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ABSTRACT 

Performance records on 2 1 9,000 ewes and 23 1 , 000 lambs from 48 

Coopworth f locks were ob tained from Sheeplan files . The f locks 

were divided into 5 climatologically similar regions : Northland ; 

no rth of  Taupo excluding Northland ; remainder of  the North I sland ; 

the South Island north o f  Palmers ton , excluding the Wes t  Coas t ;  the 

South Island south of Palmerston . Flock records were edited in an 

e f fort to remove recording errors . 

Within-flock environmental estimates were obtained using 

o rdinary least squares procedures for continuous characters or  

iterative weighted least squares for  binomial characters . The 

wi thin-flock es t imates were weighted by the inverse of their 

standard error ' s  and weighted means o f  the regional and national 

fixed effects  were obtained . Paternal half-s ib heritability 

e s timates were obtained for each flock . 

There were few signif icant dif ferences in the environmental 

estimates between regions . 

The trai ts  examined (wi th the average of  the heritability 

estimates) were : weaning weight (0 . 1 7 ) ; ram autumn liveweight ( 0 . 24 ) ; 

ewe autumn l iveweight (0 . 26 ) ; ram winter liveweight (0 . 26) ; ewe 

winter liveweight (0 . 3 1 ) ; ram spring liveweight (0 . 29 ) ; ewe spring 

l iveweight (0 . 34 ) ; ram hogget fleece weight (0 . 29) ; ewe hogget fleece 

weight (0 . 33 ) ; survival o f  all lamb s  ( 0 . 04 ) ; s ingle lamb survival 

( 0 . 05)  and mul t iple lamb survival (0 .05) ; proportion o f  a ewe ' s  

lambs surviving (0 . 04) ; number o f  lambs born to a ewe present at 

mating (0 . 1 2 ) ; number o f  lambs weaned per ewe lambing (0 . 07 ) ; given 

a ewe lambed, d id she bear multiples ( 0 . 1 4 ) ; weight of  lamb weaned 

p er ewe rearing lambs (0 . 1 0 ) . Selec t ion and non-random mat ing may 

have biased the est imates . 
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CHAPTER ONE 

INTRODUCTION 

I 
The analyses o f  the effects  of various environmental and genet ic 

ef fects  leads to a greater unders tanding o f  fac tors that underlie 

variat ion in animal performance .  Correcting records for non-genetic  

sources of variat ion can improve the accuracy of estimates of  gene t ic 

ef fec t s .  Heritabili ties estimated after co rrec tion should be larger 

than would otherwise be the case . 

There has been a world wide upsurge in sheep recording schemes 

(Owen , 197 1 ) . These schemes invo lve sheep breeders forwarding data on 

their f locks to a central process ing facility . The data are adj usted 

for known sources of environmental variat ion . Breeding values for 

important traits and an overall estimate of the animals ' aggregate 

breeding value are p redicted from the adj usted data . 

With the New Zealand flock recording s cheme , Sheeplan, the 

maj ority of environmental adj us tments are overall corrections ( i . e .  

across all f locks and years) , as opposed to within-year-within-flock 

corrections . Thi s  assumes that adj ustment factors for dual purpose  

sheep are constant across  locations , breeds , flocks and years . 

The obj ec tive o f  this study is to compare environmental factors 

and heritabili ties for produc tive traits estimated within some 

Coopworth flocks , with Sheeplan adj us tment s  and other published 

estimates . These e s t imates wi ll also be compared to ascertain i f  

region should affect the magni tude o f  the adj us tments . 

1 



CHAPTER TWO 

REV IEW OF L ITERATURE 

2 . 1 INTRODUCT ION 

In terms of control of  unwanted variat ion correction factors may 

be regarded as "stat istical controls" as distinct from "physical 

contro l "  (Lush and Shrode , 1 9 50)  where the endeavour is to keep the 

environment constant. Both these types of  control are intended to 
el iminate variation caused by circums tances thought no t to be 

important to the ques tion being investigated . Phys ical control is 

expensive , frequent ly impossible and far from perfect .  S tatistical 

cont rol can also be imperfect and can only correct for known sources 

of  environmental variation (Lush and Shrode ,  1950 ) . Not all the 

variat ion from a given source may be removed by statistical control . 

I f , for example , the effec t varies from one observation to the next, 

only the average ef fect will be removed (Koch and Clarke , 1955 ) . But , 

as Koch and Clark ( 1 955)  noted , any variation eliminated increases 

the accuracy with which real differences be tween animals can be 

assessed . 

Turner and Young ( 1969)  stated that i f  no corrections were made 

for environmental e f fects a lower genet ic selection differential may 

result . This may o ccur as genet ically superior animals may be cull ed 

because o f  their lowered pheno typic value due to environmental 

handicaps ( for example , being reared as a multiple or reared by a 

young dam) . Turner and Young ( 1 969)  noted that if those animals 

culled on the ir pheno type are multiples , and a selection obj ective 

includes inc reasing the incidence of mult iple births , then multiples 

are effectively being selected against .  S imilarly , the rej ection o f  

p rogeny from young dams will tend to increase the generation interval 

and decrease the genetic merit ,  as those animals culled may have a 

2 



higher generat ion number for the trait requ ired than progeny of  older 

dams (Turner and Young , 1969 ) . 

2 . 2  METHODS OF EST I��T ING CORRECTION FACTORS 

The procedures used for the estimation o f  environmental adj us tment 

factors should have several desirab le feature s .  These are (Eikj e and 

Johnson , unpub . ) : -

"i ) the effects adj us ted for should be  completely environmental 

in origin . 

i i )  provided there is no confounding be tween environmental and 

genetic effects the adj us tment s  should make the means o f  

the adj usted groups (age-of-dam, sex groups etc ) equal . 

i ii )  the adj us tments should also equalize  variances in the 

dif ferent adj us ted groups provided differences in 

variance are not due to  genetic e f fects . 

iv) the adj ustments should take into account possible between 

flock and year variat ion in the magnitude of environmental 

effects . 

v) the adj us tments should take into account possible within 

flock and year interac tions among environmental effects . 

vi )  the records made in dif ferent environmental subclasses 

3 

should genetically express the same trait : interactions 

between genotype and environmental effects mus t  be 

unimportant"  and the same genes should control the traits - in 

the dif ferent environments . 

2 . 2 . 1  Statistical Procedures 

The majority o f  authors have used lea s t  squares procedures to  

estimate environmental effects (for example , Ch ' ang and Rae , 1961;  

Eikj e ,  1 9 7 1a , b; Hight and Jury , 1 9 7 1 ; Baker et  al  1 974a , b; Gregory 



� al , 1 9 7 7 ; Nicoll and Rae , 19 7 7 ,  1978 ) . 

Ordinary leas t s quares (OLS)  procedure was first utilized for 

animal b reeding analys is by Yates ( 1934 ,  cited by Hazel ,  1 946)  and 

Hazel ( 1 946) . Harvey ( 1 960) popularized the methodology . The 

procedure , summarized by Searle ( 1 9 7 1 )  involves choos ing an 

estimator that minimizes the sum of squares o f  deviat ions from their 

expected values . 

For the model , 

V = Xb + e 
-

where � is an N X 1 vector of observat ions 

b is a p X 1 unknown vector of f ixed effects 
-

X is an N x p design matrix 

e is a N  x 1 vector of- random res idual terms 
-

distributed wi th mean 0 and variance cr2I 

(¥ - �J:)' (¥ - ��) i s  minimized with respect to b. The resul ting 

solution is  

where 

b0 (X ' X) X ' y 

X '  is  the transpose of  X 

(�'�)- is a generalised inverse o f  X ' X .  

Henderson ( 1 9 7 2 )  illus trated the use o f  generalized least squares 

(GLS)  procedures for estimat ing environmental  effects .  The GLS 

procedures (as summarized by Searle , 1 9 7 1 )  assumes that  the variance­

covariance matrix o f  the residual terms is V .  The term (:r;- �Q)' '(1 

(� - ��) is minimized with respec t to b .  The resulting s olution 

vector is 

Clearly when V cr2� OLS and GLS are equal . 

4 



The maj or advantage of leas t squares est imation procedures is  

that no  as sumption is made about the form o f  the dis tribution o f  the 

random res idual terms in the model (Searle , 1 9 7 1 ) . 

Miller� al ( 19 6 6 )  were among the first to use maximum 

likel ihood procedures to estimate environmental effects . Maximum 

l ikel ihood procedures (as summarized by Searle , 1 97 1 )  require an 

assumpt ion be made about the dist ribut ion o f  the residual errors 

(usually that they are normally dis tributed ) . The parameters are 

then est imated by maximizing the loge of the likelihood funct ion . 

Thus , assuming the e ' s  are normally dis tributed with mean zero and 

variance-covariance matrix y the likelihood is  

L (2 TI)
-�N /V /

-� exp {-� (y-Xb ) ' V (y-Xb ) }  

Maximis ing loge L with respect t o  b gives the solution as 

which is the same as the GLS solution (Searle , 1 9 7 1 ) . In s ituations 

where repeated observations are collected and selection on the basis 

5 

of  the magnitude of  earlier perfo rmance has occurred , maximum l ikel ihood 

techniques are appropriate (Henderson, 1949 ) . Maximum likelihood 

techniques make use o f  both within-animal and among-animal dif ferences , 

thus being more e f ficient than the least  s quares est imates (Miller 

� al , 1966 ) . 

Miller et al ( 1 966 )  no ted that for age effects on both milk and 

fat yields in dairy cows , maximum likelihood estimates (MLE) were 

theoret ically more accurate than leas t squares procedures in data 

where culling on the bas is of early performance occurred . Neville 

� al ( 19 74)  reported OLS and maximum likelihood procedures gave 

similar estimates for milk production of Hereford cows , but the MLE 

had smaller standard errors . Both proc�dures gave similar age-of-dam 

estimates and standard errors for the sex of calf effec t . 



Henderson ( 1 9 7 2 )  showed that solut ions to mixed model equat ions 

results in bes t linear unb iased estimates ( BLUE) of the f ixed effec t s . 

Several authors have estimated BLUE ' s  o f  f ixed effects (e . g .  

Nicoll and Rae , 1 9 7 8 ; Blair ,  198 1 ;  Tai t ,  198 3 ) . Searle ( 1 97 1 ) , in 

summarizing the methodology , shows that the 

b . l . u . e .  of g i s  b0 

6 

This is ident ical to  the GLS estimator and the MLE (assuming normality)  

of  b .  

The maj ority o f  authors , when estimat ing environmental effects ,  

fit  age of  the animal ( in days ) as a covariate , and the remainder o f  

the effects in discrete categories (for example , Koch and Clark , 1 9 55 ; 

Koch et  al 1959; Brinks et al 196 1; Bosman and Harwin , 1 966 ; Cundiff  

et  al 1966  ; Eikj e ,  1 9 7 1 a , b; Nicoll and Rae , 1 9 7 7 ,  1978 ; Baker et al 

1 9 7 9 ;  Newman et al 1 983 ) . Marlowe et al ( 1 965 )  subdivided age-o f-calf  

effects into seven 30 day periods , when assessing non-genet ic 

influences on average daily gain and type s c�re and fit ted age-of­

calf  in discrete categories . 

2 . 2 . 2  Multiplicative and Additive Adjus tments 

Once the environmental estimates are obtained they can be formed 

into ei ther addit ive or multipl icat ive adj us tments .  Records are 

additively adj usted to a common base "by adding the differences 

be tween the mean values" of  the base and remaining subclasses (Brinks 

et  al , 196 1 ) . Mul t ip l icative adj us tments are the ratios of the mean 

value o f  a subclass to a base subclass (Brinks et al, 196 1 ) . Jury 

et al ( 1 979 )  and Bosman and Harwin ( 1 966 ) analysed logarithmic values 

o f  lamb weaning weight and beef cattle pre-weaning traits , respectively , 

to ob tain mu�tiplicative adj ustments . 

Addit ive correct ion factors are used when the differences between 



subclass means are cons tant over t ime ( Schaeffer and Wilton , 1 974b ) . 

The pheno typic records are adj us ted to a common environmental 

in fluence by adding the correc tion fac tor . 

lfuen the dif ference be tween the subclass means changes 

proport ionally wi th changes in the means , mult iplicative corrections 

should be used (Schae f fer and 1\il ton, 1 974 ) .  The phenotypic record 

is mul t iplied by the correc tion fac tor, adj us ting the records to a 

common environmental inf luence . 

Additive correc t ion fac tors will no t alter the variance of  the 

subc lasses , whereas multiplicat ive fac tors do alter the subclass 

variances (Brinks et al, 1 96 1 ; Cundif f et al , 1966b ; Eikj e ,  1 9 7 1a) . 

Lush and Shrode ( 1 950) no ted that age correction factors for 

mi lk fat produc t ion could be ei ther gross age comparisons (averages 

of all records made at each age )  or success ive age comparisons 

(records made by the same cows at two successive ages are compared) .  

They sugges ted that the former procedure may underest imate the age 

e f fect because some o f  the animals with a low producing ability 

would normally be culled at each age . A disadvantage o f  the lat ter 

is that it  will overes timate the age effec t if concurrent selection 

is occurring (Lush and Shrode , 1 950 ) . Koch and Clark ( 1 955)  

sugges ted the two procedures could be comb ined by weighing the 

estimates by p/ ( 1 -p ) , where p is the repeatab ility of  adj acent 

records . 

2 . 3 EVALUATING METHODS OF ESTIMATING CORRECTION FACTORS 

2 . 3 . 1  Equalize  Means and Variances 

The equalizat ion of the means of the subclasses and the within­

subclass variances are common cri teria for assessing the effect ivenes s  

o f  correction fac tors (Nicoll and Rae , 1 9 7 7 ) . 

7 



Cundiff  et  al ( 1 966)  and Linton et al ( 1 968) utilized this 

cri terion to assess whether to adj us t beef cattle weaning weights  

add itive ly or  multipl icatively . They found that additive adj us tments 

for season of birth equalized var iances wi thin subclasses , as did 

mul t iplicative adj us tments for sex . Nico l l  and Rae ( 1 9 7 7 )  found 

mul tiplicat ive adj us tment for sex of calf was satisfactory for 

Hereford animals , but failed to fully equal ize variances for Angus 

animals . Cundiff e t  al  ( 1 966 ) no ted ne ither addi tive nor multipli­

cat ive adj ustments for age-of-dam equal ized the within subclass 

var iances but addi tive adj us tments did no t result in large divergence 

as did multiplicat ive . Nicoll and Rae ( 1 9 7 7 )  reported similar 

findings . Linton et al ( 1 968 ) found mul tip licative adj us tments for 

age-o f-dam most  satis factory us ing this criterion. 

To assess the mos t  accurate adj us tment o f  the nine they proposed 

for lamb weaning weight Eikj e and Johnson (unpublished) used as one 

of  their criteria , the equalizat ion of  means and variances . They 

not ed an adj ustment that corrected for lamb age at weaning , deviated 

the corrected weight from the corresponding f lock x year x age-of-dam 

x s ex x birth-rearing rank subclass , and "multiplied by  the rat io 

between the standard deviat ion in the base group and the s tandard 

deviation in the group to which the animal belongs" equalized the 

subclass means perfec t ly .  I t  also gave the "smalles t coefficient o f  

variation (CV) o f  subc lass variances . "  

Searle and Henderson ( 1960)  s tated tha t the use o f  CV as criterion 

for j udging age corre c t ion factors can be questioned . If the CV is 

to be a cri terion o f  j udgment , then the ques t ion , "is retaining a 

constant CV one of the  purposes o f  age-correcting factors?" mus t  b e  

answered "yes . "  Searle and Henderson ( 1 960 )  note that the same 

criterion should apply to other types of corrections, for example 

environmental trends . This they thought to  be  "unreasonable . "  

8 



2 . 3 . 2  Heritab ilities 

The heritability of  a trai t can be de f ined as (Rae , 1982) : 

where 

� 
Vx 

Vg is the additive gene tic variance 

Vx is the to tal observed variance .  

Assuming a completely additive model , 

Vx = Vg + Ve 

where 
Ve is the environmental variance . 

Thus , by minimi z ing the non-genetic sources of variation , the 

heritab ility es timate of a trait should be  increased . 

Several authors have no ted an increase in the estimated 

heritability o f  traits  adj usted for known environmental effects 

(for  example,  Shelton and Campbell , 1962 ; Baker et al , 1 9 79 ) . Eikj e 

and Johnson (unpubl ished ) sugges ted that higher paternal half-sib 

heri tabil ity estimates may arise due to the adj ustment method not 

removing possible systematic dif ferences among progeny groups . 

These s ystematic differences are more likely to arise in commercial 

flocks than in research flocks kept to es t imate genetic differences 

(Eikj e and Johnson , unpub lished) . Lower h er i tability estimates after  

adj us tment may indicate the adj us tment me thod reduced the genet ic 

variat ion present , the heritabil ity estimate then being b iased down­

wards (Eikj e and Johnson , unpublished) .  I f  correction factors 

involve expressing the records as deviat ions from contemporary 

averages ,  the heritab ility estimates may also be  biased downwards 

(Eikj e, 1 974) . 

Eikj e and Johnson (unpublished) and Gregory et  al  ( 1 9 7 7 )  reported 

heritab ility es timates calculat ed on unadj us ted records were greater 

than e s t imates obtained from adj usted data . 
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2 . 3 . 3  Intra-Class Regress ion and Correlation Coefficients 

Searle and Henderson ( 1 960 )  s tated that if age correction factors 

are expec ted to remove herd x year interac tion,  then individual 

wi thin he rd-year regression of but ter fat product ion on cow age ( in 

months) will vary l i t t le about their means for records so corrected . 

They repo rted that the mean we ighted regression was significantly 

different from zero for actual and mul tipl icatively corrected 

records , but for add it ive adj us tments and adj us tments taking into 

account the level of herd produc t ion , the regressions were not 

signi f icantly different from zero . 

Nicoll and Rae ( 1 9 78)  regressed within herd-year-age-of-dam 

adj us ted beef cattle 18 month weights on age at weaning to evaluat e  

three adj us tment procedures . They no ted that both additive and 

multiplicative wi thin subclass regression coefficients o f  age on 

weight were most  ef fect ive in reducing the dependence of weight on 

age . The correct ions used by the National Beef Recording Scheme 

(MAF , 1 9 7 3 ,  cited by Nicoll and Rae , 1978) were least effective . 

The intra-class regress ion of  beef cal f weaning weight on age 

at  weaning was used by Hinyard and Dinkel ( 1965) to assess the 

effec t iveness of additive and mul tiplicat ive corrections and compare 

these to non-adj usted weights . Hultipl ica t ive and additive corrections 

showed subs tantial reduc tions in the regression coef ficient over no 

adj us tment . The greatest  reduct ion was shown by multiplicative 

adj us tment of age weaned , but the dif ference was small . 

Gregory e t  al ( 1 9 7 7 )  estimated a "gene tic" correlation coefficient 

between age of lamb and corrected weight ,  expecting the coe fficient to 

be zero if the data had been correc ted satis factorily and random 

mat ing had occurred . 

Eikj e and Johnson (unpub lished) reasoned that i f  lamb weaning 

we igh t was no t adequately adj us ted for environmental effects , there 
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may s t ill be var iat ion present among years wi thin s ires which may 

arise from correlat ions among mates and from sire x year interaction . 

Eikj e and Johnson (unpub li shed) estimated the within sire correlat ion 

among ha lf-s ibs born in the same year as : 

where 
Vy is the be tween years wi thin sire var iance component 

Ve is the between progeny within sires and years variance 

component . 

The corre lat ions were then averaged over f locks and compared , the 

smal les t correlation being op timum . Eikje and Johnson (unpublished) 

repo rted that the procedure o f  additively correct ing for age o f  lamb 

and expressing the we ight s  as deviat ions from the mean o f  the 

corresponding flock x year x age-of-dam x sex x birth-rearing rank 

subclass was the optimum lamb weaning weight adjustment procedure 

us ing this criterion . 

2 . 3 . 4  Repeatability 

Searle and Henderson ( 1 960) s tudied the ef fect of dif ferent age 

co rrection fac tors on repeatability of dairy production records . 

They no ted that as repeatab ility is a measurement of  the relation­

ship o f  an animals production from one year to the nex t ,  it is 

unconnec ted with the true purpose o f  age correction factors . The 

t rue purpose of age-correc tion factors is estimating what a young 

animal would have produced had she been mature , not with what  a 

young animal will produce when she eventually is mature , as repeat­

ab ility suggests (Searle and Henderson , 1960) . 

Eikj e and Johnson (unpub lished) evaluated the effectiveness o f  

co rrection fac tors using the repaatab ility o f  progeny performance . 

The repeatability was e stimated as the corre lation between half sibs 
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in d ifferent years . This correlation was calculated as : 

where 

r2 Vs 
Vs + Vy + Ve 

Vy and Ve have been described previously 

Vs is the be tween sires variance component .  

Us ing this method of  evaluation , comb ined additive and multipli­

cative , and s traigh t mult iplicat ive ( except for weaning weight )  

correction factors were the mos t  effective . Multiplicative adj ustment , 

inc luding mul t iplicative adj us tment for weaning age , was the least 

effec tive . (Eikj e  and Johnson , unpublished) .  

In an e f fort to overcome possible correlat ions among environmental 

effects , and to combine the informat ion provided by r1 and r2 , Eikj e 

and Johnson (unpublished ) calculated the ratio r2/r1• They reported , 

using this criterion , that when lamb weaning weights were first  

adj usted additively for weaning age , then a comb ination additive­

mul t iplicative adj us tment was applied or straigh t multiplicative 

adj us tment was applied , the ratio of r2/r1 was maximized . 

2 . 3 . 5  Herd-by-Age Variance Components 

Searle and Henderson ( 1960)  proposed this evaluat ion procedure as 

i t  was thought desirable that age correct ion factors should t ake into 

account any interact ion that may exis t  between h erd environment and 

the effect o f  age on production . Searle and Henderson ( 1960) 

reported , us ing this criterion, that herd-level age adjustment s  are 

a l i ttle better than mul tiplicative age adj ustments in reducing the 

herd x age interact ion variance .  Searle and Henderson ( 1960) noted 

tha t , " the sugges ted criterion , while being a desirable adj unct for 

any set of  age-correction factors , is  not sufficient as a role 

met hod of  j udging between sets of fac tors . "  
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Eikj e and Jury (unpub lished) reported that , "it  seemed difficult 

to establish a single cri terion which would be markedly better than 

any other cr iterion . However ,  it was thought that the results  from 

a number o f  dif ferent evaluat ion methods taken together might enable 

some conc lus ions to be drawn . "  

2 . 4  ENVIRONHENTAL EST IMATES FOR NEW ZEALAND DUAL PURPOSE BREEDS 

2 . 4 . 1  Weaning We ight 

The environmental e s t imates across breeds for weaning weight 

(Table 2 . 1 ) appear to be in general agreement . Within the Romney 

bre ed , Wewala's ( 1 984) es t imate for sex is greater than previous 

est imates . The estimates for dam age appear to b e  of  s imilar 

magnitude excep t for estimates by Wewala ( 1 984) and Newman et  al 

( 1 983) . Wewala ( 1 984) included a maternal component in the model , 

which may explain why the results ob tained dif fer from other 

est imates . 

2 . 4 . 2  Later Liveweights  

The environmental estimates of later liveweight traits (Table 2 . 2 ) 

appear to be quite variabl e  across authors and thus across flocks . 

When the estimates are compared wi thin authors the effect  of  BRR 

dec reases wi th age and the sex difference increases with age . The 

e f f ect of dam age is variable across the month weighed , but it  appears 

to decrease with age , albeit  slowly . ·The date of birth/age weighed 

covariates appear to be in general agreement wi th the exception of 

Tait ' s  ( 1983)  ram November weight estimate ,  which is extremely large . 

There a·ppears to be sex d i fferences in the environmental estimates , 

wi t h  the rams generally having larger estimates than the ewes . 
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Tab le 2 . 1 :  Environmental Est imates for the New Zealand Romney and 

Romney based breed 

Breed Romne 

Author 1 2b , c 3b 4 6 7 8 

BRR 
s s  - TwS 3 . 03 1 . 3  l. 64 2 . 5  2 . 0  1 . 45 1 . 43 
s s  - TwTw 4 . 64 4 . 2  4 . 4 1  4 . 2  4 . 2  3 . 59 3 . 55 
s s  - TrS 
s s  - TrTw 
s s  - TrTr 

Dam Age 
4-2 year old 2 . 0 1  2 . 0  2 . 04 1 . 3  1 . 3  2 . 1 3 0 . 5 3 
4-3 0 .  75  0 . 4  0 . 59 0 . 2  0 . 3  0 . 1 9 0 . 04 
4-5 -0 . 1 5 0 . 22 -0 . 2  0 . 45 
4-6 0 . 6  

3-2 

Sex 
M-F 1 . 38a 1 . 58 1 . 9 2 . 1 1 . 68 1 .  6 1  

Age  at  Weaning (kg/d)  0 . 1 3 0 . 12 0 . 1 2 0 . 1 7 0 . 18 

Date  of  b irth 0 . 1 7 --o . 1� 

1 4  

8 

1 . 93  
3 . 90 

-0 . 36 
- 1 . 04 

1 . 30 

0 . 1 6 

a .  wether-ewe b .  converted from lbs to kgs c .  ewe lambs only 
d .  

s = 

1 .  
4 .  
7 .  
1 0 . 

pooled over years e .  rearing rank - S ingle-Twin 

Single Tw Twin Tr = Triplet M = Male F = Female 

Ch ' ang and Rae ( 1 96 1 ) ; 2 .  Ch ' ang and Rae ( 1 9 70) ; 3 .  Lundie ( 1 9 7 1) ; 
Baker e t  al ( 1 974a) ; 5 .  Ellio t t  ( 1 9 7 5 ) ; 6 .  Jury e t  al ( 19 79) ; 
Tait (f983T ; 8 .  Newman et  al ( 1 983) ; 9 .  Wewala ( 1 984 ) ; 

- -

Gregory (unpublished) 
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Tab le 2 . 1 ( continued) 

Breed Romney Perendale Coorworth 

Author 9 5 7 8 8 8 10 

BRR 
ss - T�vs 1. 98  2 . 2 3 2 . 88 2 . 20 1 . 69 2 . 53 
ss - TwTw 4 . 20 4 . 20e 4 . 1 9 4 . 70 4 . 34 5 . 06 4 . 94 
ss - TrS 3 . 95 
ss - TrTw 6 . 32 
ss - TrTr 7 . 35 

Dam Age 
4-2 year old l .  19 1 . 44 0 .  71 l.  26 1 . 58 0 . 25 
4-3 -0 . 22 0 . 5 3 1 . 08 0 . 22 0 . 22 1 . 08 
4-5 -0 . 0 1  0 . 0  
4-6 

3-2 1 . 72 

Sex 
M-F 3 . 6 la 2 . 1 5 2 . 05 1 . 64 1 . 84 2 . 23 

Age a t  weaning 
(kg/d)  0 . 1 6 0 . 18 0 . 1 3 0 . 07 0 . 09 0 . 22 

Date o f  b ir th 



1 
Table 2 . 2 :  Liv�we ight environmental estimates for the New Zealand Romney and Romney based breeds 

Breed 

Month Feb . weighed 

Author 3 

BRR 
SS-TS 2 . 3  
SS-TT 3 .  l 

Dam Age 
4-2 1 . 3  
4- 3 0 . 2  
4-5 -

Sex 

R-E 3 . 7  

Age 
weighed 0 . 1 3 

DOBf -
---------

a. Ewes only 

b. Rams only 
c .  Pooled across 

sire groups 
d. . Birth rank 
e .  Rearing rank 
f .  Date of b irth 

Romney Peren . 

Mar . April June July August October November Oct. 

2a 6 a 6 b 2a 6a 6b 3 6a 

1 . 3  1 . 1 0 0 . 65 1 . 3  0 . 80 0 . 30 1 . 4  0 . 90 
3 . 1 2 . 24 3 . 09 2 . 7  l. 7 5  2 . 2 7 2 . 1  1 .  74 

1 . 9  0 . 96 2 . 33 2 . 4  0 . 74 1 . 66 0 . 9  1 . 1 3 
0 . 5  -0 . 1 3 0 . 3 1 0 . 9  -0 . 24 0 . 25 0 . 1  -0 . 02 

- 0 . 49 1 . 02 - 0 . 6 7 0 . 6 7 - 0 . 88 

- - - - 4 . 4  -

0 . 10 - - 0 . 1 9 - - 0 . 08 -

- -0 . 1 3 -0 . 1 9 - -0 . 1 3 -0 . 1 8 - -0 . 1 2 
- --------- -- ---

1. Tripathy (1966); 2. 
5 .  Chopra ( 1978 ) ; 6 .  

Ch'ang & Rae (1970); 

Tait ( 1 983)  • 

6b 1 
a 

2a 

0 . 43  0 . 35 1 . 8 
2 . 1 8 2 . 22 2 . 2  

1 . 46 1 .  7 1  2 . 4  
0 . 30 0 . 8 1 1 . 0 
0 . 74 - -

- -

- - 0 . 1 8 

-0 . 20 -0 . 23 -
-- � -- -

5
c 

1 . 1 6
d 

-

-

-

-

-
- -- - -

3 6a 6b 4 

1 . 4  0 . 52 0 . 03 
2 .  1 1 . 05 1 .  62 2 . 1 2e 

1.2 -0.69 1 . 3  0 . 98 
0 . 2  - 1 . 70 0 . 43  0 . 35 

- - 1 . 0 1 0 . 38 -0 . 1 3 

1 0 . 8  - - -

0 . 05 - - -
- - 0 . 10 - 1 . 1 1 -

----- ------

3. Bakeret al (1974a); 4. Elliott (1975); 

! 
' 
' 

t­
O'\ 



Barnicoat , Logan and Grant (1949, cited by  Ch ' ang and Rae ,  1970) 

no ted that the estimates of  age o f  dam and type of  b irth and rearing 

ef fects are thought to be essentially ref lect ions o f  the magnitude 

o f  pre-weaning nutrit ional handicap resul ting from a lower milk 

product ion of  the younger dams or , in the case of  twins , having to 

share pre-natal uterine environment and pos t-natal milk supply . 

Ch'ang and Rae (19 7 0) sugge st tha t the effect  of  being born or reared 

as a twin was suf f ic ient to trigger post  weaning compensatory growth , 

whereas the ef fec t o f  being bo rn to a young dam was insufficiently 

severe to invoke compensatory growth .  

2 . 4 . 3  Hogget Fleece Weight 

There is good agreement between estimates for greasy HFW (Table  

2 . 3 ) . The except ion is  that of  Lundie (19 7 1) BRR estimates which 

are larger than those o f  other authors . Also , the DOB estimate made 

by Lundie ( 19 7 1) is o f  reverse o rder to that o f  other authors . 

2 . 4 . 4  Reproduc t ive Traits 

The estimates for reproduct ive performance are difficul t to 

compare as so many different traits  are used to evaluate the repro­

duc tive performance o f  ewes (Tabl e  2 . 4). A general pattern to emerge 

is that reproductive performance increases with ewe age, there being 

lit tle difference between ewes classified as mature at 4 or 5 years 

of age . 

1 7  



Table 2 . 3 : Hogget greasy fleece weight environmen tal es tima tes for the New Zealand Romney and derived breeds 

Breed Romne Peren . 

Author 1 2b 3 3 4 I 5 6 b 6c 7 

BRR 
SS  - TS 0 . 1 6 0 . 24 - - 0 . 1 o. otfl 0 . 06 0 . 04 
SS  - TT 0 . 1 7 0 . 2 1 0 . 14 d 0 . 1sd 0 . 1  - 0 . 02 0 . 09 0 . 1� 

Dam Age 
4-2 0 . 23 0 . 2 2 0 . 04 -0 . 19 0 . 0  - - - 0 . 07 
4-3 0 . 07 0 . 04 0 . 02 0 . 04 0 . 0  - - - 0 . 03 
4-5 -0 . 0 7 -0 . 03 -0 . 1 7 - - - - 0 . 02 

Sex R-E 0 . 5  - -

Age shorn (kg/d ) - 0 . 009 0 . 0 14  0 . 1  - - -

Date of  birth (kg/d)  -0 . 02 0 . 008 - - - -0 . 0 1  -0 .01  -

c___ --- -- ------------- --L___ __ - � - - ---

1 .  Tripathy ( 1966 ) ;  2 .  Lundie (1971); 3. Hight & Jury (197 1 )  
a .  Birth rank 4 .  Baker et al (1974a ) ;  5. Chopra (1978); 6. Ta it  (1983); 
b .  Ewes only 
c .  Rams only 7 .  Elliot t  ( 1 975 ) . 
d .  Rearing rank 

� 
00 



Table 2 . 4 :  Environmental estima tes of  reproductive performance for the New Zealand Romney 

Trait Barren NLB NLW Multiple Births Triple t 
I3irths 

Author 2a 2b le le 2d le le 2f 2g lL 

Age of  Ewe 
4-2 0 . 1 2  0 . 39 0 . 26 0 . 24 0 . 37 1 2 . 6  1 3 . 0  0 . 26 -0 . 002 5 . 9  

4- 3 0 . 03 0 . 18 0 . 06 0 . 02 0 . 1 8 1 . 4  3 . 7  0 .1 5  -0 . 011 1 . 9 

4-5 0 . 0  -0 . 05 -0 . 04 -0 . 02 -0 . 03 -7 . 6 0 . 9  -0 . 05 -0 . 007 -3.8 
- -------- ------� 

1 = Hight and Jury ( 1 970) ; 2 = Lundie ( 1 9 7 1 )  

a .  Barrenness . Dry b .  Number of lambs c .  Rat io o f  lambs d .  Number of lambs 
ewes = 0 ewes that born/ewe mated weaned/ewe pre- weaned/ ewe mated 
have a lamb ( s )  = 1 and present a t  sent  a t  lamb ing and present at 

lamb ing lamb ing 

f .  Ewes with 2 or g .  Ewes with 3 h .  Percentage o f  i .  Weight of lamb 
more lambs born lambs at birth lambs weaned/ weaned per ewe 

1 ,  those with = 1 ,  those with lambs born mated and present 
1 or 0 = 0 2 ,  1 ,  o r  0 = 0 at lambing (kg) 

LW/LB 

e .  

Wt .L,W . 

11 2i 

9 . 9  1 2 . 7 7  

0 . 6  6 . 0 1  

2 . 7  - 1 . 34 

Percent ewes 
lambing multiples 
/ewes lambing 

..... 
\.0 



CHAPTER THREE 

��TERIALS AND METHODS 

3 . 1  SOURCE OF DATA 

The Sheeplan recording scheme was introduced in 1976 (Clarke and 

Rae , 1 9 7 7 )  and has as its  obj ec tives (Clarke and Rae , 1976 ) : 

(a) the measurement or assessment o f  the traits o f  economic 

importance on individual animals 

(b) the process ing and presentat ion of the records in a way 

which will assist the breeder to make ef fec tive selection 

decis ions . 

Sheeplan is based on four measures o f  productivity (Clarke and 

Rae , 1 9 7 7 ) : 

(a) number o f  lambs born (NLB) or reared (NLR) 

(b) lamb weaning weight (UWT) 

(c) hogget liveweights taken in the autumn (ALW) , winter 

(WUJ) and/or spring ( SLW) 

(d) hogget fleece weight (HFW) . 

The breeder suppl ies the pedigree ( i . e .  parentage)  and record ( s )  

o f  the tra it (s) they are recording . For dual purpose breeds NL B  is  

the only c haracter that is  mandatory for all breeders to record . 

The breeder receives breeding values , calculated using selection 

index proc edures , for each of  the traits the breeder records and for 

various comb inat ions of them . These are revised and presented 

annually for the selec t ion of two-tooth replacement ewes and rams 

and for the culling o f  ewes already in the f lock . Breeding values 

are also presented to summarize the performance of the progeny o f  

each sire used in the flock. Sheeplan is a within flock recording 
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scheme , and thus comparisons o f  breeding values across flocks are not 

valid (Clarke and Rae , 1 9 7 7 ) . 

The data were ext rac ted from Sheeplan files . The criteria 

used for selecting Coopworth f locks to be inc luded in the study were 

that they : 

( i ) recorded on Sheep lan at least from 19 78 ,  

( i i ) recorded at  leas t 400 ewes in 1 983 , 

( iii ) recorded all  lamb product ion trai t s , hogget  fleece 

weight and at  leas t one later liveweight . 

The records o f  approximately 2 1 9 , 000 ewes and 231,000 lambs were 

made available from 48 f locks throughout New Zealand . A maximum of  

8 years data were availab le on the lamb production traits including 

weaning we ight , and a max imum of 6 years data on hogget  f leece 

weight and later liveweights . 

3 .  2 PRELIMINARY EDITING 

The f locks were d iv ided into 5 clirnatologically similar regions , 

based on the first two d igits o f  the Sheeplan flock code which 

indicates the geographical locat ion of the flock . The regions are : 

North ( 1) = Northland 

N . North ( 2 )  

S . North (3) 

N . South (4) 

S . South ( 5 )  

North o f  Taupo excluding Northland 

rema inder o f  the North Island 

the South Island north o f  Palmerston , excluding 

the West  Coast 

the South Island south of Palmerston . 

Records from unknown dams and s ires were dropped from the s tudy , 

as were hogget dams and records relating to fostered animals . 

Records pertaining to s i res that had less than 6 progeny in any one 
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year were dropped , for each tra i t ,  in an ef fort to remove recording 

errors . 

Animals that were no t born be tween days 1 70 and 290 (where day 1 

is the 1 s t  January ) i . e .  mid June to late Oc tober , were no t included 

in analyses of we ight tra its . Similarly , ewes that did no t lamb 

between days 166 and 304 were no t included in reproduct ive traits 

analyses (with the excep t ion of traits related to barrenness) . 

These animals were removed to avoid aut umn lambing ewes , and except ion­

ally early or late lamb ing ewes . 

The f inal requisite for flocks to be included in analyse s for 

environmental and heri tability estimates was that the edited flock 

compri�� ? f  at least 30  sires nested within- years (referred to as 

s ire years ) and 1000 records. Where traits  were divided into differing 

sexes or age groups the st ipulat ion was relaxed to at leas t 500 

records , but st ill requiring 30 s ire years to be represented . 

3 . 3  TRAITS 

3 . 3 . 1 Weight Traits 

The weight trai ts  studied were weaning weight (WWT) , autumn 

livewe ight (ALW) , winter liveweight (WLW) , spring liveweight ( SLW) 

and hogget greasy fleece weight ( HFW) . Sheeplan ( 1984 ) defines ; 

WWT as lamb weights taken before 3 1 st January in any year; ALW as 

weights taken from the 1st January to 30th April ;  WLW as weights 

taken from 1st May to  3 1 st August ;  SLW as weights taken from 1st  

September to 30th November ; and HFW can be a weight taken as early 

as 1 st March . Animals that were weaned after 1 50 days of age were 

not included in the WWT analysis , and data from animals not shorn as 

lambs were left out o f  the HFW analyses . 

Male and female hogge ts were analysed separately for the later 
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liveweights ( i . e .  ALl� , WLW and SLW) and HFW, due to animals of  

dif ferent sexes being in separate mobs and the traits being recorded 

at di f ferent times . 

3 . 3 . 2  Reproduc t ive Trai ts 

Several reproduc t ive traits  were s tudied in order to derive an 

unders tanding of the factors influenc ing the reproductive performance 

of  ewes . 

Barrenness was studied as a measure of  the factors influencing 

pos t-mat ing infert ility  in flocks . In this study barrenness was 

def ined as ewes that were joined but did not have a lamb allocated to 

them. Barrenness was subdivided into two traits , namely two-tooths 

only (BAR2TH ) and all ewe ages ( BAR) . BAR2TH was treated as a 

separate trait in order to avo id the influence o f  selection against 

barren ewes that would  have probably occurred in older ewes . 

The trait lamb survival (LSURV ) is a measure of  survival from the 

lambs point of view . LSURV was defined as : given a lamb was born , 

was it  alive at weaning . Due to the possibility  o f  different genet ic 

pathways controlling survival o f  s ingles and mult iples , the traits 

lamb survival o f  singles (LSURV l )  and multiples  (LSURV 2)  were a lso 

included . 

As a measure o f  t he ewes influence on lamb survival . the 

proportion of lambs surviving (ESURV ) was included for analysi s . 

This trait was defined as ; given at leas t one lamb was born to the 

ewe , what proportion o f  those lambs were alive at weaning . 

Number of lambs born to a ewe present a t  mat ing (NLB) and 

number o f  lambs weaned per ewe lamb ing (NLW) were two measures of  

the ewes fecundity . Two further measures of  the ewes fecundity tha t  
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we re s t ud ied were g iven a ewe l ambed , d id s h e  bear mu l t i p l e s  (}lliLT ) 

o r  d i d s he bear t r i p l e t s  and h i gher o r d e r  mu l t i p les ( T R IP ) . 

A s  a mea s u re o f  the overa l l  rep roduc t iv e  p e r f o rmanc e o f  t h e  ewe 

t he we i g h t  o f  l amb we aned per ewe ( p �o v i d e d  she reared at lea s t  one 

l amb , Wt . L . W)wa s a t ra i t  i nv e s t igated . This t ra i t  wa s mod i f i e d  by 

ad j u s t i ng for the b i r t h  and rea r i ng rank o f  t h e  l amb s (Wt . L . W . BR . ) 

3 . 4  STAT I ST ICAL METHODS 

3 . 4 . 1 E s t ima t e s  o f  Env i r o nmen t a l  E f f e c t s  for C o n t inuous T ra i t s  

Fo r a l l  we ight t ra i t s  and \.Jt . L . I.J . , \.Jt . L . W . BR ,  E S U RV , NLB and NLW , 

o rd inary lea s t  squa r e s  ( OL S )  analy s e s  we re p e r f o rmed on a w i t h i n  

reg ion b a s i s  to iden t i fy wh ich f ixed e f f ec t s  sho uld b e  included i n  

t h e  l inear mod e l s . T h e  analy s e s  iden t i f i e d  f locks and y e a r s  a s  b e ing 

impo r t an t for a l l  c o n t inuous t r a i t s , and f lo c k  x year i n t erac t ion 

b e i ng impo rtant for a l l  t ra i t s  exce p t  E SURV , where f l o ck x year 

i n t e rac t i on wa s imp o r tant in only some reg i o n s . No o t h e r  f ir s t  o r d e r  

i n t e rac t ions b e twe e n  t h e  ma in e f f ec t s  c o n t r o l l e d  mo re t han 2% o f  t h e  

var ia t i on ( e s t ima t e d  a s  sum o f  s q uare s a t t r i butab le t o  t h a t  f a c t o r  

d iv id e d  by t h e  to t a l  s um o f  square s ) . 

F o r  the we ight t ra i t s , dam ' s  age , b i r t h -rear ing rank and age 

a t  we ighing were all impo r tan t f a c t o rs , as well as s e x  for WWT . I t  

wa s found t hat f o r  t h e  we ight t ra i t s  age a t  w e i gh ing generally 

c o n t ro l l ed a grea t e r  p o r t ion o f  varia t ion t ha n  d i d  f i t t ing d a t e  o f  

b i rth . Fo r HFW , a g e  'at hogge t shearing wa s f ound to c o n t ro l mo r e  

varia t i on than days b e t ween lamb and ho gge t s hear ing . Ewe ' s  age 

wa s imp o r tant in all the cont inuous r e p roduc t ive tra i t s . Age a t  

weaning was impo r t a n t  f o r  Wt . L W . and Wt . L . W . BR .  w i t h  b ir th-rear ing r ank 

be ing impo rtan t  in 1-J t . L. W . BR .  For E S U RV , t h e  number o f  lambs born t o  

t h e  ewe was o f  impo r t ance . 
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To e s t ima te t h e  env i r onmen t a l  e f fec t s , OLS analyses were 

und e r t aken on a wi t h i n - f l o c k  b a s i s . Due t o  t he data having unequal 

s ubc l a s s  numbers ( i . e .  unba lanc ed ) the o rd e r  o f  f i t ting o f  t h e  

e f f e c t s , a f f e c t s  t h e  s ums o f  s q ua r e s . Thu s t h e  w i t h in- f l ock mod e l s  

tve re f i t t e d  i n  t he o rd e r  shmm . For l-JWT t he fol lowing model wa s 

f i t t ed : -

Y .  ' k l 1 J m \.J + t 1. + d
J
. + f

k 
+ r + bx + e 1 i j k lm i j klm 3 .  1 

1,rhe re 

y
i j k lm 

i s  the 
. t h 

o b s e rvat ion on t h e  m t h  i n d i v i dua l recorded i n  t h e  

l year , 

o f  the k
t h  

s e x ,  l
th 

b i r t h-rear ing rank and bo rn t o  a ewe 

o f  the j
t h  

d am age 

j.J i s  t he general mean 

t .  i s  t h e  fixed e f f ec t  o f  
l 

the 
. th record year (i  = 1 ,  . . .  , 8 )  l 

d . is the fixed e f fect  o f  t h e  
. th dam age ( j  =1 , 2 , 3 ,  J 

J 
whe r e  1 is a 2 year old dam , 2 is a 3 year old dam and 3 is a 

4 y e a r  old or older dam) 

t h  fk i s  t h e  f ixed e f fect  o f  t h e  k s ex (k  1 , 2  where 1 is a male , 

and 2 a female) 

r1 is the fixed ef fect  of the lth  birth rear ing rank (1 1 ,  . . .  , 6 )  

- s ee Table 3 . 1  

b i s  t h e regre s s i o n  coefficient of  the animals age (x . ' kl ) in 
lJ m 

d ay s , on i t s  we i g h t  (Y . ' kl ) ,  in kilogrammes 
lJ m 

e . ' kl · 
d ' d  1 f f  · t the mth ; nd ;v; dual o f  - l J  m l S  a r a n  am res1 ua e ect un1que o � � � 

h . th kth  lth b ' h . k d b  t t e 1 year , sex , 1rt  rear1ng ran an orn o a ewe 

o f  t h e  j th dam age . The residual e f fect s  are assumed to be 

no rma l l y dis tribu ted with mean zero and variance cr 2  e .  
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Tab le 3. 1 :  De f init ion o f  the Birth Rearing rank subclasses 

Va lue B i r t h  �ank Rear ing Rank 

1 S i n g l e  S ingle  

2 T\,rin S ingle 

3 T\J in Twin 

4 T r iplet  S in gle 

5 T r i p l e t  Tw i n  
6 Triplet  Triplet  

The fixed effec t s  model f i t ted to estimate  the environmental 

effec ts for the weight traits except WWT ( i . e .  ALW , WLW , S L W  and 

H FW for rams and ewes separately) was the same as model 3 . 1 except 

the model  d id no t con ta in a factor for sex , and only years 1 ,  . . .  , 6  

were present . 

For Wt . L . W . BR .  the following model was f i t ted : 

where 

3 . 2  

. h b . h lth d d . h . th �s t e o servat �on on t e ewe recor e 1n t e � year , 

o f  the j th age , bear ing lambs o f  the kth birth rearing rank 

� is a general mean 

t i de fined in model 3 . 1  

aj is the fixed ef fec t o f  the j th age o f  the ewe (j = 1 ,  • . •  , 4 ,  with 

1 = 2 year old , 2 = 3 year old , 3 = 4 year old , and 4 = 5 year 

old and older) 

rk defined in model 3 . 1  

b is the regress ion coe fficient o f  the ewe ' s  progenys age at 

weaning (xij kl) in  days , on the total weight of lamb weaned by 

the ewe (Yij kl) 

eij kl is  a random residual effect unique to the 1th ewe recorded in 

the i th year , o f  the j th age, bear ing lambs of  the kth b irth 
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rear ing rank . The res idual e f fec t s  are as sumed to b e  normally 

d i s t ributed with mean zero and var ianc e a 2  e .  

Fo r Wt . L . W . the model f i t t ed was the same as model 3. 2 except i t  

d id no t con tain a b ir th -rearing rank e f f ect. The mo de ls f i t ted for 

the tra i ts  �LB and NLW were the same as 3 . 2  except  they contained no 

e f fect  due to b irth rear ing rank and no covar iate for progeny age. 

The fixed e f fec t s  model f i t ted to est ima te t he environmental 

e f f e c t s  for ESURV was : 

where 

3 . 3  

Y
ij k l  

is an observat ion on the 1
th 

ewe, in the i
th 

year, o f  the 

j
th 

age, bearing k
th 

number o f  lamb s 

is  a general mean 

def ined in model 3. 1 

def ined i s  model 3. 2 

is  the f i xe d  effect  o f  t he kth numb er o f  lamb s  born to the 

ewe (k = 1 ,  . . .  ,3 , where 1 = s ingle, 2 = twins, 3 = triplets 

o r  greater) 

is a random res idual e f f ect  unique to  the 1th ewe o f  the ith 

record year, j th ewe age , bearing kth number of  lambs. The 

residual e f f e c t s  are assumed to be normally d i s tributed wi th 

mean zero and var iance a2 
e .  

3. 4. 2 Estimat io n  o f  Environmen tal Effec t s  for Binomia l  Data 

Wi th b inomial data the mean is related to the variance ( Snedecor 

and Cochran , 1982) , thus viola t ing the assump t ions of cons tant error 

variance and zero covariance b e tween error terms, required for OLS. 
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The logit transformation was applied to  the BAR , BAR2TH, MULT , 

TRIP , LSURV , LSURV1  and LSURV2 data . The t ransformed data were then 

analysed us ing an iterative weighted leas t squares procedure (see 

Berkson , 1 957 ; Nelder and Wedderburn , 1 9 72 ; Back , 1 9 75 ; and Gilmour , 

1983 ) , and estimates o f  the f ixed effects obtained . 

Models were f i t ted to the trans formed binomial traits  within 

region to asses s which factors were of importance .  Flock and year 

effects were found to be important in all t raits with the ewe ' s  

dam ' s age or dam ' s dam ' s  age be ing to be o f  lit tle importance . 

Interact ions were not fit ted due to the nat ure of the comput ing 

program used . For traits BAR , MULT and TRIP the ewes age was an 

impor tant  factor . Dam ' s age was important fo r the traits LSURV·, 

LSURV1  and LSURV2 , with the number of lambs born by the ewe important 

for the trait LSURV . 

The fixed effec t s  models fit ted to estimate the environmental 

ef fects for BAR , MULT and TRIP were the same as model 3 . 3 except 

they did not contain a term for the number of the lambs born to  the 

ewe . The model fit ted to BAR2TH was model 3 . 3 without the terms 

number of lambs born t o  the ewe and age of  the ewe . 

The model fitted to estimate the environmental effects for 

LSURV was 

where 

3 . 4  

Yij kl is an observation on the 1 th individual,  in the ith year , 

of  the kth b irth rank and born to  a ewe of  the j th age 

� is a general mean 

dj as defined for model 3 . 1 

nk is the fixed effect o f  the kth birth rank of a lamb (k = 1 ,  

• . •  3 ,  where 1 = single , 2 = twin and 3 = triplet  or higher 

order mul tiple) . 
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is  a random res idual effect  unique to the 1 th individual of  

the ith year , kth birth rank and born to a ewe of  the j th dam 

age . The res idual ef fec ts are assumed normally distributed 

with mean zero and variance cr 2  e .  

The models fit ted to estimate the environmental effects for 

L SURV1 and LSURV2 are the same as model 3 . 4  except they do no t contain 

a term for the birth rank of the lamb . 

3 . 4 . 3  Analys is of Regional Differences 

The within-flock estimates were themselves subj ected to analysis  

o f  variance procedures to  ascertain i f  regional differences in  the 

effects do exis t .  The fixed e f fects for the b inomial traits were 

analysed on the legi t  scale .  Bartletts test  o f  homogeniety was used 

to test constant var iance across  regions . To assess if  the effects  

were dis tributed normally a test  for  skewnes s  was also undertaken 

( see Snedecor and Cochran , 1982 ) . The model f i tted was : 

where 

� + r .  + e  . .  1 � 
3 . 5  

Y . . i s  the j th observation from the ith region of  the f ixed effect 1J 

� is  an overall mean 

r .  is the fixed effect due to regions ( i  = 1 ,  • • •  , 5 ,  where 1 = 
1 

North , 2 = N . North , 3 = S . North , 4 = N . South , 5 = S . South) 

e . . is  a random residual effect  unique to  the j th observation in 1J 
the ith region , assumed to  be distributed normally , with 

mean zero and variance o 2  e .  

The within-flock estimates were weighted b y  the inverse of  their  

s tandard error�s , and weighted means of the regional and nat ional 

fixed ef fects were ob tained . 
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3 . 4 . 4 Heritability Estimates 

Paternal half- s ib heritabili ty  es timates were calculated within 

each flock . Henderson ' s  Method 3 was used to calculate sire and 

error var iance components for the weight trai t s . The models f i t ted 

for the weight traits  were the same as for the environmental estimates 

except they contained a random e f fect for s ires nested within years . 

S tandard errors of  these  estimates were es timated using the methodology 

outlined by Swiger � al ( 1 964) . 

The heritabilities  for the rep roduc tive traits ESURV , NLB ,  NLW, 

Wt . L . W .  and Wt . L . W . BR were also est imated by the paternal half- s ib 

method . The variances were estimated us ing Henderson ' s  Method 3 

af ter correcting the data for year . The model fitted was the same 

as for the environmental estimates except that the random e ffect of  

s ires nes ted within years was fit ted . For the  traits LSURV , LSURVl 

and LSURV2 the lambs sire  was the appropriate random effec t ; with 

the remaining reproducti ve traits  ( i . e .  BAR, BAR2TH, MULT and TRIP) 

the ewes s ire was appropriate . 

The intra-class correlations from which heritabilities of  

binomial t raits were derived were ob tained by the  logistic l inear 

mixed models procedure ,  as discussed by Gilmour ( 1983) . The 

procedure involves sett ing up mixed model equations , absorbing the 

random effects and ob taining solutions by iteration . The random 

ef fects were ob tained b y  back-solution using the final fixed effect s . 

Standard errors were not ob ta ined for the heritabilities of  

the reproductive trai t s . 
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CHAPTER FOUR 

RESULTS Mv.D DISCUSSION 

4 . 1  ENVIRONMENTAL ESTIMATES 

4 . 1 . 1  Weight Traits  

4 . 1 . 1 . 1  Regional Comparisons 

The within-flock within-region estimates o f  environmental effects 

and numbers o f  observat ions in each regional and national subclass 

are shown in Tables 4 . 1  to 4 . 10 .  Tests of  homogeniety of variance 

and skewnes s  were s ignif icant only for rams HFW . The sub classes SS­

TrS and SS-TrTw had s ignificantly skewed distributions across regions . 

This is  probably due to  the relatively low numbers of  observations in 

the sub classes TrS and TrTw ( 2 18  and 1507  observations , respectively) .  

For this reason skewness was thought not to b e  importan t . 

The ram HFW subclass Mat-2yr showed significant non-homogeniety o f  

variance . A difference between regions in age o f  shearing a s  lambs 

and as hoggets may be an explanation . All environmental subclasses 

would be  expected to have non-homogenous variances  between regions 

if time between shearing was the cause .  As the influence o f  the sub­

c lass Mat-2yr is small (a maximum value of  0 . 02 kg compared with the 

general mean of 2 . 9 7 kg for the N . North region) this deviation from 

normality was thought not important . 

Ewes SLW was the only trait to  show signif icant regional 

differences with the BRR subclass S S-TrTw being s ignif icantly 

different b etween regions . Using orthogonal contrasts (see Snedecor 

and Cochran , 1 982) the S . North region was found to have s ignificantly 

smaller (p < 0 . 008 ) es t imates for S S-TrTw than o ther regions . 

Preferential treatment o f  triplet borne animals  would not b e  a 

suitab le explanation as ram hogge ts  as well as ewe hoggets  would be  

expected to be  affected , and also earlier liveweights would be  expected 

to show regional differences . 
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Table 4 . 1 :  Hi thin-flock Hi thin-region E s t imates of Environmental 

Effec ts on 1-JWT (kg) 

North- N . North S . North N . South S . South 
land 

Dam Age 
Mat-2 year 1 . 1 4 1 4  1 . 2575 1 . 1474  1 . 1865 1 .  36 75  

Mat -3 year -0 . 0 778 0 . 0335 -0 . 30 1 8 -0 . 1463 -0 . 10 1 2  

Sex 
R-E 1 .  8143  1 .  8372  2 . 1428 1 . 8207 1 . 8005 

B RR  
SS-TwS 1 .  8798 2 .  1089 2 . 1582 2 . 1278 1 . 85 10 

SS-TwTw 5 . 2029 5 . 0931  5 .  3 1 1 0 5 . 5 1 18 5 . 0 122  

SS-TrS 2 . 9846 3 .  3872 3 .  1044 4 . 0031  3 .  0 7 1 7  

SS-TrTw 5 . 2964 5 . 9666 6 . 3 1 7 3 6 . 7 1 23 6 . 0962 

SS-TrTr 6 . 5426 7 . 1439 8 . 2459  8 . 1638 7 . 79 3 7  

Age weaned (kg/d) 0 . 1546 0 . 1 757  0 . 1944 0 . 1565  0 . 1 6 70 

General mean a 2 2 . 7 39 1  23 . 1 386 26 . 5946 24 . 5799  24 . 4609 

a .  at mean weaning age . 
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Tab le 4 . 2 :  Numbers o f  WWT Records in Subclasses and Flocks 

North- N . North S . North N .  South S . South 
land 

Dam Age 
2 year 292 1 9800 2 1 3 15  8319  799 1 
3 year 1 5 1 1  7287 18488 7 188 6492  
Mat 1897  109 15  30404 1 6 744 9 14 3  

Sex 
M 3 18 1  14026 349 1 7  16203 1 1 75 2  
F 3 148 1 39 76 35290 16048 1 1 874  

BRR 
s s  1 5 1 3  6 3 1 2  13 746 3976 3 5 1 4  
TwS 264 1 24 7  297 1 1 785 1 42 2  
TwTw 427 7 1 9040 46929 22571  1 6 1 7 1 
TrS 1 4  8 2  294 241 1 3 3  
TrTw 74  592 2588 1 339 9 1 7  
TrTr 187  729  3679 2339 1469  

Age weaned 6329  28002 70207 32251 23626  

Flocks 2 5 1 5  4 5 
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National 

50346 
40966 
69 103  

80079  
80336 

2906 1 
7689 

108988 
764  

5 5 1 0  
8403 

1604 1 5  
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Tab le 4 . 3 :  Within-flock Wi thin-region Es timates of Environmental 

Effects on ALW (kg) 

North-
N . North S . North N . South S . South land 

Dam Age 
Mat-2 year R - 0 . 63 7 7  0 . 3 1 78 0 . 6959 0 . 59 9 1  

E - - -0 . 1 295  0 .  7295  -

Mat-3 year R - -0 . 4 1 8 1  -0 . 9026 0 . 0699 -0 . 4382 
E - - -0 . 7 5 1 5  -0 . 206 7 -

BRR 
SS-TwS R - 1 .  2993 2 . 05 9 7  1 . 5 7 2 7  0 . 606 7 

E - - 1 . 9654  1 . 2330 -

S S-TwTw R - 4 . 0829  4 . 1875  3 . 5697  3 . 2200 
E - - 3 . 4969  3 . 55 75 -

SS-TrS R - - 1 . 8963  2 . 8599  3 . 06 9 7  0 . 0 187  
E - - 3 . 7 304 3 . 8338 -

S S-TrTw R - 3 . 7 3 7 1  5 . 3949 4 . 5 186 4 . 6254 
E - - 4 . 8529  4 . 3 389  -

S S-TrTr R - 5 . 1004 6 . 9483  5 . 0 1 1 5  4 . 3890 
E - - 6 . 8954 5 . 8043 -

Age of  �>ieighing R - 0 .  1 285 0 . 2 1 78 0 .  097 7  0 . 14 1 6  
(kg/d)  E - - 0 . 1 834 0 . 0884 -

General meana R - 35 . 6 752  40 . 4053  39 . 1 3 15 37 . 3886 
E - - 34 . 6002 34 . 7 2 1 7  -

a .  at mean weighing age 
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Table 4 . 4 :  Number of  ALW Records in Subclasses and Flocks 

North-
N . No rth land S . North N . South S . South 

Dam Age 
2 year R - 679  4 3 7  1470 437  

E - - 406 749 -

3 year R - 4 5 3  52 1  1 322 42 1  
E - - 565 897 -

Hat R - 6 2 1  1040 3879 627  
E - - 1 003 2856 -

BRR 
s s  R - 4 2 7  2 1 1  868 84 

E - - 163  647  -

TwS R - 46 1 1 5 382 187  
E - - 83  266 -

TwTw R - 1 1 92  1 325 4596 1 1 36 
E - - 1 393  3 152 -

TrS R - 2 7 63 1 2  
E - - 1 2  33 -

TrTw R - 2 4  148 286 37  
E - - 1 53  1 52 -

TrTr R - 6 2  182 476 29 
E - - 1 70 252 -

Age weighed R - 1 7 5 3  1998 6671  1485 
E - - 1974 4502 -

Flocks R - 1 1 2 1 
E - - 1 2 -
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National 

3023 
1 1 55 

2 7 1 7  
1462 

6 1 6 7  
3859 

1590  
8 1 0  

7 30 
349 

8249 
4545 

94 
45  

495 
305 

749 
422 

1 1907  
6476  

5 
3 



Tab le 4 .  5 :  \.Ji thin-flock Wi thin-region Es t imates of Environmental 

Ef fects on WLW (kg) 

North-
N . North S . North N . South S . South land 

Dam age 
Mat-2 year R - 0 . 8548 0 . 84 1 7  0 . 3466 -

E - 1 . 03 1 2  - - 0 . 2979  

Mat-3 year R - -0 . 1 398 0 . 2039 0 . 0203 -
E - 0 . 4474  - - -0 . 6355  

BRR 
S S-TwS R - 1 .  0095 1 .  0 109 1 . 45 14 -

E - 1 . 2926  - - 1 . 8840 

S S-TwTw R - 3 . 1836 2 . 4423 2 . 5 344 -

E - 2 .  7 7 94 - - 2 . 1890 

S S-TrS R - 3 . 6845 3 . 1 390 2 . 6655 -
E - 1 . 5445 - - 2 . 0546 

S S-TrTw R - 3 . 7433  2 .  7 789 3 . 6282 -

E - 3 . 6479  - - 3 . 9676  

S S-TrTr R - 3 . 742 1  3 . 7479  3 . 9563 -

E - 3 . 798 1 - - 4 . 1 694 

Age at weigh ing R - 0 . 1 336 0 . 09 14 0 . 05 4 1  -

E - 0 . 1 2 1 2  - - 0 . 09 7 2  

General mean a R 42 . 84 1 3  50 . 9374  4 1 . 97 75 - -

E - 38 . 4383 - - 32 . 2389 

a .  at mean weighing age 
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Tab le 4 . 6 : Number of  WLW Records in Subclasses and Flocks 

North-
N . No rth land S . North N . South S . South 

Dam Age 
2 year R - 1 1 5 1  296 1 1 106 -

E - 632  - - 404 
3 year R - 906 264 7 1 032 -

E - 489  - - 356 
Hat R - 1 1 7 3  4283 3363 -

E - 593  - - 259 

B RR  
s s  R - 7 10 2 145  727  -

E - 369  - - 1 72 
TwS R - 1 2 9  446 295 -

E - 7 3  - - 7 7  
TwTw R - 2 1 64 6 3 7 1  3 744 -

E - 1 1 38 - - 682 
TrS R - 1 4  3 2  59 -

E - 1 1  - - 6 
TrTw R - 1 18 362 240 -

E - 8 1  - - 38 
TrTr R - 95  535  436 -

E - 42  - - 44 

Age weighed R - 3230 989 1 5501 -

E - 1 7 1 4  - - 1 0 1 9  

Flocks R - 2 7 1 -

E - 1 - - 1 

3 7  

National 

52 18 
1 036 

4585 
845 

88 19  
852 

3582 
541  

870  
150  

12279  
1820 

105 
1 7  

720 
1 19 

1 06 6  
8 6  

1 8622 
2 733  

1 0  
2 



Tab le 4 . 7 :  Within-flock Within-region Estimates of Environmental 

Effects on SLW (kg) 

North-
land 

Dam Age 
Mat-2 year R -

E -

Mat-3 year R -

E -

BRR 
SS-TwS R -

E -

SS-TwTw R -

E -

SS-TrS R -

E -

SS-TrTw R -
E -

SS-TrTr R -
E -

Age at weighing R -
(kg/d)  E -

General mean a R -
E -

a .  at mean weighing age 

N . No rth S . North 

0 . 46 7 0  0 . 6263 
0 . 3 1 55 0 . 42 1 5 

-0 . 2 520  -0 . 434 1 
-0 . 3558 -0 . 0 164 

2 .  6928 1 . 2788 
1 . 2559  1 . 3802 

3 . 766 1 3 . 5842 
2 . 7 1 26  2 . 0744 

1 .  2302 0 . 6 163  
3 . 2587  2 . 1 1 34 

4 . 0033 4 . 1 223 
4 . 2569 2 . 5466 

6 . 3368 5 . 3 164 
3 . 80 1 8  3 . 5682 

0 . 1 2 7 9  0 . 1056 
0 . 08 6 1  0 . 07 1 3  

49 . 27 1 7  59 . 5262 
38 . 9460 42 . 795 1  

N . South 

0 . 888 1 
0 . 5972  

-0 . 1464 
-0 . 1268 

2 . 1 758 
1 .  884 1 

3 . 38 1 5  
3 . 3095 

3 . 3363 
4 . 2365 

4 . 5 7 5 1  
4 . 0723  

4 . 7800 
5 . 1689 

0 . 06 73  
0 . 07 16 

56 . 5525 
46 . 0449 

S . South 

0 . 8201  
1 . 04 1 2  

-0 . 5 355  
-0 . 2023  

2 . 8465 
1 .  2 2 1 9  

2 . 2764  
2 . 6 1 34 

-0 . 86 74 
1 . 3203 

5 . 8752  
3 . 2026 

4 . 8685 
4 . 8 734 

0 . 02 79  
0 . 06 70  

4 8 . 6084 
4 3 . 93 7 7  
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Table 4 . 8 :  Number o f  SLW Records in Subclasses and Flocks 

North- N . North S . North N . South S . South land 

Dam Age 
2 year R - 1060 653 1 689 322 

E - 1 9 32 3357 1 8 10 1 6 72  

3 year R - 7 72  529 1 659 I 256 
E - 1432  3 102  1 983 1 392 

Mat R - 1 1 38 1092 4605 5 14 
E - 2078 4 338 4 868 185 1  

BRR 
s s  R - 520 298 846 224 

E - 1 1 7 1  2288 8 7 3  802 

TwS R - 1 6 7  9 5  466 64 
E - 228 438 496 3 1 1  

TwTw R - 2 10 1  1 733 5 604 7 30 
E - 3807 74 1 2  6 326 344 1 

TrS R - 5 7 75  5 
E - 1 7  37*  56 20  

TrTw R - 80 64  342 27 
E - 80 330 300 146 

TrTr R - 9 7  7 7  6 20 42 
E - 1 39 492 6 10 195  

Age weighed R - 2970  2274 7 953 1092 
E - 5442 10997  8661  4 9 1 5  

Flocks R - 2 2 4 1 
E - 3 7 5 4 

* Subclass contained 1 less flock than indicated . 
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Nat ional 

3 7 24 
8 7 7 1  

3 2 1 6  
7909  

7 349  
1 3335  

1888  
5 1 34 

792  
14 73  

1 0 16 8  
20986 

92 
1 30* 

5 13 
856 

836 
1436 

14289 
300 1 5  

9 
1 9  



Table 4 . 9 :  Hi thin-flock Hi thin-region Estimates of Environmental 

Ef fects on HFW 

North-
land 

Dam Age 
Hat-2 year R -0 . 0033  

E 0 . 0984 

Mat -3 year R 0 . 0 1 44 
E 0 . 04 1 7  

BRR 
S S-TwS R 0 . 0289 

E -0 . 0 7 7 3  

SS-TwTw R 0 . 0640 
E 0 . 0626 

S S-TrS R -0 . 05 1 1  
E 0 . 2992 

SS-TrTw R 0 . 18 18 
E 0 . 2958 

S S-TrTr R 0 .  1098 
E 0 . 205 7 

Age a t  
Shear ing R 0 . 0085 
(kg / d )  E 0 . 0060 

Gene ral mean a 
R 2 . 5470  
E 2 . 3 1 7 1  

a .  at  mean shearing age 

N . North S . North N . South S . South 

0 . 0 1 90 -0 . 0085 -0 . 0 1 1 2  0 . 0023 
0 . 0072 -0 . 0 1 0 1  -0 . 0 189 0 . 0033 

0 
-0 004 -0 . 0 1 30 -0 . 0400 -0 . 0084 

0 � 00 1 7  -0 . 024 3 -0 . 0502 -0 . 0229 

0 . 0825 0 . 045 1  0 . 0535 0 . 06 7 5  
0 . 0484 0 . 0554 0 . 06 4 1  0 . 0462 

0 . 1 1 06 0 . 0607  0 . 0443  0 . 06 5 1  
0 . 1200 0 . 09 1 7  0 . 05 1 1  0 . 0939 

0 . 1046 0 . 058 1 0 . 1 380  0 . 1 302 
0 . 1 4 7 3  0 . 1 230 0 . 1632  0 . 1 9 1 3  

0 . 1 2 7 1  0 . 0698 0 . 0966 0 . 1 3 7 1  
0 . 2424 0 . 1527  0 . 1274  0 . 16 1 1  

0 . 1 734 0 . 1 290 0 . 1237  0 . 1456 
0 . 1 5 70 0 . 1800 0 . 1640 0 . 2262 

0 . 0095 0 . 0074  0 . 006 1  0 . 0082 
0 . 0078 0 . 006 1 0 . 0056 0 . 0067  

2 . 9 702 3 . 2202 2 . 6203 3 . 05 3 1  
2 . 8987 3 . 4365  2 . 82 19  2 . 9525  
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Table 4 . 10 :  Number o f  HFW Records in Subclasses and Flocks 

North-
N . North S . North N ,  South S . South National land 

Dam Age 
2 year R 6 1 2  2285 5430 2204 1098 1 1 629 

E 592  2640  5569 26 7 1  1964  1 3436 

3 year R 346 1 7 22 4688 2218  9 74 9948 
E 286 1 96 0  50 12  2648 1 7 3 1  1 1 6 3 7  

Mat R 396  2369  7903 5689 1 5 74 1 79 3 1  
E 3 75  2 72 1  8307 6005 2334 19742  

BRR 
s s  R 248 1 280 3318  1036 4 30 6 3 1 2  

E 226 1583  3728 1222 954 7 7 1 3 

TwS R 66  303 820 606 259 2054 
E 60  307  737  639  384 2 1 2 7  

TwTw R 987  4376  1 2 1 14 7220 2562 2 7259  
E 923  5058 12887 8 187  4 169  3 1 224 

TrS R 5 1 9  8 1  85 28  2 18 
E 5 28  68* 69 32 202* 

TrTw R 1 0  206 7 18 420 1 53  1 507  
E 1 3  1 64  6 1 2 4 10  203  1 402 

TrTr R 38 1 92  9 70  744 2 1 4  2 158  
E 26 1 8 1  856 797 287  2 1 4 7  

Age Shorn R 1 354 6 3 76  1 8021  1 0 1 1 1  3646 39508 
E 1 2 5 3  7 32 1  18888 1 1 324 6029 448 1 5  

Flocks R 1 4 1 2  5 4 26  
E 1 4 12 5 5 2 7  

* Subclas s  contained 1 less flo ck than indicated . 



Preferential treatment o f  lighter ewe hoggets during late winter may 

b e  responsible , as triplet borne animals would b e  expec ted to b e  the 

l ightest . 

The estimates of  the environmental effects between flocks were 

highly variable . This may offer an explanat ion as to why more 

regional differences in environmental estimates were not significant . 

The large variab il ity between flocks may be a reflect ion of  

climatological and managerial differences . I t  may also be a 

reflection o f  recording errors in flocks and/or breeders pre-adj us ting 

records before they leave the farm . 

The general means were not analysed for regional differences . 

For WWT there appears to be a regional trend in the general means . 

The S . North region had , on average ,  lambs that were 2 kg heavier than 

N . South and S . South regions . Compared with S . North region lamb s  

from N . South and S . South regions were weaned , o n  average , 5 and 2 

days younger , respectively . Lambs from the regions North and N . North 

were lighter than lambs f rom S . North region by 4 and 3 kg respectively . 

The average age dif ference from S . North region was 5 days in both 

instances . The differences between the regions in average WWT 

appears no t to b e  due to the effect of  NLW . The North region had 
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a lower general mean for NLW than the o ther 4 regions . The regions 

N . North, S . North , N . South and S . South had s imilar mean NLW (Table 4 . 15 ) . 

Ewe ALW general means showed little difference between the 2 

regions represen ted ( S . North and N . South) . Similarly ram ALW showed 

little difference between S . North and N . South regions . The S . South 

region was , on average , 3 kg lighter than S . North . This may b e  due 

to the S . South ram hogget s  being weighed at an earlier average age 

than those from S .North (203 and 222 days of age , respectiv�ly) . Ram 

hoggets from N . North were , on average , 5 kg lighter than S . North ram 

hoggets , although they were on average 10 days older when weighed . 

The WLW general mean for ewe hoggets was 6 kg greater for 

N . North region than for the S . South region . As 'there was 12 days 



dif ference in average age at weighing between the 2 regions , age 

appears unimportant in explaining this difference . As there was 

only 1 flock in each region, this dif ference may be a reflection 

of between- flock variab il ity as opposed to between-region 

variabil ity . The ram WLW general means were larger in S . North 

region than in ei ther N . North or N . South regions (by 8 and 9 kg 

respect ively ) . This difference is too large to be explained by 

di fferences in ages at weighing ( S . North ram hogge ts were older 

than N . North and N . South ram hoggets  by an average o f  1 5  and 1 9  

days respec t ively ) . 

There is  a small difference in ewe hogget SLW between the 

regions S . North , N . South and S . South . Ewe hoggets from N . South 
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region were 2 kg heavier ,  on average , than S . South region ewe hoggets , 

and 3 kg heavier than S . North hogge t s . N . North ewe hogget s  were 7 kg 

lighter , on average , than N . North hoggets . The differences do not 

appear to be  explained by  differences  in ages a t  weighing . The ram 

hogget SLW was , on average , larges t  for S . North region,  with N . South 

region ram hoggets  being 3 kg l ighte r .  The differences between S . North 

region and N . North and S . South regions were larger s till ( 10 and 1 1  kg 

respectively) . These differences appear not to be explained b y  age 

at weighing . 

The trend in HFW between-regions i s  the same for both ewe and 

ram hoggets . Ewe hogge ts  from S . North region produced , on average , 

0 . 5  kg more woo l  than those from S . South and N . North regions . 

N . South and North ewe hoggets , on average , produced 0 . 6  kg and 1 . 1  kg 

less woo l  than S . North ewe hoggets . These differences cannot b e  

explained by between-region age differences a t  shearing . The 

differences between regions in ram HFW is smaller than that of ewe 

hoggets , probably due to ram hogget s  being shorn at an earl ier age 

than ewe hoggets . Ram hoggets from the regions S . South and N . North 

produce·d , on average , 0 .  2 kg less woo l  than ram hoggets from the 

S . North region . Animals  from the N . South and North regions p roduced 

0 . 6 and 0 . 7  kg respectively , less wool  than those  from the S . North . 



As there was only a 14 day d i f ference in average ram hogget shearing 

age between regions , age would appear to offer little explanation 

of the regional differences . 

in H�w 
the general mean�between regions that are not 

expla inable by age of  the animal ,  are probably due to differences in 

climate and management . Flocks in the S . South region would be 

subj ected to a harsher \.Jinter and early spring than , say , animals 

from N . North region . But animals from N . North region may be 

subj ected to facial eczema , whereas animals in the 2 South Island 

regions would not be subj ected to this effect . 

4 . 1 . 1 . 2  National Estimates 

The national environmental estimates are presented in Table 4 . 1 1 .  

The e f fect on liveweight  o f  being born a multiple and reared as 

either a single or  multiple decreases with age . The exception is for 

the subclass SS-TwS for rams where there is little difference in the 

environmental estimates for WWT and SLW, although the est imates for 

ALW and WLW are smaller than for WWT . The largest reduct ion in 

the BRR effect occurs between weaning and autumn liveweight . This  

reduc t ion is  possibly due to  the decreased dependance o f  the lamb on 

the dam for feed supply ,  and the decreased competition for milk 

supply with full-sibs . The New Zealand Romney es timates obtained by 

Ch ' ang and Rae ( 1 970) , Baker et  al ( 1 974a) and Tait ( 1983)  for the 

BRR subclasses SS-TwS and SS-TwTw (Tables 2 , 1  and 2 . 1 ) also decrease 

with age and likewise the larges t reduct ion in the e ffect o f  BRR 

occurs between WWT and the equivalent o f  ALW. 

The effect o f  dam-age on liveweight appears to decrease with 

age in the Mat-2yr subc lass ,  but little change occurs with the 

Mat-3yr subclass . This may indicate that the greater suppress ion of 

liveweight in progeny of 2 year old dams leads to compensatory growth . 
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Tab le 4 . 1 1 :  Nat ional Estimates o f  Environmental Effects o f  Weight 

Traits  

WWTa AUJb 

Dam Age 
Mat-2 year 1 .  2084 0 . 59 5 1  

0 . 4063 

Mat-3 year -0 . 1 707  -0 . 3070 
-0 . 4 138 

Sex 
R-E 1 . 9626 -

BRR 
ss-Tw s 2 . 074 1 1 . 4799 

1 .  4 766 

SS-TwTw 5 . 245 1 3 . 683 1 
3 . 5226 

SS-TrS 3 . 2983 2 . 06 16 
3 .  78 7 7  

SS-TrTw 6 . 2447  4 . 6393 
4 . 5244 

SS-TrTr 7 . 8984 5 . 3833 
6 .  2 1 7 7  

Age weighed 0 .  1 788 0 . 1306 
0 . 1 196 

General mean c 24 . 9597  38 . 4436 
34 . 8433 

a .  ram and ewe lamb we ights combined 

WLWb 

0 . 7600 
0 . 6891  

0 . 0976 
0 . 07 2 1  

-

1 . 1 2 7 1  
1 . 5944 

2 . 6045 
2 . 7632 

3 . 0755 
1 .  790 1 

3 . 1850 
3 . 80 15  

3 . 8 148 
3 . 98 1 7  

0 . 0925 
0 . 1098 

46 . 9459 
35 . 4039 

b .  ram estimates above , ewe estimates b elow 

c .  at mean weighing age 

SLWb HFWb 

0 .  7 258 -0 . 0034 
0 . 5675  -0 . 003 1  

-0 . 2636 -0 . 0 1 8 7  
-0 . 1 4 76 -0 . 02 3 1  

- -

2 . 1 749 0 . 0546 
1 . 4385 0 . 0502  

3 . 4 1 6 1  0 . 06 25 
2 . 6 2 1 0  0 . 08 5 7  

2 . 2 1 64 0 . 0944 
2 . 7627  0 . 1 563  

4 . 4833 0 . 0962  
3 . 368 1 0 . 1 653  

5 . 1 1 7 7  0 . 1 34 2  
4 . 3 1 93 0 . 1826  

0 . 0875 0 . 00 7 6  
0 . 0740 0 . 0064 

54 . 2988 2 . 9986 
43 . 069 1 3 . 0955  
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There was no cons is tent trend in the differences between dam-age 

ef fects est imated from Romney data collected at different ages 

(Ch ' ang and Rae , 1 970 ; Baker et al , 1974a ;  Tait ,  1983 ) . 

The e f fect on liveweight due to  the anima l ' s  age at  weighing 

decreases with age . Declining growth rate with age would lead to 

this observat ion . 

The decrease in the influence o f  environmental effects  on 

liveweight as sheep age is emphasized when environmental estimates 

are presented as percentages o f  the general mean (Table 4 . 1 2 ) . 

4 . 1 . 1 . 2 . 1  Weaning Weight 

The estimates of  the environmental effects on WWT obtained in 

this study are similar to other estimates (Table 2 . 1 ) . The 1 . 2  kg 

depression due to 2 year old dams i s  similar to that found for  

Coopworths by  Newman et  al ( 1 983)  and similar to the 1 . 3 kg 

disadvantage assumed b y  Sheeplan (Clarke and Rae , 1 9 76 ) . The 

effect of being born and raised by a 3 year old dam is small and 

s imilar to the estimat e  published by  Newman e t  al ( 1 983 ) . The 

effect was opposite in magnitude to that of 0 . 2  kg assumed by 

Sheeplan (C larke and Rae , 1 9 76 ) . A possible reason for the estimate 

from this s tudy and Newman � al ( 1 983)  being of  opposite magnitude to 

the Sheeplan assumed value is that the mature group may contain ewes 

that are older than those flo cks from which the Sheeplan estimates 

were derived , thus decreasing the handicap of 3 year old ewe s  

relat ive to the Mat group . Also , the estimates from Newman et  a l  and 

the current study are from commercial flocks which may tend to 

preferentially feed younger ewes . 
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Tab le 4 . 1 2 :  Nat ional Es t imates of  Environmental Effects on Weight 

Traits as Percentages o f  the General Mean o f  each T rait 

I 

WWTa AU.lb 

Dam Age 
Mat-2 year 4 . 84 1 .  5 5  

1 . 1 7 

Mat-3 year 0 . 68 -0 . 80 
- 1 . 1 9 

Sex 
R-E 7 . 86 -

BRR 
SS-TwS 8 . 3 1 3 . 85 

4 . 24 

SS-TwTw 2 1 . 0 1 9 . 58 
1 0 . 1 1  

SS-TrS 1 3 . 2 1 5 . 36 
1 0 . 87 

SS-TrTw 25 . 02 1 2 . 07 
1 2 . 98 

S S-TrTr 3 1 . 64 14 . 00 
1 7 . 84 

a .  Ram and ewe lamb weights comb ined 

WLWb 

1 . 62  
1 . 95 

0 . 2 1  
0 . 20 

-

2 . 40 
4 . 50 

5 . 55 
7 . 80 

6 . 55 
5 . 06 

6 . 78 
1 0 . 74  

8 . 1 3  
1 1 . 25 

b .  ram estimates above , ewe est imates below . 

SLWb HFWb 

1 . 34 -0 . 1 1  
1 . 32 -0 . 10 

-0 . 49 -0 . 62 
-0 . 34 -0 . 75 

- -

4 . 0 1  1 . 82 
3 . 34 1 . 62 

6 . 29 2 . 08 
6 . 09 2 .  7 7  

4 . 08 3 . 15 
6 . 4 1 5 . 05 

8 . 26 3 . 2 1  
7 . 82  5 . 34 

9 . 43 4 . 48 
1 0 . 03 5 . 90 
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The Coopwo rth es t imates of  dam-age made by Gregory (unpublished) 

were not derived in a comparable way . The Mat-2yr e f fects fall 

approximately in the middle o f  the published New Zealand Romney 

est imates and Perendale es t imates (Table 2 . 1 ) . The Mat-3yr 

es t imates fall at the lower end of the pub lished results . 

The disadvantage of  2 . 1  kg due to being born a twin and reared 

a single is similar to es t ima tes produced by Newman et al ( 1 983) , 

Gregory (unpublished ) and that assumed by Sheeplan ( 2 . 0  kg, Clarke 

and Rae , 1 976 ) . The handicap of be ing born and reared as a twin 

(5 . 2  kg) is greater than estimated for Coopworths by Newman � al 

( 1 983)  and the 4 . 2  kg assumed by Sheeplan (Clarke and Rae , 1 9 76 ) . 

It  is  also similar to the published New Zealand Romney estimates 

and Perendale estimates (Tab le 2 . 1 ) . 

The handicap of  being born a triple t  and reared as either a 

single , twin or triplet ( 3 . 3 , 6 . 2 , 7 . 9  kgs , respectively) is s imilar 

to that estimated by Gregory (unpublished) of 3 . 95 , 6 . 32 and 7 . 35 

kgs , respectively . The Sheeplan adj ustments are 4 . 2 ,  5 . 4  and 6 . 8  

kgs , respectively . Some o f  t hese estimates are based on small 

numbers . 

The female e ffect (a disadvantage o f  2 . 0  kg) was similar to 

the 1 . 82 and 2 . 23 kg disadvantages obtained by Newman et al ( 1 983)  

and Gregory (unpublished) ,  respect ively , and about the middle o f  

pub l ished New Z ealand Romney and Perendale estimates (Table 2 . 1 ) . 

Sheeplan deviates the adj us ted weaning weights from the within-flock 

within-sex mean (Clarke and Rae , 1 9 76) . Thus , no correction 

fac tors are used . 

The age-at-weaning regression coefficient (0 . 18 kg/d) was at 

the upper end o f  those obtained for New Zealand Romney and 

Perendale lambs (Table 2 . 1 ) , and similar to that of  0 . 1 7 kg/d 

estimated for Coopworths by  Newman et al ( 1983 )  and that assumed by 

Sheeplan (0 . 1 7 kg/d) . 
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4 . 1 . 1 . 2 . 2  Autumn Liveweigh t 

The estimates o f  the dam-age effects on ALW (Hat-2yr , 0 . 6  and 

0 . 4  kg ; Mat-Jyr , -0 . 3  and -0 . 4  kg for ram and ewe hoggets  respect ively) 

were less than those published for the New Zealand Romney (Table 2 . 2 ) ,  

and those assumed by Sheep1an for both sexes (Clarke and Rae , 1976) . 

The lower estimates may be due to the Mat dam-age group containing 

ewes older than tho se in the research flocks from which Sheeplan 

and o ther published estimate are based . The commerc ial flocks in 

this study may have tended to feed younger ewes better , thus 

minimizing the effect of being born to a 3 year old ewe . The sex 

of the hoggets also appear to have an influence on age-o f-dam 

estimates , with ewes having sma ller estimates than rams , an effect 

also noted by Tait ( 1 983) . As the sex difference is s t il l  present 

when the effects are presented as a percentage of the general mean 

(Table 4 . 1 2 )  liveweight is not the only factor influencing the 

differenc e . 

The effect of  being born a twin and reared as either a single 

( 1 . 5  kg handicap for both sexes ) or twin ( 3 . 7  and 3 . 5  kg for ram 

and ewe hoggets ,  respectively) are at  the large end o f  those reported 

for the New Zealand Romney (Table 2 . 2 ) and s imilar to Sheeplan 

estimates ( 1 . 8  kg f or twins reared as singles and 3 . 1 kg for twins 

reared as twins , for both ewe and ram hogge ts ) . Hoggets born as 

triplets have larger environmental es timates than those assumed by 

Sheeplan ( 3 . 1 ,  3 . 8  and 4 . 5 kg s ingles , twins , and triplets respect­

ively for ewe and ram hoggets)  except for t riplet ewe lambs reared 

as singles . This dif ference from Sheeplan assumed values may be due 

to the relatively low numbers in the TrS and TrTw subclasses (94 and 

495 ewe hogget and 45 and 305 ram hogget estimates respec t ively) or  

to  the research flocks from which Sheeplan estimates were derived 

having a low incidence of triplets . The BRR estimates tend to be 

larger for ewe hoggets , an effect which is  magnif ied when the 

es t imates are presented as percentages of the general mean (Table 

4 . 1 2 ) . The reason for the opposite trends o ccuring between dam-age 

and BRR e f fects in sex dif ferences is not clear . 
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The age-at-weighing regres s ion coef ficients (0 . 1 3 and 0 . 1 2 kg/ d  

for ram and ewe hoggets , respect ively) were at  the upper end of  the 

published estimates for the New Zealand Romney and slightly larger 

than the estimates assumed by Sheeplan (Clarke and Rae , 1 976)  o f  

0 . 1 0 kg/d  for ewe and ram hoggets . 

4 . 1 . 1 . 2 . 3  Winter Liveweigh t s  

The WLW handicap of  being born to a young dam (0 . 8  and 0 . 7  kg 

for ram and ewe hoggets , respec tively,  borne to a 2 year o ld dam ,  

and 0 . 1  k g  for both sexes borne to a 3 year old dam) is  at the low 

end o f  those estimat ed for the New Zealand Romney . The e f fect is less 

than that assumed by  Sheeplan of 2 . 4  and 0 . 9  kg for 2 and 3 year old 

dams , respectively and for bo th s exes (Clarke and Rae , 19 76) . 

A possible explanation for the lower est imates in this study is the 

hogget s  are be ing fed at a higher level thus enabling them to overcome 

the handicap to a greater extent . 

The disadvantage o f  being born a twin and raised as a single 

( 1 . 1  and 1 . 6  kg for ram and ewe hoggets respec t ively) or twin (rams 

2 . 6  and ewes 2 . 8  kg) are at the upper end o f  the estimates published 

for the New Zealand Romney and s imilar to the handicap assumed by  

Sheeplan ( 1 . 5  and 2 . 7  kg) . The e f fect o f  be ing born a triplet and 

reared a s ingle ( 3 . 1  and 1 . 8 kg for rams and ewes respect ively) 

differs from the 2 . 7  kg ef fect ( for both sexes ) assumed by Sheeplan 

(Clarke and Rae , 1 9 7 6 ) . This is  probably due to the very low numbers 

of animals in the TrS subclass .  The influence of  being b orn a 

triplet and reared as a twin (rams 3 . 1 ; ewes 3 . 8  kg) or  triplet (rams 
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3 . 8 ;  ewes 4 . 0  kg) is similar to tho se assumed by Sheeplan (twins 3 . 3  kg ; 

triplets 3 . 8  kg , for both ewe and ram hoggets ) . There also appears to be  

a small sex dif ference in the BRR estimates with the ewe hoggets tending 

to have larger es t imates than the ram hoggets . Expressing the BRR effects 

as percentages . o f  the general mean magnifies the sex difference . Thus , 



influences o ther than weight dif ferences appear to be mediating the 

sex difference . 

The age-at-weighing regression co efficients (0 . 07 and 0 . 1 1  kg/ 

day for ram and ewe hoggets  respect ively) are at the low end o f  

those estimated for the New Zealand Romney , and similar t o  the effec t  

assumed b y  Sheeplan of  0 . 09 kg/d for both sexes (Clarke and Rae , 1976 ) . 

4 . 1 . 1 . 2 . 4  Spring L iveweight 

The influence o f  dam-age on SLW is  at the low end o f  the New 

Zealand Romney and Perendale es timates and are smaller than the 

values assumed by Sheeplan ( 2 . 4  and 1 . 0 kg for 2 and 3 year old dams , 

respectively for both sexe s ) . The es t imates may be lower due to 

5 1  

higher feeding levels in commercial flocks as compared t o  research flocks . 

The handicap of  being born a twin and reared as either a s ingle 

( 2 . 2  and 1 . 4  kg for ram and ewe hogget s ,  respect ively) or twin (rams 

3 . 4 ;  ewes 2 . 6  kg)  is larger than estimates reported for the New Zealand 

Romney and Perendale ,  as well as being larger than assumed by Sheeplan 

( 0 . 4  and 2 . 2  kg respectively , for both sexes) . Also , animal s  born as 

triplets and reared as either singles ,  twins or triplets have larger 

estimates than assumed by Sheeplan (2 . 2 ,  2 . 6  and 3 . 0  kg respect ivel y ,  

f o r  both sexes ) .  This indicates tha t BRR effects  may influence 

hogget liveweight for a longer period o f  t ime than originally 

estimated . A sex dif ference between the estimates is apparent with 

ewe hoggets having smaller estimates for BRR effects than ram hoggets 

( except for TrS subclass ) . The difference is not as dis t inct when 

the estimates are presented as percentages o f  the general mean,  

indicating weight differences may be mediat ing the effect . 

The age-at -weaning regress ion co efficients (0 . 09 and 0 . 0 7 kg/day 

for ram and ewe hoggets  respectively) are midway between the values 



estimated for New Zealand Romneys and are similar to the values 

assumed by Sheeplan (0 . 09 and 0 . 08 kg/d  for ram and ewe hogget s , 

respectively) . 

4 . 1 . 1 . 2 . 5  Hogget Fleeceweight 

The ef fect on HFW due to being born to a young dam is  sma l l  

(Table 4 . 1 1 ) . The e f fec t is towards the lower end o f  the published 

estimate for the New Zealand Romney and Perendale (Table 2 . 3) . 

The handicap o f  HFW due to an animal being born a twin and 

reared a single (0 . 05 kg for both sexes)  or twin (0 . 06 and 0 . 09 

kg for ram and ewe hoggets , respectively) are lower than mos t  

New Zealand Romney and Perendale es timates . The effect on HFW o f  

being born a triplet and reared as either a single ( rams � . 09 ; ewes 

0 . 16  kg) , twin ( 0 . 10 and 0 . 1 7 kg) or t riplet (0 . 1 3 and 0 . 18 kg) is 

quite large . A sex difference is also apparent in BRR effects with 

ewe hoggets having larger estimates than rams . The sex difference 

is not entirely due to the different wei ght of wool shorn by ewe 

and ram hoggets , as when the BRR adj us tments are expressed as 

percentages o f  the mean fleece weight (Table 4 . 1 2 )  sex differences 

are still apparen t .  

The regres sion o f  age-at-shearing o n  HFW i s  small (0 . 008 and 

0 . 006 kg /d for  ram and ewe hoggets ,  respectively) and l ies midway 

between published estimates for the New Zealand Romney . 

Sheeplan adj us ts HFW for environmental influences by expressing 

the record as a deviation from the average fleece weight o f  

individuals of  the same sex and same age-of-dam class (yearling o r  

older ewes) . E s t imates o f  the effect o f  BRR would suggest that a 

BRR subclass also be included . 
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4 . 1 . 2  Reproduc tive Traits 

4 . 1 . 2 . 1 Regional Comparisons 

The regional and nat ional estimates and numbers of observations 

per subc lass for the reproduc tive traits are g iven in Table 4 . 1 3 to 

4 . 30 .  Due to the low incidence of triplets ,  TRIP estimates are no t 

presented . Also because o f  the culling policies of breeders for 

barrenness traits (BAR2TH and BAR) and the possibility of no t only 

barren ewes being recorded as zero NLB ,  the barrenness traits  are not 

presented . 

ESURV had significantly skewed d istributions (p < 0 . 0 1 )  across 

regions for the subclasses Mat-2yr and Mat-3yr . Similarly , NLW 

showed signif icant skewness across regions for the subclass Mat-3yr . 
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As  these sub classes were not signif ic ant for  Bartlet t ' s  test  o f  

homogeniety o f  variance , analysis o f  variance procedures were used to 

ascertain i f  regional differences did exis t .  Wt . L . W . BR had significant ly 

skewed distributions (p < 0 . 0 1 )  across  regions for the sub classes 

SS-TwS and S S -TrS . These subclasses were also significant for Bartlett ' s  

test of  homogeniety of  variance .  The low number of observations in the 

TrS subclass ( 268 observations from 2 1  flocks ) could be partly 

responsibl e .  N o  explanation can be o ffered a s  t o  why the subclass 

SS-TwS showed non-homogenous variance and was skewed across regions . 

No corrective measures were applied to these subclasses . 

Significant differences between the estimates from different regions 

for NLW, MULT and ESURV were found for  the dam-age subclass Mat-3yr . 

Orthogonal contrasts showed the North region to have s ignific antly 

greater estimates of Mat-3yr e ffects for NLW and MULT (p  < 0 . 0003 and 

0 . 02 respect ively) and N . North region to have significantly greater 

estima tes than the 3 more southern regions (p < 0 . 05 and 0 . 04 respectively) . 

The North region had significantly greater estimates o f  the Mat-3yr 

effect than o ther regions (p < 0 . 01 )  for ESURV . 



Table 4 . 1 3 : Within-flock Within-region Estimates of Environmental 

Effects on NLB 

Northland N . North S . North N . South 

Ewe Age 
Hat-2 year 0 . 2896 0 . 2679 0 . 2047  0 . 27 1 9  

Hat - 3 year 0 . 2 1 1 9 0 . 1 7 62 0 . 094 1 0 .  1 505 

Mat-4 year 0 . 0464 0 . 0694 0 . 0 142  0 . 0235 

General mean a 1 .  4989 1 .  8293 1 . 7499 1 . 8767  

a .  mean o f  mature ewe age . 

Table 4 . 1 4 :  Number o f  NLB Reco rds in Subclasses and Flocks 

North- N . North S . North N .  South S . South land 

Ewes Age 
2 year o ld 1034 5398 1 0867 64 1 2  2529 

3 year old 664 3256 7653 4627  1 7 3 7  

4 year old 2 5 1  1550  4401 3093 869 

Mat 1 96 986 3 782 48 1 1  695 

Flocks 2 5 1 2  5 4 

S . South 

0 . 2360 

0 . 073 7  

-0 . 02 1 0  

1 . 8504 

National 

26240 

1 7937  

1 0164 

10470  

28  
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Table 4 . 1 5 :  Within-flock Wi thin-region Estimates of Environmental 

Effects on NLW 

Northland 

Ewes Age 
Mat- 2 year 0 . 3 323 

Mat- 3 year 0 . 4622 

Mat - 4 year I 0 . 0593 
I l 

General a 

1 
1 . 4060 mean 

a .  mean o f  mature ewe age . 

N . North S . North N . South 

0 . 2355 0 . 1828 0. 2 5 1 3  

0 . 1380 0 . 0427  0 . 065 1 

-0 . 0074 -0 . 0 138 -0 . 0359 

1 .  4 782 1 .  5276 1 . 5504 

Table 4 . 16 :  Number o f  NLW Records in Subclasses and Flocks 

S . South 

0 . 2 1 86 

0 . 0 1 4 7  

-0 . 0480 

1 . 5365  
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North- N . North S . North N . South S . South National land 

Ewes Age 

2 year old 586 5397  10859 6409 2529  25 7 80 

3 y ear old 3 2 3  3256 7639 4627 1 7 36 1 75 8 1  

4 y ear old 1 2 0  1549 4398 3088 868 100231  

Mat 1 05  986 3 7 76 4809 695 103 7 1  

Flocks 1 5 1 2  5 4 2 7  



Table 4 . 1 7 :  Within-flock Within-region Estimates of Environmental 

Effects on MULT 

Northland N . North S . North N. South 

Ewes Age 

Mat-2 year 0 . 3 259 0 . 2000 0 . 148 7 0 . 2 102 

Mat-3 year 0 . 2604 0 . 1 3 70 0 . 07 18 0 . 1 1 98 

Mat-4 year 0 .  1 000 0 . 05 54 0 . 0067  O . O l l S 

General meana 0 . 64 1 6 0 . 7 2 74 0 . 6690 0 .  7 798 

a. mean of mature ewes (0 singles ; 1 multiples ) 

Table 4 . 18 :  Number o f  MULT Records in Subclasses and Flocks 

North- N . North S . North N . South S . South land 

Ewes Age 
2 year old 586 5397  10844 6384 2529 

3 year old  323  3256 7634 4627 1 7 36 

4 year old  1 20 1549 4398 3088 868 

Mature 105  986 3776 4809 695  

Flocks 1 5 1 2  5 4 

S . South 

0 .  1 7  56 

0 . 05 1 9 

-0 . 0249 

0 . 7402 

National 

25740 

1 75 76  

10023 

103 7 1  

2 7  
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Table 4 . 1 9 :  Within-flock Within-region Estimates of Environmental 

E f fects on ESURV 

North-
land N . North 

Ewe Age 
Mat-2 year -0 . 0 1 20 0 . 02 14 

Mat-3 year 0 . 2026 0 . 0 199 

Hat-4 year -0 . 0 1 39 -0 . 0275  

NLB 
S-Tw -0 . 1 0 1 9  -0 . 0093 

S-Tr 0 . 1 24 3  0 . 2 1 88 

General a 0 . 67 75 0 . 6 1 06 mean 

a .  mean o f  mature ewe bearing 2+ lambs . 

S . North N . South 

0 . 0269 0 . 0434 

-0 . 0 1 04 -0 . 01 3 1  

-0 . 0 120 -0 . 0 185 

0 . 0016  -0 . 0078 

0 . 1895 0 . 1 664 

0 . 7 1 23 0 . 6895 

Table 4 . 20 : Number o f  ESURV Records in Subclasses and Flocks 

S . South 

0 . 0355 

-0 . 0 1 66 

-0 . 0 1 2 1  

0 . 0 1 49 

0 . 1 700 

0 . 6 965 

5 7  

North-
N . North S . North N . South S . South National 

land 

Ewe Age 

2 year old 586 5397  10859 6409 2529 25780 

3 year old 323 3256 7639 4627  1 736 1 7581  

4 year old 120  1 549 4398 3088 868 1 0023 

Mat 105 986 3 7 7 6  4809 695 1037 1 

NLB 

s 556 4402 9406 4600 1827  2080 1 

Tw 544 6 396 155 7 1  1 2 722 3557  38790 

Tr 24 390 1695  1 6 1 1  444 4 164 

Flocks I 1 1 5 12  5 4 



Table 4 . 2 1 : Within- flock Within-region Estimates of Environmental 

Effect on LSURV 

Nor thland N . North S . North N . South 

Dam Age 

Mat-2 year -0 . 0360  0 . 0278  0 . 0446  0 . 0 7 5 1  

Mat-3 year 0 . 0304 -0 . 0096 -0 . 0398 -0 . 0278  

Hat-4 year -0 . 0 7 06 -0 . 0534 -0 . 0336 -0 . 0501  

BR 

S-Tw -0 . 05 7 7  -0 . 0043 0 . 0033 -0 . 0425 

S-Tr 0 . 1 7 83  0 . 2 7 2 1  0 . 2 7 73 0 . 20 14  

General a 0 .  7 1 1 9 0 . 5844 0 . 69 7 0  0 . 6626 mean 

a .  mean o f  triplet l amb born to a mature dam 

BR b ir th rank of lamb ; S = s ingle b irth ,  Tw = twin b irth ; 

Tr = Triplet or greater b irth . 

S . South 

0 . 0368 

-0 . 0230 

-0 . 0 1 34 

0 . 00 1 9  

0 . 2426 

0 . 6685 
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Tab le 4 .2 2 : Number o f  LSURV Records and Flocks in Subclasses 

North- N . North S . North N . South S . South land 

Dam Age I 
I 2 year old 3388 1 2 1 2 7  25400 1 3959 1 0 1 94 
I 

3 year old 1 85 3  8730 21552 1 1 936 8039 

4 year old 1 089  5830 14928 90 1 7  5 153  

�1ature 1 1 88 7403 21484 1 9057 6589 

BR 

s 184 1 7674 16035 6754 4377  

Tw 5286 24190 5750 1 395 18  2 1 568 

Tr 3 9 1  2226 9828 7697 4030 

Flocks 2 5 1 5  6 6 
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National 

65068 

52 1 10 

360 1 7  

55 7 2 1  

366 8 1  

148063 

24 1 7 2  
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Table 4 .23 : Within-flock \\lithin-region Es timates of Environmental 

E f fects on LSURV 1  

Northland 

Dam Age 

Mat-2 year 0 . 0308 

Mat-3 year 0 . 3 1 1 9 

Mat-4 year -0 . 1651  

General mean a 0 . 8656 

a .  mean o f  mature dam age . 

N . North I S . North N . South 

0 . 0 108 0 . 1 048 0 . 1 279  

0 .  1086 0 . 0 142 0 . 0868 

0 . 0 1 33 -0 . 0045 0 . 0475  

0 . 8692 0 . 9032 0 . 8956 

Table 4 .24 : Numbers o f  LSURV 1 Records in Subclasses and Flocks 

S . South 

-0 . 0096 

-0 . 0450 

-0 . 0499 

0 . 8663 
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North- N . North S . North N .  South S . South National land 

Dam Age 

2 year old 38 1 2083 5446 1939 1 4 78 1 1 327  

3 year old 301  1056 3967  1253  1 0 1 1  7588 

4 year old 142 447 2238 7 10 436 3973  

Mature 167  457  3076 1473  616  5 789 

Flocks 1 3 13  4 4 25 



Tab le 4 .25 : Wi thin-flock Within-region Estimates o f  Environmental 

Effects on LSURV 2 

Northland 

Dam Age 

Mat-2 year -0 . 0883 

Mat -3 year -0 . 0641  

Mat -4 yea r -0 . 07 60 

General mean a 0 . 8027  

a .  mean of  mature dam age . 

N . North 

0 . 0049 

-0 . 0559 

-0 . 0646 

0 .  7992 

I 
S . North N . South S . South 

-0 . 0149 0 . 0 182 -0 . 0019  

-0 . 0660 -0 . 07 16 -0 . 046 1 

-0 . 0395 -0 . 0626 -0 . 0 193  

0 . 8459 0 .  8 105 0 . 8248 

Table 4 . 26 :  Numbers o f  LSURV2 Records in Subclasses and Flocks 

North- N . North S . North N . South S . South National land 

Dam Age 

2 year old 1 628 8535 1 93 28 1 1494 8 1 36 49 1 2 1  

3 year old 862 6720 1 7 25 1  10364 6555 4 1 75 2  

4 year old 5 3 1  485 6 1 2 5 1 2  8 16 3  4442 30504 

Mat 703  630 1 1 8 1 96 1 7 1 7 7  5451 4 7828 

Flock I 1 5 15  6 5 3 2  
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Table 4 .2 7 : Within-flock Wi thin-region Estimates o f  Environmental 

Effects on Wt . L . W. 

North-
N . North S . North N . South land 

Ewe Age 

Mat-2 year - 5 . 3407 4 . 0784 4 . 9246 

Mat-3 year - 1 .  1426 -0 . 1 959 0 . 3833  

Mat-4 year - -0 . 1804 - 1 . 3608 - 1 . 87 15 

Age weaned (kg/d )  - 0 . 2765 0 . 3 1 95 0 . 3 1 78 

General mean a 33 . 8004 40 . 6 769 4 1 . 45 1 9  -

a .  mean of  mature ewe age group at mean weaning age 

Table 4 . 23 : Number o f Wt . LW . Records in Subclasses and Flocks 

North- N . North S . North N . South S . South land 

Ewe Age 

2 year o ld - 4 1 38 9379 5 1 78 1 760  

3 year old - 2542 6923 4034 1 254 

4 year old  - 1247 4005 2 7 18 580 

Mature - 762 3407 4 1 92 462 

Age weaned - 8689 23714  1 6 1 22 4056 

Flocks - 4 12  4 3 

S . South 

5 .  22 1 1  

0 . 2 1 98 

-2 . 7 228 

0 . 26 1 2  

40 . 7690 

National 

20455 

14753  

8550  

8823 

5258 1 

23 
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Table 4 .29 : Within-flock 1-li thin-region Estimates o f  E nvironmental 

E f fects on Wt . L . W . B� 

North-
N . North land 

Ewe Age 

Mat -2 year - 2 . 7 1 66 

Mat-3 year - 0 . 1 736 

Mat-4 year - -0 .  1580 

BRR 

SS-TwS - 3 . 8335 

SS-TwTw - - 1 3 . 3789 

SS-TrS - 3 . 74 78 

SS-TrTw - - 1 0 . 9 233 

SS-TrTr - -22 . 97 76 

Age weaned (kg/d)  - 0 . 2533  

General mean a 46 . 9698 

a .  mean o f  mature ewes and TrTr BRR . 

S . North N .  South S . South 

1 . 6030 1 .  9 204 2 . 7843 

- 1 . 0950 -0 . 8790  0 . 0533 

- 1 . 3698 -1 . 8208 - 1 . 42 1 7  

2 . 3820 2 . 69 1 5  2 . 9703 

- 1 7 . 5620 -1 7 . 27 73 -16 . 4924 

5 . 0958 4 .  9285 4 . 4999 
- 14 . 7255 -13 . 6428  - 13 . 1874  

-2 7 . 6 7 18 -27 . 76 4 7  -26 . 5636 

0 . 3096 0 . 3 1 48 0 . 2 108 

56 . 2018 57 . 0606  56 . 7930 
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Tab le 4 . 30 :  Number of  Wt . L . W . BR .  Records in Subclasses and Flocks 

North-
N . North S . North N . South land 

Ewe Age 

2 year old - 4 1 38 9379 5 1 78 

3 year old - 2542 6923 4034 

4 year old - 1 24 7  4005 2 7 1 8 

Mat - 762  3407 4 1 92 

BRR 

ss - 3 1 43  78 10  35 18  

TwS - 364* 1 298 1 3 13  

TwTw - 4890 1 3064 9879 

TrS - 25* lOO* 1 25 

TrTw - 1 03* 437  452  

TrTr - 164  1005 835 

Age weaned - 8689 237 1 4  1 6 1 22 

Flocks 4 1 2  4 

* subclass contained 1 less f lock than indicated 

** subclass contained 2 less flocks than indicated . 

S . South Nat ional 

1 760 20455 

1254 1 4 753  

580 8 5 50 

462 8823  

1 2 18  1 5 689 

329 3 304 

2265 30098 

18 268** 

5 2  1 044 

1 74 2 1 78 

4056 52581  

3 23  
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If the differences occured because of  No rth being represented by only 

1 flock with relat ive ly few observat ions , o ther traits would be  

expected to  show differences be tween regions . Similarly , if the 

differences were due to management differences , why didn ' t o ther 

traits and other subc lasses show significant dif ferences between 

reg ions ? 

The general means for each region were no t analysed for regional 

dif ferences . For the lamb produc t ion traits NLB , NLW and MULT the 

North region had the lowest overall means wi th there being little  

dif ference between the other 4 regions . For  the remaining 

reproductive traits there was lit tle dif ference between the regions . 

4 . 1 . 2 . 2 Nat ional Estimates 

4 . 1 . 2 . 2 . 1  NLB, NLW and MULT 

These traits are measures of the lamb producing ability o f  ewes . 

There is an upward trend in lamb producing ab ility with ewe ' s  age 

(Table 4 . 3 1 ) ,  peak production (relative to mature ewes)  appearing to 

occur at 4 years of age . A similar trend has been noted by Hight 

and Jury ( 1 970a) , Lundie ( 1 9 7 1 )  and Lewer � al ( 1 983) . Dalton and 

Rae ( 1 9 78)  no ted that peak product ion appears to be reached at  

approximately 5 years of  age . 

4 . 1 . 2 . 2 . 2  ESURV, LSURV, LSURV1  and LSURV2 

These traits are measures o f  lamb survival either from the ewe ' s  

( ESURV) or lamb ' s  (LSURV ,  LSURV 1  and LSURV2 ) viewpoints (Tables 4 . 3 1 

and 4 . 32 ) . The effect  of  the ewe ' s  or dam� s age on lamb survival 

decreases with the ewes ' s  or dam ' s age . 
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Table 4 . 3 1 : National Es timates o f  Environmental Effects on NLB ,  NLW, 

MULT and ESURV 

NLB 

Ewe Age 

Mat-2 year 0 . 2383 

Mat-3 year 0 . 1239 

Mat-4 year 0 . 0227 

NLB 

S-Tw 

S-Tr 

General mean 1 .  7934 a 

a .  mean o f  mature ewe age 

NLW MULT 

0 . 2 149 0 . 1805 

0 . 0695 0 .  09 7 7  

-0 . 0203 0 . 0154 

1 .  5232a 0 . 7 15 7a 

b .  mean o f  mature ewes bearing t riplets or greater 

ESURV 

0 . 0302 

-0 . 0031  

-0 . 0 159  

-0 . 00 1 7  

0 . 1844 

0 . 690 1b 

Tab le 4 . 32 :  National Estimates o f  Environmental Effects on LSURV ,  

LSURV 1 and LSURV2 

LSURV LSURV 1 LSURV2 

Dam Age 

Mat-2 year 0 . 0437  0 . 0782 -0 . 0043 

Mat-3 year -0 . 0266 0 . 045 1 -0 . 0624 

Mat-4 year -0 . 0383 -0 . 0060 -0 . 0464 

BR 

S-Tw -0 . 0088 

S-Tr 0 . 25 1 7  

General mean 0 . 6686a 0 . 8907b 0 . 8253b 
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Ewe ' s  or dam ' s 2 years o f  age have the lowest rates of  lamb survival , 

except for multiple b irths where there is little difference between 

age groups . The influence of BR is larger than dam-age with triplet 

borne animals having the lowest survival rates ( 1 8% and 25% lower 

rate than singles for ESURV and LSURV respect ively) . This lower 

survival rate can probably be at tributed to the lighter birthweight 

of triplets .  

4 . 1 . 2 . 2 . 3  Wt . L . W .  and Wt . L . W . BR 

These traits are measures o f  the overall ewe product ivity 

( excluding wool)  up to weaning , incorporating reproductive rate and 

maternal ab ility . 

The es t imates of  ewe ' s  age effects on Wt . L . W .  and Wt . L . W . BR 

(Table 4 . 33 )  decrease with age . The estimates for Wt . L . W . BR are 

lower than for Wt . L . W .  indicating some of the d i fference attributed 

to  ewe-age is due to the BRR of the animal . Mature ewes appear to 

b e  out-produced by 4 year old ewes , indicating p eak product ion may 

occur at 4 years of age . This peak a t  a younger age than noted by 

Dal ton and Rae ( 1 9 78)  and Lundie ( 1 9 7 1 )  could be due to the Mat group 

containing very old ewes which are past their p eak product ion . 

The number o f  lambs born and reared by the ewe has a large 

influence on the weight o f  lamb weaned by a ewe . Ewes that have 

twins and rear twins weaned 1 7  kg more lamb than those that have 

and rear s ingles . Similarly ewes that rear trip lets weaned 1 0  kg 

more lamb than those that had and reared twins . 

6 7  



Table 4 .33 : Nat ional Estimates o f  Environmental Effec ts  on Wt � . W .  

and Wt . L .  W .  BR . 

\.Jt • L . W .  W t  . L .  W . BR. 

Ewe Age 

Mat-2 year 4 . 6097  1 . 9 7 1 7  

Hat-3 year 0 . 2 1 48 -0 . 7300 

Mat-4 year - 1 . 4006 -1 . 2883 

BRR 

SS-TwS 2 . 7801 

SS-TwTw - 16 . 7 7 1 1  

SS-TrS 4 . 8461  

S S-TrTw - 13 . 6938 

SS-TrTr -26 . 9050 

Age lambs weaned (kg /d)  0 . 3044 0 . 2908 

General mean 39 . 2523a 54 . 4686b 

a .  mean ofmature ewe at mean weaning age 

b .  mean of mature ewe b earing and rearing triplet progeny . 
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4 . 2  HERITABILITY ESTIMATES  

As the data was from commercial f locks , selection for 

economically important traits should be occuring in these f locks . 

The Coopworth Breed Soc iety puts strong emphas is on early concept ion 

and lambing percentage as shown by ewe deregis tration criteria : -

" (a) Any ewe (other than a hogget)  which is barren . 

(b) Any ewe which on more than one occas ion fails to 

lamb in the f irst 38 days . 

(c)  Any ewe which does no t rear a set of  her own twins at 

or  before her four-tooth lambing . 

(d)  Any ewe which does no t lamb naturally, has a faulty 

udder , or has b earing trouble . 

(e)  Any ewe which prematurely develops poor wool  or  loses 

constitut ion . 

Inclusive of  the above , the culling at the hogget  s tage 

and after the two-tooth lambing shall be such that 40% o f  

any age group mus t  be  culled between weaning as ewe lambs 

and mat ing as four-tooths . "  (Coopworth Flock Book , 1 983) . 

Similarl y , the selec t ion o f  rams puts emphasis  on early 

concept ion , lambing percentage and woo l  weigh t .  To qualify for 

single entry , which is  required for their progeny to gain regist ration , 

a ram must : -

" ( i) 

( ii)  

Pass inspect ion and be out of a registered ewe . 

Be in the top  25% of index (based on number o f  

lambs weaned as shown o n  the 2-TH select ion list ) . 

( iv) Ram lambs shall be in the top 25% on index (based 

on number of lambs weaned • • •  ) -and have positive BV 

NLB . Thei r  dams mus t  have positive BV HFW" 

( Coopworth Flock Book , 1983) . 

Select ion on trait s  o f  interes t or on traits correlated with 

those of  interest alters the means , variances and covariances of 
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records (Henderson , 1 9 8 2 ) , thus b iasing the genetic parameter 

estimates . The size o f  the b ias will also be influenced by the 

selec tion intensity . All gene tic parameter estimates in this study 

may be influenced by selec tion of parents . Traits expressed at 

later ages may be biased by selection occuring on traits expressed 

earlier in life , especially if these traits are genetically corre­

lated . 

A fundamental as sump tion invoked when estimating heritabilities 

using paternal half-sib me thods is that sires are randomly mated to 

ewes . This assumption was violated in some t raits as ewe ' s  were 

allocated to sires according to the ewe ' s  age . 

4 . 2 . 1  Weight Traits 

The within-flock heritability estimates for WWT, ALW, SLW and 

HFW are given in Tab les 4 . 34 to 4 . 38 .  The mean ' s  of the estimates 

are also given but this should be interpreted with caution as it  is 

unlikely the heritabi lity estimates are distributed normally . Also , 

as dif ferent flocks contain dif fering numbers of  sires-nested­

within-years and progeny per sire-nested-within-years , a weighted 

mean would be more des irable . To the authors knowledge there has 

been no methods developed to weight genetic p arameters from different 

flocks to give an overall population estimate . 

The heritability es timates for WWT cover a larger range than 

that of New Zealand published estimates (Table  4 . 39) , with the mean 

o f  the estimates (0 . 1 7 )  falling at the lower end of the published 

estimate .  The range o f  the estimates (0 . 02 to 0 . 74) may be a result 

of  differing levels of selection or recording accuracy in flocks . 
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Tab le 4 . 34 ;  Wi thin-flock Her itability Estimates, Standard Errors of 

Heritability Es t imates , Number o f  Observations and Sires 

Nested Within-years for WWT 

2 h ( Standard Error ) Number of  Number of  
Observations Sireyears 

0 . 1 490 (0 . 0406 )  3843 44 
0 . 1 244 (0 . 0454 )  2486 30 
0 . 1029  (0 . 029 1 )  5 1 42 44 
0 . 08 1 5 (0 . 024 2 )  4965 50 
0 . 1 352 ( 0 . 0285 ) 6335 83 
0 . 1 7 3 1  ( 0 . 0332 )  842 1  7 1  
0 . 0 7 26 (0 . 029 3 )  3 1 39 3 1  
0 . 1 096 (0 . 0323 )  3 7 1 6 52  
0 . 54 5 1  (0 . 0802)  6525  83 
0 .  1 688 (0 . 0324 ) 7 1 74 83 
0 . 0728  (0 . 0253 )  4089 42 
0 . 0561  (0 . 0236 )  3268 43  
0 . 0558 ( 0 . 0229 )  3466 56 
0 . 0 189 (0 . 022 7 )  2077  40  
0 .  1 648 (0 . 0326 ) 7529  73  
0 .  1 185 (0 . 0294)  560 1  60  
0 . 1 000 (0 . 0224 ) 7976  72  
0 . 2 32 1  (0 . 0496 )  5 308 56 
0 . 3966 (0 . 1083 )  1 58 1  3 3  
0 .  0 3 7 2  (0 . 0 1 83 )  3933 46 
0 . 20 1 0  (0 . 0656 )  2264 30 
0 . 7455  ( 0 . 1 0 7 7 )  5 700 73  
0 . 2 9 10 ( 0 . 0255 )  23633  3 1 2  
0 . 1 4 74 (0 . 0444 )  2840 42 
0 .  0929 (0 . 03 14 )  3208 46 
0 . 0 786 (0 . 0339 ) 2570  32  
0 .  1 343  (0 . 038 1 )  3452 48 
0 . 0901  (0 . 02 1 9 )  6289 87 
0 . 1 6 5 7  ( 0 . 036 5 )  4760  71  
0 .  1023  (0 . 0255 )  5752  67  
0 . 26 14 (0 . 05 7 1 )  3373  64  

mean 0 . 1686 
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Table 4 . 35 :  Within-f lock Heritab ility Es t imates , Standard Errors o f  

He ritab ility Estimates , Number o f  Observat ions and Sires 

Nested Within-years for ALW 

h2 (Standard Error ) �umber of Number of 
Observations Sireyears 

Rams Ewes Rams Ewes Rams Ewes 

0 . 2375  ( 0 . 07 2 7 )  - 1 7 5 3  - 35 -

0 . 1 55 1  ( 0 . 0496 ) 0 . 3543 (0 . 08 1 3 )  1998 1974 55  56  

0 . 2620 (0 . 0364 )  0 . 1673 (0 . 0378 )  5825 3488 235 1 26 

0 . 3036 (0 . 1090)  0 . 2635 ( 0 . 094 1 )  846 1014  30  3 1  

0 . 2483 (0 . 0728)  - 1485 - 5 1  -

mean 0 . 24 13  mean 0 . 26 1 7  
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Table 4 . 36 : Wi thin-f lock Heritab ility Es timates , S tandard Error of  

Heritability Es t imates , Number o f  Observat ions and Sires 

Nes ted Within-years for I.JLW 

h2 (Standard Erro r )  Number of  Number of  
Ob servat ions S ireyears 

Rams Ewes Rams Ewes Rams Ewes 

0 . 2240 ( 0 . 0 7 1 8 )  - 1602 - 35 -

0 .  1846 (0 . 0604 ) 0 . 2306 (0 . 06 7 4 )  1628 1 7 14  4 7  4 7  

0 . 1603 ( 0 . 063 1 )  - 1 393 - 3 1  -

0 . 1 1 75 ( 0 . 064 1 )  - 960 - 45  -

0 . 3839 ( 0 . 0782 ) - 2567 - 63 -

0 . 288 1  ( 0 . 0 78 1 )  - 1 685 - 46 -

0 . 2349 ( 0 . 0848 ) - 1 1 1 6  - 33 -

0 . 2354 ( 0 . 0938) - 876 - 3 1  -

0 . 5369 ( 0 . 1269)  - 1 294 - 43 -

0 . 25 79 ( 0 . 0370)  - 5501  - 234 -

- 0 . 3939 (0  . 10 7 7 )  - 1 0 1 9  - 50  

mean 0 . 2624 mean 0 . 3 1 23 
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Tab le 4 ·37 : \.oli th in-flock Heritability Estimates , Standard Error of  

Heritability Estimates, Number of Observations and Sires 

Nested Within-years for SLW 

h2 (Standard Error ) Number of  Number of  
Observat ions Sireyears 

Rams Ewes Rams Ewes Rams Ewes 

- 0 . 04 5 1  (0 . 0 3 1 4 )  - 1697  - 35 

0 .  4928 (0 . 1 1 9 2 )  0 . 4 1 38 (0 . 1058)  1 6 1 7  1665  38  3 7  

0 .  3 1 1 0 (0 . 0869 ) 0 . 4682  (0 . 1 0 1 9 )  1353 2080 4 7  48 
- 0 . 37 7 2  (0 . 1 0 75 )  - 1 305 - 34 

0 . 2301 (0 . 0933 )  0 . 7887  (0 . 146 1 )  836 1437  30 53  

- 0 . 1 408 (0 . 0725 )  - 876 - 44 

- 0 . 33 1 1  (0 . 0680 ) - 3063 - 63 

0 . 22 1 7  (0 . 0 728 )  - 1438 - 40  -

- 0 . 43 3 0  (0 . 1 089 )  - 1448 - 42  
- 0 . 0964 (0 . 0584 ) - 985 - 3 1  

- 0 . 8 1 2 3  (0 . 1439 )  - 1 883  - 5 3  

0 . 354 1 (0 . 1 036)  0 . 4400 (0 . 0908) 948 1603 54 78  

0 . 2775  (0 . 0387 )  0 . 2 1 04 (0 . 0427 )  5418  3444 233  1 26  

0 . 3063 (0 . 0974 )  0 . 2 7 1 4 (0 . 0705)  944 1601 52 78 

0 . 3003 (0 . 1 204) 0 . 4826 (0 . 1 4 15 )  643 895 30 3 1  

- 0 . 16 1 7  (0 . 0685 )  - 1 1 18 - 36 

0 . 1585 (0 . 0678 )  0 . 2087  (0 . 0762)  1092 1 154 36 3 7  

- 0 .  2 7 7 6  (0 . 0802 )  - 1331  - 54 

- 0 . 32 2 7  (0 . 10 1 1 ) - 952 - 45 

- 0 . 2 1 7 1  (0 . 0694) - 1478 - 4 3  

mean 0 .  294 7 mean 0 . 3420 
I 
I 
I 
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Tab le 4 . 38 : Within-flock Heritability Estimates , Standard Error of  

He ritability Estimates , Number o f  Observations and Sires 

N ested Within-years for HFW 

h2 ( S tandard Erro r )  Number of  Number of 
Observations Sireyears 

I 

7 5  

Rams i Ewes Rams Ewes Rams I Ewes 

0 . 4923 ( 0 . 1280)  0 . 2590 ( 0 . 0856) 1 354 1 253 34 34 
0 . 2243 (0 . 07 1 8 )  0 . 2 1 7 7  ( 0 . 0692) 1603 1 698 35 35 
0 . 2683 (0 . 0789)  0 . 1958 ( 0 . 064 1 )  1 608 1653 38 3 7  
0 . 3986 (0 . 0884 ) 0 . 3284 ( 0 . 0772 )  1 792 1879 60  61  
0 . 1 762 ( 0 . 0628)  0 . 1878 ( 0 . 0562 ) 1373  2091  49  49 
0 . 1 86 3  (0 . 0793 )  0 . 4664 (0 . 1 239 ) 942 1 308 33 34 
0 . 306 1 (0 . 0750)  0 . 2558 ( 0 . 0694 ) 1898 1 746 53 54 
0 . 2 2 1 8  (0 . 0643)  0 . 2088 (0 . 0658) 1 7 14 1 493 54 5 3  
0 . 462 1  (0 . 1 262 )  - - 1393 - 31  -
0 . 1 76 1  ( 0 . 0705 ) 0 . 1996  ( 0 . 0 730 )  1 1 16 1201 35 36 
0 . 2258 (0 . 0828) 0 . 2289 ( 0 . 0787)  979  1 1 1 7 45 46 

- - 0 . 2387  ( 0 . 1 1 49)  - 555 - 30 
0 . 2600 (0 . 06 0 1 )  0 . 2552  ( 0 . 0569)  2595 3052 63 63 
0 . 1 538 (0 . 0586)  0 . 2367  ( 0 . 0722 )  1493 1 675 42 40  
0 . 4540 (0 . 0968)  0 . 44 1 2  (0 . 09 15 )  2039 2425 53 54 
0 . 4765  (0 . 1 1 8 1 ) 0 . 5636 (0 . 1 29 1 )  1 36 1  1453 4 1  42  
0 . 5 105 (0 . 1 4 75 )  0 . 3203 ( 0 . 1072 )  879 986 3 1  3 1  
0 . 2088 (0 . 0645)  0 .  7 29 6  (0 . 1 346)  1 6 12  1877  53  53  
0 . 1297  (0 . 05 6 1 )  0 . 5285 ( 0 . 100 7 )  1 4 1 3  1 60 1  7 8  78 
0 . 285 7 (0 . 0390) 0 . 3094 ( 0 . 0393) 5526 6 106 234 234 
0 . 2983 (0 . 0794)  0 . 4 166  (0 . 088 1 )  1 366 1 604 7 7  78 
0 . 2832 (0 . 1 1 19 )  0 . 3996 ( 0 . 1 260) 714 892 30 3 1  
0 . 2595 (0 . 0889) 0 . 29 1 5  (0 . 0943)  1092  1 12 1  36 36 
0 . 2538 ( 0 . 0869)  0 . 1 70 2  ( 0 . 0698) 1095 1 154 36 37 
0 . 2431  (0 . 0792 )  0 . 44 2 1  (0 . 105 1 )  1 190 1 3 19 50 53  

- - 0 . 3955  ( 0 . 1083)  - 1008 - so 
0 . 3276 (0 . 1 096 ) 0 . 4060 (0 . 0929) 783 1 788 48 52 
0 . 2 143 (0 . 1 096)  0 . 229 1 (0 . 0975)  578  760 32  35 

mean 0 . 2883 mean 0 . 3304 



Tab le 4 . 39 :  New Zealand Heri tab ility Est imates for WWT 

Herita- Method a Sex b Breed 
bility 

0 . 35 D-0 M +  Fe Romney 
0 . 30 P . H-S F Romney 
0 . 23 D-0 F Romney 
0 . 348 P . H-S M +  Fe Romney 
0 . 1 8 P . H-S M +  F Romney 

-0 . 05 P . H-S M +  F Romney 
-0 . 06 P . H-S M Romney 

0 . 20 P . H-S F Romney 
0 . 08 P . H-S M +  F Romney 
0 . 22 D-0 M +  F Romney 
0 . 20 P . H-S F Perendale 
0 . 1 6d D-0 F Perendale 
0 . 35 P . H-S F Romney 
o . 24e P . H-S F Romney 
0 . 19f P . H-S M Romney 
0 . 10 P . H-S M +  F Romney 
0 . 20 P . H-S M +  Fe Romney 
0 . 1 3 P . H-S M Coopworth 
0 . 20 P . H-S F Coopworth 
0 . 16 P . H-S M +  F Coopworth 

a .  D-0 Dam-of fspring regression 
P . H-S = Paternal half-sib analysis 

Author 

Ch ' ang and Rae ( 196 1 )  
Ch ' ang and Rae ( 1 970 )  
Ch ' ang and Rae ( 1970)  
Lundie ( 19 7 1 )  
Baker e t  al ( 19 74a) 

- -

Baker et al ( 1 974a) 
- -

Baker et  al ( 1 979 )  
- -

Baker e t  al ( 1 979 )  
- -

Baker et  al ( 1 979 )  
- -

Baker et  al ( 1 979 )  
- -

Elliott e t  al ( 1979)  
- -

Elliott  e t  al ( 1979 )  
B lair ( 1 981

-
) 

B lair ( 1 98 1 )  
Blair ( 1 98 1 )  
Tait  ( 1 983)  
Wewala ( 1 985)  
Gregory (unpublished) 
Gregory (unpublished) 
Gregory (unpub lished)  

b .  M = Male ; F = Female ; M +  F = Males and Females pooled 
c .  Wethers and ewes pooled 
d .  Control group 
e .  Fleece weight group 
f .  Face cover group 
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The ALW heri tability estimates for ram hoggets  are larger than 

tho se for ewe hoggets  in 2 out of the 3 flocks (Table 4 . 35 ) , although 

the overall means are s imilar . The mean ALW estimate for ewe hoggets  

(0 . 26 )  is smaller than previously estimated , whereas the ram 

hogget mean estimate (0 . 24 )  is  larger than previous ram estimates . 

The estimates are s imilar to the larger , published pooled male and 

female estimates (Table 4 . 40) . 

The es timates of  WLW heritability (Table 4 . 36 )  are similar to 

published New Zealand est imates (Table 4 . 4 1 ) . Insuf f icient f locks 

recorded ewe hogget WLW to allow a between sex comparison of  the 

means . 

The heritab i l i ty estimates of  SLW (Table 4 . 37 )  are in 

reasonable agreement with the New Zealand published estimates 

(Table 4 . 42) . The mean heritab ility es t imates of the ewe hoggets 

are larger than the ram hogget estimates . In 5 of  the 8 flocks 

that have est imates  from both sexes , heri tabilities for ewe hoggets  

were larger than for ram hoggets .  

Heritab ility e s t imates for HFW (Table 4 . 38 )  are in reasonable  

agreement with New Zealand pub lished es t imates (Table 4 . 43) . The 

mean heritab ility for ewe hoggets is larger than for ram hogget s  

(0 . 33 and 0 . 29 ,  respectively) . I n  1 5  o f  the 2 5  flocks having both 

ewe and ram hogget fleeceweights recorded , ewe hoggets had a 

larger heritabilit y .  

Sex differences in heritability e s t imates have been noted b y  

7 7  

Baker et  al  ( 19 7 9 )  for  liveweights and HFW with ewe hogget s  having larger 

estimates than ram hogget s .  The estimates  made by Blair ( 1 98 1 )  suggest 

a s imilar trend . Baker et al ( 1979 )  noted a lower genetic variance in 

ram hoggets when compared with ewe hoggets  and a larger environmental 

variance in ram hoggets . 



Table 4 . 40 :  New Zealand Heritability Estimates for the Equivalent 

o f  ALW 

Herita- Method a Sex b Breed 
b il ity 

0 . 45 P . H-S F Romney 
0 . 35 D-0 F Romney 
0 . 24 P . H-S M +  F Romney 
0 . 24 P . H-S M +  F Romney 
0 . 1 3 P . H-S M Romney 
0 . 14 P . H-S M Romney 
0 . 36 P . H-S F Romney 
0 . 34 P . H-S F Romney 
0 . 22 P . H-S M +  F Romney 
0 . 22 P . H-S M + F Romney 
0 . 33 D-0 M + F Romney 
0 . 28 D-0 M + F Romney 
0 . 1 3 P . H-S M +  F Romney 

a .  D-0 = Dam-o ff spring regression 
P . H-S = Paternal hal f-s ib analysis  

Author 

Ch ' ang and Rae ( 1 970)  
Ch ' ang and Rae ( 1970 )  
Baker et  al ( 19 74a) - -
Baker et al ( 1 9 74a) - -
Baker et  al  ( 19 79 )  - -
Baker et al ( 19 79 )  - -
Baker et  al  ( 19 79 )  - -
Baker et  al ( 19 79 )  - -
Baker et al ( 19 79)  - -
Baker et  al ( 19 79 )  - -
Baker et al ( 19 79 )  - -
Baker et al  ( 19 7 9 )  
Tait (1983) 

b .  M = Male ; F = Female ; M + F = Males and Females pooled . 
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Table 4 . 4 1 : New Zealand Heri tability Estimates for the Equivalent 

of WLW 

Herita-
bil i ty 

0 . 39 
0 . 4 2  
0 . 38 
0 . 32 
0 . 2 1 
0 . 46 
0 . 34 
0 . 28 
0 . 14 
0 . 1 5 
0 . 65 
0 . 1 8  

a .  D-0 
P . H-S 

Method a Sex 
b 

Breed 

P . H-S  F Romney 
D-0 F Romney 
P . H-S M +  F Romney 
P . H- S �f + F Romney 
P . H-S M Romney 
P . H-S F Romney 
P . H- S  M +  F Romney 
D-0 M +  F Romney 
P . H- S M +  F Romney 
P . H-S M +  F Romney 
P . H-S M +  F Coopwor th 
D-0 M +  F Coopworth 

Dam-offspring regression 
Paternal hal f-s ib analysis 

Author 

Ch ' ang and Rae ( 1 970)  
Ch ' ang and Rae ( 1 970 )  
Baker e t  al  ( 19 74a) - -
Baker e t  al ( 1 974a) - -
Baker e t  al  ( 1 979 )  - -
Baker e t  al ( 1 979 )  - -
Baker et  al ( 1 979)  - -
Baker e t  al  ( 1979 )  
Tait  (1983) 
Tait ( 1 983)  
Gregory (unpublished ) 
Gregory (unpublished) 

b .  M = Male; F = Female ; M + F = Males and Females pooled . 
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Table 4 . 42 :  New Zealand Heritab ility Estimates for the Equivalent 

of SLW 

Herita- Method a Sex b Breed 
bility  

0 . 46 D-0 F Romney 
0 . 5 1  P . H-S F Romney 
0 . 46 D-0 F Romney 
0 . 22 P . H-S M +  F Romney 
0 . 22 P . H-S  M +  F Romney 
0 . 27 P . H-S F Romney 
0 . 23 P . H-S M Romney 
0 . 3 1 P . H-S F Romney 
0 . 2 7 P . H-S M +  F Romney 
0 . 26 D-0 M +  F Romney 
0 . 2 7  P . H-S  F Perendale 
0 . 44 D-0 F Perendale  
0 . 34c P . H-S F Romney 
o . o6d P . H-S  F Romney 
0 . 52e P . H-S F Romney 
0 . 26d P . H-S  M Romney 
0 . 4 2e P . H-S M Romney 
0 . 25 P . H-S M +  F Romney 

a .  D-0 Dam-o f fspring regression 
P . H-S = Paternal hal f-sib analysis . 

Author 

Tripathy ( 1 966 )  
Ch ' ang and Rae ( 1 970 )  
Ch ' ang and Rae ( 1 970 )  
Baker et  al ( 1 974a )  
Baker et a l  ( 1 974a ) 
Chopra(1 978)  
Baker et  al ( 1979 )  - -
Baker et al ( 1979 )  - -Baker et  al ( 1 979 )  - -
Baker e t  al ( 1979 )  
Elliott  e t  al  ( 1979 )  - -
Ellio t t  e t  al ( 1 979 )  
Blair ( 1 98 1

-
) 

Blair ( 1981 ) 
Blair ( 1 98 1 )  
Blair ( 19 8 1 )  
Blair ( 1 98 1 )  
Tait  ( 1 983)  

b .  M = Male ; F = Female ; M + F = Male and Female pooled . 

c .  Control line 

d .  Face cover group 

e .  Fleeceweight group 
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Table 4 . 4 3 :  New Zealand Heritability Estimates for HFW 

Herita­
b ility 

0 . 46 
0 . 225 
0 . 29 
0 . 57 
0 . 39 
0 . 32 
0 . 30 
0 . 29 
0 . 27 
0 . 4 1  
0 . 34 
0 . 28C 
0 . 34d 
0 . 34e 
o . o7d 
0 . 15e 
0 . 14 
0 . 1 7 
0 . 30 
0 . 67 
0 . 3 1 

a .  D-0 
P . H-S 

a Method 

D-0 
P . H-S 
P . H-S 
P . H-S 
P . H-S 
P . H-S 
D-0 
P . H-S 
P . H-S 
P . H-S 
D-0 
P . H-S 
P . H-S 
P . H-S 
P . H-S 
P . H-S 

Realised 
Realised 

P . H-S 
P . H-S  
D-0 

F 

b Sex 

F 
M +  F 
H + F 
F 
F 
F 
M +  F 
H 
F 
M +  F 
F 
F 
F 
M 
M 
F 
M 
M +  F 
M + F  
M +  F 

Breed 

Romney 
Romney 
Romney 
Romney 
Romney 
Perendale 
Perendale 
Romney 
Romney 
Romney 
Romney 
Romney 
Romney 
Romney 
Romney 
Romney 
Romney 
Romney 
Romney 
Coopworth 
Coopworth 

Dam-o ffspring regress ion 
Paternal hal f-sib analysis 

Author 

Tri pa thy ( 1966 ) 
Lundie ( 1 9 7 1 )  
Baker et  a l  ( 1974a) 
Baker et  al ( 19 74a) 
Chopra-( 1978 ) 
Elliott et  al ( 1 979)  
Ell iott et al ( 1979)  
Baker et al-c1979)  
Baker et  al  ( 1979 )  
Baker � al ( 1979 )  
Baker et  al ( 1 979 )  
Blair TI 98T) 
Blair ( 198 1 )  
Blair ( 1 98 1 )  
Blair ( 1 98 1 )  
Blair ( 1 98 1 )  
Blair ( 1 98 1 )  
Blair ( 1 981 )  
Tai t  ( 1 983)  
Gregory (unpublished) 
Gregory (unpublished) 

b .  M =  Male ; F = Female ; M +  F = Males and Females pooled 

c .  Control group 

d .  Fleece weight group 

e .  Face cover group . 
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4 . 2 . 2  Reproductive T raits 

The heri tability e9timates of the reproductive trait s  (Tables 

4 . 44 to 4 . 52 )  have overal l  means close to zero , excep t  for NLB , MULT , 

Wt . L . W .  and \Jt . L . W . BR .  This indicates that lamb survival is largely 

environmental . 

The mean heritab ility estimate for NLW (0 . 12 )  is large when 

compared with New Zealand estimates (Table 4 . 53 ) . The mean NLW 

es t imate (0 . 07 )  falls in t he middle o f  New Zealand es t imates (Table 

4 . 54 ) . The estimates for MULT have a range from nearly zero to 1 . 0 ,  

with the mean value (0 . 1 4 )  being larger than New Zealand es t imates 

(Table 4 . 5 5 ) . Comparing within-flock heritability est imates for MULT 

and NLB shows 1 4  of the 2 3  flocks have higher heritabilities for NLB 

than MULT . The mean MULT heritabili ty (0 . 14 )  is slightly larger than 

the mean NLB estimate (0 . 1 2 ) . 

The mean Wt . L . W . estimate (0 . 10 )  lies in the middle o f  New 

Zealand est imates (Table 4 . 56 ) . Within-flock estimates in 1 4  o f  

the 2 3  flocks were larger for Wt . L . W . BR than Wt . L .W .  
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Table 4 A4 : Within-flock Heritability Estimates, Number of Observations 

and Sires N es ted W i thin-years for NLB 

' 

l 
I 

h2 

0 .  0 1 30 
0 . 2239 
0 . 1 302 
0 . 0755 
0 . 1080 
0 .  0720 
0 . 0399 
0 .  1439 
0 . 1052 
0 . 0929 
0 . 1 1 70 
0 . 0248 
0 . 0457  
0 . 3079 
0 . 1295 
0 . 1235 
0 . 0788 
0 . 0639 
0 . 1 1 65 
0 . 2 1 3 1  
0 . 0484 
0 . 1 2 7 1  
0 . 0877  
0 . 2620 
0 . 1 5 1 9  
0 . 1228 
0 . 0280 
0 . 1667  

mean 0 . 1 1 50 

Number o f  
Observat ions 

1007 
1 1 38 
2602 
2549 
2546 
227 1 
1 222  
1508 
2933 
1844 
1282 
1 7 94 
3832 
1456 
3557 
2661 
1 805 
1 283 
2748 
3026 

1 1 740 
20 1 1  
1 025 
1 14 1  
1853 
1 1 69 
1657  
1 15 1  

Number o f  
Sireyears 

52  
4 7  

128 
105 
1 57  
69  
35  
74  

146  
1 35 
5 7  

1 1 5 
1 6 1  
8 5  

1 6 4  
9 3  
85  
53  

1 46 
199  
534 
136 
76  
38  
84  
7 7  
7 7  
83  
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Tab le 4 .45 : \Vi thin-f lock Heritability Es timates . Number of  Observat ions 

and Sires Nes ted Wi thin-years for NLW 

h2 Number of Number of  
Observat ions Sireyears 

0 . 1 6 1 4  1 1 34 I 4 7  
0 . 089 1 260 1 1 28 

i 0 . 0299 2549 105 
0 . 0325  2545  ! 1 5 7  
0 . 0487  2271  69  
0 . 0556  1222  35 
0 . 0960 1 508 74 
0 . 0686 2933 146  
0 . 0602 1844  135 
0 . 0948 1 2 74  57  
0 . 0322  1 794  1 1 5  
0 . 0380 3831  16 1  
0 . 1 33 1  1 454 85 
0 . 036 1  3549 164 
0 . 0249 266 1 93 
0 . 06 1 2  1 805  85  
0 . 1033  1 28 3  5 3  
0 . 0398 2 7 36 146 
0 . 0 7 5 3  3 0 1 9  198 
0 . 0396 1 1 738 534 
0 . 0553  201 1  1 36 
0 . 02 3 1  1 0 2 5  7 6  
0 . 0000 1 1 40 38 
0 . 0790  1852  84 
0 . 02 7 1  1 657  7 7  
0 . 1 642  1 1 5 1  83 
0 . 1 3 1 3  1 168  7 7  

mean 0 . 0667  

I 
I 
I ! 
i ! 
I 

I I 
! 
i I 
I 
I 
I 

i 
I 
I 



Tab le 4 A6 : Heri tab ility Estimates , Number of Observat ions and Sires 

N ested Within-years for MULT 

h2 
I 

r Number of  Number of  
Observations Sireyears 

I 
0 . 2228 1 1 34 

I 
4 7  

0 . 1 1 95  260 1 1 28 
0 . 03 7 3  2 549 i 105 
0 . 1 088 2545 I 1 5 7  
0 . 0023 1 2 22  I 35 
0 . 09 1 8  2 2 7 1  I 69 
0 . 1 2 1 8  2933  I 146  
0 . 0782  1 844 1 35 
0 . 1 5 1 9  1 2 7 4  57  
0 . 04 3 1  3831  16 1  
0 . 0694 3549  164 
0 . 1 2 7 8  266 1 93 
0 . 0990 1805 85 
0 . 0396 1 283  53 
0 . 1 1 5 0  2 7 36 146 
0 . 1 5 6 7  1488 7 2  
0 . 0033  1 794  1 1 5 
1 . 0359  1454  85  
0 . 304 1 30 1 9  1 9 8  
0 . 0287  1 1 7 38 534 
0 . 0804 201 1 136  
0 . 0033  1 025  76  
0 . 2889 1 1 1 5  38 
0 . 1 6 7 9  1 8 5 2  84 
0 . 0 1 5 8  1 1 68  7 7  
0 . 0026  1 6 5 7  7 7  
0 . 1 7 19 1 1 5 1  83 

mean 0 . 1 366 

! 
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Tab le 4 .4 7 : Wi thin-Flock Her itability Estimates, Number o f  

Observa tions and Sires Nested Within-years for LSURV 

h2 

0 . 002 1 
1 0 .  0694 

0 . 0309 
0 . 0064 
0 . 00 1 9  
0 . 0 1 06  
0 . 00 1 0  
0 . 0 1 7 9  
0 . 0 1 96 
0 . 02 1 7  
0 . 00 1 2  
0 . 0443  
0 . 0025  
0 . 06 5 7  
0 . 0824 
0 . 0 1 90 
0 . 0544 
0 . 0 3 1 4  
0 . 1 27 8  
0 . 00 6 7  
0 . 0022  
0 . 1 5 2 2  

:.: 0 . 0023  
0 . 03 1 6  
0 . 0864 
0 . 0206 

11 0 . 0085 
0 . 0884 

� 0 .  00 1 7  
0 . 03 0 7  
0 . 03 1 6  
0 . 0 1 2 3  
0 . 0 705  
0 . 0229  

mean 0 . 0364 

I 
I 
i 

Numb er of  Number o f  
Observat ions Sireyears 

2 790 30 
4 7 28 44 
5935  44  
5953  50  
7 6 76 83 

1 0395 69 
4 1 3 1  3 1  
4 3 18  5 2  
7404 83 
8930 86 
5003 42 
3923  44  
3942 56  
2483 40 
8 7 1 5  7 4  
6432 60 
9 1 87 72 
60 12  58  
2 142 33 
5 206 46 
2606 30 
7061  74  
7047  108 

29 14 7  3 1 5  
6886 105 
4 267 46 
3048 32  
3574 4 3  
4201  49 
7 239 88 
5887 74  
7 1 38 7 1  
435 1  65  
1 1 59 36 
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Table 4 48 : Wi th in-flock Heri tability Est ima tes ,  Number o f  Observations 

and Sires Nested W ithin-years for LSURV l  

h2 Number of Number of 
Observat ions Sireyears 

0 . 002 7 99 1  3 1  
0 . 0032  1429  43  
0 . 0026 1 009 48 
0 . 0 1 5 5  1605  71  
0 . 0037  543  36  
0 . 082 1 999 64 
0 . 1 344  6 1 8  36 
0 . 0030 9 7 1  4 1  
0 . 0026 1 3 1 6  49 
0 . 0033  882 39 
0 . 120 0  1 499 188 
0 . 0034 962 37  
0 . 0033  1537  66  
0 . 0034 1 254  4 7  
0 . 0882 ll20  42  
0 . 1905  2 1 03 63 
0 . 0034 923 57 
0 . 0035  833  7 5  
0 . 0706  3261  232  
0 . 0037  749  76  
0 . 4890 523  34 
0 . 0 1 45  8 76  42  
0 . 0036 5 28 45 
0 . 0034 789  59 
0 . 0034 1 348  6 1  

mean 0 . 0503 

' 
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Tab le 4 .49 : Within-f lock Heritability Estimates, Number of Observations 

and Sire s N es ted '\.J ithin-years for LSURV 2 

h2 

0 . 0863 
0 . 0200 
0 . 0275  
0 . 0 1 56 
0 .  0 1 30 
0 . 00 1 1  
0 . 0024 
0 . 0204 
0 . 0244 
0 . 00 1 2  
0 . 0530 
0 . 1 2 79 
0 . 0562 
0 . 0284 
0 . 0 790 
0 . 1 1 1 6 
0 . 2058 
0 . 0 1 10 
0 . 0029 
0 . 1 979 
0 . 0023 
0 . 0332 
0 . 105 1  
0 . 0350 
0 . 0020 
0 . 0321  
0 . 0099 
0 . 0658 
0 . 0522 
0 . 0 198 
0 . 05 1 1  

mean 0 . 0482  

Number of  
Observa tions 

3724 
450 1 
4937 
6029 
7803 
3 1 42  
3750  
6354 
78 7 2  
43 7 1  
2569 
1597  
7 1 95 
5448 
7637  
4 735  
1686 
4076 
2 1 1 7  
4942 
6090 

25643 
6020 
3746 
2 723 
297 1 
3322 
6620 
5069 
5756  
38 1 7  

Number of  
Sireyears 

4 4  
44  
50  
8 2  
6 9  
3 1  
5 2  
8 2  
84  
42  
5 4  
4 0  
7 4  
6 0  
7 2  
5 6  
3 3  
4 6  
30 
7 2  

1 0 7  
3 1 3  
105  
46  
32  
4 2  
4 9  
88 
7 0  
6 9  
6 3  
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Table 4 .50 : Within-f lock Heritability Estimates , Number o f  Observat ions 

and Sires N ested Within-years for ESURV 

h2 

0 . 0495 
0 . 0288 
0 . 0000 
0 . 0432 
0 . 036 1 
0 . 022 1  
0 . 0554 
0 . 0565 
0 . 0000 
0 . 0000 
0 . 0359 
0 . 0799 
0 . 0023 
0 . 0000 
0 . 0 1 02 
0 . 0370 
0 . 0637  
0 . 0025 
0 . 0040 
0 . 0 1 32 
0 . 0072  
0 . 1 9 1 1  
0 . 0000 
0 . 0769 
0 . 04 7 1  
0 . 0546 
0 . 0767  

mean 0 . 0 368 

Number o f  
Observat ions 

1 1 34 
260 1 
2545 
227 1  
12 22 
2549 
1 508 
2933 
1 844 
1274 
1 794 
3831  
1 454 
3549 
2661 
1805 
1 283  
27 36 
30 19  

1 1 7 38 
20 1 1  
1025 
1 140  
1852  
1 1 68 
1657  
1 1 5 1  

Number o f  
S ireyears 

4 7  
1 28 
1 5 7  
6 9  
35 

105  
74  

1 46 
1 35 
5 7  

l l5 
1 6 1  

85 
164  

93  
85  
53  

146  
198  
5 34 
1 36 

76  
38 
84 
7 7  
7 7  
83 
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Tab le 4 .5 1 : Within-Flock Heritability Estimates , Number o f  Observations , 

and Sires Nes ted Within-years for Wt . L . W. 

h2 Number of  Number o f  
Observations Sireyears 

0 . 1 459 2338 1 24 
0 . 07 1 5  2209 103  
0 . 0794 22 1 7  145 
0 . 0337 1925 68 
0 . 3427 144 1  74  
0 . 0396 2658 140  
0 . 0903 1567  126  
0 . 0646 1 182 56 
0 . 0300 1589 106 
0 . 0536 3537 160 
0 . 1842 1 306 80 
0 . 0760 3277  162  
0 . 0942 2362 87 
0 . 0000 1463  79 
0 . 1 33 1  1 206 53  
0 . 2344 2 1 26 1 2 7  
0 . 0875  2655  184 
0 . 0653 10597 5 1 4  
0 . 0989 1805 132 
0 . 0401 1065 38 
0 . 0488 1572  8 1  
0 . 1442 1053 7 1  
0 . 0521  1431  76  

mean 0 . 0961  
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Tab le 4 . 52 : W i th in-Flock He r i tab i l i ty Estimates , Number o f  Observations , 

and S i re s Nes t ed Within-years for Wt . L . W . BR .  

h2 
Numb er o f  Number o f  

Ob s e rva t ions S ireyears 

0 . 0638 2338 1 24 
0 . 1 6 7 1  2 209 103  
0 . 0538 2 2 1 7  145  
0 . 0680 1 9 2 5  6 8  
0 . 2047 1441  74  
0 . 0346 2658 140 
0 . 1480 1 567 1 26 
0 . 0000 1 1 82 56 
0 . 0000 1589 1 06 
0 . 1 1 18 3537 1 60 
0 . 1833 1 306 80 
0 . 1 754 3277  162  
0 . 0423 2362 87 
0 . 0 1 56 1 463 79 
0 . 1 350 1 206 53  
0 . 3370 2 1 26 1 27 
0 . 0933 2655 184 
0 . 1 002 1 0597 5 1 4  
0 . 1 749 1805 1 32 
0 . 1 1 20 1065 38 
0 . 0000 1 572 8 1  
0 . 05 16 1 053 7 1  
0 . 0981 1431  76  

mean 0 . 1031 



Table 4 . 5 3 :  New Zealand Heritab i l ity Estimates for NLB 

Her ita-
b ility  

0 . 053 
0 . 045 
0 . 0409 
0 . 0 106 
0 . 0164 
0 . 0363 
0 . 1 7 

- 0 . 1 3 

a .  D-0 
P . H-S 

Het hod a Age of  Ewe Breed 

P . H-S 2 yr old Romney 
D-0 2 yr old Romney 
P . H-S 2 yr old Romney 
P . H-S 3 yr old  Romney 
P . H-S 4 yr o ld Romney 
P . H-S 5 yr old  Romney 
P . H-S 2 yr old  Coopworth 
D-0 2 yr old  Coopworth 

Dam-of fspring regres s ion 
Paternal hal f-s ib analysis 

Author 

Ch ' ang and Rae ( 1 970 )  
Ch ' ang and Rae ( 1 9 7 9 )  
Lundie ( 1 9 7 1 )  
Lundie ( 1 9 7 1 )  
Lund ie ( 1 9 7 1 )  
Lundie ( 1 9 7 1 )  
Gregory (unpublished)  
Gregory (unpublished) 

Table 4 . 54 :  New Zealand Heri tab ility Estimates for NLW 

Herita- Het hod a Age o f  Ewe Breed Author 
bility 

0 . 0583 P . H-S 2 yr old  Romney Lundi e  ( 1 97 1 )  
0 . 0663 P . H-S 3 yr old  Romney Lundi e  ( 1 97 1 )  
0 . 0262 P . H-S 5 yr old  Romney Lundie ( 19 7 1 )  
0 . 14 P . H-S 2 yr old  Perendale Lewer ( 1 978)  
0 . 02 P . H-S 3 yr old  Perendale Lewer ( 1 978)  
0 . 24 P . H-S 4 yr o ld Perendale Lewer ( 1 978)  
0 . 04 P , H-S 5 yr old  Perendale Lewer ( 1 978)  

92 

0 . 14 P . H-S 2 yr old  Coopworth Gregory (unpublished) 
-0 . 05 

a .  D-0 
P . H- S 

D-0 2 yr old  Coopworth 

Dam-o f f spring regression 
Paternal half-s ib analysis . 

Gregory (unpublished) 



CHAPTER FIVE 

SUM}�Y 

The regiona l  analyses o f  the f ixed e f fects highlighted S . North 

as having signi f icantly different estima tes for SS-TrTw effects on 

spring liveweigh t .  For NLW , MULT and ESURV the North region was 

shown to have significantly larger es timates than other regions for 

Mat-3 yr e f fect . The N . North region had signif icantly larger 

es t imates of Mat-3 yr e f fects on NLW and �illLT , than the 3 more 

southern regions . A feature o f  all the environmental estimates was 

the large between flock variat ion within traits . 

The national environmental es t imates for the liveweight traits 

dif fer  from those assumed by  Sheeplan especially for the BRR 

subclasses . The e ffect of the under-estimation of  the effects by  

Sheeplan is  that animals born as  multiples  (especially triplets ) 

wil l  tend to be  penalized unduly relative to s ingle b orn and 

reared animals . The HFW environmental estimates suggest that 

dam-age is of lit tle importance and BRR is of importance especially 

for animals born as triplets . 

Differences between the sexes in environmental estimates for 

ALW, WLW and HFW were apparent with ewe hogget s  having larger 

estimates for the BRR e ffect s  than ram hoggets . The sex differences 

for S LW appeared to be mediated though l iveweight dif ferences ,  

whereas the other sex differences appeared not to be due to weight 

differences . 

Dam or ewe age was o f  importance in the reproductive traits . 

The young ewes were worse , with there being little d i fference between 

4 year old and mature ewes . In Wt . L .W . BR ,  ewes rearing mult iples 

weaned a greater amount of  lambs than those rearing s ingles . 
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The heritability estimates may be biased by  within-flock 

selec tion and non-random mating . For the weight trai ts the maj ority 

o f  the heritability estimates were larger for the ewe hoggets . The 

mean heritabilities (and range)  are : WWT 0 . 1 7  ( 0 . 02 - 0 . 75 ) ; 

ram ALW 0 . 24 (0 . 1 6 - 0 . 30) ; ewe ALW 0 . 26 (0 . 1 7 - 0 . 35 ) ; 

ram WLW 0 . 26 (0 . 1 2 - 0 . 54 ) ; ewe WLW 0 . 3 1 ( 0 . 23 - 0 . 39 ) ; 

ram SLW 0 . 29 ( 0 . 16  - 0 . 4 9 ) ; ewe SLW 0 . 34 (0 . 04 - 0 . 8 1 ) ; 

ram HFW 0 . 29 (0 . 1 3 - 0 . 5 1 ) ; ewe HFW 0 . 33 (0 . 1 7  - 0 . 7 3 ) . 

The traits assessing lamb survival (LSURV , LSURV 1 ,  LSURV2 and 

ESURV) had heritabilities close to zero (mean (and range) ;  0 . 04 

(0 . 00 - 0 . 1 5 ) ; 0 . 05 ( 0 . 00 - 0 . 4 9 ) ; 0 . 05 (0 . 00 - 0 . 2 1 ) ; 

0 . 04 (0 . 00 - 0 . 1 9 ) , respec tively) .  Traits  meas uring the ewes ' 

lamb producing ab ility (NLB , NLW and MULT) and overall production 

(Wt . L . W .  and Wt . L . W . BR )  had low to medium heritabilities (mean 

(and range ) : 0 . 1 2 ( 0 . 0 1 - 0 . 3 1 ) ; 0 . 07 (0 . 00 - 0 . 16) ; 0 . 14 (0 . 00 -

1 . 04 ) ; 0 . 1 0 (0 . 00 - 0 . 34 ) ; 0 . 10 ( 0 . 00 - 0 . 34 ) , respectively) . 

Large between-flock within-trait variat ion was evident . 
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