t  

each age due to  fewer records being available . Res�l ts from the PHS 

calculations were 0 . 54 + 0 . 1 1 ,  0 . 54 + 0 . 1 3 , 0 . 38 + 0 . 1 4  and 0 . 6 8  + 0 . 2 3 
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for two- three- , four- and f ive-year-old ewe s .  Heritab ility estimates 

for  the first  three ages by DDR were 0 . 50 ± 0 . 08 ,  0 . 4 5 ± 0 . 1 0  and 

0 . 45 + 0 . 1 7 .  Al though the extent of  select ion was greater for f ibre 

diameter than for o ther woo l  traits , the b ia� failed to exceed one 

standard error for any e s t imat e .  The values derived from the analys is  

o f  the two younger groups , which compare in  age  with  the sheep o f  

Mullaney e t  al . ( 1 9 70) , are in good agreeffien t with e s t imates J is t ed in 

tab l e  2 . 5 .  

Ell io t t ' s  ( 19 7 5 )  PHS ( 0 . 54 ± 0 . 0 1 )  and DDR (0 . 4 7  ± 0 . 02 )  

e s t ima tes are similar t o  the ma ture value� for f ibre diameter 

her i tability .  

of  estima t e s .  

There a r e  n o  s ignificant differences be tween any pairs 

Cons istent  dire c t ional differences were recorded by 

Mullaney e t  al . ( 1 9 70)  ( tabl e  2 . 8 ) whc found tha t 1 8-mon th estimates 

were always lower than those for 30-month ewes of  three breed s ,  but 

the discrepancy wa s never s igni f icant . 

6 .  Number of  Lambs Weaned 

Widely differing heritab il i ty estimates were evident from the data 

anal ysed by PHS . The resul ts were 0 . 1 4  ± 0 . 05 ,  0 . 0 2 ± 0 . 05 ,  

0 . 24 + 0 . 1 0  and 0 . 04 + 0 . 1 1  for the two- , three- , four- and f ive-year­

old ewes , and the DDR equivalen t s  were -0 . 02 ± 0 . 06 ,  0 . 0 1  + 0 . 09 

and 0 .  0 3 + 0 . 1 3 .  The ef fect o f  select ion was minor in magnitude . 

Mos t  e s t imates in t able  2 . 1 1  for heritabil ity of  NLW a t  24-months are 

less  than 0 . 1 (Young et al . 1 963 ; Kennedy , 1 96 7 ;  More O ' Ferrall , 

1 9 7 6 ; Eikj e ,  1 9 7 5 ) , but one value presented by More O ' Ferral l  ( 19 76 )  

o f  0 .  1 6  i s  in good agreerr.en t with the two- ye.ar PHS value above . The 

three- and five-year-old values by PHS are negligib l e ,  as are all of  

the DDR results ,  but  the  four-year PHS est imate is higher than any 
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single-record heritab ility  revieve� with the except ion o f  one rela t ing 

to f e r t il ity ( 0 ,  l)  by  Young e t  al . ( 1 963 ) . A po s s ib l e  bias could arise 

in DDR es t ima tes where a ewe has no lamb s during her l ifetime as 

barrenness itself may have a genet ic component .  

ewe lambs would also be excluded . 

Ewes which have no 

The differences be tween age e s t ima tes of  heritability are 

signif ican t (p<O . OS )  only for the PHS three-four comparison but form 

a definite pattern . If this cyclic effec t was real , an explana tio n  

could be a s  follows : the two- year-old ewes entering the flock have all 

been s imilarly managed during their development ,  so that between- sire 

environmental dif ferences should be  non-exis tent at  f irst  lambing . 

At the second lambing , the expec tation o f  the between-sire component 

due to the previous yec.r NLW environment will not be zero as the sire 

groups will have reared different average numbers of lamb s .  The 

stress  of raising larger average families a t  first l amb ing may decrease 

the propen s ity of the a f fec ted groups for mul tiple b i r ths at  second 

lamb ing , thus reduc ing between-sire dif ferences . The adverse 

environmen t wil l  have reduced the ' be tter ' groups ab i l i ty to  express 

their superiority at  the second lamb ing . At the third lamb ing , the 

various s ire groups will have experienced a more homogeneous NLW 

environment in the previous season , and dif ferences b e tween sire 

groups wi ll  again be  expressed . The fourth lambing will  be  under 

similar c ircumstances to the second . High heri tabi l ity could be  

expec ted whenever the  previous season environment was rela tively 

uniform f o r  all sire groups .  

This  theory could b e  tested  b y  computing the heritab ility of  

NLW f o r  the  ewes l amb ing as  three-year-olds which were  barren a t  
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two-years and comparing with ewes  which lambed a t  both age s .  

Unfortunat e ly , only about 1 2 0  ewes fell into this category and the 

standard error of the heritabil i ty estimat e  would have been too large 

for the results to  have b een meaningful . 

7 .  Fertil ity and Twinning 

The e s timates  o f  her i tability for fertility  and twinning are all  

o f  low magnitude , and suggest  that there is unl ikely to  be any 

appreciable respons e to mass selection . The heritability of  twinning 

is higher a t  each age than the heritabil i ty o f  fer t i l i t y ,  which 

ind icates that retaining replacements  from dams which produce twins 

at weaning may be mor e  succ essful than selec t ing from progeny o f  dams 

which merely raise a lamb . 

What selec t ion pressure has been appl ied has been against 

barrenness ,  which raises the suspic ion that the fer t i l ity estimates may 

be  b iassed by the c ul l ing o f  dry ewes . The ewes were no t culled 

unt i l  a f t er record ing and therefore at each age the only selec t ion had 

been based on prev ious records . Considering that selec t ion d i f f eren t -

ial s  never exceeded 0 . 20 o f  a s tandard devia t ion , and that the heri-

tab ility  was expec ted to be  low , bias should be  unimpor tant . However , 

i f  there is any bias present the early records should be  virtually 

free of i t . 

Young et a l . ( 19 6 3 )  calculated the heritab ili ty o f  fer t il i ty 

based o n  NLW using a 1n aximum l ikelihood procedure and reported es t imates  

o f  0 . 0 and 0 . 29 a t  two- and three-years o f  age . Their analys is  of  

var iance computations yielded heritab il ities  o f  0 . 0 3  and 0 . 1 5  at  the 

same respective ages and 0 . 09 for the sum of the two ages . The two-

year e s t imates are s imilar to  those recorded in table 5 . 13 ,  but  the 



120 . 

three-year estimate s exceed those found here . However , the d i fferences 

are not signif icant . 

8 .  Conclus ions 

The heritabil ities of all wool characteri stics are medium to high 

according to the e stimates pre sented in previous sections .  The down­

wards bias in these estimates i s  generally not great enough to be 

considered as other than part of the random variation . It can be 

stated with some confidence that , based on thi s and other studie s ,  the 

wool traits examined would respond wel l  to selection . 

The estimates were calculated after taking into account those 

interac tions which contributed more than two percent to the total 

variance , but which were not excluded by other considerations . 

Table 5 . 14 contains the PHS heritabilities for the variable s  calculated 

from data which were corrected for intera ctions , as well as  estimate s 

where the data were uncorrected . The dif ference s between methods were 

always small , and non-significant . No serious error would a r i se from 

calculating heritability estimates ignoring interactions where they 

contributed to var iance to the extent of those analysed her e . 

Although differences were noted between her itability estimates 

computed by the PHS and DDR methods , the discrepancy only attained 

significance among qual ity number values which were discussed earl ier . 

Di fferences between ages were seldom significant , but as  a characteristic 

measured at di fferent ages might not nece ssarily be the same trait 

genetically , the comparison may be i r rel evant 

The practical e ffect of low heri tability for reproductive traits 

can be seen i n  tables 5 . 1  to 5 . 4 ,  where the difference in NLW between 

ewes r eared a s  s ingles and those reared as twins was only two to four 
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percent , dependent upon age . The NLW e s timates suggest that selec tion 

for NLW at two - and four-year s of age may be more accur ate in increasing 

future lamb production than the same operation performed at three- or 

four-years of age . 

Tabl e  5 . 1 4 Comparative Heritab i l i ty Estima tes from Mod e l s  Inc lud ing 

and Excluding Importan t Int erac t ions 

Variable Age 

Quality  number  2 

Quality  n umber 3 

Fibre d iame ter 3 

S tap l e  l ength 5 

With 
Interac tion 

0 . 2 2 + 0 . 06 

0 . 2 7  0 . 08 

0 . 54 0 . 1 3  

0 .  7 1  0 .  1 8  

Without 
Interac tion 

0 . 2 1  + 0 . 06 

0 . 2 1  0 . 08 

0 . 4 9 0 .  1 2  

0 . 69 0 . 1 8  

Differences  

0 . 0 1  + 0 . 08 

0 . 06 0 . 1 1  

0 . 05 0 . 1 8  

0 . 02 0 .  :� 5 



B .  Genetic Correla tions 

1 .  Between Wool Characteristics 
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The estimates  cf  the genetic correlations be tween wool charac ter­

istics  are presented with their standard errors in table  5 . 1 5 . 

Comparisons will be  made with the publ ished estima tes o f  

Mullaney e t  al . ( 1 9 70) throughout this discussion . Their resu l t s  

were derived from Merino , Corriedale and Polwarth sheep of  30-mon ths 

of age and are therefore mas t  c losely comparable with the tw0- and 

three-year-old estimates from this s tudy . Any discuss ion con t ra s t ing 

their results  with mature Perendale e s t imates will presuppose tha t  

only the two- and three-year-old ages are being considered . 

The genet i c  correla tions will be discussed under subheadings , 

following the format of  table 5 .  1 5. 

(a)  Greasy Fleece Weight with Other Wool Charac terist ics 

The resul t s  from this analysis indicate  that greasy fleece weight  

is posi t ively rela ted to  all  o f  the  o ther wool characteristics  s tudied , 

except qua l i ty number, a t  all  mature ages . The only inconsis tency 

i n  sign in the e s t imates relates to the genetic correlation be tween 

greasy fleece we ight and s taple l e�gth , where the four-year-old value 

is nega t ive by the daughter-dam (DD )  method , but is negl igible in 

magnitude and has a large s tandard erro r .  

Antagonisms whi ch may confuse selec tion policy are evident i n  

some associations . Increased f ibre d iameter and decreased quality  

number in  the  neyt generation will  resu l t  from selec t ing as replace -

ments , the progeny o f  ewes which grow the h eaviest fleec e s . Fib r e  

diameter w i l l  be  mos t  affected where progeny a r e  selec ted from young 
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Table  5 . 1 5 Estima tes of  Gene tic Correla tions and S tandard Errors . 

Wool Traits . 

Age PHS DD 

( a )  Greasy fl eece weight 
- fibre d iameter 

2 0 . 5 7  + 0 . 1 3 0 . 36 + 0 . 08 
3 0 . 54 0 .  1 5  0 . 5 2  0 . 08 
4 0 . 28 0 . 2 7 0 . 2 3 0 . 2 3 
5 a 

- qual ity  number  
2 -0 . 22 0 . 1 7 - 0 . 4 5  0 . 07 
3 -0 . 0 7 0 . 20 -0 . 2 9 0 . 08 
4 -0 . 4 9  0 . 2 2 -0 . 4 6 0 . 1 0  
5 -0 . 1 1  0 . 42  

- staple J ength 
2 0 . 6 8  0 . 09 0 . 44 0 . 07 
3 0 .  7 1  0 . 1 0 0 . 4 9 0 . 08 
4 0 . 66 0 .  1 7  0 . 36 0 .  1 6  
5 0 . 6 9 0 . 22 

- wool character  
2 0 . 6 0 0 .  1 2  0 . 2 8 0 . 1 1  
3 0 . 2 6 0 . 20 0 . 44 0 .  1 8  
4 0 . 4 6  0 . 30 -0 . 06 0 .  1 8  
5 0 . 1 7  0 . 37 

( b )  Quality number 
- fibre diame ter 

2 -0 . 55 0 . 20 -0 . 64 0 . 08 
3 -0 . 3 1  0 . 2 1  -0 . 56 0 . 09 
4 -0 . 65 0 . 2 1  -0 . 3 9 0 .  1 5  
5 -0 . 6 2 0 . 22 

- staple length 
2 -0 . 5 7 0 . 1 3  -0 . 6 7 0 . 07 
3 -0 . 5 6 0 . 1 5 - 0 . 7 1  0 . 07 
4 -0 . 4 3 0 .  2 3  -0 . 36 0 . 1 3  
5 -0 . 62 0 . 22 

- woo l  charac ter 
2 0 . 2 1  0 . 1 9 0 . 0 1  0 . 1 2 
3 0 . 2 6 0 . 2 1  0 . 58 0 .  1 6  
4 0 . 4 9  0 .  30 0 . 2 6 0 . 1 4  
5 0 . 74 0 . 28 
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Table 5 . 1 5· continued 

( c )  Fibre d iame ter 
- s taple length  

2 0 . 5 7 0 .  14 0 . 2 0 0 . 1 0  
3 0 . 6 9 0 . 1 4  0 . 28 0 .  1 3  
4 0 . 1 3  0 . 2 9 0 .  1 5  0 . 4 0  
5 0 .  1 7  0 . 28 

- wool charac t er 
2 0 . 20 0 .  1 8  - 0 . 1 2  0 . 1 5  
3 -0 . 04 0 . 2 5 0 . 09 0 . 26 
4 -0 . 85 0 . 4 2 0 . 3 1 0 . 44 
5 -0 . 46 0 . 30 

( d )  Staple  l ength 
- woo l  charac ter 

2 0 . 3 7 0 .  1 5  0 .  1 9  0 .  1 2  
3 0 . 07 0 . 2 1  -0 . 33 0 . 2 2 
4 0 . 36 0 . 33 -0 . 08 0 . 2 4 
5 0 . 05 0 . 2 7  

a .  Nega tive variance component ( Greasy fleece weight ) 
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dams . The strong assoc iation between greasy f leece weight and 

s taple  l ength and the weaker relat ionship between greasy fleece 

weight and woo l  character are favourable to  selection obj ectives . 

The genetic correlat ions o f  Mullaney et  a l . ( 19 7 0 )  are iden t ical 

as t o  s ign to the mature Perendale estimates for all except  the greasy 

fleece weight - wool character  rela t ionship , where their values differ 

among b reeds . Ellio t t ' s  ( 1 9 7 5 )  Perendale hogget genetic correlat ions 

are in the same direc tion as for the older ewes o f  the same breed , with 

the exception of  the greasy fleece weight- qua l i ty number estima te (DD)  

which was small and pos i t ive . 

Dif f erences be tween me thods o f  e s t imat ion are evident for every 

genetic  correla t ion , but are significant only for the correlat ion between 

greasy f leece weight and s taple length at  two-years of  age . I t  i s  

assumed that these differences are due t o  sampl ing as they 2 re seldom 

consistent  in dire c t ion , and thE, DD c.nalysis wa s bas ed on a smaller 

sample than the PHS calcula t ions . 

(b ) Qual i ty Number wi th Other Wool Charac teris tics 
s 

The genetic correlationA be tween qual i ty number and f ibre d iameter 

and be tween quality  number and staple l ength were always negative , 

while  the asso c ia tion of  q uality  number with wool charac t er was pos i t ive 

a t  a l l  ages in this anal.y E i s . Considering that quality number and 

f ib r e  diameter are b o th a s sessment s  of fibre f ineness ,  the magnitude o f  

some o f  the genetic corre l a t ions between them are remarkably low , 

but a l l  are in the expec t ed direct ion . 

Dams with the fine s t  quality numbers will  produce progeny with 

fleeces which are shorter in the staple according to the genet ic 

correlat ions presen t ed in table 5 . 1 5  and this is antagonis t ic to 
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common selection aims which would require an increa se  in both charac ter-

i s t i c s .  The genetic  association between quality number and wool 

charac ter ensure tha t advantageous correlated selec t ion responses would  

be  observed . 

Mul laney e t  al: s ( 1 9 7 6 )  es t imate ( table 2 . 1 2 )  agree as to  sign 

with those  in tab l e  5 . 1 5  for the quality number-fibre diame ter and 

qual ity number- s tap l e  l ength gene tic correla tions , but their resul ts for 

quality number-woo l  charac ter vary wide ly among breeds , with two out 

of  three e s t imates b e ing low negative while  the third is grea ter than 

the low positive Perendale values . The Perendale hogget genetic  

correlat ions ( Ellio t t , 1 9 7 5 )  for  quality number-wo o l  chara c ter is  

oppo site  in sign to the mature estimates bu t very sma l l . The 

rema inder are in agreement with the ma ture estimates as to sign . 

None o f  the difference s  between methods was signif ica�t for  the 

gene tic c o rrelations examined in this section . 

(c ) Fibre Diame ter with Other Woo l  Charac ter is tics 

Fibre diamet er and staple length are positively genet ically 

correlated accord ing to the e s t in�tes in table 5 . 1 5 ,  but the s igns 

of the f ibre diameter-wool  charac ter relat ionship are inconsis t ent  

among ages . 

S el e c t ion for decreased fibre diamet er wil l  be  a t  the expense 

of decreased staple length which is  clearly antagonistic  to selec t ion 

a ims . The correl a tions are particularly s trong a t  the younger ages . 

The picture is no t so  c l ear for the f ibre d iameter-wool character  

associa tion as there is  no t only a change in  sign with age , but  also 

between me thods .  The PHS e s t imates imply  tha t  sel e c t ion agains t 



1 2 7 . 

f ibre d iameter a t  two-years will decrease wool character , but  l a te r  

selec tion w i l l  have the converse e f f ec t .  The DD values suggest 

tha t the opposite  effec t  will occur at each age , but the e s t imates are 

all smaller than their standard errors . Only the four-year-cld  

estimates are s ignificantly different between methods . 

Mullaney e t  al . ( 19 70)  found that data on two breeds produced 

sma l l  positive gene tic correlat ions between fibre diame ter and 

s taple  l ength while the third yielded s t rongly negative values which 

makes c ompar isons with the present  resul ts d i f f icul t .  Their f ibre 

diameter-woo l charac ter genetic  correlat ions were consist ently negative . 

Ell io t t  ( 1 9 7 5 )  recorded pos i t i ve correlat ions between f ibre diameter 

and staple l ength , and f ibre d iame t er and woo l  charac ter by b o th PHS 

and DD metho ds .  

( d )  S taple Length with Woo l Character 

The final woo l  trait  gene tic  correlation to be discussed shows 

wide variation both within and between me thods . The e s t ima tes are a l l  

negl igib le o r  low ,  b u t  vary i n  s ign . None o f  the differences between 

me thods is significant . Ell io t t ' s  ( 1 9 7 5 )  results show signi f icant 

d i f ferences between methods , but b o th are pos i t ive . Variab ility in 

b o th sign and s iz e  o f  the genetic  correlation coeffic ient is  evident 

in the e s t imates  reported by Mullaney e t  al . ( 19 70)  who recorded a 

sma l l  negative value for  one b r eed and medium positive values for the 

o ther two breeds . The two-year PHS e s t imates from this s tudy are 

within the o rder o f  their range o f  pos i t ive values , bu t none of the 

o ther values c o incide , al though the DD two-year PE.rendale correla t ion 

is only s light ly lower than the Corriedale e s t imate .  
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The e s t imat e s  of  the genet i c  correlations between NLW and fleece 

characteri s tics  are l isted in table 5 . 1 6. The DD analysis provided 

generally unsa t isfac tory resul ts due to small or negat ive daughter-

dam covariances . S everal e s t ima tes by both methods have very large 

s tandard errors . 

All genetic  correlations b e tween NLW and greasy f leece weight 

calculated by the PHS me thod were found to be negat ive in this analys i s .  

A DD e s t ima te which conf l ic t s  in  s ign with all o thers i n  table  5 . 16 has 

a s tandard error in excess o f  unity . The ind ications are tha t selec t ing 

for increased reproductive rate will cause a correlated response toward 

lower f leece weight in the following generation . Al though the 

r ega t ive es timates  in table 2 . 1 3  support this conclus ion , tho s e  

f igures are no t stric tly comparable w i t h  the Perendale values as the 

ages in  each tab le are differen t . Other workers have observed _NLW and 

wool trai t s  at d i fferent age s . Note that only the two-year e stimate i s  

signi ficantly dif ferent from zero , but that the signs are cons i stent . 

Turner ( 1 9 7 2 )  stated that some publi shed es timates o f  the genetic 

correlation between reproduction and fleece weight  are b iassed by  the 

fai lure to correc t the ewes  wool weight for reproduc t ive 

s tatus . The arguments to  support the con tention are tha t  the 

environmental e f fect  of  NLW (or number of lambs born) will influence 

the ewe ' s fleece  weight , and tha t  a twin born ewe will raise mo re twi ns 

herse lf .  A negative genetic correlation may then be  obtained through 

the environmental effec t .  Several experiments were c i t ed showing that 

both reproduction rate and fleece  weight can be increased c oncurrently 

unde r  selec t ion . While conceding that  the logic o f  the argument is 



Tabl e  5 . 1 . 6  Estimates of Gene tic Correlat ions and S tandard Errors .  

Number o f  Lambs Weaned Hith  Wool Tra i t s .  

NLW 
- greasy f l eece weight 

- f ibre d iameter 

- qua l ity number 

- s taple l ength 

- woo l c haracter 

Age 

2 
3 
4 
5 

2 
3 
4 
5 

2 
3 
4 
5 

2 
3 
4 
5 

2 
3 
4 
5 

PHS 

-0 . 40 + 0 . 1 9  
-0 . 04 o 0 . 63 
-0 . 2 5 0 . 28 
-0 . 54 b L OO 

-0 . 2 3 0 . 2 2 
c c 

-0 . 38 0 . 35 
d 

0 . 03 
0 . 9 2b 

0 .  1 9  
0 . 34b 

-0 . 4 3 
-o . nb 

-0 . 1 6  
-0 . 95b 

- 0 . 06 
0 . 30b 

0 . 24 
0 . 37b 

0 . 25 
c 

0 . 3 1  
0 . 99 

0 . 20 
c 

0 . 30 
c 

0 . 2 2 
0 . 85 
0 . 36 
0 . 9 1  

a Negative denominator covariance .  
b Small variance component  for  NLW . 

DD 

a 
0 . 4  7 

- 0 . 02  

a 
a 
c 

a 
-0 . 3 9 

0 . 2 5 

a 

c 
0 . 55 

c 

c 
0 . 56 

- 0 . 6 7  c 
- 0 . 2 3  0 . 74 

a 
- c c 
-0 . 12 0 . 7 8 

c Grea ter than the theoretical l imit o f  gene tic  correlation 
coefficien t s . 

d Negative variance componen t . 

1 2 9 . 
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soundly based , i t  is  submi tted tha t i t  does no t apply to this analysis 

as the necessary adj u s tments were made t o  the f leece we ight data . 

The gene tic correlation between NLW and fibre d iame ter is  nega t ive 

eccording to the f igures  in table  5 . 1 6 .  Unfor tunately , resu l t s  were 

only achieved at two ages . Young e t  al . ( 1 96 3 )  also found tha t  

the gene tic associa t ion  was negat ive , but  their fibre diameter  measure­

ment was recorded on hoggets . 

The pos i t ive genetic correlat ions be tween NLW and quality  number 

are consis tent with the NLW-fibre diame ter nega tive relationship . 

The PHS values are compa tible as  to sign ,  but the DD e s t i ma tes are 

no t .  However ,  the contradic tory nega t ive DD value has a s tandard 

error larger than theory permi ts . 

The NLW-s taple l ength correlat ions sugges t tha t for this sample o f  

Perendales , selecting for one wil l  resul t  i n  a decrease in  the o ther 

regardless  of the age at  which selec t ion  is  under taken . Young e t  al . 

( 1 9 6 3 )  d isagree but as mentioned they recorded hogge t woo l  c harac ter­

istics , which may help reconcile  their pos i t ive NLW-stapl e  length value . 

NLW-woo l  chara c ter  genetic �orrelations in table 5 .  1 6  are a 

mixture o f  po sit ive and nega t ive mos t  o f  which are unreliabl e  due to 

large s tandard errors . The sma l l e s t  s ampl ing variances were associated 

�ith the two- and four-year PHS e s t imates , the first of  whi ch is  

marginally negat ive while the second is  low positive . 

The genetic  correlation es t imates involving NLW have dis­

appointingly large s t andard errors par ticularly at  the ages where NLW 

is lowly heri tab l e , but  the PHS resul t s  in tabl e  5 . 16 are compa tibl e .  



1 3 1 . 

If  the PHS evidence is accepted , selection for  NLW a t  any age will  b e  

2 c companied by a correlat e d  response downwards for greasy fleece 

weight , f ibre diameter and staple length , and upwards for qua lity 

number and wool character except possibly at  two-years for the latter . 

The NLW-greasy fleece wei ght and NLW-staple l ength associations are 

par ticularly unfor tuna te as these are very impor tant component s  o f  

profi tab ility . 

( 3 )  Conclusions 

The genetic correlat ions were calculated separa tely for each age 

as  each trai t can be cons idered as a dif ferent charac teristic a t  

each age . This  implies tha t  the expression o f  a geno type in a 

particular environment may change with t ime . The expression o f  

part icular genes may be  dependent upon the degree of ma turity o f  the 

anima l , and hence genetic varia tion and covariat ion may change with age . 

Wide variation has b een no ted between thE estimates o f  Mullaney 

et al . ( 19 70)  and the tabula t ed values in this thesis . Discrepancies  

could arise  from sources such as sampl ing , breed , and age  inequali ty .  

S everal antagonisms to selection obj e c t ives have been recorded , 

but  the mos t  ser ious involve the correlations be tween fleece weight  

and NLW , and f l ee c e  weight and quality number o r  fibre diameter .  

Fleece  weight and NLW in  par t icular are impor tan t  components of  

produc t ivity and  therefore selec t ion for  the s e  negat ively correlated 

t ra i t s  may best  be achieved by use of  a selec tion index . However , 

note that few of the genetic correlation estimates involving NLW 

s ignificantly deviate from z ero . 



C .  Pheno typic Correlat ions 

1 .  Between Wool Charac teristics 

13 2 .  

The pheno typ ic  correlation estimates be tween the wool chara c t er-

istics  are l isted in tabl e  5 . 1 7 .  The discussion in this sec t ion will 

follow the forma t used for  the gene tic  correlations . 

( a )  Greasy fleece Weight with Other Wool Charac teris tics 

The signs of  the pheno typ ic correla t ions between greasy f leece 

weight and the o ther wool characterist ics are the same as for the 

genet i c  correla t ions , and show that the sheep with the heavies t fleeces 

are tho se whose wool is  coarses t ,  has the longes t  staple and the highe s t  

woo l  charac ter . Examinat ion o f  tabl e  2 . 20 confirms that this complex 

o f  relationships consis t ently go together . The hogge t correlations o f  

Ellio t t  ( 1 9 7 5 )  are always of  the same sign as  the ma ture Perendal e 

estima tes . 

The pheno typi c correla t ions in this sec tion are generally more 

even in size  than the genetic correlations except for  the greasy fleece 

weight-staple length relationship where the latter vary l i ttle . The 

pheno typic associations are also usually sma ller than the genetic  

equivalent s .  

As explained earlier the results  o f  Mullaney e t  al . ( 1 9 7 0 )  can a t  

b e s t  b e  compared only with the two- and three-year estimates from this 

s tudy . Only the i r  greasy f l eece weigh t-qual ity number corre lat ions 

are greater than any o f  the greasy fleece  weight relat ionships d is cussed . 

The remainder are approxima t e ly the same o r  less . 

The correlat ion between greasy f l ee c e  weight and woo l  c haracter 

d ecreased with age in these data , but was always negligib l e . 
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Tabl e  5 . 1  7 Estima tes  o f  Pheno tyEic Correlations Between Woo l  

Charac ter i stics . 

Age Correla tion Coefficient 

(a )  Greasy f leece weight 
- fibre diameter 

2 0 . 34 
3 0 . 4 5 
4 0 . 37 
5 0 . 34 

- qua l i ty number  
2 -0 . 2 1  
3 -0 . 2 2 
4 -0 . 28 
5 -0 . 2 7 

- s taple  length 
2 0 . 4 1  
3 0 . 4 5  
4 0 . 4 2 
5 0 . 35 

- woo l  charac ter 
2 0 . 1 7  
3 0 . 1 1  
4 0 . 09 
5 0 . 04 

( b )  Quality  number 
- f ibre diamet er 

2 -0 . 37 
3 - 0 . 38 
4 -0 . 4 2 
5 -0 . 4 1  

- s taple length 
2 -0 . 43 
3 -0 . 39 
4 -0 . 4 0 
5 -0 . 37 

- woo l  chara c t e r  
2 0 .  1 3  
3 0 . 24 
4 0 . 28 
5 0 . 30 
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Table 5 .  1 7 Cont inued 

( c )  Fibre diame ter 
- stap l e  length 

2 0 . 22 
3 0 . 2 5  
4 G .  20  
5 0 . 1 5  

- woo l  charac ter 
2 0 . 05 
3 0 . 00 
4 -0 . 05 
5 - 0 . 16  

(d )  S taple length 
- woo l  charac ter 

2 0 . 09 
3 -0 . 0 1 
4 0 . 04 
5 0 . 1 3  
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The pheno typic and genet i c  correlations involving qual ity numbe r  

are o f  the same sign for each relationship . The pheno typic associat-

ions indicate tha t  selecting for increased quality number  will resul t 

in decreas ed f ibre d iameter and s taple l ength and increased woo l  

charac ter in the current f lock . 

Again it is plain that quality number and f ibre d iameter canno t 

bo th accurately reflect  f ibre f ineness as the correlation between them 

is at b e s t  med ium in s iz e .  

The correlations between qua l ity number ar. d each o ther trait are 

similar among ages except  two-year quality number-wool  character 

which is no ticeably smc>.ller than a t  the o ther age s .  Mos t  of  the 

correlat ions are smaller at the same age ttan their gen e t ic equivalent s . 

Ell io t t ' s  ( 1 9 7 5 )  hogget f igures have the same sign as  the mature 

estimates and are of  s imilar magnitude . The comparabl e  Perendale 

ages yielded f igures for each correla t ion involving qc·a l i  ty number 

which were approximately equal to those of  Mul laney et a l .  ( 1 9 70) 

excep t tha t one of  the Aus tral ian resul ts was o f  oppo s i t e  sign to thE 

rema inder . 

No r eal age trends are apparen t . 

( c )  Fibre Diame ter with O ther Woo l  Characteris t i c s  

Again t h e  phenot ypic  relationships show less  variab ility among 

ages than tre genetic analogs , and are in the main of lower magnitude . 

The indications are that the  sheep with f ines t  wool a l s o  grow the 

shortest  stapl e .  The change wi th increasing age from positive to 

negativ e  noted in the genet i c  c o rrelation e s t imates is  also perce p t ib l e  

i n  the pheno typic correlation f igure s ,  b u t  l ess pronounced . 
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The d e trimental e f fec t o f  shorter s taple associated with 

sel e c t ion for qual ity number may be less harmful if  fibre f ineness 

selection is based on f ibre diame ter ,as the staple  length-f ibre 

diameter relationship is  less  than the s taple length-quality number  

correlation . 

The hogget resul t s  for bo th assoc iations were of the same sign , bu t 

larger than the two-year values . The f ibre  d iame ter-wool c harac ter 

es t ima tes show a trend with age from 0 . 1 2  ( ho gget)  to -0 . 1 6 ,  but the 

cons istently small  val ues suggest that the trend may no t be  real . 

Mullaney e t  al . ( 1 9 70)  figures for the fibre diame ter-s taple 

length correla tion include the range for the estima tes for the two 

similar ages here . They found all  nega tive phenotypic correlations 

between fibre d iame ter and wool charac ter . 

(d )  S taple Length and Wool Character . 

S taple l ength and woo l  charac ter have a pheno typic correla t ion o f  

approximately zero a t  all ages except f ive-year-old according to the 

results in table 5 . 1 7. Mul laney et  al . ( 1 9 70)  repor ted negl igible 

values which were nevertheless larger than what were found for the 

Perendales a t  the two youngest mature ages . 

about the same as  for the two-year-olds . 

The hogget value was 

2 .  Number o f  Lambs Weaned and Woo l  Charac t eristics . 

The consistent n egat ive correlations between NLW and greasy f leece 

weight ( table 5 . 1 8 )  for the Perendales is in agreement with the 

maj ority o f  publ ished estima tes in table  2 . 2 1 ,  even though the ages 

at which the various traits were recorded are different for each d a ta 

s e t . Mos t  previous e s t imates are very small ,  being b e tween 0 . 04 and 

- 0 . 1 2 ,  while  values f ound in this analysis never exceeded -0 . 1 7 .  



Table  5 . 1 8 Estima tes o f  Pheno typic Correlations, _ 

Number o f  Lamb s Weaned With Woo l  Tra i ts . 

Age 

NLW 
- greasy f leece weight 

2 
3 
4 
5 

- f ibre d iame ter 
2 
3 
4 
5 

- quality  number 
2 
3 
4 
5 

- staple l ength 
2 
3 
4 
5 

- wool character 
2 
3 
4 
5 

PHS 

-0 . 1 1  
-0 . 05 
- 0 . 1 7  
-0 . 09 

-0 . 0 1  
-0 . 0 1  

0 . 00 
0 . 04 

0 . 0 1  
0 . 05 
C . 0 1 

-0 . 0 1 

-0 . 08 
-0 . 08 
-0 . 1 3  
-0 . 04 

- 0 . 00 
0 . 0 1 
0 . 08 

-0 . 02 

1 3 7 . 



The negligible values o f  the NLW-fibre diameter ,  NLW-qeal ity 

number and NLW-wool character pheno typic correlations sugges t  that 

1 3 8 . 

there is probably no relationship b e tween these variables . 

no evidence in table 2 . 2 1 to sugges t  otherwise . 

There is  

NLW and s taple l ength have a pheno typic correlation  which , 

al though small  is invariably nega t ive in the se data.  Al though in 

disagreement with the few available mature publ ished resul ts , no 

o ther data set  have included single-age comparisons , and none of the 

estima tes have exceeded 0 . 06 .  

3 .  Conclus ions 

The same problems will be encountered with shor t  term flo ck 

improvemen t as were found in genetic improvement . Selection f o r  

increased f l e e c e  weight will result in  coarser wool , shorter in the 

staple and less  l ambs . 
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IV Be tween-age and Life time Study 

A .  Repeatabil i ty 

1 .  Bartle t t ' s  Tes t  o f  Homogene i ty o f  Variance 

The resul ts of Bar t l e t t ' s  test of homogeneity of variance appear 

in table 5 . 1 9 .  Separate tests were carr ied o u t  for ma ture records 

onl y , and for all records between one- and f ive-years o f  age , and wer e 

based on observations o n  all available  animals at a par t icular age . 

The results  o f  the Bartlet t ' s  test  show that the hypo thesis tha t 

the variances  o f  the ma ture records are the same should no t be  rej ec ted , 

for all  traits excep t s taple l eng t h .  When t h e  hogge t  records were 

inc luded , the t e s t  sugges t s  rej ection of hypo thes is of no differences , 

exc e p t  for f ibre diame t er . The variances  lis ted in tabl e  5 . 29 appear 

to be no t greatly  d i f f e ren t one from the o ther and the regres sion o f  

later o n  earl ier  records should be  a reasonable approxima t ion of  the 

correlation between records . 

There is a trend towards decreased variance with age among qua l i t y  

number  and fibre diame ter records which i s  no t s o  apparent among the 

o ther traits , a l though smallest s taple length variances appear at l a t er 

ages . Fleece weight is  less variable a t  the hogget measurement ,  whi l e  

wool character i s  more variable a t  the same age . Only mature records 

are available  f o r  NLW , which shows l i t tle  change in variabil ity w i th 

time . 

2 .  Repeatab i l i ty E s t ima tes . 

The regression o f  l a ter on earlier age are presented in table  5 . 20 .  

Ther e  is  frequen tly a t rend among the estima tes with the later values 

being less accurate . As there are d i f ferences  be tween the  



Tab le 5 . 1 9 

Age d .  f .  

1 289 1 
( 24 79 )  

2 1 703  
( 1 1 9 2 )  

3 1 140  
( 8 6 5 )  

4 7 0 7  
( 505)  

5 4 3 1  
( 2 9 2 )  

2 X (all record s )  
2 X (ma ture records)  

Bartlett ' s  Tes t  of  Homogeneity of  Pheno typic Variance 
-

-

Mean Squares 

Quality Wool S taple Fleece 
Number Character Length Weight 

3 . 62 l .  1 9  2 . 48 0 . 1 6  

3 . 39 0 . 95 2 . 78 0 . 26 

3 . 2 7  0 . 9 7  2 . 60 0 . 2 9 

3 . 1 8  0 . 9 3 2 . 28 0 . 24 

3 . 1 1  0 . 9 6 2 . 3 3 0 . 26 

55 . 87
t 

1 0 . 046* 6 1 . 09 5  
t 

2 2 2 . 7 6 3
t 

2 . 585 0 .  2 74 1 1 . 2 32**  6 . 3 1 3  

* 0 . 0 25  <p <0 . 050 

** 0 . 0 10 < p  <0 . 02 5  

t p <0 . 010 

Fibre 
Diame ter 

5 . 68 

4 . 98 

5 . 4 2 

5 . 20 

4 . 9 6 

1 . 76 2  

1 .  9 32 

NLW 

0 . 30 

0 . 3 1  

0 . 35 

0 .  34 

6 . 569  

,_. 
,::,. 0 . 
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Table 5 . 20 Regression of  Later on Earlier Record ,  

Variable  Earl ier Age 

Qual ity Number  
1 
2 
3 
4 

Wool Charac ter 
1 
2 
3 
4 

S taple Length 
1 
2 
3 
4 

Fleece Weight 
1 
2 
3 
4 

Fibre Diame ter 
1 
2 
3 
4 

Number of  Lambs 
Weaned 

2 
3 
4 

Later age 

2 3 

0 . 4 5 + 0 . 02 0 . 4 1  + 0 . 03 
0 . 53 0 . 02 

Average 0 . 46 

0 . 45 
0 . 5 1  
0 . 6 3 

4 

+ 0 . 04 
-

0 . 03 
0 . 03 

0 . 1 8  + 0 . 03 0 . 1 8 + 0 . 03  0 . 1 6  + 0 . 03 
0 . 20 0 . 02 0 . 1 4 0 . 03 

0 . 2 9 0 . 0 3 

Average 0 . 1 8 

0 . 6 1  + 0 . 02 0 . 5 3  + 0 . 03 0 . 4 4 + 0 . 04 
0 . 58 0 . 02 0 . 49 0 . 0 3 

0 . 56 0 . 03 

Average 0 . 50 

0 . 68 + 0 . 03 0 . 6 9 + 0 . 03 0 . 59 + 0 . 04 
0 . 70 0 . 02 0 . 55 0 . 03 

0 . 64 0 . 0 3 

Average 0 . 6 2 

0 . 6 7 + 0 . 02 0 . 66 + 0 . 0 3 0 . 6 1  + 0 . 04 
0 . 8 7 0 . 02 0 . 80 0 . 03 

0 . 84 0 . 03 

Average 0 . 7 1  

5 

0 . 3 1  + 0 . 04 
-

0 . 4 2 0 . 04 
0 . 47 0 . 04 
0 . 46 0 . 04 

0 .  14 + 0 .  04 
0 . 08 0 . 03 
0 . 28 0 . 04 
0 . 3 2  0 . 04 

0 . 44 + 0 . 04 
0 . 4 2 0 . 04 
0 . 48  0 . 04 
0 . 48 0 . 04 

0 . 5 5 + 0 . 06 
0 . 5 4 0 . 04 
0 . 58 0 . 04 
0 . 65 0 . 04 

0 . 46 + 0 . 05 
0 . 7 2 0 . 05 
0 . 74 0 . 04 
0 . 7 3 0 . 04 

0 . 05 + 0 . 03 0 . 07 + 0 . 04 0 . 09 + 0 . 05 
0 . 1 1  0 . 04 0 . 06 0 . 05 

0 . 1 8  0 . 04 
Average 0 . 09 
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estimates , pool ing is  inappropriate , but  Ercanbrack ( 19 6 8 )  sugges t ed 

that an average is val id . A weighted average may have biassed the 

average e s t imat e  due to  the sys tematic change in standard errors and 

estimates and therefore an unweighted average was calcula ted . 

(a)  Qual ity Number  

The repeatab i l i ty o f  adj acent records is  generally higher than 

more widely spaced records . There is a t endency for later r ecords to 

be more repeatable  than earlier observat ions , al though the regress ion of  

f i f th on fourth is only  marginally greater than the correlat ion b etween 

second and f ir s t , and is less than the o ther two adj acent records . 

Mullaney e t  al . ( 19 7 0 )  reported values of  the correlation b etween 

1 8 - and 30-month records o f  three breeds o f  0 . 60 to 0 . 7 1  with the 

repeatab il i ty based on various pairs of  records at  d i f ferent ages 

ranging from 0 . 68 t o  0 . 7 8 .  The average repea tab ility o f  0 . 4 6 for  

Perendale quality number is sub s tantially smaller than their e s t imates . 

(b)  Wool Character  

The c loser woo l  character measuremen ts are  related in  t ime , the  more  

repeatable  they are , according to  the results  ob tained . The con-

elusion from the f igures in table  5 . 20 is tha t wool charac ter ob served 

a t  one age is no t a good indicator o f  future woo l  charac ter . Efforts  

to improve the t ra i t  in the current f l o ck will  no t be very rewarding 

at the level o f  selection intensity which can be practically applied . 

None o f  the correl a t ions found by Mullaney e t  al . ( 1 9 7 0 )  i s  a s  low 

as tho s e  found here for  wool character . 
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( c )  S taple Length 

Adj ac en t  staple length records become less repeatable  a s  age 

increases , as shown by the results  presented in table 5 . 20 .  The c loser 

a pair of  observat ions is in t ime the higher the repea tab i l i t y .  

The regression o f  later o n  earlier record computed i n  t h i s  s tudy 

are within the range of repeatability  estimates reported by o ther 

workers  and derived by different methods ( table 2 . 1 7 ) . Gj edrem 

( 1 969 ) and Young et al . ( 1 960)  agreed tha t the smallest correla t ions 

be tween records  involved earl iest  and latest age s .  The former found 

an increasing association between records separa ted by one yea r ,  as 

the ewes grew older , which is the opposite to wha t  was found in the 

Perendales . 

The correlations found in the l it erature between pairs o f  records 

exceed tho se found her� including the average repeatability  of 0 . 50 .  

( d )  Fleece Weight 

The trend in the relat ionship between records separa ted by one 

year is no t quite so c lear for fleece weight , al though the t endency is 

for the regressio n  to be higher at the younger ages.  

estimat e  was 0 . 62 .  

The average 

These  resul t s  are in general agreement wi th many of tho s e  reviewed 

and tabulated in table  2 . 1 4  but  derived by different metho ds .  The 

correlations computed by various authors agree wi th the present 

observation that the more widely spaced records are less wel l  

correlated (Young e t  al . 1 960 ; Wright and Stevens , 1 9 5 3 ) . 

( e )  Fibre Diameter 

Fibre diameter  is highly repeatable ,  but with a decreasing trend 

as the records b ecome more widely separated in t ime . The older ages 
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are more highly correlated excep t that the regress ion o f  f ive- on four­

year-old record does  no t conform to the pat tern . 

Both the magni tude and the general pattern of  repeatab i lity estima­

tes are s imilar between Gj edrem ' s  ( 1 9 6 9 )  values and those in tab l e  5 . 20 .  

The size  o f  the repeatabilities e s t ima ted b y  o ther authors  ( table 2 . 1 8 )  

are generally lower than the average Perendale e s t ima te o f  0 . 7 1 .  

( f )  Number of  Lamb s Weaned 

Later records may be a better i ndicator of the following age 

performance  than early records ( tabl e  5 . 20) . Two -year records may be a 

better  ind icator o f  four- and f ive-year produc tion than they are o f  

three-year p erformance b u t  the differences between the regressions are 

small . The impl icat ions o f  this trend will  be discussed in the next 

section . 

The average repeatab ility o f  0 . 09 is  in close agreement with mos t  

o f  the es timates i n  table  2 . 1 9 .  Rae and Ch ' ang ( 19 5 5 )  found the corre1-

ation between success ive pairs o f  Romney records to vary between 0 . 1 2 

and 0 . 2 5 ,  whi ch i s  higher than the range found here . 

An upward t rend with age was n o t  recorded by Young e t  al . ( 1 9 6 3 )  

who reported that four-year repeatability was l e s s  than f o r  two- or  

three-year-old ewe s .  

(g)  Number  of  Lamb s 1veaned a t  Different Produc tion Level s  

The repeatab il ity o f  the d i f ference between one and two l ambs was 

always higher than the difference between zero and one lamb ( table 5 . 1 2 ) . 

Improvement of  current flock performanc e  is  unl ikely to be  successful 

where the only selec t ion policy is to cull barren ewe s .  A more 

successfu l  method o f  flock improvement may be  to sel e c t  for twinning . 



Table 5 . 2 1  Regression of Later on Ea rlier Record . NLW a t  

Dif ferent Produc tion Levels 

Init ial difference Earlier age 

Be tween zero and one 
lamb weaned 

Between one and two 
lambs  weaned 

One lamb (above pooled)  

2 
3 
4 

2 
3 
4 

2 
3 
4 

Later age 

3 4 

0 . 0 1  + 0 .  14 0 . 03 + 0 . 2 2 
-

0 . 02 0 . 1 7  

Average 0 . 0 1  

0 . 06 + 0 . 20  0 . 1 3  + 0 . 20 
0 .  14 0 .  1 4  

Average 0 . 1 3  

0 . 03 + 0 . 03 0 . 09 + 0 . 03 
0 . 1 1  0 . 04 

Average 0 . 1 0  

14 5 .  

5 

0 . 03 + 0 . 30 
-

-0 . 09 0 . 4 2 
0 . 08 0 . 35 

0 . 1 2  + 0 . 24 
0 . 1 2  0 . 2 2 
0 .  2 1  0 .  14 

0 . 08 + 0 . 04 
0 . 0 8 0 . 08 
0 . 1 8  0 . 05 
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Young et  al . ( 1 9 6 3 )  inves t igated the repea tab il ity o f  the same 

differences examined here, and table  5 . 2 1  confirms that repeatability  

is dependent upon level o f  p roduc tion and is  non-linear . 

Particular problems arise from the f inding of  low repeatab i l i t ies , 

par t i cularly at  younger ages . The prac tical breeder requires earl y  

informat ion o n  the lambing po tential o f  h i s  flock t o  enab le him t o  

predict  future performance and plan his improvement stra tegy . A low 

repea tab ility of  barrenness means tha t most ewes barren a t  one age wean 

a lamb a t  consequent lamb ings . Edgar ( 19 5 8 )  concluded on the basis o f  

observa tions taken a t  Whatawhata H i l l  Country Research S ta tion tha t  

barren two-year-o lds  had the same probability o f  lamb ing as three-year-

olds as those which had reproduced at  f irst lambing . Low repea tability 

o f  the dif ference be tween one and two l amb s indicates that al though 

reten t ion of ewes which rear twins wil l  increase later produc t ion , 

the improvement will be  small .  When cons idered on a flock basis the 

prob l em is part icularly serious as intense sele c t ion is impracticable . 

An unexpec ted result was that the repeatab il ity o f  two-year twinning 

is higher at four-years than three-years . The difference be tween the 

estimates  is sma l l  relative to the s tandard errors , but could neverthe-

less be real . I f  the phy s io logical s tress o f  twinning as  a two-year-

old was great enough to affect  the ability of three-year-olds to  raise 

a lamb , the repeatability  of two-year performance would be low at the 

following lambing . The ewes which raised twins at  f irst  lambing would 

have recovered by the third lambing as  a four-year-old and be able  

to b e tter  express their  geno type for fertility , and repeatabil ity 

expressed as the regression of  four-or three-year performance would 

incr ease . 



(h)  Conclus ions 

Repeatabi lity was estimated in thi s study as the regre ssion of 

later on earlier record . As well a s  the advantages mentioned in an 

earl ier section , regre s s ion estimators have a practical appl ication 

in al lowing quantitaive prediction of future performance ba sed on a 

unit of selection on a previous record . , 
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The estimates of repeatability for qual i ty number ,  s taple length , 

fleece weight and fibre diameter show that l i fetime gains in the s e  wool 

traits are l ikely to be substantial .  Wool character and NLW are liabl e 

to be relatively unrewarding a s  a selection target . The obj ective ly 

measured wool traits ( fleece weight , staple l ength and f i bre diameter ) 

showed higher repeatabil ity than the subj ectively asse s s ed trait s . This 

was not unexpected as the latter are prone to the probl ems as sociated 

with the repeatability between and within a s s es sors . 

Wool character and NLW are peculiar in that the repeatability 

cal culated was lower than the heritabil ity , which is one of its 

components . No explanation can be offered for thi s phenomenon , but it  

is  i nterest1ng to observe that Turner ( 1968 )  accepted a s imilar 

relationship when constructing an index for ranking anima l s  on their 

I 
darns reproductive performance .  

Age d i fferences in repeatabil i ty are apparent in all  of the trai ts 

studied , showing that there are environmental factors in common among 

some pairs of records which are not pre sent in other pai r s . 

The use of the intraclass correlation method for repeatabili ty may 

have given biassed resul ts if appl ied to the s e data . One o f  the 

fundamental as sumptions of the method is that all  pos s ible correlations 

between pairs of records are the same , but this is not the case in thP 
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present data . In addition , use o f  intraclass correlation i s  not j ustified 

for NLW because o f  the non-linearity of differences  betwee n  initial 

classes (table 5 . 2 1 ) . 

B .  Heri tabil ity o f  Average Annual Performance . 

The heri tab i l i ty o f  mean annual performance was calculated from 

data in which every animal had a complete  set  of records from two-

to f ive-years  o f  age . The resu l t s  would have been ident ical had 

the sum of the four records been used ins tead , but  would have been less  

meaningful with  respec t to quality  number , wool charac te r  and fibre 

diame ter than the mean , and therefore the lat ter was preferred . 

the PHS method was used as few daughter-dam pairs were available  

Only 

where b o th had a full set  o f  record s .  Because there were a l imited 

number of records for the analysis , the estima tes have large standar d  

errors . The e s t ima te of  approximate selec tion b ias was cal culated 

us ing the accumulated sel e c t ion different ials calcula ted f rom table 

5 . 1 2  for  f ive-year-olds . 

The e s t ima tes  of  heritab i l i ty o f  av erage p erformanc e  are  l isted 

in tab le 5 . 22 with their s tandard errors and approxima t e  selection 

bias . The b iasses are a l l  small rela t ive to the s tandard errors for 

I 
the woo l  charac teris t ics , but  Ronningens ( 1 9 7 2a )  me tho d  does no t cater  

for  negat ive e s t imates . However , s election bias would b e  vir tual ly 

z ero for  an e s t imate as sma l l  as  that calculated for average annual NLW . 

The e s t ima t e  o f  heri tability  for quality number ( 0 . 50 � 0 . 1 8 ) , 

woo l  charac ter ( 0 . 6 1 � 0 . 20 )  and s taple  length  ( 0 . 8 4  � 0 . 2 1 ) are a l l  

higher than t h e  estimates  calculated separat e ly f o r  each a g e  and 

discu ssed earlier .  The fleece  weight ( 0 . 44  � 0 . 1 8 ) qnd f ibre 

diameter (0 . 4 9 � 0 . 2 2 )  figures are wi thin the range of the values 

calculated for the various ages , whi l e  the NLW heri tab i l ity 
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Tabl e  5 . 22 Heri tab il ity Estima tes , ' S tandard Erro rs and Approxima te 

Biasses 

Average Annual Per formance 

Trait  Estima te (PHS ) Bias 

Quality Number 0 . 50 + 0 .  1 8  - 0 . 1 0  

I.Jool Charac ter 0 . 6 1  0 . 2 0 -0 . 06 

S taple Length 0 . 84 0 . 2 1  -0 . 1 4  

Fleece Weight 0 . 44 0 .  1 8  - 0 . 1 2  

Fibre Diameter  0 . 4 9 0 . 2 2 -0 . 1 3 

NLW -0 . 0 1  0 .  1 2  
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(-0 . 0 1  ± 0 . 1 2 )  i s  lower than any o f  those for  NLW in table  5 . 1 3 .  

The s e  estima tes ind icate  tha t the average mature lifetime performanc e  

i s  h ighly her itable f o r  woo l  characteristics . 

The heritability o f  average annual or t o tal lifetime product i on 

records appear t o  have b een largely ignored by  o ther workers .  Shel ton 

and Menzies ' ( 1 9 68a , b )  e s t imates for mean greasy fleece weight ( table 2 . 1 1 )  

s lightly exceed the Perendale figure . The same authors s tudied lamb 

p roduc t ion and recorded 0 . 28 for lifetime NLW , and 0 . 28 and 0 . 2 5 for  

t o ta l  NLW be tween three- and seven-years o f  age . Their NLW e s t imates  

are a l l  considerably higher than those  from this  study . 

C .  Genetic Co rrela tions Between Ages . 

Lush ( 1 94 5 )  d eveloped the expression 

nr 
1 + (n- 1 ) r 

where n number  of  records 

r = repea t ability 

to  allow the comparison o f  animals with dif feren t  numbers o f  records . 

Ercanbrack ( 19 6 8 )  discussed the failure o f  the assump tions fundamental  

to  the  derivat ion of  the formula . Amended formulae were then 

presented for use when the a ssumptions do not hol d .  

The assump tions discussed by Ercanbrack inc lude 

( i )  the same geno type with the same genetic  expression 

is exhib ited in all  records of the same animal 

( i i )  the correlat ion be tween the add itively gene tic and pheno typic 

expressions o f  the tra i t  is  the same for  each record 

( i i i )  there is  a permanent environmental factor  which ,  a lthough 

dif ferent for each animal , has the same influence on all  

= 



records o f  the same animal 

( iv ) temporary environmental effects  are random for each record . 
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I t  has previously been shown that the heritab ility is no t necessarily 

the same a t  each age . The change in pheno typ ic correla t ion b etween 

pairs of records may also mean that environmental fac tors may be  non-

random , changing sys temat ically with t ime . The genetic correlation 

between ages is a measure o f  the genes which are opera ting in common a t  

d i f ferent ages , and should t e s t  the first  assump t ion . 

The resul ts o f  comput ing the genetic correla tions be tween ages form 

tab le 5 . 2 3 .  NLW i s  no t included as the trait  yielded nega t ive 

variance component s  a t  some ages . The standard errors are large a s  the 

calcula t ions were carried out on a set  of  data in which each animal had 

comple ted f ive consecu t ive  records beginning as a hogget .  

I f  the same expression o f  the geno type was common to each age , then 

the expec ted gene t ic correlat ion would be unity .  Therefore the 

hypothesis  to be tes ted in dec id ing whether assumption ( i ) is breached 

is 

H : rg  = 1 . 0  
0 

The underl ined e s t imat es in the table  are all  significan t ly 

d i fferent  from unity a t  the f ive percent l evel . Therefore i t  can b e  

as sumed that f o r  q ua lity  number , woo l  chara c ter  and fleece  weigh t , the 

genetic express ion is  no t the same at each age . For quality numbe r  

and f leece weigh t , a l l  s ignif icant e s t ima tes involve the hogget record , 

sugges t ing that genetic  expression in the immature animal is  dif ferent 

to  that in the mature sheep ; that is , these charac teristics are 

gene tically dif f erent traits at  different ages . I t  is a reasonabl e  

as sumption that physiological differences provide a different 



Table  5 .2 3  Genet ic Correla tions Between Ages and Be tween Each Age and Average Annual Performance , 

Var iate Age 

Qua l ity Number 

1 
2 
3 
4 
5 

Wool Charac ter 
1 
2 
3 
4 
5 

Staple Length 
1
b 

2 
3 
4 
5 

Fleece Weight 
1 
2 
3 
4 
5 

2 

0 .  7 6  + 0 . 2 5 

a + 0 . 3 2 

a + a 

0 . 4 1  + 0 . 2 5 

Wi th S tandard Errors  

3 

0 . 3 7 + 0 . 2 5 
0 . 68 0 . 26 

0 . 84 + 0 . 3 1  
0 . 62 0 . 26 

a 
0 . 94 

+ a 
0 .  1 2  

0 . 34 + 0 . 32 
0 . 7 6 0 . 1 7  

Age 

4 

0 . 48 + 0 . 2 5  
0 . 84 0 . 2 9 
0 . 92 0 . 1 3  

0 . 2 2 + 0 . 4 5 
0 . 88 0 . 32 
0 . 64 0 . 3 1 

a 
0 . 9 7 
0 . 9 1  

+ a 
0 . 09 
0 .  1 2  

0 . 68 + 0 . 20 
0 . 78 0 . 1 6  
0 . 89 0 . 1 5  

contd/  . . .  

5 

0 . 4 3 + 0 . 28  
0 . 84 0 . 2 9  
0 . 85 0 .  1 7  
1 .  00 0 .  1 5  

0 . 3 3 + 0 . 35 
0 .  1 3  0 .  30 
0 . 4 7 0 . 2 6  
0 . 94 0 . 2 8 

a 
0 . 99 
0 . 9 7 

a 

+ a 
0 .  1 1  
0 .  14 
0 . 1 1  

0 . 5 7  + 0 . 30 
0 . 8 8 0 . 2 1  
0 . 7 1  0 . 26 

a 0 .  1 7  

" 

Average 

0 . 52 + 0 . 2 1  
0 . 87 0 . 1 6  
0 . 9 3 0 . 06 
1 . 00 0 . 06 
0 . 9 8 0 . 07 

0 . 8 2 + 0 . 2 6 
0 .  7 7  0 .  14 
0 . 83 0 .  1 1  

a 0 .  14 
0 .  7 3  0 .  14 

a + a -
0 . 98 0 . 04 
0 . 95 0 . 06 
1 .  00 0 . 03 
1 .  00 0 . 04 

0 . 53 + 0 . 2 3 
0.92 0.07 
0 . 89  0 . 08 
0 . 9 8 0 . 05 
0 . 98 0 . 09 

..... 
(JI 
N 



Tabl e  5 . 2 3 Cont inued 

Fibre Diame ter 
lb 
2 
3 
4 
5 

a + 0 . 44 0 . 92 + 0 . 1 5 
a 0 . 36 

a Greater than theoretical limit 

b Small  variance component 

0 . 9 1  + 0 . 1 7  
a 0 . 35 

0 . 7 7  0 . 1 5  

0 . 83 + 0 . 1 7  
a 0 . 5 3 

0 . 9 2 0 . 1 1  
1 . 00 0 . 08 

" 

0 . 9 1  + 0 . 1 4  
a 0 . 33 

0 . 94 0 . 06 
0 . 96 0 . 04 
l .  00 0 .  04 

1-' 
lJl 
w 
. 



environment for the operation of the genotype in the hogget , due at 

l east partial l y  to females of this age not undergoing the stre ss of 

reproduction . 
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The significant deviations of the genetic correlations from unity 

for wool character both involve five-year-old records . The correlation 

estimate between hogget and five-year observations also approaches 

significance . In thi s case it  i s  sugge sted that the o lder anima l s  

provide a physiologically di fferent environment from the younger anima l s . 

The genetic correlation between individual age records and average 

mature performance allows the a s s es sment of the average re sponse over 

all  ages in the fol lowing generatio n . The rel evant coef fic ients l i sted 

in table 5 . 2 3 pertain to the average mature production between two- and 

five-years of age . Therefore the later age observations are themselve s 

part o f  the average , whereas hogget records are not .  The results show 

that there is only a medium genetic correlation between hogget and 

mature average for quality number and greasy f leece weight , and 

there fore the first record may not be a good predictor of the average 

produc tion in the next generation .  For the other traits the genetic 

correlation i nvo lving the first record is high . 

The mature ages are a l l  highly corre lated with the ir average 

performance ,  the coefficient in a l l  c ases approximating unity . There i s  

no strong trend i n  the magnitude o f  the genetic correlation with age , 

but for the obj ectively measured traits , slightly higher f igure s were 

found for the oldest ewes . It can be concluded that no mature record 

better predicts average production than any other . 



V Application and Concluding Discussion 

A Some Aspect s  of Selection 

1 5 5  

The parameters estimated i n  thi s work are valuable in showing that 

they may not be as sumed to be constant over ages , but that their values 

may change with age . 

ments for the flock . 

i s  apparent that the 

They also have value in the sel ection of replace­

Where sequential selection is applied annually , it 

average genetic merit of the retained group wi l l  

change . Bichard et al . ( 19 7 3 ) examined the effects of retaining 

replacement progeny from parents of different ages and the implications 

of truncation selection amongst the parents . The consequence of the 

truncation of the distribution i s  that the probability of progeny 

selec tion is partially depende nt upon parental age . Their development 

assumed that the difference in the means of progeny groups from parents 

of different ages was due entirely to the improvement resulting from 

parent selection . 

strategies : 

Bichard et al . ( 1973 ) studied three selection 

( i )  Method I - selection of equal proportions of progeny from each 

parental age group , which ignores genetic difference s  between 

the age subclasses . 

( i i )  
-
Method I I  - phenotypic or mas s  selection , in which the highest 

rank i ng animals are retained regardless o f  the parental age . 

This wil l make partial u s e  of the genetic difference s  between 

parental subclasses . 

( i i i )  Method I I I  - selection bas ed on the predicted breeding values 

o f  the progeny , which makes optimum use of genetic d ifferences 

between parental age subc l asses . 

I n  method III  candidates for selection with the same phenotypic 

value but from different parental age distributions wi ll have unequal 
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expected breeding values . The method rel i e s  on the calculation o f  the 

truncation points in each parental age di stribution at which the progeny 

expected bre eding values are equal . 

Although method I I  is  the usual procedure for selecting replacements , 

i t  was shown that method I I I  would give a greater rate of improvement . 

If the difference between means of successive parental age d i s trib-

utions is d, then the distance between points of equal expec ted breeding 

value in the first and nth parent age group i s  

y 
n 

It is  apparent that a constant heritability value ha s been 

assumed for each age by Bichard et al : ( 19 7 3 ) . The formula could be 

generalized to incorporate different heritabil ities at each age as 

( 1 - h � ) 
y d L -- � n h �  

l 

where the summation i s  over i=l • . • .  ( n-1 ) 

If in addition , d varied between age s , 

2 
d . ( l-h . ) 

y 
n 

l l 

Henc e , where there are n parental age groups , the successive truncation 

point s , where the first parity truncation point is C ,  would be 

C ,  C + Y1 , C + Y2 , . . •  , C + Y
n

. 

This method i ncorporates the policy of retaining an animal in the flock 

until . its breedi ng value is exceeded by one of the candidates for 

selection.  

Hopkins and James ( 19 7 7 )  extended the concept to include the 
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genetic effects o f  own age among potential parents of possible entrants 

into the breeding population . They evaluated three s trategies 

additional to those described by Bichard et al . and defined them a s  

parent selection methods : 

( i )  Method A - correct al lowance for genetic effects o f  own age 

ba sed on one record . 

( i i )  Method B - phenotypic selection ignoring genetic e ffects o f  

own age . 

( iii)  Method C - correct allowance for genetic effects of own age 

ba s ed on the mean of records accumulated over the individual ' s  

l ifetime ; i . e . , correction is  made both for own age and 

number of records . 

Two heritabilities were defined : 

2 
( i )  h - the regression of breeding value on phenotype within a 

parental age progeny group . 

( ii)  H - the regress ion of breeding value on phenotype over all 

parental age sub-groups within one distribution 

H 

where V
B 

i s  the component of variance between parental age 

clas ses , and 

1 + V
B 

i s  the total phenotypic variance . 

A degree of approximation is  introduced i nto H by the as sumption that 

h
2 

i s  the same for all records . 

Investigation o f  the comparative efficiencies of the methods 

showed that parental s election was more efficient in terms of response , 

than the progeny selection method discussed by Bichard et al . ( 197 3 ) . 

Within the pare ntal s e l ection methods , selection based on the mean o f  
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accumulated records was more e fficient than where single records were 

used , and both exceeded the phenotypic selection procedure in e f f iciency . 

Hopkins and Jame s ( 197 7 )  explained that the superiori ty of the parental 

compared to progeny s e lection was due to greater variability between 

the means and flatter di stributions for the parent groups . 

B .  Selection Indice s 

Several genetic correlations were shown in earl ier sections to be 

important in that they were antagonistic to selection obj ectives .  

Selection under these circumstances may best be achieved by the use of an 

index which combines the traits into an aggregate selection criterion . 

This emphasizes that overall productivity , and not particular components 

of it , is the required obj ective for e fficiency . 

Selection indices were calculated for hoggets us ing much o f  the 

variance-covariance s tructure presented by Elliott and Johnson ( 1976)  . 

Covariances involving NLW in the ewe , and hogget fleece traits were 

derived from the lifetime performance data set . El l iott and Johnson 

omitted wool character from their computations , but it was included 

here using hogget parameter estimates derived by Elliott ( 197 5 ) . The 

relative economic val ues ( RE )  l isted by Elliott and Johnson ( 19 7 6 )  were 

also used , except that quality number wa s given zero economic value 

as it was thought that their values for thi s trait and fibre diameter 

were alternatives rather than complimentary . This i s  particularly the 

case when emphas i s  i s  placed on obj ective wool measurement . Wool 

character was entered with zero value as there· is no direct evidence to 

the contrary . A point of interest i s  that their assumed valu e  of the 

heritability of NLW compared well with the mean value found in thi s 

work for the first three reproduction records . The parameter s used 
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are l isted in table 5 . 24 a .  

The indices construc ted for two-year-old ewes included information 

on their dams reproductive performance , as wel l  as  their own NLW and 

wool production . 

The aggregate genotype or breeding value (H)  assumed for the 

two- year-old ewes was 

H = a g + a g + a g + a g + a
5

g
QN 

+ a
6

g
WC l NLW 2 GFW 3 SL 4 FD 

where a .  
l 

relative economic value of the ith trait 

g additive genetic value of the individual for the ith trait 

The index had the form 

where the b . are the weighting factors to be determined , and the 
l 

other abbreviations are defined at the foot of table 5 . 24 .  

The assumption wa s made in the se computations tha t the selection 

obj ec tive involved maximiz ing overall merit , and there fore no indice s  

were calculated for single trait sel ection . The parameters used in 

the two-year-old ewe indices form table 5 . 24 b .  

The indice s  are l isted i n  table 5 . 2 5 and 5 . 26 .  The first index in 

each table inc lude s all variates ,  while the remaining indices have 

different traits ; omitted . The following points will be helpful in 

interpreting the tables : 

( i )  Value i s  defined a s  the percentage reduction in genetic gain 

resulting from the omis s ion of the ith trait ( CUnningham , 1969) . 

( i i )  SDI is  the standard deviation of the index and de scribes the 

gai n  in economic units which could be expected from one standard 

deviation of selection on the index . 



'l'able 5 . 24 Selection Index Parameters 

( a )  �et Var iate 

Variate REV a a NLWD GFW HBW SL QN FD WC 
p g 

NLWD 7 0 0 . 0  0 . 57 0 . 20 0 . 1 2 0 . 00 0 . 00 -0 . 03 0 . 06 -0 . 03  -0 . 0 2 

GFW 1 50 . 0  0 . 50 0 . 2 8 -0 . 0 1 0 . 3 2 -0 . 04 0 . 2 3 -0 . 1 3 0 . 2 1 0 . 08 

HBW 0 . 0  3 . 96 2 . 06 0 . 18 0 . 7 7 0 . 2 7 -0 . 13 0 . 7 4 -0 . 07 -0 . 50 

SL 2 5 . 0  1 . 54 1 . 08 0 . 00 0 . 34 0 . 7 9 0 . 4 9 -0 . 66 0 . 97 0 . 26 

QN 0 . 0  1 . 90 0 . 97 0 . 02 -0 . 1 5 -0 . 2 3 -1 . 3 2 0 . 26 -0 . 7 5 -0 . 07 

FD -20 . 0  2 . 3 0 1 . 6 9 0 . 00 0 . 56 -1 . 3 7 1 . 2 0 -1 . 14 0 . 54 0 . 08 

WC 0 . 0  1 . 1 2 0 . 5 2 0 . 00 0 . 1 2 0 . 00 0 . 1 7 0 . 2 7 0 . 3 0 0 . 2 2 

(b)  Two -xear ewes NLW GFW SL QN FD WC 

NLW 7 00 . 0  0 . 5 5 0 . 2 0 0 . 14 -0 . 03 -0 . 10 0 . 01 -0 . 08 -0 . 01 

GFW 1 5 0 . 0  0 . 5 0 0 . 3 7 -0 . 0 3 0 . 5 3 0 . 2 7 -0 . 07 0 . 34 0 . 12 

SL 2 5 . 0  1 . 67 1 . 1 1 -0 . 07 0 . 34 0 . 44 -0 . 54 1 . 04 0 . 2 2 

QN . 0 . 0  1 . 84 0 . 86 0 . 01 -0 . 1 9 -1 . 7 5  0 . 2 2 -0 . 7 8 0 . 18 

FD -20 . 0  2 . 2 3  1 . 64 -0 . 0 1  0 . 38 0 . 8 2 - 1 . 5 3  0 . 54 0 . 09 

WC 0 . 0  0 . 97 0 . 5 5 0 . 00 0 . 08 0 . 14 0 . 2 3 0 . 10 0 . 3 3 

Gene tic covariances above the main diagonal , phenotypic below . Her itabil ities on the diagonal . 

a = phenotypic standard deviation NLWD = dam ' s NLW record QN = qual ity number 
p 

a = gene tic standard deviation GFW 
g 

= greasy fleece weight FD = fibre diameter 

REV= relative economic value HBW = hogget body weight WC = wool character 

SL = staple length 

...... (j) 0 
. 
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( iii)  RE i s  the relative e fficiency o f  the index . In this study 

a l l  e f ficiencies are calculated relative to the first in each 

table ; i . e . , the index which inc ludes all variates . The 

figure computed is the ratio of the S DI (Cunningham , 1969)  . 

( iv) r i s  the correlation between the aggregate genotype and the 
HI 

index , which is maximized so that the index wil l  predict the 

aggregate breeding value with maximum attainable accuracy .  

2 
(v) r is  a measure o f  the heritabil ity of the index . (Gj edrem , l 967 ) . 

HI 

Hogget Indices 

Index la , table 5 . 2 5 ,  shows that hogget body weight , staple length , 

qual ity number and woo l  character would each result in a reduction o f  l e s s  

than f ive percent i n  genetic gain if omitted from the ful l  index . When 

these four traits are not recorded ( index l i )  , the relative effic iency 

fall s  by 19 percent . 

The reproductive record of the hogget ' s  dam i s  the most important 

characteristic in the main index , and its value is increased if any woo l 

trait is  left out . There is a 2 5  percent reduction in the relative 

e f f iciency when thi s  dam information is exc luded from the index ( lb) . 

The exclusion of NLWD or greasy fleece weight decreases efficiency by 

cons iderably more than the removal of the four l east important traits ( li )  . 

Of the other wool characteristics , qua lity number decreases relative 

e f f iciency by the greatest margin when it is left out o f  the index . The 

full i ndex indicates selection against hogget body weight , wool character 

and fibre diameter . The l atter is  easily j ustified , but selection against 

the other two is contrary to popular belie f . Advice i s  frequently given 

to breeders that they shoul d  retain their heaviest hoggets as  flock 

replacements , but the weighting factors sugges t  that this may not be the 



Tabl e 5 . 2 5 Selection Index Solutions . Ho�. 

Index Detail Var iate SD I 
2 

RE r
H I 

r 
NLWD GFW HBW SL QN FD WC H I  

la Weight 104 . 4  101 . 7  -4 . 8  12 . 6  11 . 2  -13 . 6  -18 . 1  

Value 17 . 8  19 . 9  3 . 9  3 . 1  4 . 3  9 . 0  4 . 8  6 3 . 4  100 0 . 3 2 0 . 56 

lb Weight - 92 . 5  -3 . 2  -8 . 4  10 . 0  1 . 0  - 2 9 . 7  

Value - 3 1 . 3  2 . 9  2 . 4  6 . 2  0 . 1  2 5 . 5  4 7 . 5  7 5  0 . 18 0 . 4 2 

le Weight 105 . 9  - 0 . 4  0 . 3  10 . 3  8 . 1  -2 2 . 1  

Value 3 3 . 4  - 0 . 0  0 . 0  6 . 1  6 . 3  1 2 . 7  4 9 . 0  7 7  0 . 19 0 . 44 

ld We ight 103 . 1  85 . 2  - -8 . 7  8 . 7  0 . 9  -27 . 0  

Value 19 . 7  18 . 0  - 1 . 6  2 . 9  0 . 0  1 2 . 5  5 9 . 8  94 0 . 28 0 . 5 3 

le Weight 1 0 2 . 8  9 3 . 7  -5 . 0  - 1 1 . 8  0 . 1  - 2 9 . 5  

Value 18 . 3  19 . 9  4 . 4  - 6 . 2  0 . 0  14 . 2  61 . 5  97 0 . 30 0 . 55 

lf Weight 106 . 6  85 . 2  -4 . 7  3 . 7  - -2 . 6  - 2 5 . 9  

Value 2 2 . 9  16 . 5  4 . 4  0 . 4  - 0 . 4  1 2 . 6  5 7 . 9  91 0 . 2 7 0 . 5 2 

lg We ight 103 . 1  7 9 . 8  -4 . 8  1 2 . 0  1 5 . 3  - -30 . 5  

Value 1 7 . 5  14 . 3  3 . 9 2 . 9  8 . 5  - 14 . 4  63 . 0  99 0 . 3 1 0 . 56 

lh We ight 1 07 . 9  92 . 5  -4 . 3  11 . 4  8 . 9  -13 . 9  

Value 2 1 . 4  18 . 6  3 . 4  2 . 8  3 . 1  10 . 6  - 60 . 3  95  0 . 2 9 0 . 54 

li  We ight 1 09 . 3  7 5 . 7  - - - -13 . 6  

Value 3 2 . 1  2 4 . 8  - - - 6 . 9  - 5 1 . 5  8 1  0 . 2 1 0 . 4 6 

1-' 
()I 
1\.J 
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best plan where overa l l  improvement i s  the obj ective . Hogget body 

weight has no value in the index when greasy fleece weight is not part 

of the index , but increases in value above the full index when any of 

the other wool traits are not recorded . Selection against wool charac-

ter is  unl ikely to be acceptabl e to the breeder , but the relative 

effic iency drops by five percent if it is not included .  The reduction 

in genetic gain if wool character was deleted rises to be maintained at 

greater than 12 percent in indices lb to lS . 

Two-year-old Ewe Indices 

The reproductive record o f  a two-year-old ewe , and its, dam both 

have large positive weightings in every index in. which they appear 

( table 5 . 26 ) . Despite the high relative economic value of greasy fleece 

weight , it is strongly selected against at this age . ( index 2 a ) . To test 

how much of this weighting i s  due to the medium negative genetic correl-

ation ( - 0 . 4 0 )  between greasy f leece weight and NLW , the index was 

recalcu lated with thi s value halved ( -0 . 2 0 ) . The result ( index 2 i )  was 

a much lower negative weighting on greasy fleece weight . Staple l ength 

would be affected simi larly . It i s  not suggested that index 2i  should 

be used as an alternative to 2 a . The economic value of an extra lamb 

weaned compared with a unit increase in any other trait has a large effect 

on the index . 

I f  no information was avai lable on the NLW record of the dam o f  the 

two-year-ol d  ewe , the efficiency of the index would drop by 23 percent 

( index 2b) . indicating that for optimum progress recording of parental 

' 
information i s  vital . The ewes own record i s  general ly of s lightly 

greater value than its dam , , except when greasy fleece weight is not 

include d . The most e ssential characteri s tic in two -year ewe selection 



Table 5 . 26 Se lection Index Solut ions . Two-�ear-old Ewes . 

Deta i l  Variate 
2 

Index SDI RE r
HI 

r 
NLWD NLW GFW SL FD QN WC 

HI 

2a Weight 84 . 9  66 . 6  -78 . 3  -10 .. 9 3 1 . 4  1 . 5  2 1 . 5  

Value 8 . 0  12 . 8  9 . 2  2 . 0  26 . 4  0 . 0  3 . 7  7 3 . 86 lOO 0 . 44 0 . 66 

2b Weight - 8 1 . 3  17 . 6  - 16 . 3  -13 . 7  -14 . 0  2 3 . 7  

Value - 3 7 . 9  0 . 8  7 . 8  7 . 7  6 . 0  7 . 8  56 . 7 0 7 7  0 . 19 0 . 42 

2c  Weight 1 00 . 3  5 9 . 6  - 24 . 5  6 . 5  3 9 . 4  -17 . 1  

Value 1 1 . 5  10 . 2  - 10 . 5  1 . 4  3 2 . 8  2 . 4  7 2 . 6 5 98 0 . 4 3 0 . 66 

2d We ight 91 . 3  6 2 . 5  1 3 . 4  - 4 . 3  26 . 1  - 1 1 . 1  

Value 11 . 9  14 . 2  0 . 3  - 0 . 5  24 . 8  1 . 3  66 . 16 90 0 . 3 5 0 . 59 

2e  Weight 9 7 . 2  6 0 . 3  2 2 . 6  14 . 9  - 3 2 . 7  -15 . 2  

Value 1 2 . 4  1 2 . 1  1 . 2  4 . 3  - 2 7 . 5  2 . 1  68 . 7 5 93 0 . 38 0 . 62 

2f  Weight 8 5 . 1  6 6 . 6  -69 . 7  -10 . 9  3 0 . 1  - 1 . 2  

Value 8 . 8  14 . 1  7 . 9  3 . 1  29 . 6  - 0 . 0  7 0 . 7 9 96 0 . 4 0 0 . 6 3 

2g We ight 86 . 5  66 . 1  -7 0 . 4  -8 . 1  3 1 . 4  4 . 9  

Value 9 . 0  1 3 . 7  8 . 1  1 . 2  2 8 . 9  0 . 5  - 7 1 . 1 2 96 0 . 4 1 0 . 64 

2h Weight 9 7 . 6  6 9 . 1  7 3 . 9  - -13 . 3  

Value 16 . 0  2 0 . 7  1 2 . 3  - 6 . 9  - - 6 1 . 80 84 0 . 24 0 . 50 

2 i  Weight 98 . 9  7 2 . 4  -15 . 1  -11 . 4  2 2 . 7  1 . 1  1 7 . 3  

Value 1 2 . 0  16 . 7  0 . 4  2 . 3  13 . 8  0 . 0  2 . 6  7 1 . 14 96 0 . 3 2 0 . 5 7 

f-' 
0" 
� . 
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i s  the ewes own reproduction , and it was therefore considered irrelevant 

to produce an index in which thi s trait was omit ted . 

Although it has a high economic value , addition of grea sy fleece 

weight to an index which already contains all of the other traits only 

increases efficiency by two percent ( index 2c) . Only if stapl e l ength 

or fibre diameter are deleted from the inde x , does the weighting on 

fleece weight become pos itive . Similarly , s taple length is  selected 

against in the presence of greasy fleece weight and/or fibre diameter . 

Fibre diameter and quality number weights are the same sign 

whenever both are included in an index . Fibre diameter has much greater 

value in the main index and affects efficiency more when it is excl uded 

than quality number . Selec tion for coarser wool is indicated by the 

fibre diameter weighting factor , due to the po sitive association it ha s 

with greasy fleece weight . 

Unl ike the situation in the hogget index , s election in the ful l  

two-year index i s  towards higher woo l  character . 

relative effici ency i s  s imilar at both age s . 

The e ffect on 

The points which are l ikely to be difficult to j u stify to the 

Perendal e  sheep breeder arising from this selection index study are 

( i )  Negative selection for hogget body weight . 

( i i )  Positive selection for greasy f l eece weight in hoggets , 

negative among two-year-o ld sheep . 

( i i i )  Selection for hogget staple length and against two -year s taple 

length . 

( iv )  Penal i zing fine woolled two-year ewes whil e  retaining f ine 

woolled hoggets . 

(v) Selection against hogget wool character and for two -year wool 
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character .  

The bre eder would have to be convinced of the utility of the 

indices on the basis of an integrated selection policy . One of the 

reduced indices from each set may be more acceptable even though l e s s  

effic ient and resulting i n  a lower rate of genetic ga in , as the bre eder 

may then not have the conflict of what he should be selecting for , and 

what he beli eve s he should favour in hi s selection pol icy . 
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