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i i . 

ABS'J' D ACT 

Genetic p8romct�rG w�rc cntim8tcd using 3,31 3 half-sib 
recorc'll> from 62 sj_rDs �J.nrl .1720 daughter-dam pairs . The 
d3tn u�cd were obtained over the period 1957 to 1972. 

Tl1c cstjin·Jtc:::> o::' hc;ritnhility b;:,r p a ternal half-sib 

cmd d0u r:;l1 ter-c'lnm r cgre:::>s ion ::malysi s were respccti ve ly:­

�can1nc weiGht (0.20 and 0.16); hogget body neight 

(0.27 and O.LJI: ) ; fle ece v1ei2ht (0.32 and 0.30); qu ality 

number (0.26 and 0.31); fibre ,di a meter (0.54 and 0.47); 
staple length (0.49 and 0.35); character (0.23 and 0.23). 
An estirn�te of 0.03 ·;ras obtained for lambs vleaned/ewe 

la mbing (L'.'I/EL) by the daughter-dam regres sion analysis 

trom 665 daughter-dam pairs . 
Estimates of genetic correlati ons were in the following 

ranges:-

Medium negative 

( -0 • Lj. t 0 -0 . 6 ) 

Low negative 

( -0 2 • t 0 -o . 4) 

Low positive 

(0.2 t o 0.4) 

!.lediurn p osi ti ve 

(0.4 to 0.6) 

High positive 

(0.6 and over) 

. . 

. . 

Hogget body weight with 

character. 

Quality number with staple 

l en gth. 
',leaning we ig ht Yv'ith quali t y 

number , fibre diame t er and 

character. 

Quality number with fleece 

weight and fibre diameter. 

Hogget body weigh t with weaning 

weight and quality number. 

Staple length with character. 

Fleece weigh t with fibre 
·) 

diame ter and ch ara cter . ·· 
Fleece weight with staple 

length. 



iii. 

Phenotypi c and environmental c orre la t i ons were also 

cstimC1tec1. Fhenotypi c  correlat ion� generally agreed with 

the genet i c  cor r e lat i ons . Impor t ant excep ti ons were hogg et 

body weicht wi th fl eece we i gh t ,  s t aple length and fibre 

d:Lamctcr. 
Among the environment a l  f ac tors s tud i ed , age of dam 

on� rear ing rank effect s  f or t h e  wool tra i t s  were general l y 

smnll. These effects ha� a marked i nf lu ence on weaning 

wei �h t and hoggot body we i ght. At weaning, s i ngle s were 

�.2 kg h e av i er than tw i n s ,  whi � a t  14 mon th s . thi s  d ifference 

had been reduced to 2.1 kg. ·."men comparing a two -year -old 

ano m atu re age of dam eff e c t s ,  a 1 .�4 kg d i ff er enc e a t  

weaning i n  favour of the mA.ture age of dam reared an i ::Jal s , 

wus reduced to a 1.11 kg � iff erenc e at 14 month s . 

Tb e C:-3 t i mn ted IJo.rnrncters o.nc1 env ironmental off c;cts •:1ere 

di scu ssed with refer ence t o  the ir i mpl i ca t i ons in s elect ion 

programmes. 

Relationships between hogc et t r a i ts nnd the e�e s life­

t i r.J. e  production ( four consecutive ye ar s ) were analysed. 

Records from 458 s h e e p  w e re u s ed . 

Cor relat i on co eff ici ents indi c a t ed that ho3ge t  fleece 

weight, quality number, fibre diameter and s t aple l eng th 

were �ood i nd i cator s of l i f e t i me ewe p erformance for ttese 

traits. The re su lts indica t ed that a poor relat ion e x i s t s  

between h ogge t body w e i gh t  and number· of l amb s weaned by t he 

ewe over four lambine;s. 

A regr ession analysis of hogg e t traits on l if e - time 

economi c value of the e w e  ind ic a t ed thn t f l e e ce weight a n d  

hogget body Yle i .ght we r e  th e most important v ariables 

i nflu e nc i ng l i f e-t i m e  econom i c  valu e. 

I mpl icat ions of th e r e s ult s were discussed with d 

refer ence to selection and culling progr ammes at th� hogget 

age in ram breeding and non-ram breeding f lock s .  
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I. I N T R 0 D U C T I 0 N 

1. 

A study of the inheritance of productive traits is 

desirable for breed or flock improvements. Information 

on the heritability of producti� traits, and the 

genetic correlations between them, is essential for 

the formulation of breeding plans. 

To predict changes, the proportion of the differences 

between sheep which are of genetic origin needs to be 

known. Sources of genetic variation in production 

measures fall into two main classes : 

(1) differences between groups of animals which 

have been genetically di stinct for some time 

(breeds, strains and studs); and 

(2) differences between individual animals 

within a flock. 

Genetic improvement in production may be achieved 

by exploiting one or both of these sources of 

differences. Use of ·tihe first often involves 

crossbreeding, which may change production simply 

through more complex interactions between genes 

("heterosis"), while use of the second involves 

selection of parents and the subsequent decisions as to 

which of these selected parents are to be mated together. 

This selective breeding, changes the "mean", which is a 

function of the genotypic values and the frequency of 
desirable or undesirable genes in the population. 

Crossbreeding the Romney and Cheviot breeds and selection 

within the crossbred progeny has resulted in the present­

day Perendale. 

The breeder is confronted with the problem of 

choosing between alternative breeding methods. When 

practising selection he may use either tandem selection, 

independent culling levels, a selection index or a 

combination of· these. To guide him in predicting the 
responses due to a particular breeding policy, knowledge 



of various phenotypic and genetic parameters are 

required. 

Knowledge of genetic and phenotypic parameters in 

sheep breeding has increased considerably in the last 

2. 

25 years. The work has been done in different countries 

and over a wide range of flocks. Information has 

accumulated for different sets of "typical" conditions. 

Genetic parameter estimates may vary from flock to 

flock, and also change with selection, so further data 

are of value. In New Zealand, information is available 

from only a few Romney flocks. As yet no published 

work is available on genetic parameters for the Perendale 

breed. 

Rae (1964) wrote "the geneticists• immediate 

contribution to animal improvement is in the clear 

definition of objectives and the most effective use 

of selection". This still applies today. For any 

livestock breeding programme to be well founded, it 

is necessary to have knowledge of the inheritance of 

the various characters and their relative economic 

importance in a given set of circumstances, and then 

use this information to devise systems of selection 

which will be most effective in increasing production 

within animal husbandry practice. 

The Perendale is an easy-care breed producing both 

meat and wool. Both factors must be considered with 

the objective of an optimum balance between them. 

Selection may lead to two avenues of improvement: 

(1) in the lifetime performance of the selected animals 

by selecting superior animals which will maintain 

superiority for the remainder of their lifetime; 

(2) in the progeny by selecting superior animals 

whose offspring will demonstrate a high 

proportion of their parents• superiori�y. 

Sheep farmers who buy all their rams are concerned 

more with the current flock improvement. The usual 



practice is to car�J out the major proportion of 
selection on ewe hoggets. Consequently it is of 

interest as to what proportion of the variation in 

ewe ho�get perfo�ance will be related to lif etime 
production. T he se farmers generally rely on the 

purchase of young rams genetically superior to their 
ewes, to improve th e nex t  generation. 

Ram breeders must put emphasis on both the current 
flock and the progeny, for it is their responsibility to 
ensure that a regular supply.of young rams genetically 

superior to the ewes to which they are mated are available 
to the industry as well as f or their ow n f lock. T hey 

need to make progressive genetic improvement in changing 
economic circumstances. A s  a consequence,ram breeders 
ne ed to be well informed of the objectives of selection 
and the most eff icient breeding plans in relation to 

genetic and phenotypic parameters, costs of evaluation 
of their sheep and applicability to their f arming system. 

T he purpose of this thesis is to make some of this 

information available for the improvement of Perendales. 

Its aim is to estimate genetic parameters f or the 
f ollowing traits:- f leece weight, fibre diameter, 
quality number, character, staple length, hogget body 
weigh t, weaning v1eight an d  number of lambs weaned per 

ewe lambing. Also it aims to examine the relationships 
between the observed characteristics of the hogget and 

their subsequent lifetime perf ormance. 

T he records available f or this analysis cover 

20 years. T hey come f rom a f oundation f lock f or the 
Perendale B reed, a flock managed in "typical Perendale 

country". 

T he thesis is timely because, with sheep breeding, 
many f acts have been accumulating which may improve 
selection. A study of the inheritance of some productive 

characters in Perendales is needed to confirm the general 

applicability 
·
of recomme.ndations arising f rom the 

f indings already published an d  to guide breeders in the 
clarif ication of the objects of selection. 



II. R E V I EW 

A. PERENDALES 

4. 

0 F LI T E RA T U R E  

The development of the Perendale has its origin with 
an investig ation of the productive traits of Cheviot­

Romney cross sheep, started at Massey Ag ricultural College 
in 1 939 by Professor G.S. Peren. * Th e foundation breeders 
were concerned with the low lam bing percentages achieved 
from the Romney breed and a high percentage of ewes 
failing to develop sufficiently to be mated, when farmed 

under hill country conditions. 

Crossbreeding was used in an attempt to produce a 
type of sheep which was more closely adapted to the 

particular complex of environmental and economic conditions 

of hard hill country. H ewitt (1 947 ) presented some of the 
earliest data. Details of the establishment work an d  how 
from 1 938-43 it was decided to directly compare the Cheviot 

x Romney half- bred with the Romney was reported by P eren, 
H ewitt, B allard and Phillips ( 1 951 ) .  F rom the outset, the 
Cheviot x Romney half- bred showed an increase in fertility 
an d  other productive traits. 

T he objectives in establishing the Cheviot x Romney 
half- bred as a breed were outlined by Rae (1957 ) .  

Published papers on P erendale sheep have been 
reviewed by D alton (1 971 ) .  T he majority of papers have 
drawn conclusions based on the comparison of Cheviot x 

Romney half- breds and the Romney when farmed on hill 

country. F eatures have been, increased number and weight 
of lambs weaned, improved grow th rate of lambs and hoggets, 

and the general ability of this breed to thrive Under 
harder conditions. 

T he Perendale is a sheep intended for use on hill 

country and thus must be bred as a self- replacing flock. 
T he advantages of the Perendale in terms of low laboUr 

requirement and suitability for man agement as an easy-care 
sheep have been reported (P eren, 1972) . 

* S ir G eof frey P eren, K. B . E., C. B .E. 



A de scription of 'desirable' Perendale wool was 
Given by Regnault (1 972) . Barton ( 1 972) and Dalton and 
Kirton (1 973 ) have discussed the Perendale's suitability 
as a producer of lamb. 

B. ENVIRONi\JlENTAL EFFECTS 

The effectivene ss of select ion in producing genetic 
improvement dep ends on the degree to which the phenotype 

5. 

on which selection is based. reflect s the underlying 
genotype . The hogget' s phenotyp.e i s  a measure of b o th 
Genetic and environmental effects . Thus , total variations , 
with certain qualifications , is the sum of the c omponents:-

;2. � 2. 
(}.2. up :2. ;l ::. � � Op T Ur + OG-E + 

where, E 

6::;. p is the phenotypic variance 

o.'" A is the additive varianc e component 

G:., D i s  the dominance variance component 

6..:z z is the interaction variance component 
:z. 

�E is the genotype-environment interact ion 
varianc e component 

and 6:)._ E is the environmental variance component . 

The effect of the environment is complex. An animal 
is subjected t o  environmental effects from the time of its 
conception to the time when it is  measured .  A hogget has 
had contributions to the e nvironmental varianc e  component 
from the pre-nat al ,  pre-weaning and post-weaning environ­
ment . 

When records for different groups of individuals are 
to be  use d  jointly for purposes  such as the e stimation of 
population parameters , it is e s sential to know the effect 
of various environment al facto rs influencing the 
manife station of that character . In sheep breeding 
studie s ,  it i s  pos sible to e st imate the effects of some 
environmental factors and to use the se estimates  to correct 
the production records . Both the accuracy of e st imated 
genetic differences and s election for genetic merit is 
thus gre atly increased. 



Numerous studies are available showin(5 the effect of 
such factors as ye ar, rearing rank, age of dam, age and 
sex of individuals. The New Zeal and data appl icable to 
thi s study are those of Ch1ang and Rae (1961 and 1 970 ) ; 
Tripathy (1966 ) ; Lundie ( 1 971 ) ;  Baker , Clarke and 
Carter (1 974) for the Ronmey and Hight and Jury (1 971 ) 
for the Romney and Border Leicester x Romney breed. 
Results for relevant t rait s  are summarised in Tab l e s  1 
and 2. 

The effect of ye ar-to -year variation c an  be 

appre c iable. Thi s emphas i s e s  the ne c e s sity of eithe r 

expres sing c o rrec ted me asurement s as a deviation from 

the flock-ye ar average or carrying out a within-ye ar 

analysis. The "ye ar "  effe ct is a me asure of the inf luenc e 

of many fact ors which are difficult t o  isolat e  and meas ure 

s ep arately . The s e  include the l evel o f  nutrition, 

c l imatic conditions and manageme nt peculiar to the r ecords 

made in each ye ar. 

The effe ct of ye ar may al so contain a genetic 

c omponent (Ch1ang and Rae , 1 970 ) . This occurs with 

genetic change s in the average me rit o f  the animals whe re 

t h e  sire s and ewe s have been s el e c t e d  for any pro ductive 

traits , o r  when th e level of inbree ding changes. The 

p o s s ibility of confounding of gene tic differ e nc e s  

b etween gro up s o f  ewe s  born in differe nt years o r  from 

different s o urce s ,  with the true environment al diff e re nc e s  

b e twe en age of dam groups was po inted out b y  Baker e t  al . 

( 1 9 74) . 

Age and re aring rank have usually be en the major 

s ource s  of variation in we aning weight (Haze l and Terrill , 

1 945a, 1 9%o.; Ch1ang and Rae , 1 961 , 1 970 ; Clarke, 1 967 ; 
Fahmy, Galal, Ghanem and Khishin , 1 969 ; Right and Jury, 
1 971 ; Baker et al. , 1 974) but have l e s s  influence on 

ho gget b ody weight (Ch1ang and Rae, 1 970 ; Baker e t  al., 

1 974) . Age of dam moderat e ly influenc es weaning weight, 

t hough this e ffect tends to persist undiminished well 

b e yond we aning and by ho gget age the extent of it s 

influenc e on live weight may b e  comparable to that of 

r e aring rank (Ch1ang and Rae, 1 970 ) . 

6. 



TABLE 1 
ESTIMATES OF ENVIRON1rENTAL EFFECTS 

\leaninPi Vleight (kG) 

Reference (1) 

Mean 

S.D. 

Yeax (range) 

Age of Dam 

3-yr - 2-yr 
4-yr - 2-yr 

Mature - 2-yr 

Rearing rank 

24.1 
3.5 

(2) (3) (4) (5) 

25.26 25.53 19.32 19.73 
3.5 2.9 2.9 
8.4 

0.4 
2.0 

1.4 
2.0 
2.3 

1.1 
1.5 
1.6 

1.2 
1.8 
1.8 

(6) 

20.4 
3.2 
4.0 

11: S- T 4.6 
3.0 
0.13 

4.2 4.4 3.4 4.7 4.2 
S- TRS 

Re g. on age 

2.9 1.6 1.6 2.7 2.5 
0.12 0.17 0.12 0.12 0.12 

Rog5et body weight (kg) 

Reference (2) (4) (5) 

Mean 

S.D. 

Year (range) 

Age of dam 

3-yr - 2-yr 
4-yr - 2-yr 
Mature - 2-yr 
Rearing rank 

S - T 
S - TRS 

Reg. on age 

39.1 
5.0 
6.1 

0.95 
2.4 

2.2 
0.4 
0.08 

-0.54 0.48 
-0.14 ·0.02 
-0.14 1.3 

0.09 2.0 

0.06 0.11 

(6) 

43.2 
4.7 

11.1 

0.9 
1.3 

2.10 
1.5 
0.05 

(7) 

38.9 

6.1 

1.2 

0.77 
0.45 
0.02 

* s,  singl e; T, twin; TRS, twin raised as singl e. 

References: (1) Ch'ang and Rae (1961); (2) Ch1ang and Rae 

(1970); (3) Lundie (1971); (4) Right and Jury (1971) -

Romney data; (5) Right and Jury (1971) - R x BL F3 data; 
(6) Baker et. al . (1974); (7) Tripathy (1966). 



TABLE 2 
ESTIMATES OF ENVIRONMENTAL EFFECTS 

Fleece Weic;ht (kg) - hoggets 

Reference (1) (2) 

Mean 
S.D. 

Year (range) 

Age of dam 

3-yr - 2-yr 

4-yr - 2-yr 

Mature - 2-yr 
Rearing rank 

S - T 

S- TRS 
Reg. on age 

3.6 

1.4-9 

0.15 

0.23 

0.12 

0.06 
- 0.01 

1.36 

0.18 

0.23 

0.30 

0.24-

0.21 
0.01 

(3) 

3.1 

0.48 

(4-) 

3.3 

0.% 

-0.06+ -0.04 

-o.o4t 0.13 

-0.07+ 0.15 

0.14 0.23 

0.01 0.01 

From Tripathy (1966) - hogget traits 

(5) 

3.9 
0.5 

1.2 

o.o 
o.o 

0.1 
o.o 
0.01 

Mean .fibre 
diameter 

Staple 
length 

(cm) 

Crimps Medullation 
per mC'h 

M.ean 
Year (range) 

Age o.f dam 

3-yr - 2-yr 

4-yr - 2-yr 

Rearing rank 

S - T 
S- TRS 

Reg. on age 

( m) 

35.81 
6.69 

0.50 
0.31 

0.11 
0.56 

-0.06 

-t Large standard errors . 

14.14 

2.22 

0.11 

-0.01 

0.41 
. 0.16 

-0.01 

0.02 
0.07 

-0.24 
-0.30 

o.o 

0.26 
0.34 

1.71 
1.02 

-0.04 

References: (1) Tripathy (1966); (2) Lundie (1971); 

(3) Hight and Jury (1971) - Romney data; (4) Hight and 

Jury (1971) - R x BL F3 data; (5) Baker et. al. (19?4). 



Age of dam and r e aring rank are thought to refl e c t  

the prewe aning maternal handic ap (Ch1ang and Rae , 1970). 

The c aus e s  of maternal handicap have been discu s s ed by 

Dun and Grewal (1963), Lax and Bro\v.n (1967) and Bradford 

(1972). It re sult s in part from the l ower milk production 

of young dams (Barnic o at, Logan and Grant , 1949 ; Owen, 

1957) or in the c ase of twins, from intra-ute rine 

competition for nutri ents and reduce d  milk intake per 

lamb (Hunter, 1956). 

Both Ch1ang and Rae (1970) and Hight and Jury (1971) 
have reported that twin lambs grew f aster than singles 

betw e e n  we aning and hogget measurement. This is in 

agre ement v1i th other published work. The maternal 

influence on grovrth and ab so lut e live weight of the 

progeny change s with the offspring's deve lopment 

(Dickinson, 1960; Vfuite , Legat e s  and Eis e n , 1968). 
Dickinson (1960) sugge sted that as a morpho logic al 

character approach e s  maturity it b e c omes progre s sively 

more independent of the environment . After we aning the 

mat ernal handic ap e ff e cts c ould progres sive ly decline 

with advancing age as a result of c ompen s atory grovrth 

(Schincke l, 1963; Dun and Grewal, 1963; Lawrence and 

Pe arse, 1964; Young, Bro\vn, Turner and Do lling , 1965; 

Drinan, 1968; Ch1ang and Rae, 1970). 

The New Ze aland s tudies of th e e stimat e s  for e ff e c t s  

of age o f  dam and re aring rank on l ive we ight and fle e c e  

weight f o r  e arly life are within the range o f  other 

pub lishe d works (Right and Jury , 1971), 

Generally n egligible e ff e c t s  of age of dam have been 

f ound on gre asy fle e c e  weight at w eaning and hogget 

shearing (Ve s ely, Peters and Slen, 1965; Ve s ely ,  Peters , 

S len and Rob i so n, 1970; Hight and Jury, 1971; Baker e t  al., 

1974). Both Tripathy (1966) and Lundie (1971) found that 

age of dan and re aring rank were s ignificant for gre as y  

f l e e c e  weight. 

Signific ant eff e ct s  of age of dam and rearing rank 

on mean f ibre diameter and medul lation have be e n  f ound 

(Tripathy, 1966). Only the eff e c t  of rearing·rank was 



/ 

si�nificant for staple length and crimps per inch. 
Vesely et al. (1970) reported that these were not 
si�nificant sources of variation for staple length, 
v10ol c;rade and yield. Price, Sidwell and Grandstaff 
(1 953 ) found the effect of age of dam highly significant 

on staple length. 

10. 

Maternal handicap lowers greasy and clean wool weight 

(Turner, 1 961 ; Dun and Grewal, 1963; Lax and Brown, 
1967), the effect being noticeable even in maturity, 

though in general diminishinG with age. Lowered total 

follicle number has been shown to be the main contributing 
factor. Such a handicap might persist throughout adult 
life (Brown, Turner, Young and Dolling, 1966). If the 

young ewe "i'/ere well-grown the handicap might be eliminated 
(Turner, 1961) for the provision of adequate post-natal 
nutrition may eliminate the difference (Doney and Smith, 

1964; Gallagher and Hill, 1970). 

Estimates of effects of age on hogget fleece weight, 

after animals have been shorn at weaning, range from 0.004 
to 0.014 kg (Hazel and Terrill, 1946b; Tripathy, 
1966; Right and Jury,1971; Baker -..et.-.·�al= , 1974). In 
other wool traits age effects are less important. Small 

estimates have been reported for fibre diameter and staple 

length by Tripathy (1966) and Lax and Brown (1967). After 
a study was made with Ivleri�o, Corriedale and Polwarth 

sheep on eight different properties, Mullaney and Brown 

(1967) concluded that in general correction for differences 
in age was not likely to increase the precision of selection 
for wool traits at 18 months. 

Ch1ang and Rae (1970) reported that effects of year 

of birth and age of dam showed no definite pattern on 

fertility measurements. Estimates of rearing rank indicated 

that twins on average v;ere more fertile than singles whether 

at first lambing or over several lambings. This result was 

in agreement with others (Reeve and Robertson, 1953; Turner, 

Hayman, Triffitt and Prunster, 1962; Clarke, 1963; Dun and 
Grewal, 1963; Lax and Brown, 1968). 

An important consideration is that partitioning the 



c omponents of varianc e for reproductive rate re sults in 

extremely lar�e error variance with only small amounts 

of variation c ontro lled by main e ffe cts and interactions 

( Goot, 1952; Dunl op, 1963; Ve s e ly and Peters, 1965; 

11. 

De Haas and Dunl op, 1969; Lundie, 1971). Ch ' ang and Rae 

(1970) noted that their re sults implied that e stimat e s  of 

the e ffe cts of ·rearing rank on a ewe ' s  fertility c o ntain 

a �enetic component in addition to the environmental 

diff e rence betwe en tho s e  born and reared as singl e s  or 

twins .  They s ugge sted that adjustments should not b e  

made f o r  differenc e in type o f  birth if the aim i s  to 

study the genetic variation and covariation in fertility 

of the ewe . 

In the ab sence of interactions ,  e stimate s of 

environmental e ff e cts may b e  used as additive corre ction 

f actors . In the studi es by Ch'ang and Rae (1970); Right 

and Jury (1971) and Lundie (1971) first order interactions 

b etwe e n  years, age of dam and rearing rank e ffe cts , were 

statistic ally non-signific ant. 

Use of additive corre ction factors is the mo s t  

convenient and wide ly adopte d proc edure for reducing 

the amount of environme ntal variation in data prior to 

genetic analysis . Both She lton and Campbe l l  (1962) and 

Turner and Young (1969) have discussed corre ction factors 

in relation to the practical use of the e stimated genetic 

paramete rs in she ep breeding . 

C. REPEATABILITY 

A knowle dge of r epe atability is us eful in that it 

indicates the gain in ac curacy to b e  exp e cte d from multiple 

measureme nt. It c an  b e  used for pre dicting the increase 

in lifetime produc tion that may be achieved through e arl7 

s el e ction based on one rec ord or the mean of several. 

Repe atability e xpre s s e s  the proportion of the 

variance o f  a singl e  me asurement that is due to permanent 

differenc e s  b e twe e n  animals, both genetic and environmental. 

Many e stimate s  of repe atability for various t rait s  in 

different bre e ds of she ep have b e e n  made . Much of the 
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published information was revie·11ed by Morley ( 1951 );  

Turner (1956, 1969 ) and Turner and Young (1969 ) .  When 

the first record is at the hogget age, these reviews 

give ranges for repeatability estimates of 0 . 4  to 0 . 8  

(fleece weiGht); 0 . 5  to 0.8 ( staple length) ; 0 . 5  to 0 . 7  

(fibre diameter); 0 . 5 to 0.8 (body wei�1t) . Repeatability 

estimates of O.L� to 0 . 51 and 0 . 60 to 0 . 78 have been 

reported respectively for character and quality number. 

Estimates greater than 0 . 6  are considered to be high, 

and those from 0 . 3  to 0 . 6  medium levels of repeatability 
(Turner and Young, 1969 ) .  

After comparing the relative efficiency of single 
record selection with that based on the mean of t·wo records, 

Turner and Young (1 969 ) concluded that in Merinos, 

production traits such as greasy and clean wool weight, 

percent clean yield, fibre diameter, staple length and 

body weight are highly repeatable or nearly so, for adult 

animals. It was considered that selection for production 

based on the earliest adult record at 1 5-1 6 months would 
be almost as efficient as selection based on the mean of 

two records. A slightly lower efficiency of a single 
record would be compensated by a higher gain per year 
from earlier selection and the early disposal of surplus 

stock. 

Although estimates for traits in breeds other than 

Merino and allied breeds are scanty, they suggest that 

levels for the same trait do not differ widely ( Turner 

and Young , 1969 ) .  

It has been widely recommended that hogget wool 
production records be used as reflections of genetic worth 
for they will have been produced during a common growing 

period without having been subjected to age , pregnancy or 

lactation effects. 

The repeatability for lambing rate and its components 
has either been estimated by the usual intra- class 

correlation, or by 

performan ce. Full 

by Turner (1968). 

the regression of subsequent on early 

details o f analyses reported was given 

Generally subsequent lambing rate is 



positively related to early performance, however the 
relationship is not line ar .  Methods of estimating 

repeatability by intra-class  correlation as sume linearity, 

so that the estimates , and the prediction of selection 

gains based on them, will only be approximate. 

Estimates _ of repeatability for lambs weaned per ewe 
j oined have usually been low. Values between 0.01 to 0.17 
have been reported (Young et al., 1963; Purser, 1965 ; 

Kennedy, 1967; Inskeep, Barr and Cunningham, 1967; 

Lundie, 1971). The estimates based on ewes lambing rather 

than ewes mated are generally higher. Turner (1969) 

considered that, among the components of lambs weaned per 

ewe j oined, lambs born per ewe present seemed to be the 

most profitable criterion of selection for gain in the 
current flock . 

D .  RELATIONSHIP BETWEEN HOGGET CHARACTERS AND LIFE-Tllilli 

PERFORMANCE .  

The breeder who buys all hi s rams from an outside 

source is limited in what he can do to initiate genetic 

gains. Such a high percentage of ewes have to be retained 

that the selection differential is low and consequently 

gains (independent of any genetic gain or los s  from the 

rams u sed) will only be modest. Emphasis is put on the 

gain in production which vrill remain throughout the life­

time of the flock as a result of picking better ewe 

replacements. 

The degree to which lifetime gains will be made 

depends on the repeatability of the character in question. 
However, the usefulnes s of this  parameter is  limited. 

A review of literature shows few studies of the 
relationship of hogget characters - to life-time production 

over a number of generations. 

Two early studies were those of Gartner and 

von Ungern-Stenberg (1938) and Wolf (1951) with, 

respectively, Mutton Merino and Bavarian LandwM·erino sheep 

breeds. Correlation coefficients between yearling and 
lifetime wool production of 0.61 and 0.63 were reported. 



Both concluded that yearling fleece weight formed a 

practical basis for the determination of the average 

lifetime wool production. 

14. 

More extensive studies are those of Terrill (1939) 
w ith 18 years of R ambouillet ewe data, and \Vright and 
Stevens (1953) _ with 16 years of data from R omney and 
Corriedale ewe records . R eported correlation 
coefficients be�veen hogget measure and mature lifetime 
wool average (i . e .  second to fifth year) for fleece 
weight were 0 . 59 (R ambouillet ) ,  0.44 (R omney) and 0 . 72 
(Corriedales) . Wright and Stevens (1953) had adjusted 
their data for lambing performance. Coefficients 
calculated within-year of birth were roughly 0 . 05 higher . 

When hogget data are included in the total lifetime 
fleece weight, the correlat ion involves a part-whole 

relationship. For this measure correlation coefficients 
of 0 . 62 (R omney ' s) and 0 . 84 (Corriedale ' s) were reported 

by Wright and Stevens (1953). 

Terrill (1939) also reported a correlation coefficient 

of 0 . 69 for staple length and regression coefficients for 
hogget measurements on lifetime mature averages of 0.50 

(fleece wei ght) and 0 .61 (staple length). The correlation 
coefficients were highly significant and Terrill (1939) 

considered that yearling measurements appeared to have a 
useful predictive value . for lifetime wool merit . 

More literature has been reported where the interest 
has been on the extent that the performance of ewes could 

be affected by culling ewe hoggets on body weight records. 

Studies by Terrill and Stoehr (1942) with 15 years of 

records on ewes of the Columbia, Corriedale and R ambouillet 

breeds; Purser and R oberts (1959) with Scottish Blackface 
records; Shelton and Menzies (1968) with R ambouillet data 
and Basuthakur, Burfening, van Horn and Blackwell (1973 ) 
involving Targhee and C olumbia sheep, have been reported. 

Shelton and Menzies (1968) results came from 36 years 

of records . Some of their results are reproduced in 

Table 2 along with those of Basuthakur et al. (1973 ) 

because of the similarity of findings . These studies 



showed that yearling body weight was positively related 
to all measures of lamb and wool production . In general 

the relationships were significant · but of low magnitude. 

TABLE 3 
RANGE OF STI�PLE CORRELATIONS ��ONG TRAITS 

From Shelton and Menzies (1968) and Basuthakur et al. (1970 ). 

Yearling Number of lambs Numb er Me an Total Tot al 
Weight born raJ.sed multip]e fleece wool lamb 

births weight product product 
-ion -ion 

Weaning 0. 58 0.10 0. 08 0.09 0.06 0.10 0.06 
weight to to to to to to 

0. 66 - 0.09 0.13 0. 27 0.15 0.10 

YearJJng 0.06 0.08 0.11 0.10 0.07 0. 08 
weight to to to to to to 

0.13 0.12 0.15 0.30 0. 15 0.11 

All analyses were made on a within year-of-birth basis 

with no adjustments of data. Mean fleece weight, as used 
by Shelton and Menzies (1968) represented the mean of a 

minimum of 3 annual weights taken between the ages of 
3 and 7 years. Lifetime production came from sheep aged 

2 to 10 years; removal from the flock being a result of 

death or from normal culling. Approximately 85% of the 

sheep records were from sheep less than 7 years of age and 
45% w ere greater than 3 years . Basathakur et al. (1973 ) 

made their study with ewes born over a 12 year period; 

however they made no mention of age distribution or when 

ewes were finally culled. 

Higher, significant correlation coefficients between 
hogget body weight and the average weight of lambs we aned 
per ewe year for the first 4 lambings were reported by 
Terrill and Stoehr (1942), with Columbias (0.25 ) , 
Corriedales (0.31) and Rambouillets (0.29). It was 

concluded that ewes . which were heavier as hoggets, on 
average wean more pounds of lamb per ewe year during 

their lifetime. This advantage was due more to a higher 

percent of lambs weaned, than to heavier weaning weights . 
A slight

. 
advantage in the lifetime average fleece weight 

in favour . of ewes which had been heavier as hoggets was 



al so shown , but there was practic ally no diff erenc e for 

fl e e c e  lengths . 

1 6 .  

Corre s ponding regre s s ion c o e fficie nt s have been 

re port e d .  Both Purs er and Roberts ( 1 959 )  an d She lton and 

Menzie s ( 1 968 ) re sult s indicate that for 1 kg inc re ase in 

hogget body we�@1t there was 0 . 02 kg incre ase for me an 

fle e c e  weight . She lton and Menzie s (1968 )  indicate that 

f or a 1 kg incre as e in hogget body weight the re was a 

2 . 34 kg increase in t o tal lamb pro duc tion which compare s 

with the previo usly re ported 0 .. 25 kg to 0 . 31 kg ( Te rrill 

and St oehr, 1 942) and 0 . 1 7  kg ( Purser and Rob erts, 1 959 ) 
ye arly ave rage incre as e in weight of lamb weaned. 

Furth er points of intere s t  arise from the s e  studie s . 

Purs e r  and Roberts ( 1 9 59 )  note d that re gre s s ion 

c oefficients , in general , de creased with inc re asing age 

of ewe, s o  that the relationships we re gre at e s t  in the 

first year or tvvo of pro duc tio n .  Terrill ( 1 939)  and 

She lton and Menzies ( 1 969 ) res pectively showe d c orre l ation 

c o e fficients of 0 . 68 and 0 . 67 and regres sio n c o efficients 

of 0 . 72 and 0 . 59 be�ve e n  hogget and mature body weights . 

Gene ral conclusions ar e  that small change s in 

sub s e que nt lif e time produc tion c an be bro ught about by 

increas ing ho gget body weight through s e le ction. The 

effect of increasing the weight by fe eding may b e  quit e  

diff erent . 

E. ESTIMATES OF HERITABILITY 

Estimat e s  of h e ritability for diffe rent trait s of 

she ep have been reported by a l arge number of workers. 

In the ir review of published e stimate s ,  Turner and Young 

( 1 969 ) drew att entio n  to the extreme ly l arge range of 

values for e ach trait . Since e stimat e s  of heritability 

depend on both the ge ne tic and environmental variance s , it 

is no t surprising to have differ ent valu e s  for the s ame 

t rait in diffe re nt flocks, particularly whe n  the flocks are 

s ituated in different e nvironments and have diff e rent 

s e l e c tion histori e s . At le ast part of the large variation 

in values of published e stimate s  is due t o  th e inclusion 



of estimates with large sampling errors. With early 

sheep breeding experiments, poor estimates based on a 

small amount of data were unavoidable. Because of this, 

only estimates pertinent to this study will be reviewed 

here. 

Excellent revie·ws of earlier works are those of 
Morley (1 951) , Rae (1 956) and Turner (1 956) . A summary 
of heritability estimates appear in Tables � ,  2 and §. 

Values of 0.3 or more may be regarded as high levels 

of heritability, those between 0.1 and 0.3 intermediate, 
and those below 0.1 as low (Turner and Young, 1 969) . 

1 .  Estimates for Wool Traits . 

In general, wool traits are regarded as highly 

heritable. From Table 4, the following ranges exist: ­

fleece weight (0.1 1 to 0.84); quality number (0.10 to 

0.47); fibre diameter (0.1 7 to 0.57); staple length 

(0.22 to 0.56) and character (0.12 to 0.39) . 

Estimates by Schinckel (1958) came from strong­

woolled Australian Merinos while 'Morley (1 951 , 1 955a, 

1 955b) ; Young, Turner and Dolling (1 960b); Beattie (1962) 

and Brown and Turner (1 968) made their estimates with 

various strains of medium to strong-wool Merinos. 

Rae (1 964) summarized the available estimates of 

heritability for the Romney breed. He concluded that 

the fleece characteristics other than fleace weight had 
heritabilities of a s imilar order to those found for other 

breeds in other countr ies. The main discrepancy was in 

fJ..eece weight v1here early estimates were substantially 

lower than those obtained for other breeds, particularly 

the Merino . Later estimates, Tripathy (1 966); Lundie 

(1971) and Rae (1 958) were higher . These were in line 
with a fleece weight selection experiment, where 

preliminary assessment of  the progress suggested that 

heritability was higher and t hat useful pro gress could be 

made (Rae, 1 964). 

Fibre diameter has been neglected in most studie s. 

The Australian work shows it to be highly heritable. It 
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TABLE 4 
SOME EST D.'IATES OF HERITABILI TY FOR WOOL TRAI T S  

Breed 

Romney 

Merino 

C orri eda le 
Polwa rth 
Navaj o 

R am boui l l et 

Romn elet 

Vlelsh 
M ount ai n 

Others 

A verage 

F l. Wt Qu. N o. F. D .  St . L .  Ch . 

0.10 - 0.15 0.35- 0.40 0.14 
0.24 

0.16 
0.12 

0.1 7 o .  27 - 0.35 

0.31 

0.32 
0.43 

0.23 

0.39 

0.67 
0.40 

0.44 

0.45 
0.35 
0.42 

0.30 

0.22 

0.14 

0.34 

0.59 
0.11 

0.31 

0.48 

0.29 
0.61 

0.12 

0.36 

0.34 

0.47 

0.32 

0.37 

0.36 

0.10 

0.45 

- 0.50 
- 0. 48 

0.17 0.46 

- 0.22 

0.26 0.24 
- 0.56 

- 0.52 

0.45 0.37 
0.57 0.50 

0.47 0.43 

0.49 0.31 

0.44 0.44 

0.30 0.53 

0.35 0.23 
- 0.49 

0.39 

0.46 
0.25 

0.39 
0.73 

0.44 

0.38 

0.32 
0.37 
0.39 

0.34 0.40 0.40 0.39 

R efer Method of 
- enc e E st;i mat­

i on 

( 1) 
(2) 

(3) 
(3) 
(4) 

(5) 

(6) 

(6) 
(7) 
(7) 

(8) 
(9) 

(10) 

(11) 

( 11) 

( 1 1) 

(12) 
(13) 

(13) 

(14) 

(15) 

(14) 

(16) 

(17 ) 

D . D .Reg . 

Pat.i-s ib­
D . D . Reg .  
Th.t . i- sib. 
D . D .Reg . 
Pat. �sib. 

D . D . Reg .  

Th.t .  i-s:ib. 

D . D . Reg .  
D . D .Reg . 
D . D . Reg .  
D . D .Reg . 

D. D .Reg .  

D. D .Reg . 
D. D .Reg . 
Pat.i-sili . 
Pat.-t- sib. 

Pat. i- sili. 
D. D .Reg . 
Pat.� s:ib .  
D . D . Reg .  

Pat .i-sib. 

Source : (1) McMahQU (1943); (2) Rae (1946); (3) Rae (1958); 

(4) T ri pathy (1966); (5) L undi e (1971); (6) Mo rley 

(1951); (7) M orley (1955a, 1955b); (8) Yo ung et al. (1960b); 

(9) Beattie (1962); (10) Brown and Tur ner (196
.
8); (11) M ullaney 

et al. (1970); (12) Hall et a l. (1964); (13) Basset et al .  

(1967); (14) Vesely et al. (1970); (15)  V esely and S len (1961 ); 

(16 ) D oney (1958); (17) Gj edr em (1969). 



1 9 .  

woul d appear from Table L!- that the heritabil ity of st ap l e  
length is f airly hi gh fo r al l bre eds of she ep repo rte d .  
The h eritab ilit i c s  we re det e rmined under v1ide ly diff erent 
environme nt al condit ions ; henc e  c ons iderable re li ance can 
be p lac ed on the conclusion that staple length is highly 

heritable . 

It i s  of intere st t o  larrow heritabiliti e s  of charac ters 

conc e rned with " qualit y "  of woo l .  Estimates fo r ,  number of 

crimp s  per inch and degr e e  of definition of s t aple crimp 

( charact e r ) , co lour and handle , usually range from 

0 . 3  to 0 . 6  in Merinos (Morley, 1 955b ; Schincke l ,  1 9 58 ;  

Be at tie , 1 962 ; Young e t  al . 1 960b ) . In Romneys , colour 

and character app e ar t o  have a low herit ability ( Rae , 1 9 58 ) . 

Very high heritabilitie s have b e en found for expre s s ions 

of medullation : - 0 . 34 to 0 . 87 (Rae , 1 9 58 ;  Tripathy , 

1 966 ) , 0 . 45 t o  0 . 57 ( Pur ser ,  1 9 63 , 1 966 ) ; and 0 . 67 to 0 . 74 

( Gj e drem , 1 9 69 ) . 

2 .  Estimate s for We aning and Hogget Body Vle i gb.t . 

From the e st imat e s  given in Table 5 it c an b e  s e e n  

that the aver age he ritab i lity e s timate fo r we aning we ight 

is ab out 0. 25 to 0 . 30 with a range 0 . 1 0  t o  0 . 59 ;  and for 

ho gget body weight 0 . 45 to 0 . 50 with a range 0 . 3 6 to 0 . 82 .  

The situati on found by Ch 1 ang and Rae ( 1 970 ) i s  typical : ­

the re is a t endency f o r  th e value of heri t ability to rise 

\vi th incr eas ing age of the individual from we aning t o  

abo ut 1 4  months o l d .  They sugge sted that this trend may 

have re sult ed from a greater opportunity f or the 

individual s  own genetic c ons titution to expre s s  itself 

indep endently of the mate rnal eff e c t s , with increasin� 
int erval s of time from we aning . Erc anbrack and Price ' s  

( 1 972 ) p ap e r  is concerned with the change in expre s s ion 

of genotype with maturity and showed that di stinct trends 

we re evident in magnitude of he rit abilitie s and 

c orrel at ions invo lving b o dy we ight s . 

A differenc e in heritability e stimat e s  for we aning 

we ight betwe en s ingl e s  and twins was rep ort ed by Gj edrem 

( 1 967 ) with e st imat e s  0 . 04 ± 0 . 03 for twins and 0 . 26 ± 0 . 1 4  

f or s ingle s . H e  suggested an environmental diffe rence may 



20 . 

TABLE 5 

SOME ESTIMATES OF HERITABILITIES FOR WEANING V/EIGHT 

AND HOGGET BODY WEIGHT 

Breed W . Wt H . B . Wt Me tho d of 
Estim.a t ion 

Reference 

Rornney 

Merino 

0 . 35 

0 . 30 

0 . 23 

0 . 35 

0 . 45 

0 . 1 0  

0 . 1 8  

0 . 28 

Rambouillet 0 . 27 

0 . 34 

0 . 38 

0 . 45 

Romnelet 

0 . 1 8  

0 . 1 4  

0 . 1 3  

0 . 28 

Corriedale 0 . 59 

Welsh . 
Mountain 0 . 68 

0 . 48  

0 . 51 

0 . 46  

0 . 40 

0 . 47 

0 . 65 

0 . 36 

0 . 09 

0 . 54 

0 . 82 

0 . 62 

0 . 45 

0 . 37 

0 . 59 

0 . 1 6  

Ch ' ang & Rae ( 1 961 ) 

Pat . �-sib Ch ' ang & Rae (1 970) 

D . D .  Reg .  Ch ' ang & Rae (1 970 ) 

Pat • . i-s ib Lundie (1 971 ) 

D . D .  Corr .  Young et al. ( 1 965) 

Pat . �-sib Young et al . ( 1 965) 

Pat . �-sib Pattie ( 1 965a , b )  

D . D .  Corr. Pattie (1 965a, b )  

D . D .  Reg .  Brown & Turner (1968 ) 

D . D .  Reg .  Morley ( 1 955a) 

Pat . i-s ib · Morley ( 1 955a) 

D . D. Reg .  Beattie ( 1 962) 

P t 1 ' b a • 2-s� 

D . D .  Reg .  

Pat . i-sib 

Pat . t-sib 

D . D .  Reg.  

Hazel & Terrill (1 945b) 

Hazel & Terrill (1 945b) 

Basset et al . (1967 ) 

Ercanbrack & Price 
(1972) 

Blackwell & Henderson 
(1955) 

Pat . t-sib Burfening et al . ( 1971 ) 

Pat . t-sib Ves eley et al . (1 970) 

D . D. Reg.  Veseley & Slen ( 1 961 ) 

Full sib 
corr. 

D . D.  Reg. 

Botkin ( 1 964 ) 

Doney ( 1 958 ) 

D . D.  Reg.  Doney (1 958 ) 
(corrected) 
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be the mo s t  imp ortant re as on for the differ ence . 

It is generally conclude d that onc e the environmental 
fact ors have been c orre cted for , then the heritability of 
we aning we i(iht indicat e s  that re as onable gains from s e lection 
c an b e  expected. It app e ar s  that ho gget body we ight is a 
hic;hly heritable charact e r .  

3 . Estimate s  for Number of Lambs Weane d .  

A s  a measure o f  a flock ' s  product ivity i n  rel ation 

to r epro duction rate , the numb'er of l ambs ·we aned per ewe 

j oined p e r  ye ar ,  is the mo st practi cal . When us ing 

"numb e r  of lamb s  we aned 11 as a me asure of .fertility , it 

must be r e alised that this measure has b e en confounded 

with effects as s o ciat e d  with the viability of the young 

and with other factors whi ch are not as sociat e d  with an 

animal ' s  potential reproduc tive c ap ac ity . 

A summary of e stimat e s  of he ritability f or numb er 

of l amb s  we ane d c an be s e en in Table 6 .  Vlhere b o th 

e stimat e s  are availab le .for the s ame .fl ock, the heritability 

of lambs born per ewe j o ine d is usually hi ghe r than for 

lamb s we ane d ,  e . g .  Young , Turner and Dolling (1963 ) . For 

lambs born p e r  ewe lamb ing the e st imat e is in general 

hi gher again , though e st imates are no t on the s ame flock 

( Turner , 1 969 ) . 
b orn , 

For number of lamb s " Young et al .  ( 1 963 )  and Purs er 

(1 965 ) have shown that the age of the ewe aff ected the 

v alue of he ritability . In both c ase s the he rit ab ility 

e s t imate was low for the first l amb ing but for l ater 

l ambings it was suffic iently high to predic t  that the re 

would b e  a re sponse to s e l ection. With Aus tralian 

Merino s , Young et al . ( 1 963 ) found the herit ab ility e s t imate 

ro s e  from 0 . 03 at 2 ye ars of age to 0 . 3 5  at 3 ye ars of age . 

Purser ( 1 965) working with Scottish Black.face and We lsh 

Mountain sheep found an incre ase in herit ability of litter 

size with age , though thi s was significant ( P <  0 . 01 )  only 

in the c as e  of the V/e lsh flock . The highe st heritability 

e st imat e s  were at the third l ambing for the We l sh ewe s  

( 0 . 32 )  and at the f ourth lambing .for the Blackface ( 0 . 31 ) .  
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Similarly Johans son and Hanson  ( 1 943 ; c ited Ryde r 

and Stephenson, 1 968 ) reported a figure for one lambing 
in Cheviot ewe s at 0 . 04,  while if three lambings we re 
considered , heritability for this breed incre as ed to 
0 . 1 8 .  

23 . 

Ch ' ru1g and Rae ( 1 9 70 )  found that the estimates of 
heritability , if c.alculated by daughter-dam regression, 
ro se when they considered the first three lambings 
( 0 . 045 , 0 . 1 1 1  and 0 . 205 ) . However , this was not the case 
if the heritability was calcuiate d  by paternal half-sib 
correlation ( 0 . 053 , 0 . 1 21 and 0 . 032 respectively ) . 
Young et al . ( 1 963 ) als o  found that the heritability of 
the sum of the first two lambinGs was higher than the first 
alone ( 0 . 1 9  ve rsus 0 . 03 )  but vms not as high as for the 
second lambing alone (0 . 35 ) ; corre sponding figures for 
lamb s  weaned are 0 . 09 versus 0 . 03 ,  with second lamb ing, 
lambs weaned heritability e stimate being 0 . 1 5 .  

For the Romney , est imates for number of lambs born 
or weaned ( 0  to 0 . 1 7 )  indic ate it t o  be a lowly heritable 
character (Rae and Ch ' ang , 1 955 ; Ch ' ang and Rae , 1 970 ; 

Clarke , 1 963 ; and Lundie ,  1971 ) .  

F .  ASSOCIATION BE'l'WEEN PRODUC·J:IVE TRAITS . 

In studie s  on the bre eding of farm animals , 
c onsiderable emphasis has been placed on the investigation 
of covariance betwe en traits . Haz e l  ( 1 9Ll·3 ) pointed out 
that a phenotypic correlation may occur for two reasons . 
First some of the genes affecting one character may also 
affect the other character.  Secondly, the two traits may 
b e  correlated because some of the external and internal 
environmental influence s  affecting one may also affect the 
other . 

The phenotypic correlation can be partitioned into , 
genetic and environment al c orrelations . Unless  the 
phenotypic c orrelation i s  separated into the s e  two p arts 
it is impossible to forecast the genetic effects which 
selection will have on a population (Rae , 1 952) . If the 



environmental effects are large they may either mask or 

enhance the genet ic effect s , but only the latter will b e  

demonstrated in the next generat ion· ( Turner and Young , 

1 969 ) . 

24. 

A phenotypic correlation b etwe en two traits the refore 

doe s  not necessarily mean that they have a common genetic 

basis ; i . e .  selection for one character doe s  not alv1ays 

brinG ab out an increase in other characters positively 

correlated with it phenotypically. In fact the opposite 

may occur if the genetic correlation is negative even 

thouGh the phenotypic correlation is posit ive . For this 

to be the case , the environmental covariance between the 

two traits would have to be pos itive and larger in 

absolute value than the negative genetic covariance 

betwe en the traits . 

Estimat e s  of phenotypic and genetic correlat ions 

betwe en wool and body charact eristics in Merinos and 

their crosses  have been given by Morley (1 955a , 1 955b ) , 

Schincke.l ( 1 958 ) , Beattie ( 1 962 ) , Turner (1 964) , Young 

et al . ( 1 965 ) , Brown and Turne:r ( 1 968 ) , Mullaney,  Brown, 

Young and Hyland (1 970 ) in Australia and Bosman ( 1 958 ) 

in South Afric a .  

Estimates  of the genetic c orrelations for wo o l  

traits have been generally s imilar in sign and magnitude 

to the phenotypic correlations for the same characteristics 

(Mullaney et al . , 1 970 ) . 

Phenotypic and genetic corre lations between 

reproduction rate and other traits in Australian Merinos 

have been reported by Young et  al . (1 963 ) and Kennedy 

( 1 967 ) . 

The range of the se co rrelat ion e stimates have b e en 

summarized by Turner and Young (1 969 ) and Turner (1 972 ) 

and those pertinent to this the sis appear in Table 7. 

Turner and Young ( 1 9 69 )  point out that the two s ets 

of e stimates available for correlations between numbers 

of l ambs born and weane d  and some wool and body 

char.acteristics in Australian Merinos , are not in agre ement . 
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Youne; et · al . ( 1 963 ) report positive phenotypic and genetic 

correlations between c;reasy fleece  weicsht and reproductive 

traits ,  the latt er be ing the average for ewes aged 2-4 

years . Kennedy ( 1 967 ) found negative c orrelations in 

all cas e s , vti th l ambinG data on ewes aged 2 years . They 

sucme st that this discrepancy could be due to the diffe rence 

in age , or to diff erence betwe en the two flocks . 

Shelton and Menzies (1 968 ) noted a consistent 

nec;ative relat ionship betwe en f l e ece weight and all 

measures of fertility and lamb ' production in an analysis 

of the as sociation in mature she ep over a lifetime 

performance . Turner ( 1 972 ) discussed the association 

between wool we ight and reproduction rate and drew 

attention to the f act that sometimes the wool  weight 

used in a c orrelat ion has been from a she aring before 

the ewes have been mated ; somet imes it has been from 

shearings at older ages , after the ewes have entered the 

breeding flock. The number of lambs born or weaned has a 

marked ini'luence on the ewe ' s  fleece weight ( for a review 

see Turne r and Young , 1 969 )  and unl ess a correction i s  

applied to  the ewe 1 s vwo l  weight , a negative estimate of 

genetic correlation will be obtained through this 

environmental effect . Shelton and Menzies ( 1 968 ) 

reported that no adj ustments to their data were made . 

The ir ewe records were from ewes in a breeding flock aged 

from 2 to 1 0  ye ars , consequently some error may exis t  in 

their re sult o 

More pertinent to this the sis is  Table 8 summarizing 

the results  of Rae ( 1 958 ) ,  Tripathy ( 1 966 ) , Sumner ( 1 969 ) , 

Ch 1 ang and Rae (1 970 ) with Romney data . 

G .  SELECTION FLOCK RESULTS 

Given the nec e s sary estimate s  of genetic parameters , 

population genetic theory allow cert ain ini'erenc e s  to be 

made concerning the rate of genetic improvement pos s ible 

under specified selection pro cedure . Heritability , 

combined with the selection differeential provide s an 
e st imate of the permanent genetic improvement to be 



TABL� 8 

E STI MATE S 05' G�NE T I C  ( abov e d i aeon a l )  AI;D FH:E��OTY PI C  (ocl o·:i d i agon a l )  

CORRELAT I OnS E,T RO:::l'TEY SP.S� P 

W .  Wt . H .  B .  �.'!t . F "'t I " "T>T • 1 '1  . ... :..u .  � · 0 . F .  D .  S . L .  Ne . L .  W • 

Wean ing Wt . . .. . . . 0 . 74 t o  0 . 3 2  t o  
0 . 90 O . l.j.O 

H o gg e t  o o d �r wt . • • • • • o ; 54 
I 

0 . 1 6 0 .  21 0 . 56 t o  
0 . 8 1 

F l e e c e  w t . 0 . 4 7  t o  . . .  0 . L� 7 0 . 58 0 . 2 5 t o  
0 . 61 0 . L 1 0 

Qual i ty No . Q . 08 t o  -0 . 03 t o  . . . . . -0 . 73 
0 . 2 2 -o . 3 3 . 

F ibr e d i ame t er 0 . 2 9 0 . 53 -0 . 63 . ' . . 0 . 68 

S t ap l e  l ength 0 . 01 t o  0 . 2 2 t o  -0 .46 t o  0 .41  to . . . . 
0 . 24 0 . 5 1 -o . 6 9  0 .48 

Ch ar ac t er 0 . 05 t o  -0 . 0 9  to 0 . 06 to  -0 . 27 tc • • • • • •  o .  26 0 . 27 0 . 38 0 . 20 

No . lambs born 0 . 1 3  t o  0 . 23 . . . 
0 . 1 5 

S ou r c e  : - R a e  ( 1 958 ) ; Tr i p a th y  ( 1 96 6 ) ; Sumner ( 1 96 9 ) ; Ch ' ang and R a e  ( 1 972 ) ; 

Wi c khal}l , R o s s  and C o c kr e m ( unpubl i she d ) . 
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expe cted among the pro geny.  Conversely heritability 

e st imates can b e  che cked by examining the actual changes 

induced in a population , following the application of a 

measured sel ection intens ity . Thi s may be considered as 

a dynamic applic ation of population genetic the ory,  and 

hori t abili ty _e stima tcd in this way has been termed the 

re alized heritability by Falconer ( 1 960 ) . This method 

is perhaps the mo st effective vmy of e stimatinc; the 

proportionate amount of  additive genetic variance ,  and 

in addition is no doub t  the best way of as sessing the 

practical utility of proposed bre eding schemes . However , 

when one or more generations of selection have been made , 

the precise me asurement of the genetic re sp onse actually 

obtained introduce s  several problems . The se are matters 

of pro cedure rather than principle and have been discus sed 

in det ail by Falconer ( 1 953 , 1 960 ) , Henderson et al .  (1 958 ) , 

Smith (1 962) and Hill ( 1 971 , 1 972a , 1 972b , 1 972c ) . 

It is of interest to note  indications of the rate 

that re sponses to  selection in she ep bre eding accumulate 

vlith time ; also the rec onciliation between "realized 

heri t abilities r r  and c orrelated re sponses , to  the 

predictions from e stimated heritab ilit ie s  and genetic 

correlations . Selection experiments are also of value , 

in indicating the biolo gical components of the re spons e s  

achieved ,  and i n  providing mat erial for an experimental 

analysis of the physiological proc esses  that have con­

tributed to any genetic change s produced.  This has been 

extens ively covere d  by Turner,  Brooker and Dolling ( 1 970 ) . 

Aspects of it will not b e  di scus sed here , nor will any 
attempt be made in dis cus sion of result s . This will be 

covered later.  

Peters , Slen and Hargrave (1 961 ) wrote  "reports on 

the effe ctivene s s  of s election for e conomic traits in 

farm animals have generally indicated less  re spons e than 

expected on the basis of e stimated heritability of tho s e  

trait s " .  To some degree  this could b e  due to the accuracy 

of e arly parameter e st imates . 

In emphasizing the importance of environmental effects 
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such as age of dam , type of birth , year of birth , sex 
and age of the animal , Hazel and Terrill (1 945a ) pointed 
out that the selection effectiveness was reduce d  to 
one-half when the records for weaning weight were not 
adjusted for the se effects . Shelton and C&�pbell ( 1 962)  
fom1d heritability est imates  for weaning ·weight by the 
intrnsire regre ssion method ranged from 0 . 1 38 to 0 . 251 
depending on methods of adjusting parent and offspring 
records , and 0 . 264 to 0 . 422 by half-sib correlat ion. 

The better understanding and improvement in correcting 

for environmental effects has meant more accurat e  

heritability e st imes . 

�Vhilst estimates of phenotypic and genetic parameters 

are mainly based on ei7es and wethers , comparisons of 

the se parameters betvre en s exe s has failed to show any 

marked differences betwe en rams and ewes (Young , Turner 

and Dolling , 1 960b ;  Be attie , 1 962 ; Pattie , 1 965Q · I 
Gj edrem , 1 969 ; and the srune e stimates are used f or 

predictions of gains in either sex .  It is  t o  b e  noted 

that Kyle and Terrill ( 1 953 ) found lower heritability 

estimates  in yearling rams than in ye arling ewes  for 

wool we ight and some of it s c omponents ; though 

differences were not significant . If lowered heritability 

e stimates for rams were confirmed ,  predictions of genetic 

progres s  based on evve e stimat es  would re quire modifications . 

In a review of selection the ory and experimental 

re sult s , Cha:pman ( 1973 )  emphasised the importance of a 

control populati on when estimating the genetic shift in 

upward or downward selection l ines . He states  that 

realized he ritab ilities t ended to be smaller than the 

half-sib correlation and o ffspring-parent regres s ion 

estimates  of heritability ; that there was a tendency 

for fitness traits to decline with sel ect ion in e ither 

direction and that genetic maternal effects have played 

a prominant role in s ome experiments . With re gard to 

domestic animals , an explanation for the f act that many 

populati ons do not actually change as rapidly as 

heritability e stimates and select ion differentials indicate 

they should, may be  due to  the heritability not be ing as 



high , and sele ction rarely be ing as intense as thought 
to be . 
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Single trait selection in she ep has , as a rule , 
given re sult s that seem to be  consistent with expectation 
based on heritability and gene tic correlati ons ( Chapman, 
1973 ) . Preliminary results have been reported (Rae , 
1 956 ; Turner ,  1 958 ;  Terrill , 1 958 ;  Purser , 1 963 ; 
Pattie and Williams , 1 966 , 1 967 ) . Longer-term s election 
re sponse for wool and body traits have been analys ed and 
reported in detail in only a few cases . The se have been 
trials with Australian Merino s : -

(1 ) Pattie (1 965a , 1 965b ) analysed results for direct 
respons e to selection for vJeaning v:1e ight and 

correlated re sponses in the productive traits after 
four generations had elap sed ; 

(2)  Robards and Pattie ( 1 967 ) reported on change s  in 
crimp fre quency during five generations of direct 

selection for high aJld lo'.'l crL-np frequency ; 

(3 ) Pattie and Barlow (1 974)  have reported the re sults 
of direct respons e for high and low cl ean fle ece 

we ight after 1 4  years ( approximately 5 generat ions ) ;  
while 
(4) Barlow (1 974) reported the c orrelated re sponses . 

( 5 )  Turner , Dolling and Kennedy ( 1 968 ) have di scus sed 
s election for high clean woo l  weip.;tt with a c e iling 

on fibre diameter and degree  of skin wrinkle from 1 8 . years 
of records ; 

(6)  Mayo , Potter , Brady and Hooper (1969 ) report 
resp ons e to  parti al selection on fle e c e  weight 

after 1 4  years of selection ; 

( 7 )  Turner ,  Brooker and Dolling ( 1 970 ) have given a 
very detailed analysi s  of re sponse to s ingle 

character selection for high and lov; val ues  of woo l  weight 
and its components .  Both direc t  and correlated re sponses  
have b e en reported in 1 0  trai t s  and 8 p�rs of lines for 
hogget characters . 
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Patterns of re sp ons e : -

Although Patt i e  (1965a) had f ound no s i Gnific ant 

s ex differenc e s  in the e st imat e s  o f  herit ab ility , b o th 

the ac tual we ight s and resp ons e s  were more erratic f o r  

rams and they showed l ittle response to s e le ction f or 

high c orre c te d - we aning we ight in the last two ( i . e .  third 

and f ourth ) generat ions . In contras t ,  the ewe s resp onde d 

ste adily and conse que ntly showed a s i gnificant gre at er 

real i z e d  heritability f or corre cted we aning weie;ht ; 

( 0 .  31 for ewe s compared to . 0 .  '1'9 for rams ) .  Estimat ed 

heritabi lities had b e e n  for ewe s 0 . 28 and 0 . 1 8 ,  and for 

rams 0 . 32 and 0 . 1 9 ,  by respectively dam offsp ring and 

p aternal half- s ib me thods of e s t imati on . No significant 

asymme try of r e sp onse o c curred. After 10 ye ars , per·centage 

deviation from the r andom f lock for ew·e s was + 1 8% for 

hlGh and -8% for low we aning vm i ght s e l ection with cumulat e d  
. 

s e le c tion different i al s  of + 50% and -25% r e sp e c t ive ly .  

A s i gnific ant init ial direct s e l e c tion resp onse in the 

exp e c t e d  dire ctions f o r  ho gge t body we i ght was reported by 

Turne r et al . ( 1 970 ) . This oc curred in both s exes and 

symme try was shovm . However ,  continuing downward re spons e 

was gre ater than upward response . 

With e ight p airs of line s ( cl ean wo o l  we ight p e r  head ,  

c l e an wo o l  we ight p e r  unit skin are a ,  b ody weight , wrinkle 

s c ore , fibre diameter , f ibre number p e r  unit skin are a ,  

s t aple l ength and p ercent age clean yie ld ) , Turne r et al .  
( 1 970 ) ob s erve d signific ant init ial dire ct s e l e ct i on 

re sp onse in the exp e c t e d  dire ction f o r  both s exe s in all 

l j_ne s .  There vvere two exceptions ; c l e an wo o l  vve i ght per 

head M inus and perc ent age clean yie ld Plus in ewe s .  There 

was a c onsiderab le variation in the symme try of init ial 

re spons e . Continuing re sp ons e varied c ons iderably. 

Of int ere s t , is that Turner et al . (1970 ) , ob s e rve d  

symmetry f o r  fibre diame t e r  and a high po sitive respons e 

f or wo o l  weight p er h e ad and fibre numb er .  Two l ine s 

( st aple length Plus and fibre numb e r  Minus ) showed no 

c ontinuing re spons e  at all ,  although the initial re sp onse 

h ad been marked ( +  1 2. 8% and -1 4-.4% re sp e ct ively ) . Ewe s 
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in the staple len�th T:Iinus and percent clean yield Plus , 
which had little initial re sponse , showed marked c ontinuing 

response . The sywnetry of continuing re sponse varied ;  

v10ol w·eight p er he ad , fibre diameter and staple length , 

continuinG do\vnward re sponse was greater than upward , 

while upward re sponse trend in f ibre number was variable 

and downw.ard negligible . 

Both Robards and Pattie (1 967 ) and Pattie and Barlow 

(1 974) showed that the patt ern of re sponse could not be 

predicted before s e lection commenced.  

Re spons e to selection was markedly different in the 

crimp Plus and crimp l.'linus flocks (Robards and Pattie ,  

1 967 ) . In the f ormer , ste ady respons e followed selection 

and the overall realized heritabilities agreed well with 

e stimates for a bas e  flock . In contrast the crimp l.:inus 

flock showed a marked initi al re sponse in the first 

generation , with re alized heritabilities of 0 . 96 and 0 . 89 
for ewe s and rams re spectively , but in the following four 

generations the re was a much slower rate of change , 

particularly with rams , realized he ritabilities were 0 . 30 
and 0 . 1 2  re spe ctively.  Previous e stimate s  had shovr.n crimp 

fre quency to be hi ghly heritable , heritability being 

0 . 4  to 0 . 6  (Morley , 1 955�) . 

A marked non-line arity of response to selection for 

greater fleece weight was shown in the re sults of Pattie 

and Barlow ( 1974) . Thi s  neces sitated s eparate e stimates 

for realized heritab ility for the �vo periods , generation 

1 and 2 and generations 3 to 5 .  Good agreement between 

re alized and the oretical he ri tabili"ti i es predicted from a 

combination of s e lection differentials existed for the 

fleece Minus flock and for the first two gene rations of 

the fleece Plus flock. Eeali z ed heritabilit i e s  

re spectively were 0 . 41 and 0 . 59 .  Estimated heritability 

was 0 . 47 (Morley, 1 955a) . However , the re alized 

heritabilitie s after the s econd generation, were 

c onsiderably lov1er in the fleece Plus flock ( 0 . 07 )  and 

response practically ceased despite continued selection 

pres sure . 
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The results of f..'Iayo et al . ( 1 969 ) emphasized the 
importance of ident ifyin5 �enotypically superior animals 
and consequently applying the de sired selection pressure . 
They c om:pured the efficiency of two bases of selection for 
increased wool production. Selection on the basis of an 
index of no t merit computed from measured characters of 
e conomic im:portunce ,  viz . fleece vrei5ht , body style , staple 
length , quulity , yield , and absence of nnde sirable economic 
faults (malformed j avrs , faulty hocks , exce s sive skin 
development ) re sulted in a realized he ritability of 0 . 43 .  
Tb.i s was in ae;reement with heritability estimate (11orley, 
1 955a) . However , the visual appraisal selection metho d ,  
as used by normal c omme rcial methods and o n  s imilar 
standards , only re aliz ed a heritability of 0 . 23 .  

Correlated responses : -

��lere a e;enetic correlation existed ( i . e .  at a 
level of 0 . 2 or higher ) and �h ere direct re sponse o ccUl�red ,  
the:::-e vms in e;oneral a correlated re sponse in the expected 
direction (Turner et al . , 1 970 ; Barlow , 1 974) . Similarly, 
re asonable agre ement in re ciprocal selections for all woo l  
weic;ht components we re found ( Turne r . et al . ,  1 970) . O ne 

exception to the previously reported correlations , was 
that the negative c orrelation betwe en fibre number and 
staple length was not exhibited unde r  selection in e ithe r 
character . 

In only one case , in the study by Turner et al . ( 1 970 ) , 

was a correlated response e;reater than a direct one and 

that was in the line selected for fibre diameter Minus . 

Here an increase in fibre number per unit skin are a  was 
.:) 

slightly greater than under direct selection. It was 
significant that the negative fibre number x fibre 
diameter gene tic correlat ion is the stronge st among tho se 
relevant in the ir s tudy. 

Turner et al . ( 1 968 ) ; Mayo et al . (1 969 ) and Barlow 

( 1 974) found that when clean fleece weight was increased 

by s elect ion, the l argest c orrelat ed resp ons e s  were in 

staple length and fibr,e number p er unit area . This was 

as eX})ected froo reported genetic correlations . 
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Realiz ed genet ic c orrelat ions bet ween we aning 
vT eiG ht s and other tr ait s were re port ed as having values 
betw een est imat ed dam- offspring and pat ernal half- sib 
c orre lat ions, b ut c loser t o  t he dam- offspring f ig ure s 

(P att ie, 1 965b ) . T heir result s, as summariz ed in T able 9 ,  

indic at e some inh eritanc e of mat ernal e ffect s. 

TABLE 9 
SOM.E PHENOTYPIC AND GEIT.ETIC CORRELATIONS BETWEEN 

CORREC TED VlEAJ.l"DIG WEIGHT ·AND O THER CH.A,RACTERISTICS 
FOR MERINO E1'/ES (Patt ie, 1 965b ) .  

C haract erist ic Pb. enotyp ic G enet ic C orr elat ion C orre lat ion Dam- Pater nal. Re aliz ed O ffspring half- sib 

Greasy wool w gt 0 . 1 7  * *  0 . 06 0 . 48  o . os 
C lean wool wgt 0 . 1 8  * *  0 . 1 2  0 . 55 0 . 24 
St aple lengt h 0 . 09 * *  -0 . 1 5  0 . 46 0 . 1 7  
C rimps/ inc h 0 . 01 -0 . 7  -1 . 32 -0 . 1 7  
1 7  mt h body wgt 0 . 65 * *  0 . 93 0 . 50 0 . 72 

F leece weight select ion: -

A sig nific ant init ial direct se lect ion response was 

shO\v n  by Tur ner, et al. ( 1 970 ) . Wit h  rest rict ions impose d, 

Tur ner et al. ( 1 968 ) s howed a fluct uat ing response about 

a st eadily rising line, indic at ing incre as ing ave rage 

fleec e weight of 2 . 6% per annum. Furt her, Mayo et al. (1 969 ) 

c onfir med t hat c lean fleec e weight c an  be incr eased by 

se lect ion wit h a 0 . 23 k g  per head advant age w it h  ' index 

select ion' , c ompared t o  ' visual appraisal' .  S o  did Pat t ie 

and B arlow (1 974) where bot h e we and ram result patt erns 

were similar. Aft er 5 g enerat ions, re sponse for f le ece 

Plus were ap prox imat ely 1 . 0 kg and fle ec e M inus - 2 . 0  kg 

wit h ac cumulat e d  response ( 6 G) e q ual t o  approx imat e ly 1 . 0 

for flee ce Plus and -2 . 0  cJ for f le e ce M inus , and ac cumu lated 

se lect ion differe nt ials of approx imat e ly 5 Y. 

Fe rt ility se le ct ion: -

L ong t e rm re s ponse t o  se le ct i on for numbe r of lambs 
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b orn D.lld we ane d have b o o �  report ed by Turne r ,  IIayman , 

Triffitt and Pruns t e r  ( 1 962 ) ; Turne r ( 1 962 , 1 966 and 

1 968 ) v1ith tho Aus tral i an I'.,le rino ; and by Vlal l ac e  ( '1 958 ,  

'1 964) a..'1d Cl arke ( 1 972)  v1i th t he i�ew Z e al and Romney . 

From s tudi o s  on b arrenne s s  ru1d l&�b survival rat e , it has 

been c onclude d that the mo st pro f itab l e  criterion of 
selection t o  rai s e  reproduc tion rat e  is through s e l e ct ion 

for hish incidence o f  mult ip l e  b irths , Turne r ( '1 968 , '1 969 ) 
and Ch ' anG ( 1 973 ) . Young e t  al . ( 1 963 ) and Clark ( 1 963 ) 
re sult s indi c at e  that tv1innin(j and barrenne s s  did no t 

s e em t o  repre s e nt a simi l ar underlying gene t ic phenomena . 

Turner ( 1 973 ) wrot e  1 1more rec ent inf o rmation ( Ch 1 ang ,  

pers o nal corruaunication) has provide d h i cher e st imates 

fck the herit ab il i ty of survival rat e 1 14 She sugge s ted the 

conc lus ion that s e l e c t i on shoul d be dir e c t e d  to rai sing 

numbe r  of l amb s  b orn rathe r than numb er weaned b e c aus e o f  

the l ow heritability o f  survival rat e , nay ne e d  r evis i o n .  

Suc c e s s  i n  s e l e c t i on f or tvlinnins v:as f irst reported 

by \'lal lac e (1 958 ) . C l arke ( 1 972) reported that in thi s 

s am� flock , from 1 9L�-1 970 , a gradual but errat ic incre as e 

for a l ine s e l e c t e d  f o r  high incidence of twinning o c curr e d  

with an annual r at e  of re spons e at 1 . 75 lamb s born p e r  1 00 

ewe s lambing . Every indi c at io n  that the r e sponse was 

c ont inuing over the l a s t  f ew y e ars was report e d .  Re sp ons e 

was not quit e  s o  e;ood f or number of lamb s docke d ;  howev e r  

a cumulative r e sp ons e v1ith 1 . 5 l amb s  p e r  1 00 ewe s lamb ing 

r e sult e d .  

Similar suc c e s s  has b e e n  repo rt e d  in Merino s 0 2 . 3 

l ?Jnb s  b o rn per '1 00 evr e s  lambing has b e en the annual rate 

of re sponse reported by Turne r ( 1 968 ) .  Selection for 

multiple b irths has l e ad t o  faster r e sul t s  t h an  had gene rally 

b e en thought p o s s ible from e arl ier low e st imat e s  of 

heri t ab il ity . Even more remarkab l e  was a r e sp onse rep o r t ed 

by Turner ( 1 973 ) . The annual increase was '1 0  lambs born 

per '1 00 e�ve s j o ined for a line s e l e c t e d  f o r  high multiple 

birth s , i . e .  trip l e t s  or mo re , when c o mp ar ed to a line whe r e  

s e l e c t i o n  i s  f o r  twin s ; while the diff erence b e �veen twin 

s e l e c t i o n  a nd s ingle s e l ection shov1ed an a..""lllual rate of 

'1 . 2  l amb s  born p e r  1 00 ewe s j oine d .  
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Selection and change s in �enetic p arameters : -

The lonG-term value of bre eding plans depends on 

the c ons tanc e  of the genetic p arameters used in the ir 

construction . One imp ort��t c onsi deration i s  the p o s sible 

effe c t  o£ s e l e ction on e stimat ed herit ability of a 

charact e r  under sel ect ion . S inc e he ritab ility is a 

ratio of addit ive genetic variance and phenotypic variance ,  

chance s in he ritability may ari s e  from chanc;e s  in e ithe r 

of the s e  varianc e s . Brovm and Tu.rner (1 968 ) f ound no 

evidenc e  of any appr e c iab le change of he ritability after 

1 2  ye ars of s e lection for cl ean fleece v1e i ght . They al s o  

co nc lude d that s election can b e  considered t o  hav e  had a 

negligib l e  effect in s o  f ar as phenotypic relationships 

�e c qnc erne d .  This i s  support ed by Turner e t  al . ( 1968 ) 

and Pattie and Barlow (1 974) , the latter writing that 

me an v arianc e s  for ave rage c l e an fle ec e  we ight fluctuated 

with chance s in s easonal c onditions but did not show any 

consi st ent trend.  'The vo.rianc e s  t ended to change in the 

same direction as the means . 

However ,  Brown and Turne r ( 1 968 )  did find s ignificant 

change s  in the e stimat ed genetic correlations b e twe en 

trai t s  from s e lected and uns e le cted sheep . Tne genetic 

c orrelations b e tween 

( 1 )  c l e an wool vre i ght and b o dy weight inc re as e d  

from 0 . 2 t o  0 . 5 

( 2 )  c l e an wool vveight and fibre numb er p er unit 

skin area de creas ed from 0 . 4  to 0 . 0  

( 3 )  fibre number ��d fibre volume increas e d  frQm 

-0 . 5  t o  -0 . 9 , and 

(4)  fibre number and fibre diameter increased 

from -0 . 6  to -0 . 8 .  

Such change s  in gene t ic correlati ons have an import ant 

bearing on bre e ding plans and so in any selecti on programme 

re-e s t imates shoul d be made at intervals of a few ye ars 

(Turner and Young , 1 969 ) . 

Conc lusion : -

The above s e l e ction r e spons es give support t o  e stimat e s  
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of heritab ility and Gene tic c orre l ati ons as parame te rs 

v1hich are of value f o r  pre diction of s el e c ti on resp ons e 

in she ep bre edinc; . H o·weve r , varianc e s  c a..Yl o c cur . The s e  

\vo uld emphas i z e tl;.c importanc e of the ne e d  for large 

numb e rs of animals to decre ase st andard e rrors ; al s o  

the ne e d  for ac curate c o rrec tion o f  dat a f o r  environmental 

effe c t s . Then f o llorJs the ne e d fo r ac curat e re c o Gnit ion 

o f  Genotype s o  that an effe ctive s e l e c ti on differential 

c an b e obt aine d .  
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Ill . SO U R C E 0 F D A T A  

The data studied in the pre sent investiGation have 
been obtained from a flock of Perendales e stablished at 
the Mas sey University hill colmtry property "Tuapaka" ,  
in '1 953 . 

The " Tuapaka ' '  farm has been described by Peren et  al . 
( 1 951 ) .  It is 1 , 050 acres ,  of which 800 acres is  hill 
country ; 270 acres being poor ,  hard , steep hill country. 
The remainin� hill COUlLtry has an easy nature with an 

altitude of up to 700 feet and is regarded as second 
clas s hill country. 

Initial establishment of the flock consisted of 
300 first-c ro s s  ewes sel ected frolJ'l several different 
sources . The se were mated  to first-cros s  rams . On 
attaining a balanced age c omposition of second generation 

sheep , some s election was directed towards prolificacy and 
on e liminating she ep showing excessive hairine s s  and lack 
of "character "  in v;ool .  Selection procedures us ed within 
the flock have varied from time to t ime . 

In '1 96'1 , at the time the Perendale She ep Society was 
founded ,  thi s flock was split , one group being chos en to 
form the basis of a Perendale Stud. The data from 1 961 
to 1 972 are from she ep within the Perendale stud . 

From time to time there has been introduction of 
ewe s , mainly f irst-c ros s sheep . Some rams have been 
introduced from out side studs . On average , rams are use d  
for two s easons . In e arlier years , good rams have been 
used for up to five se asons , but in later ye ars a more 
frequent turnover has b een practised. The se feature s  
favour the as sumption that inbreeding has not been an 
important source of variation in this data. Since the 
flock has been established for a longer period it is 
probably more interbred than most Perendale s tud flocks . 

The flock i s  run e s sentially as a commercial enter-
prise . Normal culling p ractices were carrie d  out she ep 
with visible defects were e liminated from the flock. 
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Few ewes are culled prior to 1 6  months of age . 

Lambs were born in August and September and remained 
with their dams until we aning took :place in December . 
IIogget shearing occurred in Octobe r  while ewe shearing 
oc curred approximately one month later . Lambs were shorn 
in January , consequently the measurements of hogget fleece 
production repre sent only nine months wool grovroh . 

In this analysis the wo ol traits , FLEECE V/EIGHT , 
QUALITY NUIVIBEH , FIBRE DI.AMET�R , STAPLE LENGTH and 
CHARACTER were studied along with LAMB WEANING rlEIGHT , 
HO GGET BODY V/EIGHT and either NUMBER OF LAMBS WEANED or 
LAMBS \'/EA:NED PER E\'TE LM!lBlllG . 

Fle ece weight is  a me asure of greasy-fleece weight 
me asured immediately after the fl eece was removed from 
the sheep ; belly wool was included in thi s weight . 

Staple length , mean fibre diameter and quality 
number were measure d from a midside sample of wo ol 
(Turner ,  1 956 ) obtained from the fleece after shearing. 

Staple l ength was me asured with a rul e .  Since the 
t ip of the staple in Perendale wool tapers t oward a :point , 
the measurement was made from the base of the staple to a 
position midway between the :point where the staple start s  
t o  taper and the ti:p , care being taken t o  not stretch the 
staple unduly. 

Quality number is a visual appraisal of the 
s:pinability and hence fineness  of wool . It is based 
mainly on staple crimp frequency and lustre (Henderson, 
"1 965 ; Wickham , 1 971 ) .  

Character , graded in a range from 1 to 9 ,  was 
as sessed mainly on the clarity and evenne s s  of staple 
crimp , absence of tapering t ip and medullation. 

Mean fibre diameter was determined by airflow method 
(Anderson, 1 954) . The relationship between airflow and 
fibre diameter is not perfect . The s e  e stimate s  of diameter 
will  be affected by other characteristics such as 
medullation and c rimp . There are considerable discrepancie s  



bc-b:1c en pro j ection microscope and airflow determine d me an 

diameters of Cheviots (Vlickham , �97� ) ,  and data for Romney 

sheep have shovm the airflow techriique to be unsuitable 

f or the measurement of individual animal s on account of 

bias ( Sumner and Revfeim ,  � 973 ) .  

Weanin3 weight is the weight of lambs at about 

� 4  to � 6  we eks of age . 

The hogget body weight is the post-she aring we ight , 

usually obtained within two v?"eeks of she aring ; therefore 

the me asurement is at � 4  to � 5  months of age . 

This study make s use of data colle cted over 1 6  
consecutive ye ars from � 957 . For the e stimation of 

genetic paramet ers , hogget records were used plus the 

we aning weight record . The se included 331 3 records of 

half-sibs from 62 s ire s , 1 720 and 665 daughte r-dam pairs . 

In the latter daughter-dam r egres sion analysis the two­

tooth lamb weaning rec ord was also used. Records from 

458 sheep , e ach having one hogget and four consecutive 

adult ewe records , were used f or the hogget-lifetime 

performance study. 

All F1 animals were excluded from the analysis since 

their p erformance �s likely to be affected to a gre ater 

degree by non-additive genetic effects than is  the case 

with the interbreds . Wickham (unpublishe d)  found that 

the f irst cross  animals in this flock were substantially 

higher in hogget live weight , fleece weight and number 

of lambs weaned than were the interbreds . The effect 

of the se non-additive effect s  on estimates of g enetic 

parame ters cannot be predicted with any accuracy without 

some knowle dge of the �ature o f  the gene interactions . 
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IV . E S T I M A T I 0 N 0 F 

A N D G E N E T I C 

H E R I T A B I L I T Y  
C 0 R R E L A T I 0 N S 

A .  IHTI?.ODUCTION 

\Vhcre difference s  be�veen animals are quantitative in 
nature and characters are measured in a continuous scale 
there is intere st in the meru1 value of a metric character 
and in the variance about that mean .  The partitionin� of 
phenotypic variance into s eparate components (as shovm in 
II B )  s erves to explain the derivation of variation betv;een 
animals ,  for a trait , in a population . 

Genetic parameters may b e  e st imated by an analysis of 
the variance and covariance that exists in a population. 
Use is made of the fact that variation from additive 
�enetic effects , arising from the summed effects of 
individual gene s ,  contributes dire ctly to the resemblance 
b etween parent s and offspring . 

The sets of re lative s mo st commonly used for 
e st imating heritability and genetic correlations are 
tho s e  used in this study -

( a )  Analysis  of variance and covariance methOds 

for half-sib s .  

(b ) Parent-offspring analysis using regres sion 
and correlation techniques .  

The rationale underlying e ach method o f  estimation is  
that genetically rel ated individuals tend to  be more alike 
than individuals chosen at random from the same population. 

B .  PATERNAL HALF-SIB ANALYSIS OF VARL\.NCE AND COVARIANCE. 

(Method 1 ) :  All currently available methods for --

e stimating variance components from unbalanced data use 
in one way or anothe r ,  quadratic forms of the observation 

Y = X  /3 + e 
where Y is a vector of observations 

X is a matrix of knovm values 



J3 is a vector of parameters (including b oth 
fixed and random effects ) and 

e is a vector of customary error terms 
(Sear le , 1 971 ) .  

The c ovariance components required in e stimating genetic 
c orre lati ons can be obtained from an analysis  of 
c ovariru1ce by an extension of the procedures used in 
the analys is of varianc e . 
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'.rhe technique used in this the sis was to define a 
model inc luding the effects under study and t o  e stimate 
the el ements in this model by the method of least-squares .  
For each trait , the model v�as 

Y;i k t m = )A + o.. i + � ij + c* + d.1. + e ,v·k. e 'tn  
where ! -

i ::: l . . .. • • p ,  
. J :: I I I " " � 4� y ) 

,t =- 1 • .. •. - • & , m = 11. , J. �< 1. 
k. :: t • • .. • •  -,-

fl ,·j k -i  denotes the number of observations in the 

subclass , 
'/,·j l< f m  is the record of the m fl.. individual ,  born 

in the 1 '" year , sired by the j ..,.;., sire within that 
year with the k �-� age of dam , and reared in the _t /1.. 
rearing rank group . 

){ = the population mean ;  an effect common to 
all records of a trait . 

• A  a = the effect of the 1 "year " clas s .  The 0. .;  
is an effect common to all records of a trait measured on 
individuals bo rn in the i. it. year . 

A
,J
· . • -�� , 11,  

.<.J = the effect of the J sire within the 1 ye ar. 

Cl< = the effect of the k If.  "age of  dam" c las s .  

The age of dam subclasse s  were � .  = 2-year olds ( two-tooths ) ,  
0� = 3-year olds (four-tooths ) ,  a �  = 4-year olds ( six­
tooths ) and a 4  = 5-year old and older ewes (mature ewes ) .  

d.. i = effect of the )!_ t;, "rearing rank" clas s .  There 
were 2 classes·; J.. , = hoggets reared as single lambs and 
d4 = twin lambs . .Any triplets v;ere included in the J.,_ sub­
class because of their very small number. 
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e ;j k .e_ TY)  = random e rror term peculiar to each datum. 

It repre sents the discrepancy betv1e en the actual value of 

a datum and its expected value based on sum of the effects 

stated in the model . This di screpancy is  c aused by the 

effects  of many factors not included in thi s study. 

The 4 ;,; and e i j  t_ l m  were as sumed to be random 

variables distribut ed normally with z e ro me an and constant 
variances . The � �  , ck and d �  are fixed effects in the 

model .  Conse quently , the mode
.
l c an be de scribed as a 

"mixed mode l "  (Searl e , '1 97"1 ) .  

The model could be improved if an age corre ction had 

been inc luded ,  but the e arly data did not include birth 

date s .  Age in days at measurement is particularly 

important for e stimates involvinG we aning weight for 

age contri-bute s  to·wards total variance . T'ne incorporation 

of age correction factors are unlikely to make any maj or 

change in the e stimated genetic parameters . 

Interactions bet·ween main effe cts wer e not included.  

The se v10uld have cons iderably increased the complexity of 

computation .  For :410st purpose s  l ittle error will re sult 

from assuming interactions to b e  insignificant (Yalc in and 

Bichard , "1 964) • 

The efficiency \Vi th which the variance components 

are e stimated dep ends on the as sunption that interactions 

are negligible . Also , non-normality of error terms is 

likely t o  be accompanied by the loss of efficiency in the 

e st imati on of treatment effects for a linear mode l .  More 

s erious though is the pos sible correlation betwe en me an and 

the variance in the data.  No information for this data 

about the se points is available . 

The problem is to obtain unbiassed e stimates of 

varianc e and covariance components for this mixed model 

with une qual subclass frequenc ies . 

Disproportionate subclass numbers always caus e the 

different classes  of effects to be non-orthogonal . This 

means that the different effects - (year , sire-within-year, 

age of dam and rearing rank) cannot be s eparated dire ctly 



without cnto.nc;l emcnt (Ho.rvey , 1 960 ) . In order to free 

the se effc c-i; s from the c n tanc;lement or confoundinc; , it 

is nec e s s ary to res ort t o  s imultane ous consideration of 

all effects . Stat i stical methods have been developed to  

do this o.nd one of importance is  the 1 1least s quares method" 

of D.l1nlysis  originally put forward by Yat e s  ( 1 934) . 

The c;encral the ory inv o lved wi·th usinc least-squares 

procedures in the mixed model vri th unequal subclas s  numbers , 

has been discussed by Henderson ( 1 953 ) ; King and 

Henderson (1 954) ; S e arl e  and }Ienderson ( 1 961 ) ;· Searle 

(1 968 ) ; Gro s smillL and Gall (1 968 ) and Searle (1 971 ) .  
Computati onal tecr...nique s techniques with worlced examples 

arc given by HaYvey (1 960 and 1 970 ) . 

For thi s analysis , a computer progra.r.une was vrritten 

followinG Harvey ( 1 960 , 1 970) to compute the variance and 

covariance components by JJethod 3 (Renders on,  1 953 ) . 
Metho d 3 i s  the mos t  sat isfactory for mixed models when it 

i s  computntional ly feasible because it yields unbias sed 

e stimate s .  This t echnique is  bas ed on the method of fitting 

constants traditionally used in fixed effec t s  models . All 

random effects in the mL�ed model other than the random 

errors , are t emporarily regarded as fixed.  After using the 

method of f itting cons tants to  compute the reductions in 

sums of s quares des ired, due to fitting different subgroups 

of f act ors in the mode l ,  thes e  effects are again regarde d 

as random and the expe cted value s of the computed reductions 

in sums of squares are determined. The se will be l inear 

functions of the variance component s . The computed values 

are e quated to the expected values and the r esulting 

e quations are solved to obtain estimates of the variance 

components .  Similar reasoning is followed in the e stimation 

of the variance component s . 

The expectations of sire and error mean square s  are 

Sire Mean Square = 

Error I:iean Square = 
I 

Sire I'/Iean Cros s-products = C O V  e e + 
. I 

Error Mean Cros s-products = C 0 V e e 

where the prime ( / ) denote s  the corresponding 

cros s-product . 

trait in the 
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.:For both heritability and genetic correlation 
e st imation , the following must be calculated from the 
data,  for each trait . 

( 1 ) n1e coefficient of the variance component K . 
( 2 )  The sum of all the s quared observations 

;(;� Y ,�· k l m  
(3 ) The reduction in Sums of Squares due t o  fitting 

all effects . 

R ( f<- , o.. � · , AJ � j l cl< ) d. .e ) 
(4) The reduction in Sums of Squares due to £itting 

all except effe cts for s ires vdthin year . 

R ( f(. , o. � > ck ) cfe ) 
The sums of squares as sociated with ,d ,·J. i7as computed as 
a difference  be�ve en reduction in sums of squares due t o  
fitting all constants R ( ;A- >  o. ;  1 /.J.J ) [1( , J ..e ) cmd that 
due to fitting all except the � iJ' effect - fZ ( )..{ , a ,  , c,< , J..e. ) • 

For the computat ion of covariance components required 
in the genetic correlati on e stimation, the £ ollowing 
addit ional figure s  must be claculated from the data.  

where 

( 1 ) The sum of cro s s-products 

�/) X i j k  l fY\  Y,·), k _f_ I'Y"\  l J  k {('Y\ • 

-x_ ,·v·K e ,..,... and � ;o.J· f< f M are the 2 traits involved.  

( 2 )  The reduction in cros s-products f o r  £itting all 
constant s except the s ire effects .  

c ( 0- ) o �  l c k  , d 1 } 
( 3 )  Tne reduct ion in cros s-products for fitting all 

constants C ( /(. 1 a� J ,(),J· ) C k J J. .e ) 
For this model the 

ERROR DEGREES OF FREEDOM = Yl . • • •  - t - r - 5 t 2 

where n · · " ·  i s  the t ot al number of records . 

The degrees  of freedom for the "sire-within-year 11 
class = i - p = DEGREES of FREEDOM S , 

Estimation of heritabilitie s and genetic correlations follows 
from thes e  c alculated quantitie s -
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2 . 

LJ . • 

6 .  

EHlWH Sill:lS o f  SQUAllliS 

= 

/_f.. S ( E2J 

ERl10l1 COVlu'1IAIWE = 

SUTtlD of SQUAilliS for S = 

(i . e .  sires-within-years ) 

L'iBAN SQUARE S 

[r'f\ . s er:_ 1] 
COVARIANCE SIRES 

= 

= 
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ERROR SUES of SQUAlTIS 
ERROR DEGREES of FREEDOI.I 

!f:sr!"H"' tj,;J.. i "' - ( (i • , Gi ; , !l.1 , C ;, ) { J 
ERROR DEGRE:;.;s of FREEDOT,: 

R. (;;. , o. ,  > <J •. ; J c1< , J e } - R ( J..<. , a ;  j ck , d l )  
SUUS of SQUARES fo r  S 
DEGREES of FRE:GDOI.1 S 

C 0 ,  o. ;  . ,J 'J. } C,, , d  f ) - C ( .u , a ·  , C . cl i ) 
DEGREES of FREEDOI.l S 

The sire-vli thin-year variance component 

= D . S . (S) - ll . S . (E) 
K 

The s ire covariance component Cov il x  ;,:J!J 
= COVARIANCE SIRES ERROR COVARIAHCE 

K 
Error variance coDp onent equals me an s quare error , 

i . e .  

Heritability 

Consequently 

= M . S . (E) . 

= 4_ [ �ir�-·,v i thin -ye a r  v r1 r i 8 n c e  c?mn o:r. en t] slr e-rn th 1 n -year er r or v ar l ance ' 
t + v ar l ance c o mp onen c omp onent 

I> = 4 (""�:· a  • .  ) 
and the genetic c orre lation 

= 

,/ () x."l..,o • Oy '.o ( . \ The steps involved in the computation of R lA ,a , )  J.,j ) cl( , d  � ) 
!<. (,U)o. ; , C 1<, ,  d1.. ), C (.(AJa ;J �.j ,ex ,  h) and C (j.{ ) o. ;  J c,< , d.e)  appear in more 

detail  in Appendix I. Appendix II shows the calculation 

of the coefficient K. 
A 

· The approximate s amp ling error of h� was derived from 

the c orre sponding intra-clas s correlation based on the formula 
/':'-

given by Falconer (1960). The sampling error of � was 

compute d  using the method described by Tallis (1959). 
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0.1ethod 2 )  

Several methods of c stimatin� heritability m1d 

genetic correl ati ons are bas ed on parent-offspring 

covariance . The method used  in this the sis i s  similar 

to  tho.t used by Ch 1 a11g and Rae ( 1 970 ,  1 972) . The 

recres sion of dauchter on drun ignoring sires was us e d .  

46 .  

rrhis me thod re quired the as sumption that sires used 

constitute a random s ample of·  the population of sires , 

matincs are at random, and all s ire groups are run to gether .  

\'lith the s e  as sumptions , bet·aeen sire components in the 

covariance analysis have zero expectation and the analysis 

is simplified by ignoring sires and calculating the 

regres sion coefficient directly (Turner and Young, 1 969 ) . 

To calculate the regression of daughter on dam, the 

records were initially s orted into groups according to  

the daue;:hter 1 s year of  birth . \'/i thin each formed year of 

birth group , the records v:ere further subdivided depending 

on the dam ' s birth ye ar , the dam ' s record being repeated 

for each additional daughter.  If any subgroup contained 

less  than thre e pairs , the subgroup was excluded .  

In a subgroup so  formed, the dams were all comparable 

for ye ar of birth , and the daughters for ye ar of birth and 

age of dam. In addition , the data of the daughter , being 

already comparable for age of dam , were corrected for 

rearing rank , whereas those  of the dam were c orrected for 

age of dam and rearing rank. No adjustments were made for 

' 'number of lambs weaned " .  The correction fac tors applied 

to the data were tho se e stimated in the paternal half-sib 

analysis . 

Because e ach f emale is mated several times in her life , 

she usually has a number of offspring even \vhen multiple 

births are uncommon. Consequently some bias to  the e stimates  

may result . Turner and Young ( 1 969 )  discussed  three ways of 

e stimating heritability in such cases . In .this analysis , 

the regression of individual offspring on parent , repeating 

the parent value as many times as there were offspring, was 

used.  Kempthorne and Tandon (1953 )  pointed out that this 
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would b e  val i d  only if the c orrelat ion amonc; the off spring 

of o. po.rent ne re z e ro . 'rhi s  i s  not qui t e  the c a s e , c on­

s e quen t ly thi s  pro c e dure mo.y not b e optimal in the s ense 

o f  minimum v ariance . li'ror11 the s tudi e s  by Bohren , I!lcKe an 

nnd Y cunada ( 1 961 ) an cl EcKe an and Bohren ( 1 961 ) it i s  

:::> u r  :cc �; t c cl  that o. s e :riou �; lorj :::; of e ffi c iency i n  e :::; t imo.t e s  

of hcrito.b i l ity b o.s e cl  on the effe c tive ro.n(j e in numb er of 

off spring per drun e xpe c L "!d in the :p.:;:-e s e nt dat a ,  in unl ikely 

t o  o c cur .  The val u e s  o f  h eritab i l ity fom1d usinG the 

re l at i onship b e twe en do.uGnt e r . and da:n the re f ore , wore 

not v e rif i e d  by the rie i ghte d  re Gre s s ion method p rop o s e d  

by Kemptho rne and Tando n ( 1 953 ) . A s imilar approach v1as 

f o l l owed by Ch ' ang ancl Rae ( 1 9 70) and Bro\Tm and Turner 

( 1 968 ) . 

Like in the p a t e rnal half- s ib analysi s , only we aning 

v1e ight , hogg8 t body vm i ght and hoge;e t  wo ol trait s \7ere 

analys e d .  Be c ause of the re quirement of e qual numb e rs 

for the c omput ati on of c ovarianc e s  betVJe en trai t s , the 

only r e c ords u s e d  we re thos e  wher e al l trai t s  in the 

study were pr e s ent . As a cons e quenc e  of cul l ing o r  

f ailure o f  some ho gge t s  t o  l amb as a 2-ye ar o ld , the 

numbe r  of re c ords availab l e  vms gre atly reduc e d  by adding 

the trait numb e r  of lamb s  we a..."le d  per ene l amb ing (LVI/EL ) .  

Cons e quently two runs we re made . The f irst ignor e d  us ing 

LW/EL so e nab l ing the d e gr e e s  of fre edom of the s ample t o  

b e  much great e r  than when LW/EL was inc lud e d .  

The term L1.'l/EL dif f e rent i at e s  the di fferenc e b e twe e n  

one o r  tv1o lamb s only . Be c aus e the data from e vre s h aving 

z ero l amb s we ane d we re i gnored , thi s term has a different 

· me aning to the normal ly u s e d  def ini tion of 1 1numb e r  of lamb s  

we ane d 1 1 which different i at e s  b etwe en 0 ,  1 and 2 l amb s .  

Thi s  lat t e r  t e rm i s  us e d  in the h o gget-lif e time ewe 

perfo rmance s tudy ( se c t i on V ) . 

A c o mpute r  programme was �1ri tten to c arry o ut the 

analys i s . The sums of s quar e s f o r  the daught e rs and dams , 

the c ro s s -produc t s  b e twe en them and the de gr e e s  o f  free dom 

wer e c ompute d  within sub group s  and the n p o o l e d  to f ind 

the heri t ab i l it i e s  and gene t i c  c o rrelations . 
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The formula used for the e stimation of heritability 
of the · -!1-. 

trait 1 was 
A 

( 
__.....---._ 

) h �  2. 
c o v ( x ; tj, ) 

=- "' '2.. l Ux i  
where cov ( x ;  tj '  .. ) = c ovariance between dam 

and daughters record for the 
· 1!. 

trait ; l 
;z. 

and , Ux · - variance of the dams record . , 

The formula used for the e stimation of genetic 

1 t .  f 1 , 'f1,_  f'l... corre a -�ons or a 1 combinations of the 1 a<''ld J 

traits was 

ca v (x; IJ; ) + c ov (xJ· '-j ; ) 
::( 

1 CDV ( ;x. ;  ij i  J • Cov (X.j tjj J 
where :::C = dam 1 s rec ord ; 

· � = daught e r • s record ;  

and , 1 an d  j r�fer to the /;' and .J -11., trait . 
"""=<-

The standard error fo r h .  was comuuted from a formula ) 4 

given by Falconer ('1960 ) while the approximate s tandard 
"""' 

error for �· . was c ompute d  by a formula developed by ... 
Reeve ( 1955 ) for a large s ample . 

Phenotypic correlations were also estimated using 

the covarianc e s  and variance s  e stimated by this programme .  

The formula used was 

/ �".· 
2 

u !i  . Ciyj 
In an att empt to gain some knowledge 

reasons for the discrepancie s between the 

into po s sible 

genetic and 

phenotypic c orrelations , environmental correlations were 

claculated using the formula given by Searle (1 961 ) :  

7' -= ( I� - -r JhH I �(1 -A ) (; - H )  
where -r '  i s  the environmental correlation b etween 

two traits ; 

R is the phenotypic correlation c alcul ated 

by the . daughter-dam regre s sion me thod ; 

� is the genotypic correlation , c alculated 

from the same data and method as and 

h and H repres ent the heritab ility e st imates 
in the narrow s ense of  the two traits o 



:�:l C -I t 'l t.yp j_ c , [; e n c t i c  n ;,r_l r; m;i i'O Tlffi C Dt al , \"! [). [)  "! er i v ed i n  
T . c ' l ' lJ C' l' ( 1  r.:30 ) n_ cd_ w� t h e m c t < o<J of' ;Ja th co cff i c j_ cnt G . 

'i , ' l h; t i c -c n v i r o n inc J-rL :-; 1 i n t c:r · r� t i o n ::;  n r e  a ::· rm nc d  Z 8 :r o . 

4 0  - . 



1 . Env i r o mnc n t ::t l  F.:ff' r:: c t s  

Tll e c s U. m .> t c s  of e :1v i r o n mr. n t o. l  e f f e c t s cxpr· e s s e d 
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:-1 :::; d cvj_ n U  on ::; ::':' r· o r:J tf1 c over al l· me .'J.r. , t o 0 r:: th cr ·:t i tr. tl; ei r 
s t nn d nr d d ev i a t i ons d er iv e d f r o m  th e e r r o r  m e a n  s �unre , 

f or e :J. ch tr a i t , 8 I' ·3 IJr e s ent ec in 'I' :: r; l e  1 0 . 

�h e r e s u l t s  ar e i n  Gen er al a cr e e m c nt w ith o t her 
pub l i s h e d  e s t ima t e s . 

A r, e  of d o. 111 anc1 r e ar in g r ank eff e c ts : -

Th e e s t i m r-J. t e s  :C' or -,·, ool t:.." n i �c s  st ovt th n t  t :l-.e inf lu enc e , 
of d a m a na r e nr i n g  r ank ar c l o0 c ompa � e d t o  the y e a r  

ef:f:' e c t s . 

a c c ount e d  f o r L�T� of t h e  t o t al v c.r i n t i on i n  �r e a s y  f ;t e e c e  

� e i gh t , 35� i n  f ibr e d i a o e t c r  nnd � �� f or s t ap l e  len�th ;  

u n :-:n mvn s our c e s  of V fl r i !l. t i on '.·ie r c  r e sp ons ibl e f or a l ar g e  

l)Y' Op or t i on o:E' the t o t a l  v ar i et ti on , p ar ti cu l a r l y  f or s t npl e  

l e ng th . Tr i p a thy ( 1 966 ) r ep or t ed th e eff e c t s  ag e of d am 
ana r e ar i�g r ank we r e  n e gl i g ibl e f or th e s e  t r a i t s . 

F or t h e  w o o l  tr o i t s , t h e  pr e s e n t  e s t i m a t e s  of a g e  of 

d am a n d  r e ar ins r ank ar e l ow e r  th a n  th o s e  r ep o r t ed by 
Tr i pa th y  ( 1966 ) , p ar t i cu l a r l y  f or f ibr e d iame ter . I n  

g e ner al , the m a t er nal h and i c ap of l i t t er s i z e  i s  gr e a t er 

tll a n th a t  of a g e  o f  d am ( Turn er and Y oung , 1 969 )  a s  i n  

t he pr e s ent d a t a . 

Th e m a gn i tud e a nd s i gn of t h e  r e a r in g  r ank eff .c c t on 
h o ge e t  f l eec e w e igh� a r e  c on s i s t en t  w i th tho s e  f or R o mney 

d a t a  r ep or t e d  by Tr i p a th y  ( 1 966 ) ; E i ght a nd Jur y  ( 1 971 ) 
one Ba l�e r e t  o l . ( 1 974 ) bu t l o'.'Ier t h an Lund i e ( 1 971 ) and 

th e R o nmey x Bor c e P  Le i c e s t er F3 a a t a  of H ieh t an d Jury 

( 1 971 ) ;  and � n· e  ·,-, i thin th e r aEg e r e v i e ,'/ ed by Turne r and 

Y oung ( 1 969) . 

Th e d i f f er e nc e  b e tw e en the m n ture and 2-ye ar old age 



TABLE 10 
ESTIMATES OF ENV IRONMENTAL EF:?EC·rs 

W .  Wt Hgt B . VIt F .  Wt Qu . No . F .  D .  S .  L .  Char . 
(kg ) (kg ) (kg ) (,u) ( cm )  

Mean 22 . 8  37 . 3  2 . 4  52 . 24 30 . 98 1 1 . 75 5 . 03 
S . D . 3 . 0  3 . 9  0 . 4  1 . 9 2 . 22 1 . 43 1 . 1 2  

Year of Birth 
1 957 -0 . 21 -0 . 1 6 -0 . 02 1 .  23 0 . 29 0 . 27 0 . 42 
1 958 -3 . 43 -4. 30 -0 . 47 1 . 70 -2 . 3 2 -0 . 4-5 0 . 88 
1 959 1 . 85 1 . 24 -0 . 20 0 . 78 -0 . 76 -1 . 39 -0 . 35 
1 960 1 . 92 1 . 32 -0 . 1 1 1 . 1 1  -1 . 04· -1 . 57 0 . 46 
1 961 1 . 33 -2 . 39 0 . 25 0 . 70 -0 . 93 0 . 36 0 . 92 
1 962 -1 . 1 6 0 . 35 -0 . 20 1 . 64 -1 . 48 -0 . 57 0 . 1 8 
1 963 -1 . 90 -0 . 42 0 . 28 0 . 86 -0 . 06 . 0 . 97 0 . 03 
1 964 -2 . 21 -3 . 08 0 . 1 5  -1 . 26 0 . 1 3 1 . 1 1  0 . 28 
1 965 -2 . 67 -L�. 38 -0 . 03 -0 . 67 -0 . 44 0 . 57 0 . 40 
1 966 -0 . 83 - 2 . 44· -0 . 1 5  -0 . 65 0 . 62 0 . 1 7  -0 . 53 
1 967 2. 1 0  -2 . 46  0 . 38 -0 . 46 1 . 54 1 . 87 -1 . 37 
1 968 0 . 88 4. 87 0 . 46 O . L� 2 . 38 0 . 07 -1 . 1 0 
1 969 1 .  71 2 . 87 -0 . 25 -0 . 66 -0 . 51 -0 . 76 -0 . 32 
1 970 0 . 44  2 . 58 -0 . 25 - 1 . 72 0 . 29 -0 . 58 1 . 25 
1 971 -0 . 53 1 . 48 -0 . 1 3 -1 . 1 5  -0 . 35 -0 . 39  0 . 36 

Age of dam 
2-'yr -0 . 95 -0 . 68 -0 . 04 -0 . 07 -0 . 1 0 . 0 . 01 -0 . 03 
3-yr -0 . 04 -0 . 05 o . oo 0 . 00 -0 . 02 -0 . 01 o . oo 
4-yr 0 .49 0 . 30 0 . 03 0 . 02 0 . 20 0 . 01 -0 . 02 
Mature 0 . 49 0 . 43 0 . 01 0 . 04 -0 . 07 -0 . 01 0 . 05 

I 
I Rearing rank ' 

. Single 2 . 1 0 1 . 06 0 . 06 0 . 1 0  -0 . 03 -0 . 1 0  0 . 07 \.Jl _, 
Twin -2. 1 0  -1 . 06 -0 . 06 -0 . 1 0 0 . 03 0 . 1 0 -0 . 07 

-�� 
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of dQI!l e ff e c t  on thc;ir off sprinc; ho c;c;e t fle e c e  vre icht i s  
l e s s  th o .. n half the s i z e  of tho.t e5ivc;n by Turner tmd Younc 
( 1 969 ) G..ncl th o s e o f  o the r pub l i s l.1e d l�e\'1 Z e aland v10rks 

rri th two exc ept ions . Eo eff e c t  was r ep ort e d  by Bake r et al . 
( 1 9 7LJ-) ancl a ne c;ative r e sult vrith a larc;e standard error 

1'/D.S rep ort ed vri th the Rmnney d at a  by Hi cht G..Jld Jury ( 1 971 ) .  

In !1.1 erino s the l owere d  c l e an  f l e e c e  vre ight in tvrins 

<J . .ncl th e  pro geny o i'  two-ye ar o l d  ewe s v1as due mainly t o  a 
l ov1ered t o t al f o l l i c l e  nu111.b e r  ( Turne r , 1 961 ; Dun and 
Grewal , 1 963 ) . Thi s diff e rence ar o s e  fror:! a de f i c i ency 

in se condary fo l l ic l e s . The remai:'linc di fference in wool 

v.re i cht may be at tribut ab l e  t o  l m'ler b o dy s i z e  or o the r 

f ac tors l owerinc the output p er f o l l i c l e  ( Ryder and 

Stephens on , 1 968 ) . In a s tudy of wo o l  foll i c l e  deve l opment 

vri th Ronneys , Sur:ill.e r  and ';':i ckhan ( 1 970)  ob s e rve d no 

not i c e ab l e  e f f e c t s  o f  age of dalll a t  we aning or hogget 

she aring . A s ignifi c ant b irt�1 rank effect o n  the 

s e c ondary/primary f o l l i c l e  ra-;:; i o  was re corde d at \7e a.."lir..g . 

'J:1he ir r e sults indi c at e d  a del aying of s e condary f o l l i c l e  

maturation among the ti·rin ani!::lal s ,  but th i s  d e l ay was only 

trans ient f o r  by one year of age a s imilar s e c o ndary/prima�J 

r atio was ob s erve d .  

Re sul t s  f rom thi s dat a indi c at e  that the nature o f  

the eff e c Jc s  o f  re arinc; rank and age o f  dam o n  f l e e c e  

we ight f o r  Per e ndal e s  comp ared t o  M e rino s and Romneys , 

may b e  int e rmediate for tho s e  in the s e  tyro l at e r  bre e ds . 

It i s  of int e re s t  that in thi s s tudy s ingl e s  have 

heavi e r  f l e e c e  we ight s , improve d characte r ,  shorte r  s t aple 

l ength and f ine r wo o l  (based o n  b o th mean fibre diame t e r  

ru1d qual ity numb e r ) . S imil ar r e sult s o c curre d  in ho gge t­

lif e t ime p e rfo rmance r e l ati onship s , exc ept that no 

differenc e o c curr e d  for v10 o l  f inene s s . 

Tne r e aring rank eff e ct s  on f ibre diame t e r  and s tapl e  

l ength are opp o s i t e  t o  Trip athy ( 1 966 ) but ar e  in agre ement 

with ewe hogget r e sult s o f  Lax and Brovm ( 1 967 ) • . The 

10\vere d t o t al f o l l i c l e  numb e r  of t wins coul d  p e rhap s  

exp lain the s e  re sult s . Lax and Brown ( '1967 ) obs e rved an 
inc re as e d  (p < 0 . 01 )  numb e r  of f ibre s p e r  mm2 f or single s .  
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The ir c o nc lus i on ,  that OD.tput p e r  follicle , as e st imated 

from fibre di o.me t c r and staple loncsth , is sli�htly higher 

in the tnins but no t h:Lc;h cnouc;h t o  c om:p e ns at e  for the 

d c c rc o. s c d  numb e r  o f  f o l l ic l e s , may app ly to s he ep in 

ti LL :::; f> tudy . J3u"c for ru1y c o nc lu s i on it must be appre c iat ed 

that re arinc; rank ef f e c t s on sta}J l e lenc;th and f ibre 

diw�et e r  arc no c;l igiblc . Al so , s t ap l e l enc;th i s  no t an 

ac curate indi c at o r of avc r ac;e fibre length ( 1.'Tnan , '1 972 ) . 

The vJO o l  b c o.rinc; are a fo r t\lrins i s  expected to be l e s s  than 

s inc;le s and thi s is supp o rte d by the r e aring rank eff e ct s  

o n  ho ��ct b o dy vre i ght vrhcre a 2.  '1 k g  diff er ence f avouring 

the s inc;l e s  o c curred . 

The e s t imat e s of age of darn and re ar ing rank on 

vre aning o. . .nd ho c;c;et b o dy vre i c;ht s shovr that tvlins and the 

proc;eny of younge r err e s  are lic;ht e r .  The s e  are thouc;ht 

to ref l e c t  the prm7e anine; r.1at e rnal handic ap ( Ch 1 a.."lg and 

Rae , 1 97 0 ) . The ir s ic;n �"ld magnitude are in ge ne ral 

agre ement v;ith th o s e  f o und in other bre ecis (Turner and 

Younc; , '1 969 ) and vtith tho s e  studie d under New Z e al c.nd 

c onditi ons (Ch ' anc; and Rae , '1 96'1 , '1 970 ; Lundie , '1 97'1 ; 

Hic;ht and Jury , 1 97'1 ; Baker e t  al . ( 1 974) , but age o f  

dam effects  are s mall e r  than in previous lTew Z e al and 

s tudie s .  

In the p res ent dat a a difference of 4- . 2 kg in bo dy 

wei ght b e tween s inc;l e s  ancl twins at vre aning was re duc ed 

t o  2 . 1  kg at the hogge t age . When c omparinG 2 ye ar-old 

and mature age of dam e f f e c t s , a 1 . 4-4 kg diffe rence at 

we aning was reduced to a 1 . 1 1  kg difference at hosget age . 

Tt.e se  indicate tha"c after weaning some comp ensatory grovtth 

o ccurs with animal s mate rnally handic app ed by both effects . 

Thi s  i s  at varia..."lc e  vri th the f indings of Ch 1 ang and Rae 

( 1 970 ) who shovred age of dam e ff e cts  tended t o  remain 

undiminishe d well beyond v1e aning . Ch ' ang and Rae ( '1 970 )  

p re sumed that the age of dan effect on w e aning ·weight vms 
insuffic i ent ly s ever e , c omp are d  with typ e of b irth and 

re arine; effect to trigt3';er p o s t-\•7e a..."ling compensatory grovtth. 

Thi s stat ement has s ome support when age of dam e ff e ct for 

two-ye ar and thre e-ye ar ev;es ar e  comp ared. The small 

three-ye ar ewe handicap remained v1hile the larger handicap 
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\'Ji th the tvro-ye ar da..rn. has b e en re duc e d .  

If s e l ection v1as prG.c tised f o r  r1e aning v1eic;ht and/ or 
we ic�ht of lo.mbs vw ancci , correction factors \'!Oul d ne ed to b e  
applied ( Shelton and Campbell , 1 962 ; Young e t  al . ,  '1 965 ; 
Pattie , 1 965a) . This is ru1 accepted pract ice . For example , 
the Nat ional Flo ck Hecordinc Scheme adds 4 . 5 kg f or a tvrin 

lo.mb roared as a twin , 2 .  3 kg for a lamb b orn to a tv10-year 
o ld and 0 . 9  kg for a lamb . born t o  a thre e�year o ld ewe . 
Re sults from thi s the sis sno':r ?- 4. 2 kg differenc e  bet·we en 
sinc;le s  and tv1ins v1hich agrees quit e  l'lell v:i th the National 
Flo ck Re cording ScheJTie 1 s  corre ction factors . However , the 
Nati onal Flo ck Re c o rdinc; Scheme ' s  corre ction factors for 
ac;e of dam effects riOul d over-c orre ct the data in thi s study . 

The diff erenc e between mature e·,·,es  and "bso-ye ar and thre e­

ye ar e17e dams v1as 1 . 4 kc and 0 . 5  kc respectively . 

At the hoge;ot age , the re arinG rru1k and age of dam 

effects are of  VG.ryinc practic al si&�ific anc e .  Turner 

( 1 961 ) calculated the influence on genetic progre s s  ��d 
current produc tion in v.rool  neight . It v1as f ound t o  b e  
ne gligible vrith the magnitude fow1.d i n  i.Ierino s ,  but 
sele ction on 1.7o ol  \7e ight alone c otl ld result in differential 

culling of twin lamb s . 1."ll1en s e lection is practi sed at the 
hogge t age , corre ct ions fo r ro aring rank and the pro geny 
of tVJo-ye ar o ld dams on hogc;et body ·weight and fleece  

weic;ht data are the only· c orre ctions that should gene rally 
de s erve att ention . Without the se c orre ctions , gains from 
s e l ection for shorn fleece  weight and/or hogget body weight 

may be affected becaus e : 

( 1 ) a l owering in genetic sele cti on different ial \70uld 

o ccur if cenetical ly s uperior animals ·were culled 
b e c aus e of the ir lowered phenotypic value for e ither body 
weight or fl eece  weight due t o  the handicap of b e ing 

reared as a tvrin o r  by a 2-ye ar old ewe . 

( 2 ) the s e  r e j e ctions would in effect be  select ion against 

twinning if the s e  a.nimals happened to  be t-..vins . 

(3 ) re j ection of the pro geny of t\7o-ye ar old ewe s will 
t end to incre ase the generation interval and de crease 

genetic me rit s inc e the s e  ruLimals wo�ld have a higher 



sene ration nUl!lber than the progeny of older ewe s . 

The maternal effects considered are also environ­

ment al c omplicati ons in e stimatin� genetic parameters 

and a p o int for considcro..tion is , should e stir:1at e s  of 

�enc tic p arame t e rs b e  made on data adjuste d  for the s e  

environmental influence s .  Adj us tments  for maternal 

handicap lowers the environmental fraction of the 

varianc e ruLd s o  incre as e s  the he rit abi lity e st imate . 

Genetic gain pr edicted from such adj usted heritability 

values ·wou ld b e  over- e st imat e d  in flocks where birth 
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data are not available  and c orre ctions for the handicap 

c aa�ot be made . Becaus e it is the relat ive size of the 

parameters and the sign of the genetic relationship which 

are of importance ,  their us e for corre ction i s  generally 

justifi e d .  

In this analysis no distinction i s  made betwe en twin 

born lamb s reared as sinGle s and tho s e  reared as t1vins . 

Hor V! ere adjus-cments made for age . Heritability 

e stimate s  should be made with the end use in Llind and 

under extensive hill cou�try conditions where Perendales  

are usually graz ed an d  �� easy-care management policy 

followe d ,  the date of birth and any �vin de aths may not 

be known. 

Ye ar effects : -

The results are as exp e c t e d .  Hov1ev3r , a point of 

practical value arising is that quality number shows a 

c o arsening trend from 52/54 1 s to 50/52 1 s  over the data 

collection period but fibre diameter r emained about the 

same over the 1 5-ye ar period .  The se  e stimate s appear in 

Fig. 1 .  In earlier ye ars the fibre diameter trends are 

clo s e ly in line vath quality number but are inconsistent 

after 1 964. 

This may indic at e  a response to s election .  The 

influence that sel ecti on pro cedures have on changing 

the fibre diameter/quality number re lationship with a 

Romney flock was reported by Wickham (1971 ) .  For thre e 

sub-flocks ( selection of she ep ent irely (1 ) at random; 

( 2 )  f or heavier fleece s ; ��d (3 ) t owards open faces ) 
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report e d  quality numbe r  did no t relat e  to similar change s 

in fibre diamet er . 

It is evident from Fig. 1 that wide divergenc e can 

exist behveen fibre diameter and quality number . The 

relationship betwe en quality number and me an fibre 

diameter of individual f l e e c e s  within a c l ip is not s trong 

(Wickham, 1 971 ) .  Whan and Paynter (1 967 ) report ed that 

48% of the variation in fibre diameter within flocks is 

as s o c iat ed with diff e renc e s  � apprais e d  quality numb e r .  

The average f ibre diame ter wit hin f lo cks varie s  with 

s e ason and l eve l of nutrition . Rob erts ( 1 970 ) reported 

how the s ens itivity of di ameter to lmver nutriti on 

r e sul ted in a diameter much l e s s  than woul d have b e en 

exp ected from the visual qual ity number appraisal . 

Previous re sul t s  rep ort e d  by Sumner and Vlick.ham ( 1 969 ) 
had sugge s t e d  that a change in s tocking rate may have 

aff ected the relati onship betwe en quality numb e r  and 

fibre diame t e r . They cons idered that this effect was 

apparently due to the wo o l  b eing more lustrous at the 

higher stocking leYe l .  

The 1 969 s e as on ' s  me asurements indic at e a favourable 

s e as on nutriti onally , for ho gge t body weight was 4. 87 kg 

above the me an ,  and ho gge t f l e e c e  wei ght 0 . 46 kg above 

( Tab l e  1 0 ) . The revers e  trend is evident in the 1 958 
and 1 965 ye ar of birth re c ords ( Fig . 1 )  whe re hogge t  

body we ight and fle e c e  we i ght are b e l ow the me an .  

The re sul t s  o f  the 1 968 ye ar of birth (Fig .  1 )  may 

support the findings that "nutritional eff e c t s  c ause a 

gre ater change in :fibre thiclme s s  than in s tapl e  crimp " 

(Rob erts and Dunlop , 1 957 ) . But any such eff e c t  with 

th e pre sent data would �nfer a s trong re lati onship between 

staple c rimp and quality numb e r .  Qual ity number in gre asy 

wo o l  is define d in t erms of s e veral wool attributes 

(Ryder and Stephens on ,  1 968 ) . Trade e stimat e s  of quality 

numb e r  are mainly influenc e d  by the 

in gre asy-wool stap l e s  (Lang , 1947 ; 
1 960 ; Hopkins and Vfuit eley , 1 973 ) ; 

fre quency of c rimp ing 

Dunlop and Young , 

with reliance also 



on lust re ( Vlicldlrun , '1 97'1 ) .  Cons e quent ly this inf e r enc e  

do e s  no t s e em unre asonab l e . 
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A genetic p o int of int ere st i s  hm7 di ame t e r  c an  b e  

s o  r e sponsive to e nvironment al chan�e s  a�d ye t qual ity 

nwnb e r  s o  ins ens itive to the m .  Rob e rts and Dunl op ( '1 957 ) 

c ons i der that normal s e l e ction pro c e dure s  prac t i s e d  on 

11erino s aim in e ach f l o ck at an ide al crimp fre quency 

( qual ity numb e r )  v1hi ch has an int erme diat e value . 

S e l e c t ion t O\'Jard thi s  in s e o.s c:ns of varying nutriti on 

woul d , to s o me extent be e f f e c t ive f anily s e l e c t i on f o r  

s mal l re sp ons e t o  environment al variat i on . I f  the re i s  

l it tl e  gene tic c orr elation betv1een r e sp ons e s  t o  environ­

ment in the two trait s , the pre s ent environment al 

s t ab ility of criE� and l ab i l ity of di amet e r  may have 

re sult e d .  A s imilar s e l e c t i on prac t i s e  c ould have 

appl i e d  ove r a long p er i o d  in th e p arent Romneys and the 

pre s ent Pe rendal e f l o ck as quality nunber has probably 

always b e e n  a s e l e ction criterion . 

Thi s  re sult indic at e s  that if f ibre f inene s s  i s  an 

ob j e c tive of s e l e c t i on ,  the n  f 8 r  accurat e evaluat i on , 

me asure d  f ib r e  di ruae t e r  i s  e s sential . It further 

hi �1lights the diff iculty for accurate ident if i c ation 

of geno type from phenotyp i c  expre s s s ion and the ne e d  t o  

c o ns ider environment al c o rr e ct ion f act ors . 



2 .  Heritability Estimates . 

59 ·  

The estimate s  of heritability calculated by both 

paternal half-sib (Method 1 )  and daughte r-dam regression 

(Method 2 )  analysis , along with their standard errors and 

de Gree s  of fre edom appear in Table 1 1 . 

Accumulated heritability e stimates  were estimated 

for various intervals over the total years of the 

daughter-dam re �re s sion analysis . The se re sult s appear 

in two sets of graphs (Fig. 2) . Estimate s  in Fig. 2A 
come from ewe ho gget records before hogget selection has 

oc curred .  The 1 971 e stimates are tho s e  accumulated 

over the full time period as present ed in Table 1 1 . 

Re sults in Fig. 2B include the trait LW/EL from the 

two-year old ewe performance and consequent ly doe s not 

include data from ewes that were e ither culled or failed 

to  lamb as a tiTo-tooth .  · 

It c an be see n  that 

(1 ) these  heritability e stimates are in close 

agre ement to the average of the heritability 

estimates reviewed in Tables 5, § and 2;  

(2)  the s tandard errors are low c ompared with their 

corresponding heritability e stimate s ;  and 

( 3 )  differences in the he ritability estimates exist 

between the two methods of e stimation. 

The stru1dard errors may be considered low in comparison 

to the heritability e stimates and the standard errors for 

other studie s .  This was to be expected b e c ause of the 

l arge number of observations and the closene s s  to  optimum 

family size for experimental evaluation of genetic 

p arameters (Robertson, 1 959 ) . Cons e quently errors 

due to sampling may be considered small and reliance 

may be plac e d  on the se e stimates . 

The accumulated e stimates from the daughter-dam 

regre ssion analysis  shown in Fig. 2A and 2 B would 

indic at e  that at le ast 500 degrees of freedom were required 

before estimates become consistent . The consistency of 



TABLE '1 '1  

HERITABILITY ESTIMATES 

Method '1 
Trait 

Paternal half-sib 

± S . E .  

\Veaning wt 0 . 20 0 .. 008 
Hgt body wt 0 . 27 0 . 0'1 0  
Fleece wt 0 . 32 0 . 0'1 0  
Quality No . 0 . 26 0 . 009 
Fibre diameter 0 . 54 0 . 0'1 4  
Staple length 0 . 49 0 . 0'1 3  
Character 0 . 23 0. 009 
LW/EL* 

No . of records 

Paternal half-sib 33'1 3 
Daughter-dam regression '1 720 p airs 

D-D regres sion LW/EL 665 pairs 

60. 

Method 2 

Daughter-dam 
regres sion 

± S . E .  

0 . '1 6 0 . 045 
0 . 44  0 . 028 
0 . 30 0 . 034 
0 . 31 0 . 035 
0 . 47 0 . 0'1 6  
0 . 35 0 . 038 
0 . 23 0 . 032 
0 . 03 

£_. f .  

3'194 
1 65'1 

604 

* Repre sents  number lambs weaned from those  ewes 
weaning lambs . 
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re sul t s  in FiE. 2A fro re 1 968 on ( 1 1 85 d .  f ) add ·we i ght t o  
t h e  ac curacy o f  the s e  herit ab ility e st imate s . 

An exar.1ina·c ion of the dif f e r enc e s  b e tv1e en the 

hcrit ab i l i  ty e stimat e s  ob t aine d  by the tvJO :w.e tho ds o f  

e s t imo.t ion i n  r e l ation t o  their s t andard errors , suc;c;c s t s  

f l e e c e  rlc ic;ht that the diff o :::·cnc e s  for v1e aning vreic;ht , 

and quo.l ity numb er are no t s i c;nificant . 

exi s t s  wi th ho g[;e t  b o dy v.re icht , s t ap l e  

A r eal diff er enc e 

le ngth and fibr e 

diam e te r .  

A r e c o gnis e d  diff erence b e twe en the daught e r-dam 

regre s si on metho d and the p at ernal half- s ib me tho d  is 

that mat ernal eff e c t s  may c ontribut e to the f o rme r 

whe r e as the l at"c e r  do e s  no t contain varianc e due to 

mat ernal eff e c t s . 

Mat e rnal e ff e c t s : -

The influence of a dam on her off spring is due to 

b o th gene s transmitt e d  and by the mate rnal envirmJ.Inent 

provide d during the suc klin3; p e ri o d ; the l at t e r  :w.ay in 

it s e lf b e  p art ly he ri t ab l e . Cons e quently , there will b e  

o n e  genetic and one environmental inf luenc e . The environ­

ment al influenc e o f  s ome of the maternal e ff e c t s  such as 

re aring raruc and age o f  dam have b e en c o rr e c t ed for in 

this analysis but o the r maternal e ff e c t s  may b e  pre s ent 

and includ e d  in the h e r i t ab il ity e s timat e . The s e  may 

c aus e additional r e s emb l anc e  b etwe en dau�hte r  and dam ,  

p articularly for we aning age me asurement s . 

Po s t-we aning me asurement s  may al s o  b e  aff e c t e d  by 

the pre s enc e of c arryov e r  mat.ernal effec t s . Ch ' ang ru1.d 

Rae ( 1 972) sho\ve d that c arryover mat e rnal e f f e c t  had made 

a small and in mo st c as e s  ne gli gibl e  contribut ion t o  the 

e s timat e s  o f  herit ability of p o st-·we aning l i  vev1ei ght 

m e asureme nt s . A s imil ar o r  smaller contribution may 

the re f o re b e  exp e c t e d  on o ther ho gge t trait h e ritab ility 

e st imat e s .  

The magnitude of the varianc e due to mat e rnal effe c t s  

included in the heritab il ity e s timat e wil l dep end on th e 

c o rrelation b e tween 11mat e rnal abi l ity 1 1  and _ the expre s s ion 

of the p articul ar trait in the dam ( Doney , 1 958 ) . The 



role o f  this c o rre l ation i s  quit e indep end ent of the 

herit ab il ity o f  that trait . 
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The pr e s enc e of mat e rnal effect s , if gene t i c al ly 

c ontro l l e d  wil l c aus e furthe r bias . Ko ch and Clark 
( '1955)  sho\'led the o.s �um:ption that environmental varianc e 

i s  UJ.1c o rre lat e d  to c;cnc t i c  variance may not b e  app ropriat e 

if the trait i s  subj ect to a:.r1 influenc e of 11at e rnal 

environment vrh i c h  i s  it s e lf he ri table . 0','ren ( '1 957 ) 

obtaine d  an e stimat e  o f  0 . 50 + 0 . 07 fo r the heritab il ity . -
of milk produc t i on in ev1 e s  vrhich wo uld suppo rt the the ory 

that mat e rnal ab i l ity is inh e rit e d .  A her itab i l ity e st imat e  

for mat e rnal e ff e ct at ·we aning o f  0 . '1 2  ± 0 . 06 v1as fou...'l.d by 

Gj e drem ( '1 967 ) . Additi onal evidence for gene t i c  variation 

in mat e rnal p e rf ormance c o ne s from cro s sbre eding experioents 

(Ho ltmann and Bernard , '1 969 ) . 

As a cons e quenc e , a c omp lic at e d  situation with 

s eve ral c o ef f i c i e nt c omp onent s of the daughter-dam eo­

varianc e exi s t s  when dir e c t  and matcrr..al eff e c t s  are 

conside re d , vri tn even mor e e:-:::isting wb.en dir e c Jc ,  mat ernal 

and grand mat e rnal eff e c t s  ru:·e c o nsidered ( \'iillham , 1 972) . 

The s e  v1i l l  aff e c t  both b.eritao i l ity e s timate s and the 

frac t i on of the s el e cti on different ial re aliz e d  (Willham , 

'1 963 ; Ch ' ang , and Rae , '1 972) . 

In theory it is p o s s ible t o  e st il1at e the mate rnal 

contribution t o  par ent- o f f sp ring c o rrelati on a s  the 

dif f e renc e b etvre en the e st imate d additive gene t i c  variance 

by the two dif f e rent methods . In prac t i c e  s ampling errors 

may confus e  the comparison. However the o re t ic al considerat­

ions would sugge st that if mat ernal e ff e c t s  are present 

then d aughter-dam re gre s s ion e s timate s would b e  b iased 

upwards in re lation to thos e  by p aternal half-sib 

· analysis . 

The heritab ility e st imat e s  for weaning v1eight by 

the daught er-dam me tho d  have b e en gre ater than thos e by 

the p aternal half-sib method when estimates by both 

methods have be en rep ort e d  (H az e l  and Terril l ,  1 946b ; 

Pattie , 1 965a , 1 965b ; and Young et al . , 1 965 ) . In this 

study and that of · Ch 1 ang and Rae (1970 ) , weaning weight 



heritability e s timate s  are smal ler for daught er-dam 

reGre s sion analys is ( s e e  Table 1 2 ) . Although standard 

errors do not permit mrucing an accurate interpre tation 

of the re sult , the cons istency betwe en the s e  two re sult s 

may c onfirm thi s appar ent diff erenc e . 

TABLE 1 2  
COMPARISON OF RESULTS OF CH 1 ANG Alill RAE ( 1 970 ) 
AND OF THIS THESIS FOR WEANING V/EIGHT AUD HOGGET 

BODY rlEIGHT HERITABILITY EST D�IATES . 

Method 1 Method 2 
Pat ernal half-s ib Daughte r-dam regres sion 

We aning vrt Ho gge t body Weaning wt Ho gget body 
wt wt 

Re sults 0 . 20 + 0 . 01 0 . 27 + 0 . 01 0 . 1 6  + 0 . 05 0 . 44  ± 0 . 03 - - -
Ch ' ang 0 . 30 + 0 . 1 2  0 . 51 + 0 . 1 2  0 . 23 + 0 . 1 1  0 . 46  + 0 . 11 and Rae - - - -
(1 970 ) 

This re sult may sugge st the possibility o f  a negative 

genetic corre lation between the direct and mat ernal 

effect on we aning weight for Per endale s .  Many studie s  

in dome st ic mammals have sugge sted a negative gene tic 

corre l at ion b e tween dir ect and mat ernal effect (Willham , 

1972) . Ch ' ang and Rae ( 1 972) reported a negative gene t ic 

corre lati on b e tween maternal effect and we aning we ight 

of the order -0 . 76 for Romney she ep . If a negative gene t ic 

corre la·!Jion exist s it wo uld not be po s sible t o  s tate in 

det ai l  the c ons e quence s of s e l e ction for we aning we ight . 

The large st differenc e  ( 0 . 1 7 )  that exis t s  b etwe en 

the he rit abil it i e s  e st imated by the two me tho ds is for 

hogge t body we ight . Carryover maternal effects may have 

made a small contribution to the daughter-dam re gre s sion 

e stimate ( Ch ' ang and Rae , 1 972) . A further po s s ib ility 

is that the p at e rnal half-sib corr elation is b iased due 

to s e l e ction. 
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Sele ction eff ects : -

Selection of sires  is  considered a p o s s ible re ason 

for estimates by the paternal half-sib correlation method 

beinG lower than thos e found by the daught er-dam regression 

method ( Gj edrem , '1 969 ) . Thi s dovm.Vlard bias increas es  

vlith increasinG heritability and intensity of  sele ction 

(Ronningen , '1 972a) . Following Ronningen ( '1 972a) , if 

direct s election was for hogget body weiGht , then at 

the obs erved herit ab ility e stimate of 0 . 27 and with 

5�'� of rams being s ele cted , a ne gative bias of -0 . 1 0  to 

-0 . 20 is not unreasonable . However , for any bias to 

have been pres ent due to this cause , it would have to 

be as sumed that the choice of rams was in effect selection 

for hogget body weight . As the re was no int ended selection 

for hogget body vmight , any bias pre sent c an  be regarded 

as small . 

It has pr eviously b e en mentioned that little 

sele ction had taken place prior to the age of collection 

of thi s  data. Natural deaths and the little culling of 

lambs that may have occurred would caus e a small negative 

bias according to the degree that the se cause s  may be 

cons idered as selection of progeny on body weight . 

However , this bias would be about the s ame siz e  for 

both methods of es timati on (based on deductions from data 

pre sented in Ronningen '1 972a , '1 972b ) . Also , any bias to 

the dauGhter-dam regress ion e stimate due to selection of 

dams would be minimal for a heritability estimate of this 

s i z e  and expe cted degree of selection intens ity applied.  

The effects of selection in biasing heritabiliti e s  

estimated by the daught er-dam regres sion analysis has 

b e en rep orted by Ronningen ( 1 972b ) . Some support for 

this b ias may be indicated from comparison of the final 

heritabilitie s shown in Fig. 2A and Fi5. 2B . The 

diff erence betwe en the two figure s is due to records 

be ing excluded from the data for Fig. 2B of tho s e  ewes 

that had hogget records but were either culled before 

entering the breeding flock or failed to rear a lamb to 

weaning as a 2-ye ar old. Consequently , a portion of the 
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differenc e s  in hcritQb i l i t i e s  may b e  due t o  s e l e ct i o n .  

Caut i o n  in drav1ing c onc lus ions though ari s e s  f o r  the 

s e c ond sampl e is a subgroup of the daught e r-dam s amp l e  

u s e d  previously . 

Of int ere s t  i s  the unexp l aine d trend pre s ent in 

l"iG. 2A and Fir; . 2B f o r  character and al s o  the dif f e rence 

in f inal hc rito.oi lity e st imat e s  for 11e aning weight 

( 0 . � 6  cmd 0 . 09 ) , hoc;r:;et b o dy weight ( 0 . 41� a."ld 0 . 28 )  

and charact e r  (0 . 23 ru1d 0 . 0.!.�5 ) . Further , i f  e st imat e s  

in Fir;. 2B are b ias ed dovmvmrd , then s imil arly it may 

imply the p o s s ibil ity o f  t he e s t imat e  for Ll'f/EL is 

b i as e d dovmward . 

Estimat e value s : -

If individual s e l ec ti on i s  to b e  of value , pheno­

typic differenc e s  w�ong individual s  must b e  hi Ghly 

h e r i t ab l e , a."ld he ritab i l it y  will ne e d  to b e  gre at er than 

0 . 2 b e f o re it c an  b e  c o ns id e� e d  as having a hich value , 

( Turner and Young , � 969 ) . TJe y c o ns ide re d that hi gh 

l evels of he ri t ab ility v;ere "tho s e  gr e ater than 0.  3 ,  

int erme diate levels of he ritab i l it y  '.'Tere tho s e  in the 

range o f  0 . �  t o  0 . 3 , and l ov; value s were tho s e  l e s s  than 

0 .  � .  

Using the s e  value s t o  expre s s  the magnitude o f  the 

her itab ilit ie s c alcula:t e d  in thi s the s i s , the f o l l owing 

applie s :  

( � ) hogget b o dy wei&"l1t , fle e ce vre ight , fibre di ame t e r  

and staP l e  length have hi gh leve l s  of herit ab il ity ; 

(2)  we aninG weight , quality n��b er and charac te r  may b e  

re garde d a s  having medium to lmv he ritab il ity ; and 

( 3 )  LW/EL has a negl i gib l e  he ri tabi l i ty . 

C9mp aring the s e  e s t imat e s  wi th tho s e  e s timat e d  from 

Romney data ( Rae , 1 958 ; Tripathy , � 966 ;  Lundie ,  1 971 ; 

and Ch ' ang and Rae , 1 961 and 1 970) , the s e  e stimat e s  are 

very s imilar for f le e c e  VTeight and s t aple length , l o·wer 

for we aning weight , hogge t b o dy we ight and quality numb er, 
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vvhile tho.t f o r  fibre dia.t:to t er i s  highe r .  

Be c ause no c o rre c t i o ns f o r  age at rre i ghings vm re made , 

this vroul d c ontribut e  to &'l. e rr o r  ( Bl acl0:re l l  a.Ild Henders on , 

1 955 ) and C O'-lld o. c c oLL.'l.t fo r the l o '.7e r  hGri t ab i l i  t i e s  f or 

\'le aning and :p e rhap s h o c;s e t  b o dy v:e i c;ht f o und in thi s  study 

c o:r:tp are d  t o  tho s e  o f  Ch ' anc; o.nd RaG ( 1 970 ) ·whe re o.c;e 

corre c t i ons we re app l ie d ( s e o  Tc.bl2 1 2 ) . 

Re sul t s  hc;re , like tl"2.o s e  of Ch ; ang �1.d R.ae ( 1 970 ) 

and othe rs ( s e e revien) show p. tigher heritab i lity fo r 

hoggot b o dy vre i ght �'The n  c om:y m ... e d  v1ith the h eritab il ity 

o f  vre anine; v1 e i ght . Thi s  diff e renc e  is considered t o  ari s e  

from the e;re ater opp ortuni ty f o r  ti:..o individual ' s  Ol'iil 
genet; i c  c onstitution t o  expre s s  i t s e lf independently from 

th e mat e rnal e ff e c t s  ( Ch ' ang and Rae , 1 970 ) . 

It has p revi ously b e en nenti onc; d that f ib r e  diameter 

data was obt ained by the air f l on nethod rrhich has 

as s o c i at e d  e rro rs c omp are d t o  th e :pro j e c tion micro s c op e  

method from -,'!hi e h  o tne r e s t inat e s  have b e en c on::pute d .  

Hov:ever the e st imat e in tt.i s s tudy c o::-J.pare s 1:i t:O. f ibre 

diarne t e r  heri t ab i l it i e s  e st inat e d  fro:::!l L:erino and o the r 

fine v10 o l  bre e ds . 1.ne only e s t imate for Romneys ( 0 . 1 7 ) 
by Trip athy ( 1 966 ) is very much l ovwr than any o ther 

e stimat e s  and give s doubt to it s ac curacy . 

No o ther rep ort e d  heritab i lit i e s  exi s t  f o r  th e trait 

LVI/EL f o r  2-ye a.r o ld e1ve s .  A standard error could no t 

be c al culate d  f o r  the c o mput e d info rmat ion and as it is 

exp e c t e d  t o  b e  re l at ive ly l arge comp ared with the 

c orr e sp onding he rit C1bility e s timat e , only t ent at ive 

conc lusi ons c an b e  made ab out the statistic . Hovrever , 

the value i s  s imil ar  t o  o th er e st imate s for numb e r  o f  l amb s  

v1e aned f or 2-ye a.r o ld performance .  Like the Ronme y , it 

can b e  eJ...rpe c t ed that v1i t h  t h e  Perendale , fertility i s  a 

charact e r  of l ow he rit ab il i ty and that dire ct s ele ction 

for genet i c  improvement c an b e  e A� e c t e d  t o  be relatively 

slow. 

In c onclus i o n ,  there may be some diff erenc e s  b e�;e en 
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the he ritu.b i l ity c ::> timat c s  in t h i s  the s i s  and t b.o s e  of 

pre vi ous Romney e s t imat e s . But in al l c as e s the standard 

e rror s  \'/ill al s o  vary . It is difficult in pract i c e t o  

e st imat e the diff e renc e t e tv1e en he rit ab il ity in a synthetic 

bre e d  ( like the Po rendale ) and tho s e  o f  it s p ar ent al 

b re eds (Romney and C�nevi o t s  in ti.}. i s  c a s e ) with acc eptable 

p re c is ion in o rder to predict f uture :p e rformanc e at"'1.d 

c ompare nor::. ..; s  o f  th e bre e ds c onc e rne d .  �'f.o.en herit abilities 

have b e en e st imat e d  i n  new bre eds , the ir value s v1ere n o t  

found t o  diff e r  f r o m  tho s e  in · the ir parental bre eds 

( Lope z-Fanjul , 1 974) . 



3 .  As sociation Between Traits . 
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The gene tic , phenotypic and e�vironmental correlat ions 
obtained in the analyse s  are pre sented in Table 13. The 
genetic correlations e stimated by the two methods (paternal 
half-sib correlat ion and dauGhter-dam regre s sion) are 
presented s eparately with their standard errors . 

The r e sults from this analysis will be discus sed 

bearing in mind that it is the genetic correlations that 

are of primary intere st . The ,phenotypic and environmental 

correlations have been calcul ated to provide support ing 

infoi'Ill.ation. 

It can be s een that 

( 1 ) the standard errors are relatively high ; 

( 2) difference s  in the genetic correlation e stimates  

exist  betwe en the two me thods of  e stimation ; 

( 3 )  some phenotypic correlations are not in agreement 

with the range of genetic c orrelations ; s ome 

negative environmental correlations exist .  

The results will . b e  discus sed with reference t o  thes e  

points . 

Standard errors . 

The s tandard errors of the genetic correlations 

( excluding those for associations involving LWjEL are 

all relatively large compared with the corresponding 

estimate . 

\�ere magnitude and s igns of the e st imated genetic 

correlations by the two methods are in agre ement , then 

conclusions may be considered with more confidence .  

The large s tandard e rrors may account for differenc e s  

in many o f  the associations . With some other factors 

must be c onsi der ed .  

The standard errors o f  the genetic correlat ions 

involving LVI/EL are hig:P, . Cons e quently ,  no reliance 

may be p laced on their value . 



Traits 

Hgt 13 .  Wt X 
VI . V/t 
Char . 
s .  L. 
F.  D .  
Qu No . 
F . \'lt 

Fleece  Vlt x 
VI . Vlt 
Char . 
s .  L.  
Qu No ;. 
F .  D .  

Fibre D .  X 
V/ . Vlt 
Char . 
s . L.  
Qu No . 

QuaUty No . x 
w .  Vlt 
Char . 
s .  L .  

Staple L.  X 
VI . Wt 
Char . 

Character x 
w .  Vlt 

Tli BLE 1 3  

ASSOCIATION BETi7EEN TBAITS 

Gene t i c  

Pat . 

0 . 1 3 
-0 . 4-7 
-0 . 06 
-0 . 02 

0 . 37 
-0 . 07 

0 . 01 
0 . 52 
0 . 76 

-0 . 4-8 
0 . 4-3 

-0 . 32 
. 0 . 09 
0 . 53 

-0 . 46 

-0 . 40 
-0 . 1 3  
-0 . 63 

-0 . 1 9  
0 . 47 

-0 . 24 

1 " b  -�·- S l  • 

+ S . E .  

0 . 1 4-
0 . 20 
0 . 1 5  
0 . 1 4-
0 . 1 5  
0 . 1 5 . 

0 . 1 6  
0 . 1 7  
0 . 1 7  
0 . 1 6  
0 . 1 4-

0 . 1 5 
0 . 1 4-
0 . 1 4-
0 . 1 5  

0 . 1 7  
0 . 1 6 
0 . 1 6  

0 . 1 5  
0 . 1 9  

0 . 1 7  

Correlation 

D-D .  Re g. 
± S . E.  

0 . 66 0 . 1 0  
-0 . 31 0 . 1 1 

0 . 22 0 . 08 
o . oo 0 , 08 

-0 . 1 0  0 . 09 
0 . 18 0 . 09 

0 . 27 0 . 1 5  
0 . 32 0 . 1 2  
0 . 44 0 . 06 
0 . 09 0 . 1 2  
0 . 4-4- 0 . 07 

0 . 1 5  0 . 1 3  
0 . 1 0 0 . 1 0  
0 . 31 0 . 08 

-0 . 27 0 . 1 1 

-0 . 1 7  0 . 1 6  
0 . 4-4- 0 . 1 3 

-0 . 41 0 . 1 5  

0 . 30 0 . 1 5  
0 . 03 0 . 1 2  

-0 . 21 0 . 1 9  

No . Lambs Vleaned x 
\7 . Vlt -0 . 4-7 1 . 1 1  
Hgt B .  Wt +0 . 80 1 . 41 
F .  Wt ' 

- 0 . 4-7 0 . 87 
F . D .  0 . 4-0 0 . 63 
Qu No . -0 . 86 1 . 23 
s . L .  0 . 23 0 . 62 
Char . -0 . 88 1 . 97 
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Correlations 

Ph en o - Env i r on-
typ i c  mental 

0 . 4-4- 0 . 08 
o . oo 0 . 14-
0 . 1 3 0 . 06 
0 . 1 5 0 . 1 2  

-0 . 03 -0 . 04 
0 . 39 0 . 1 2  

0 . 21 0 . 03 
0 . 23 0 . 03 
0 • Ll-4- 0 . 00 

-0 . 1 6 -0 . 1 1  
0 . 50 0 . 04 

0 . 04- -0 . 04-
0 . 1 2  0 . 01 
0 . 34 0 . 02 

-0 . 26 0 . 03 

0 . 01 0 . 05 
0 . 1 3  0 . 1 1  

-0 •. 45 0 . 01 

o . oo 0 . 10 
0 . 1 0 0 . 03 

0 . 04- 0 . 06 

0 . 1 0  0 . 04 
0 . 08 0 . 1 1 
0 . 04 -0 . 05 
0 . 02 -0 . 06 
0 . 02 0 . 1 1  
o . oo 0 . 03 
0 . 03 0 . 08 
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The large standard errors are expected because of the 
lov; parent off sprine; c ovariance for LW/EL . Vlith a 

heritability e stimate o f  0 . 03 for LW/EL , large numbers 

of parent-offspring pairs would be require d to narrow 

the confidenc e  intervals that can be placed on the 

e stimate . 

Because no relianc e  may be placed on the gentic 

corre lation estimat es invo lving LWjEL , no further discussion 

will be entered int o .  

Phenotypic correlations . 

Many of the phenotypic corre lati ons fall into the 

negligible rru1ge defined by Brovm and Turne r (1 968 ) as 

-0 . 2  to 0 . 2 . Foll owing Brovm and ��ne r ( 1 968 ) , tho se 

outside this range may be summarized as  follows : 

High ne gative 
( -0 . 6  ru1d over )  

Medium negative 
(�0 . 4  to -0 . 6 )  

Low negative 
(-0 . 2  to -0 . 4) 

Low positive 
( 0 . 2  to 0 . 4) 

Medium positive 
( 0 . 4  to 0 . 6 )  

High pos itive 

(0 . 6  and over) 

• •  

• •  

• • 

• • 

• •  

• •  

None 

Quality number with 

staple length 

Quality numbe r  with 
fibre diameter 

Fl eece we ight with weaning 

we ight , hogget body weight 

and character . 
Fibre diamet er with staple 
length . 

Hogget body we ight with 

weaning weight . 

Fle e c e  weight vdth fibre 

diameter and staple l ength. 

None . 

The sign of the se phenotypic correlat ions and in 

general the sizes , are similar to tho se reported in 

Tables 7 and §.. 



It is of interest that the phenotypic correlations 
botvve cn hoggot body vJGight and other t raits are lower 
than the report ed Romney figure s but are clo sely in line 
with those for the Merino breed. Significant among the se  
are the medium-sized pos itive phenotypic correlations for 
hog get body weic;ht with v1eaning weight and fleece weight . 

Of particular int erest to selection proc;rrurumes are 
the negative as sociations of fle ece  weight with q_uality 
numbe r  and the assoc iations of fibre diameter with staple 
length and fl eece Vleight . 

The phenotypic correlation (-0 . 1 6) for fleece  weight 
with q_uality number is lov1er than the range of -0 . 34 to 
-0 . 45 reported for Llerino , Corriedale  and Polwaorth / 
(Mullaney et al . ,  1 970 ) , but within the range of  -0. 03 

to -0 . 33 reported for Romneys (Rae , 1 958 ; Wickham , Ros s ,  
Cocl�em, unpublished ; Sumner , 1 969 ) . A higher phenotypic 
correlation than the range of 0 . 1 3  to 0 . 36 reported from 
Merino data occurs though for fleece v;eight with fibre 
diame ter . The figure of 0 . 50 is in agreement to the 
Romney figure of 0 . 53 ( Tripathy, 1 966 ) . 

The phenotypic c orre lation between fibre diameter 
·and staple length ( 0 . 34) i s  lower than those  for Romneys 
with the range of 0 . 41 to 0 . 48 (Ro s s , 1 964 ; Tripathy , 
1 966 ) but higher than mos t  for Merino s where the range 
of reported estimates i s  -0. 1 1  to 0 . 44. 

It would app ear that phenotypic correlations for the 
Perendale s  may be considered intermediate b etwe en Romney 
and Merino breeds . 

The following points are of  pract ical signi fi cance : ;  

(1 ) The low phenotypic correlation between q_uality 
number and fibre diameter furthe r supports the 

conc lus ion that for accurate as ses sment of wool finene s s , 
fibre diameter should be measured . 

(2)  Hogget body weight has only a low (0 . 1 0 )  phenotypic 
correlation with LW/EL. 

(3 ) The very low positive phenotypic c orre lation of 0 . 04 

for LW/EL with fleece weight . 



Enviroruriental c o rr e lations 

Po s itive environmental c orre l at ions gre ater than 

0 . 09 are 

Hom;et b ody we iGht X fle e c e  we ight ( 0 . 1 2 )  
Hog get b o dy we ight X f ibre di amet er (0 . 1 3 )  
Ho gge t body weight X character (0 . 1 5 )  
Vle aning we ight X stap le l ength (0 . 1 0 )  
Quality numb er X character (0. 1 1 ) 

Ne gative environmental correlations exist for : 

Vleaning weight x f ibre diamete r  

Hogget b o dy weight x quality numbe r  

Fl e e c e  weight x quality numbe r  

(-0 . 05 )  
(-0 . 08 )  
(-0 . 03 )  
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The environmental c orrelati ons betwe en weaning w eight 

and staple length o r  f ibre diameter may be due to an age 

eff ect while that b e twee n  quality number and character 

may be due to an ob s e rve r  effe ct . 

Apart from quality number , the envir o nment c an  be 

cons idered to be ac t ing with a similar masking or 

enhancing of wo o l  t raits and ho gget b o dy  weight in 

all owing the expre s sion o f  the genotype . 

Some signific anc e c ould b e  attached to the fact that 

environmental corre lat ions involving we aning \ve ight are 

mainly smaller than those with hogget body we ight . This 

i s  sho\vn in Tab l e  1 4. The diffe renc e  in age is conside red 

to be the mos t  import ant re ason for thi s diff e rence in 

magnitude of environment al c orre lati ons . 

TABLE 14 
ENVIRONNIENTAL CORRELATIONS BETWEEN THE TRAITS 

\VEANING VffiiGHT AND HOGGET BODY V/EIGHT WITH OTHER TRAITS 

Trait W .  Wt H . B . Wt 

Fl . Wt 0 . 02 0 . 1 2  
Qu. No .  0 . 05 -0 . 08 
F . D .  -0 . 05 0 . 1 3  
s .L .  0 . 1 0  0 . 06 
Char. 0 . 04 0 . 1 5  



The environmental conp onent of the phenotypic 

corr e l ation re sult s fron a devel opmental environment 

share d  by the two trait s ;  individual she ep re ared on 

p o o r  nutrit ion for example , are like ly to have b o th a 

low b ody m3 ight and a l ow wo o l  we ight ( Falconer , 1 960 ) . 
C onse �uently it c an b e  exp e ct e d  that part of thi s above 

diff er enc e is a reslli t of the removal of the mat ernal 

contribut ion at we aninc; . These Perendal e ho gge ts have 
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had to devel op under hill-c ountry c onditi ons . After we aning 

it i s  sol ely this environment that will determine the 

expre s s ion of geno�JPe and c ons e quent ly the re sul ting 

phenotyp e . 

Compari son of phenotyPic and 3ene tic correlations . 

Diff erenc es o c cur b e tv;e en genetic and phenotypic 

corre l ations . Tho se c onsidered of mo s t  practical 

importanc e  are -

Hog get b o dy we ight and fl e e c e  weight 

Hogget b o dy vJe ight and staple l ength 

Ho gget body we ight and fibre di ameter 

* * * * 

·we aning weight and quality numb e r  

Vle aning weight and character 

0 . 39 
0 . 1 3  
0 . 1 5 

* 

0 . 01 
0 . 04 

-0 . 0? 
-0 . 06 
-0 . 02 

-0 . 40  
-0. 24 

Onc e again an age eff e ct may be re spons ible for the 

diff er ence s  wher e weaning weight is conc erne d .  

The c lo s ene s s  between phenotypic and genetic 

corre lat ions invo lving fle e c e  we ight with staple l ength 

and fibre diameter , and fibre diame t e r  with s t aple l ength , 

i s  o f  pract i c al s i gnif i c anc e .  

�1e gene tic and environmental corre l ation r e l at ionship. 

Be aring in mind the st andard e rrors , it c an be said 

that a diff e renc e in s ign b e twe en genetic and environmental 

c orrelat ions occurs with the following as so ciations 

We aning weight with chracter and quality number 

Ho gget b ody weight with character and p robable 

with qual i ty number. 

Quality numbe r  with s t aple le ngth and fibre di ameter . 



A diffe rence in s ic;n bet\7e en the two correlations 

slJD\'IS that genetic and environmental sourc e s  of variation 

effect the t raits throuc;h diffe rent phys iological 
me chanisms . 

Paternal half- sib v .  Daurpter-dam Regression analysis 
est imate s :  

At le ast 9 associations exi st \7he re standard e rrors 
can not explain the discrepanc i e s  between genetic 

correlations e stimated by p at <?rnal half-s ib and daughter­
dam regre s sion. Factors caus ing bias must be c onsidered. 

�le s ame conclus ions drawn for the he rit ab ility 
e stimates may be applied to the c;ene tic correlations . 

It is cons idered that re sul ts obtained usinc; the p aternal 
half-sib analysis are not c onplicated by the pre s ence of 

maternal s ource s  of variation. 

Theoretical cons iderat ions suggest that maternal 

contribut ion is a sourc e of complic ation in using the 

relationship betwe en daughte r and dam . This effect c auses 
the value s found to be higher than paternal half- s ib 

e stimates ( Ch ' ang and Rae , '1 972 ) . This is evident for 
all traits involved with we ru1.ing we ight . For the genetic 

corre lation of hogget body weight with fle e c e  v;e ight and 

staple l ength , di screpancies b etwe en the two methods may 

be due t o  c arry-over maternal effects . 

It is noted that a ne gative environmental correlation 

exists where there is both a change in s ign for the 
genetic correlations and large diff erenc e s  existing 
betwe e n  the �vo methods of e stimation. For the o ther 

associations where a change in sign exist s ,  there tends 
to be large environmental c orrelations pre s ent . This can 
be s e en in the following Table '15 . 

Although the standard e �rors would indicat e  that the 

accuracy of s everal genetic  c o rre lations is l e s s  than 
s at i s fac t ory , where there i s  general agre eme nt b e twe en 
the two methods , some predi c t i on of the magnitude of 
ge ne tic  c orre l at i o ns i s  permis sib l e . 
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TABLE 1 5  

ENVIRONMENTAL CORRELATIONS WITH THOSE ASSOC IATIONS 
WHERE GENET IC CORRELATION ESTIMATES DIFFER IN SIGN 

A s s oc iat i on Pat . �- s ib D . D .  R e g .  
YE IG ..,-G 

H . B . W t  x Qu . N o . + 0 . 37 - 0 . 1 0  - 0 . 05 

F . Wt x Qu . No . - 0 . 48 + 0 . 09 - 0 . 0 3  

W . Wt X F . D .  - 0 . 32 + 0 . 1 5  - 0 . 05 

H . B . Wt X St . L .  - 0 . 06 + 0 . 22 + 0 . 06 

Qu . No . x Char . - 0 . 1 3  + 0 . 44 + 0 . 1 1  

w . wt X St . L .  - 0 . 1 9 + 0 . 30 + 0 . 10 

The E s t i mate s o f  Ge n� t ic C o rre lat i ons : The s e  may _ be _ 

summari zed in the f o l l owing range s : -

High negat ive 
( -0 . 6  and ove r) 

Medium ne gat ive 
( -0 . 4 to -0 . 6 ) 

L ow negat ive 

( -0 . 2  to -0 . 4 )  

Low pos i t ive 
( 0 . 2  to 0 . 4) 

Medium p o s i tive 
( 0 . 4  t o  0 . 6 )  

H i gh pos i t ive 
( 0 . 6 and ove r) 

• •  

• • 

• • 

• • 

• • 

• • 

None 

H ogget body we ight with charac t e r .  
Qua l i ty number wi th s t aple l e ngth . 

We aning w e i ght with quality 
numbe r ,  fibre di amet e r  and 
charac t e r .  

Qual ity number with f l e e c e  w e i ght 
and fibre diamet � r .  

H ogge t body wei ght with weaning 
weight and qual ity numbe r .  
Staple length wi th characte r .  

F l e e c e  w e i ght with f ibre diame t e r  
and charac t e r .  
Fibre diame ter with s t apl e  length . 

F l e e c e  we i ght with s t aple length • 

With the gene t ic c orre lat ions e s t imat ed here , no 
ass o c iations are at any appre c i able vari anc e w i th 
previ ous repo rt e d  e stimate s  ( Tables 7 and 8) . 
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A di ffe renc e of prac t i c al import anc e i s  that Ch ' ang 

and R ae ( 1 972 ) reported hi gher ge ne tic c orre lations in 

the i r  Romney data for weaning weight with hogge t body 

we i ght , 0 . 74 ( pat ernal ha l f- sib method) and 0 . 90 ( Daughte r­

dam re gre s s i on method) c ompared t o  0 . 1 3  � 0 . 1 4  and 
0 . 66 � 0 . 1 0  for the re spec tive methods in thi s ana lys i s . 

An import ant assoc i at i on not ment i oned i n  the 

summary above , i s  the l ow gene tic c orre lat i o n  found for 

hogget b ody we ight with fleece  we ight ( 0 . 07 � 0 . 1 5  and 

0 . 1 8  � 0 . 02 by pat ernal hal f-sib and daught e r-dam re gre s s ion 

methods re spective ly) . The only Romney e st imate i s  much 

higher at 0 . 54 � 0 . 1 7  e st i mat ed by a daughte r-dam re gre s s i on 
analys i s  ( T ripathy , 1 966 ) , whi le Ve s e ly et al . ( 1 970 ) 

rep ort e d  0 . 54 � 0 . 20 for the Rambouil let . The range 

rep o rted in the review for Me rinos is -0 . 1 1  t o  0 . 26 ,  

wh i ch i s  m o re in agreeme nt . Contribut ions were +0 . 26 
and -0 . 1 1  by pat ernal hal f-sib and daughter-dam re gre s sion 
anlays i s  ( Mo rley , 1 955a) , 0 . 20 � 0 . 24 by dam-off spring 

c orre lation ( Be att i e , 1 962 ) , and 0 . 26 � 0 . 07 by daught e r­

dam regre s s i on analys i s  ( Brown and Turner , 1 968) . The s e  
t e nd t o  indi c at e  a positive ass ociat i on in Merino s . 

Slight positive re spons e s  in body we i ght during 

s e l e c t i on for fleece we i ght have been rep orted whi ch would 
c onfirm a posi tive genetic  c orre lation betwee n  fleece  weight 

and ho gge t b ody weight ( Dun , 1 95 8 ; Brown e t  al . 1 966 ; and 
Turner et al . 1 968) . 

Turne r ( 1 958) found that selection for c l e an flee c e  

weight was associated i ni tially wi th a s l i ght de cre ase in 
b ody s iz e . She pre sent ed evidenc e which sugge sted that , 

whil e  the genetic c orre lation between c l e an fleece  wei ght 

and body weight appe ared to be negative , there was a positive 
e nvi ronmental corre lat i o n  between the se two charac te rs . Sub­

s e quent s e le ct i on for c l e an fleece  we ight i n  thi s flock 

produc ed the c orrel at ed i ncrease in body we i ght reported by 

Brown et al . ( 1 966 ) 

Howeve r ,  no c onsistent as soc iation between ho gget body 

weight and fleece we i ght was ob served by Barlow ( 1 974 )  
during a fleece we ight s e l ec t i on trial . There was evidenc e  

o f  a small negative ass oc i at i o n  in the flock with downward 
s e le c ti on imposed for fleece  weight . 
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It  may be c onc luded that the a s s oc iation hogge t body 
weight x fleece we ight in Perendale s must b e  c o nside re d  

t o  have a low �ene tic c o rre lat ion whi ch is pos sibly 
ne gative , wi th a s t rong positive envi ronmental c orre lati on 

favouring the as s o c i at i on and s o  caus ing the highe r 

posi tive phenotypic c orre l at i on . The envi ronment al 
assoc iation is t o  be eA�ec ted and Morley ( 1 955a)  drew 

at tention to examination of i t s  value in s e l e c ting for 

fleece we i ght . 

Support for thi s  c ; nclus i on c ome s from the ne gl i gibl e 

genetic c o rre lat i on o f  h� gget body weight with fibre 

diameter ( -0 . 02 � 0 . 14 and 0 . 00 � 0 . 08)  and the s imilar 

gene tic c orre lat i ons between ho gge t body weight and s t aple 
le ngth ( -0 . 06 � 0 . 1 5  and 0 . 22 � 0 . 08 ) , for the genetic 
c o rrelati ons betwe en fleece  we ight with staple le ngth and 
fibre diame ter are c onsistent ly st rongly pos i t ive . 

For the hogge t  body we i ght x staple l ength association 

Tripathy ( 1 966 ) report e d  a genetic  c o rre lation of 0 . 26 

� 0 . 1 6  �y daughte r-dam re gre s sion  method) for R omneys which 

is similar to  the e s timate for this analys i s . But Merino 

e s t imat e s  range from -0 . 25 to 0 . 04 .  Morley ( 1 955a) 
rep ort e d  e st imat e s  at -0 . 25 ( pat ernal �- sib )  and -0 . 1 2 
( daught e r-dam regre s sion) ; Beattie  ( 1 962)  0 . 01 � 0 . 1 7 ;  

while -O o 06 � 0 . 07 ( daught e r-dam re gre s s ion)  was report ed 
by Brown and Turne r  ( 1 968) . Once again a c onc lusion must 

be one of a ne gli gib le assoc iation . 

The most s i gni f i c ant prac tical finding wi th the wo o l  
t rai t s  i s  the hi gh posi tive gene tic c o rr·e lation of  fle e c i  
we i ght with st ap l e  l e ngth ( 0 . 76 and 0 . 44 ) . Thi s i s  highe r 

than the range report e d  for the R omney ( 0 . 25 t o  0 . 40 ) . 
With Me rino s , Morley ( 1 955a)  found a l ow a s s oc iati on o f  

0 . 1 7 and -0 . 02 whi l e  B rown and Turner ( 1 968)  report ed 

0 � 29 � 0 . 08 and Mul l aney e t  al . ( 1 970 ) 0 . 1 3  � 0 . 14 ( Me rino ) , 

0 . 20 � 0 . 1 6 ( C orriedale )  and 0 . 47 � 0 . 28 ( Po lwarth ) . 

B e attie  ( 1 962 ) found a high ge net ic c o rre lation e s tima t e  

of  0 . 70 � 0 . 1 7  which give s support for a p o s sible hi gh 

c o rre lation . 

O f  importanc e  with re gard t o  wool finene s s  i s  the 
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consi st ent medium- s i zed positive ge net i c  c orre lati ons 

for fleece  we i ght with fibre diame t e r . Thi s i s  support ed 
by a negat ive fleece weight x quality number genetic 

c o rrelation ; a ne gat ive ge netic c orre lation exi sts  for 

qual i ty numb e r  with fibre di ame t e r .  

A medium- s i z e d  positive genetic c o rre lati 6n exi s t s  

fo r staple le ngth with fibre diamet e r  whi ch i s  in agre em e nt 

wi th the R omney e s t imat e s ; T ripathy ( 1 966) . Thi s e st imate 
doe s  not support an independent inhe ri t ance of fibre 

diame ter and staple l e ngth . 

Merino e st imat e s  show a wide vari anc e from positive 

to ne gat ive value s for the genetic  c o rrel ation stap l e  

l e ngth with fibre diameter . Turner ( 1 956) stipulated 
tha t if further info rmat ion support e d  he r fi ndi ng of a 

lack of  gene t i c  c o rre lation betwe e n  st aple length and fibre 
di ame ter , and b etwe en stap l e  l ength and fibre numb e r  p e r  

unit area , it should be  p o s s ib�e t o  select  f o r  any 

de s i red c omb inat i on of  finene s s ,- l ength and number . 
Support had c ome from Turner e t  al . ( 1 970)  who c onc luded 

that an ab senc e of genet ic c o rre lat i ons betwee n  fibre 

diameter x stap l e  . length and fibre number per unit are a 

x s t aple l ength indi c ated that s e l e c t i on could be f o r  
high fibre numbe r/unit are a with high staple l e ngth and 

l ow fibre diame t e r  - in othe r words , a de sirab l e  f l e e c e  

wi th n o  impeding gene tic c orre lat i o ns � Unfortunat e ly 
the forme r part o f  the stat eme nt (Turner ,  1 956 ) c annot 

be supported by the se Pere ndale e s t imat e s . 

Gene t ic c orre lat ions for Pere nda le s , reported he re , 
show antagoni sm t o  the attainment o f  the de s i rabl e  
c om�ination o f  he avi e r  fle e c e  weight and l onge r staple 

l e ngth with finer wo o l . 

The p o s i t ive genetic c orre l at i ons of fle e c e  wei ght 

and staple l e ngth with charac t e r  s i gnifies  that any s e l e c t i on 
f o r  fleece  w e i ght and/or staple l ength wi l l  be c ompl iment ed 
by an improvement in charac te r .  Thi s receive s  s ome support 

from an ob s e rved s l i ght improvement in woo l  charact e r  a s· a 

c o rre lated respons e t o  selection  for c le an fleece  we i ght 

with Merinos ( Barlow , - 1 974 ) . 



v .  R E L A T I 0 N S H I P 0 F H 0 G G E T 

C H A R A C T E R I S T I C S 

T 0 l I F E T I M E P E R F 0 R W A N C E 

Jl. • I N '1T1 0DTTC T I ON 

In bre e d i ng f l o cb:::; , the nurnb e r  o f  e w e  ho gee t s  

£: vc i l 8 bl e  in e ach y e 2 r  u sually exc e e d s  the nwnbe r  

r e q uired f o r  r ep l a c em ent s . Thi s surplu s provi de s t h e  

bre e d er wi t h  some opportuni ty f o r  cul l i ng ,  a nrac t i c e  

gene rally re garde d  a s  a me an s  o f  maint aining o r  impro ving 

p e r f o rmanc e wi thin the current flo ck . 

A p a r t  o f  the avai lable s e l e c t i o n  p o t e nt i a l  w i l l  

b e  d e vo t e d , bo t h  b e fore and a t  t h e  ho gge t st age , t o  

e l iY.tinc>,t ing t h e  o bviou sly d e f o rm e d  o r  unthri fty she e p . 

Io l l o v:ing thi s ,  se l e c t i on at t e nt i o n  by f 2 rm e r s  i s  

u sually on bo dy s i z e  w i t h  some at t e n t i o n  devo t e d t o  wo o l . 

R c.m bre e der s f o l l o vi simi l G r  cul l i ng pra c t i c e s ,  though 

VB rying amount s o f  emphasi s may be put on re c o rd s  o f  

ho gge t pro duc t i o n  a,nd p e d i gr e e . 

C l e arly , the value o f  cul l i ng at the ho gge t  st age 

fo r pheno typ i c  r e sp o n se , wi ll dep e nd gre a t l y  on the 

nheno typi c  re l a t i o n ship b e tw e e n  ho gge t charac t e r s  and the 

sub se quent p er f o rm a n c e  o f  e we s . 

Examinat i on o f  the relat i o n ship ha s b e en appro ached 

by two metho d s  

( l ) b y  a study o f  the c o rr e l a t i on be twe en 

indi vi du2,l ho gge t t r a.i t s and l i f e t im e  

e we tro.i t s ;  an d 

( 2 ) b y  a mul t i p l e  re gr e s s i o n  ana ly si s o f  l i f e t ime 

e c o nomi c value a nd ho gge t cha.ra c t eri st i c  s • 

In bo t h  studi e s ,  o nly tho se she ep that had a 

ho gge t re c o rd and four suc c e e d ing r e c o rd s  were u s e d  • 

E l e ve n  y e ar s o f  ho gge t re c ord s were analy sed . 



Thi s i nvo lved 458  she ep . 

Re c o rd s  were av� i l abl e on the following trai t s  : ­
ho {';go t b o d y  we i e;ht , fl e e c e  v;e i ght , quality numbe r , 

fi bre d i ome t e r , s t ap l e  l e ngth , ch2 rac t er ,  and in 

2ddi t i on for ev\' 8 s ,  number o f  lambs we aned ( ei ther 

0 ,  l o r  2 ) . 

• \  



D • r.'• e th o d  s .  

1 . COrm�·; J./. J.' I ON BE�L' 1v EEN HOGGET AND LIFET IME EWE 

PEIU'ORr1'�i\N CE 

A Fort ran comput er pro gramme wa.s  wri t ten for a 

Burroughs B6700 comput e r  to  analy se the data. .  The 

pro gr2mme c o.lcule.t ed 

( l )  1'he 11e an of each ho gget trai t vd thin e ach 

year . 

( 2 )  r,�e an lifetime evve performanc e .  :for the tra.i t s 

studi ed , v.'i thin each birth-yea.r . 

( 3 )  Co rre lation c o e ffici ent s ;  by c alculating 

corre c t e d  sum s o f  square s and cro s s  produc t s  

on a wi thin year basi s and then combining 

to obtain the correlation co effi c i ent s o ve r  

all y e ar s . 

( 4 ) Degre e s  o f  fre edom asso c i ated  with the 

corre lation co effici ent . 

No  corre ctions o f  any kind were made on the dat a .  

T o  avo id spuri ous correla tions , the ho gge t re cord was not 

included in the life time p erformanc e rec ord . 

2 ..  r,cui,T I P I.E REGRESSION ANALY S I S  OF LIFET II\'iE 

ECON OT.U C VA LUE ON HOGGET CB .. ARACT ERI ST I C S  • 

Using the same records a s  in the previous study , 

a number o f  mult iple re gre ssion analy se s were run u sing 

a.v8 i lable BASI S ( Burroughs Advanced S t at i sti c al Inquiry 

Sy st em ) comput e r  pro gramme s . · . .  

The multiple regre s sion e quation had the following 
form 

y = a + b1 x1 + b
2 X 2 

where 

-t • • • • • • • • • • •  • +b x + e 
n -'11 

y = lifetime e c onomi c value for a ewe 

a = c onstant 
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X1 , X2 • • • • • • :Kn re fer to independent v arfa te s . In 

thi s c ase x1 = ho gget liveweight , x2 , x3 , x4 , x5 , 
and x6 being ho gge t woo l  tra i t s ,  re spec tive ly , 

fle e c e  we ight , quality number , staple length , 

chara c t er ond fibre diame ter . 

b1 , b2 . • • • • •  bn deno t e s the p artial re gre s si o n  

coe ffi ci ent o f  y o n  variable Xn · 
e =  error term ;  assumed to  be no rml;llly and ind�pendently 

di stribut ed with a me an o f  zero and const ant -

vari 2nc e .  

The lifetime economic value was derived from the 

equat ion 

Li fetime e c onomi c 

value 
= To tal wo o l  

value 
+ To t al lamb 

value 

Four di fferent multiple linear regre s sion 

anal�se s were c arri e d  out , e ach wi th different e c on omi c 
v alues . 

The se were c alled : 

( 1 )  197 2/7 3 value s ;  

( 2 ) 1970/7 1  value s ;  

( 3 )  average value s ;  and 

( 4 ) e stimat e d  value s . 

Lamb va lue s were derived after a revi ew o f  data 

c ont ained in the Annual Report s o f  the New Ze aland Meat 

Pro duc ers Bo ard , and in the " Annual Revi ew o f  the Sheep 

Industry" publi shed by the New Zeal and Me at and Wo o l  

Economic Servi c e . Seasonal lamb pri c e s  were 

1968/6 9  • •  $5 . 5 0 
19 6 9 /70 6 . 00 �' ,. • • 

19 70/7 1  • •  5 · 7 5  · /  

197 1/7 2  • • 4 · 50 
197 2/7 3  • • 8 . 5 0 



The averoc;o value used tho mo cn o f. the se five season s . 

The e stimc t e  value i s  an approximati on o f  the value o f  

all lomb s at we aning using 19 72/7 3 se ason ' s value . 

The value for t�in lamb s was obtained by 

subtr2.c ting 2 0% of a singl e lamb value and then doubling 

the re sulting value . The subtraction was an approximetion 

t o  corre c t  for the rea ring rank effe c t  on livewe i ght and 

fleece  v:eight s.t we aning age . · 

The t o tal  woo l  value s were c alculated from the 

e q uation 

vYoo l  va.lue = fl e e c e woi ght x pric e/ki lo . 

The e st im2te s  of  urice/kilo were derived from 

a verage nri c e s quo ted  annua lly in the stati stical 

analysi s o f  N Z  wo o l  pro duction end di spo sal 

( Anonymou s  19 69 , 1970 ,  19 7 1 , 197 2 , 1973 ) 

For the five seasons in whi ch lamb value s were 

quo ted , aver c- ge pri c e s o f  gre a sy wo o l  sold at auc tion 

in New  Zealo.nd v;ere 

19 68/6 9  
19 6 9 /7 0  
1970/71 
1971/7 2 
197 2/7 3 

. . 

• • 
. . 

• • 

cent s/kilo 
6 2 . 0  
5 6 - 5  
5 3 · 5  
6 6 . 5 

11 4 - 0 
Average = 76 · 5  c ent s/ki lo . 

The four value s were simil a.r to  tho se lamb value s 

nsed . They were the 197 2/7 3 and 19 70/71 woo l  value s ,  

wi th average value being the mean o f  the last five year s  

figure s avai la ble  ( i . e .  19 68/69 t o  19 7 2/73" ) • The 

e stimate value s were tho se o f  19 7 2 /7 3 multiplied by 1 . 2 . 
Thi s was an approximat i on to att E in a value fo r Perendale 

wo o l . 

To obt e.in price/kilo for t he four value s ,  t abl e s  

titled 1 1 Typ e s  o f  Fle e c e  Wo o l  i n  the N e w  Zealand Clip " 

were consult e d . 



Pri c e s o f  grc a. sy wo o l  in cent s/kilo for the range 
o f  qua.li ty number group ings we s obtained from the 
followinB fle e c e  wo o l  group s : -

( 1 )  C ardine; Bnd Prepa ring 
( 2 )  C o rdine; 
( 3 )  Sho rt Carding 
( 4 )  S e c ond Shc o r  Go o d  length 
( 5 )  S e c ond She a r  .Ave.rage Length 
( 6 )  S e cond She ar Short length 

By the use  o f  the table t i t l e d  1 1  Qu2li ty a.nd Length 
:Bn .' cke t s �·, in whi ch sta:ple length i s  graduate d  in t t o  

8 6  

2 inch uni t s  f o r  vari ous q uali t y  numbers , value s v,-ere 
p l o t t e d  on a graph to allow e st imate s of pri c e  increment 
per steple length increment for each quality number 
groupin£:.S • 

Thi s t e chni que w a s  rep e at e d  for the four wo o l  
value s u se d . The inforrr..e ti on obt ained from thi s graph 
i s  pre sent ed in Table 16 . The se dat a vvere inco rporate d  
into the c omput er pro gramme f o r  transformation purp o se s .  

where 

Using the equat i on 
Pri ce/ki lo = Aq + Bq L 

Aq renre sent s the zero length value for e ach 
CJ uali ty number , 
Bq the re gre s sion c o effici ent o f  pri c e  increment/ 

s t aple l ength , and 
L the staple l ength re c o rd . 

The nri c e/ki lo wa s c alculate d  for each e we re c o rd o n  
entering t h e  constant s appropra.t e to the q uali ty number . 

<::-A s  a consc:uenc e v.'o o l  value was determined from 
" 

fle e c e  v1e i ght , staple  length and qua.li ty number ; the 
influenc e o f  fibre diame t e r  in e ffecting pri c e/kilo 

• 

c ould only be repre sented by sub stituting average fibre 
di ame t e r  fo r the corre spo nding coded quali ty numbe r  value s .  
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Qual i ty 
Numb er 

C ode 

L�4 

45 

46 

47 

48 

4 9  

50 

51 

52 

53 

54 

55 
56 

57 
58 

FOR CCRTI S S PO !';:) IJ' � G  �rAL I TY  !TU :.:B::.:R ?E CCRD S . 

1 972/73 v a lue s 

1 4 9 . 00 

1 L�6  . oo 
1 4 2 . 00 

1 3  7 . oo 
1 30 . 50 

1 2 2 . 20 

1 08 . 50 

90 . 00 

71 . 30 

75 . 00 

78 . oo 
68 . 00 

66 .50 

64 . 00 

61  . so 
- - ---

0 . 0 50 

0 . 1 50 

0 . 300 

0 . 8 00 

1 . 350 

2 . 330 

4 . 8 00 

7 . 8 00 

1 0 . 6 70 

1 1  .400 

1 2 . 000 

1 3 . 000 

1 4  . ooo 
15 . ooo 
1 6 . 000 

., '!:;. 

1 970/71 v a lu e s  Av er age v a lue s  

50 . 00 0 . 0 25 76 . 00 0 . 0 1 0  

55 . 20 0 . 130 7G . 20 0 . 020 

53 . 50 0 . 250 76 .48 0 . 0 27 

5 2 . 25 0 . 355 76 . 80 0 . 050 

5 2 .40 0 . 475 76 . 90 0 . 067  

5 2 . 55 0 . 575 73 . 60  0 . 840 

54 . 30 0 . 730  7 2 . 50 1 • 2 50 

55 . 3 0  0 . 775 6 9 . 50 2 . 200 

55 . 80 0 . 8 00 1 �4 . 8 5  2 . 8 90 

55 . 50 1 . 1  00 o4 . 00 3 . 1 80  

5L� . 7 0  1 . 300 63 . 75 3 - 350 

.r')3 . 50 1 . 6 50 64 . 6 0 3 . 550 

51 .40 2 . 01 0  66 . 25 3 . 750 

50 . 50 2 . 300 68 . 00 4 . 000 

4 9 . 60 2 . 600 6 9 . 4 0 4 .  200 

::::: s t i r.'la t e  v alu e s  

1 78 . 8 0 . 0 5 0  

1 75 . 2 0 . 1 50 
1 70 . 4 0 . 3 00 

1 64 .4 0 .800 

1 56 . 6 1 . 350 
1 46 . 6 2 . 330 

1 30 . 2 4 . 8 JO 

1 08 . 6  7 . 8 00 

8 5 . 5  1 0 .  670 

90 . o  1 1  . 400 

93 . 6 1 2 . 000 

81 . 6  1 3  . ooo 
7 9 . 8  1 4  . ooo 
76 . 8  1 5 . 000 

73 . 8  1 6 .  000 

I 
' 

C> 
-J 
• 
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'Uo o l  e h :  rfl c t c r  do e s  not ent e r  int o de t e rmi ning 

n ri c c/ld l o . D ;:  t <-1 'i.'O re not e.vD i l2 bl o  fo r e st imat i ne the 

c o n t r i bu t i o n  o f  c harac t e r  t o  wo o l  value for N ew Z e aland 

fle e c e s . 
T v:o :Cur t h c r  f1nr.; 1y se s we re c c.rri e d  out t o  che ck the ac curacy 

o f  thi s m e tho d . They were ; 

( 1 )  t wo mul t i n l e  r e gre s � i o n s  were · ren e at e d  

o n  a wi t hi n-ye er-b a s i s fo r c omn eri son 

w i t h  the o v e ral l e naly si s ;  and 

( 2 )  t v;o ste9wi s e  mult i p l e  r e gre s si o n  analy se s 

we re c arri e d  out u si ng , separat e ly ,  q ual i t y  

numbe r  a nd fibre d i emet e r  a s  the basi s o f  v:oo l  

vnluot i on . 

Throuchout thi s s t udy, c o d e d  v:o o l  que.li ty numbe r s  

c o rr e sp ond t o  t he qual i t y  numbe r s  and average fi bre 

d i amet e r s  sho vm i n  Apn end i x  I I I . 
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8 9 .  

C ·  RESULT S AND DI SCUSSION 

1 .  Corre l8 tion study . 

The mean ho ge;e t body we ight s and the me a.n life time 

ewe nerfo rmance fo r the tra.i t s  number o f  lamb s we a.ned . and 

e we flee c e  weight fo r e ach yea.r- of  birth are shown in Fie 3 ·  
Point s a bout the dat a  that may be deduce d  from thi s gra.ph 

are 

( 1 ) Numbe r  of l amb s weaned incre ased from o . g  t o  

1 • 3  during the period o f  the analy si s ;  

( 2 )  Me an life t ime ev:e  fle e c e  we ;ight s were e rrat i c ; 

and 

( 3 )  Ho gge t body we ight s ,  whi ch may be considerd a s  

an indi c at ion o f  nutri tion , vari ed qui t e  

considerably be tween seasons . 

F i g .  3 
Production Stati sti cs - me an p erf ormance 

N o . L . W .  
l ifetime) 

3 ·/Ji k� - I·Z 
Ewe F .  Wt . 

(lifetime) 3·Z kj ----F­
f. wt 

1 · /  

N.L.vJ 

1 957 ' 5 9  ' 61 ' 63 
· Bi:rth year 

' 65 

. tf 
Hgt . B .  Wt . 

' 6 7 
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Correlo t i on c o effi ci ent s between ho gge t trai t s  
c::nd the lifetim e  p erfo rm onc e  o f  the ewe app e ar i n  Table 17 , 
&long wi th the degre e s  o f  fre edom asso c i ated wi th the 
corre lat ions . 

They may be consi dered und er two he adings . 

A ·  Dire c t  correl c t i ons . th e 
The se correl� tion c o e ffici ent s indi cat e  that A ho gge t 

trai t s  in thi s study , wi th the except i on o f  charac ter , 
would b e  o f  useful nredi c t ive value fo r life t ime meri t . 
Corre l a tion c o efficient s for fleece  wei ght , q uali ty number , 
st aple  length and fibre dic:me t er ,. are betv•;een 0 . 49 and o . 6 o . 

Thi s indi cat e s  that around 2 4% to 36% o f  the vari at i on in 
life t ime pro duc tion can be predi cted from ho gge t p erfornl.8nc e .  

The value obtained for fl e e c e  weight ( 0 . 56 )  i s  
wi thin the range of 0 . 44  to  0 . 72 previ ously report e d  
( Gartner 2.nd von Une;ern - S t enberg , 19 38 ; Terri ll , 19 39 ; 

Wo l f , 19 51 ; Viright and Stevens , 19 5 3 ) · The correlation 
c o e ff i c i ent fo r staple length at 0 . 49 i s  lower than the 
pre viou sly rep o rted fi gure o f  0 . 6g ( Terrill � 19 39 ) •  No 
li t erature c an be found to compare th e other re sult s .  

The low value for character refle c t s  the sensi tivi ty 
o f  thi s trai t  t o  enviroment al influenc e s  and inconsi st ency 
a s so c i at e d  with the t e chni q ue o f  apprai sal . 

B . Indire ct correlat i ons . 

The correlations between different trai t s  are all o f  
e. re lative ly l o w  value c ompared to  the direct  correlat i ons • 

They indi cat e that there would b e  no advant age gained by 
indirect sele c t i on as o ppo sed  to  dire c t ly selecting for a 
tre.i t at -the ho gge t age , fo r gain in li fetime ewe p erfo rmanc e  • 



-

Hogg e t  

Tr � H  t s  
No . of 
l a mb s  
w e an e d  

Hg t . b .  wt . 0 . 07 

Fl . wt . -0 . 01 

Qu . No . -0 . 01 

F .D .  0 . 04 

St . L .  0 . 03 

Char . -0 . 0 2 

T.ABLE 1 7  

CO:Rl1.EL.'\T IOI'T C C::::F:5' I C I:2�TT S B"ST-:i:S:2IT P.O(}'J-"2 T TRAI T S  
-t A1TD LIFET H� ::;:;· ·.rE P'.2RF C R : :..� ?;CE 

Ew.e Tr a i t s  

F l e e c e r:ual i ty F ib r e  S t a_:)l e 
w eigh t Numb er D i ame t er L en gth 

0 . 1 2 -0 . 03 0 . 0 2  o . co 

0 . 56 -0 . 22 0. 25 0 . 26 

-0 . 1 4  0 . 5 2 -0 . 29 -6. 32 

0 . 1 1 -0 . 26 0 . 59 0 . 1 1 

o .  23 -0 . 3 3  0 . 1 6 0 .4 9  -
0 . 1 5 0 . 08 -0 . 02 0 . 01 

Ch ar a c t er 

-J . C3 
0 . 1 9 

0 . 01 

-0 . 07 
. 0 . 06 

o .  28 

t Lif e t i me = F our c on s e cu t i v e  r e cord s f r o m  2-yr old ewe t o  5-yr old ew e ( in c lu s i v e )  

Degr e e s  of f r ee d om f or t h e  c or r el a t i on c o eff i c i e nt s  = 445 

"Dir e c t  c orr ela t i on s "  ar e
_ 

th o s e  co eff i c i en t s  on th e d i agonal ; " i nd i r e c t  

c orrel a t i on s "  ar e th e off -d i agonal c o eff i ci e nt s . 

·-

., ... -

I I 

1...0 ..... 



'.L'he si c;n nnd si ?. e  o f  the corre l c:. tions are o f  intere st � 
The l a ree st are the inte r-re lationship betwe en fle e c e  
\'l·e i c;ht , staple Jenc;th and fibre diame ter . The se 
c o rre lati ons a.re of simi la.r sign and "Proport i onally o f  
simi l o r  size  ( though lower i n  value ) to the gene t i c  and 
nheno ty-r i c  corre l a.t ions . I t  may indi c at e  that simi le r 
gene t i c  r�nd envi roriment al fac tors whi ch give ri se t o  the 
ho gec t pheno typ i c  corre l c t ions remain re sponsible i n  
l o.t c r  l i fe . 

The co rre lo.tion c o e ffi cient shows that the relationship 
be tween ho gge t f1e e c e  vw ight and nw'nber o f  lambs we aned 
by the ewe, c 2.n be c onsidered negligi ble . 

No o ther l i t er8 ture i s  avai l able for c omparat ive 
purpo se s wi th the se indire c t  correlat i ons invo lving wo o l  
trai t s .  

Emphasi s i s  o ften placed on livewe i ght during hogge t 
se l e ction o Relationship be tween thi s tra.i t and ewe 
l i f e t ime perfo rmanc e for o ther trai t s  are lo w .  The 
hi ghe st i s  that b e tv,;e en ho gge t bo dy we i ght and l i fe t ime 
e we fle e c e  wei ght . The value of 0 . 12  would indicate that 
cny indire c t  gain in fle e c e  wei ght would be minimal 
comp B red t o  the gain a.t t ained when at t ent i o n  i s  dire c t ly 
p lac e d  on fl e e c e  we i ght � Thi s value i s  simi lar to  the 
re sult s  found in o ther bre e d s  ( Terri ll and S t o ehr ,  19 42 ; 

Shelton and Menzi e s ,  1968 ; Basuthakur e t . al . ,  19 70 ) 

where in general po si t ive relat ionship s were fuund that 
·were si gnificant but o f  low magnitude . Only a slight 
advant age in lifetime ewe flee c e  weight may be exp e c ted 
from he avi er ho ege t s . 

O f  nra.c t i c al imn o rt ance i s  the low c o rrela.t i on -· �-

b e t we en hogget bo dywei eht and number o f  lamb s we aned . 
Once again thi s figure i s  within the range reported by 

She lton and Menzi e s  ( 19 68 ) and Basuthakur e t . al . ( 1970 ) . 
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I t  i s  lo�er than the pheno typ i c  correlations reported 

b e t w e e n  ho gc;o t bo dy wei e;ht and the .to tal number o f  lamb s 

b o rn o ve r  the e we ' s fir st three lrunbings ;- Youna et  al . ( 196 3 ) 
re p o r t e d  an r

"' 
= 0 . 12  for 1\':erino s, whi le Ch 1 ang and Rae ( l972 ) 

re-ported an � = 0 .  2 3  in the Romney breed • 



2 · Uultiple n e ere s ni on S tudy . 

94 . 

The re sul t s  obtained fo r m e an ewe life t im e  e c o nomi c  

vo lue s vvi t h  the four multiple line o.r regre ssion onaly se s 

np n c .� r  in ' 1 .1 {' b l o  J . Fl o.lonc vvi th the contri butions m nd c  by 

t o t n l  l nmb n nd t o t nl wo o l  production . A rat i o  o f  lamb 

to wo o l  vcluo i s  nl so pre sent e d . 

TABI E 18 

I.�3AN I IFETD.1E V .ALUES 

Re r:ro ::-. si on <:n2 lyse s Economi c Iamb Wo o-r Ratl O 

va lue value va.lue Iemb . . 
E st im 8 t e  value s S60 . 8 5 � 27 - 8 5 $ 3 3 - 00 1 : 
1972/7 3  value s 6 2 . 3 0  3 4 - 8 5  27 - 4 5 1 . . 
P.ve roce v2.lue s 3(; • 2 5 2 4 - 60 1 3 . 6 5  1 : 
1970/71 VG lue s 3 2 - 9 0  2 3 . 6 0 9 - 30 1 . . 

Wo o l  

1 - 18 

0 - 79 

0 . 5 5 

O o 39 

The ratio s sho w that the �o o l  value s in pron ortion to 

1omb ranged from approxim a t e ly 40% to 120% ·  Thi s range 

cove r s  the likely future prop ortions under N ew Zealand 

pro duc tion . 

The re sult s fo r the multiple linear re gre s se i on 

analy se s are pre sented in Table 19 · 

Be fore drov;ing conclu sions from thi s study , i t  mu st 

be ro o l i se d  tho t the c o o f:J i c ient s of determino tion ( T a.ble l9 ) 

incl i c ot e  that the ho ee;et vari able s used in the mul tiple 

line 2r re gre ssion , c ontribute t o  only a small proportion 

of the po s si ble f::: c t ors  contribut ing to the d e t erminati o n  

o f  t h e  ewe ' s  lifet ime e c onomi c va.lue . Al so , no t all 
•' 

p a r t i al re gre s sion c o e ffi c i ent s  are stat i st i c ally 

si gnificant . 

The no.rt i 2.l regre ssion c o effi c i ent s measure the 

ave rage or exp e c t e d  change in the lifetime e conomic value 

when a ho gge t variable incre ase s by one uni t  D nd o ther 

ho gge t va.riable s in the e quati on remain unchanged • 
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1.TL'T'I fLE �i': GR ::O: S S I Ol': AIJ 1\LYSI S RE SULTS 

V a lues 

1 972/73 Av er age 1 970/71 

� .  rn � t i � l � ear e s s i cn C o eff i c i en t s  
P ody ·:.rc i c;h t  
? l e � c e  '.'le i sh t 

('·u ::.J l i  ty nu mber 

L<., i br e D i am e t er 
S t npl e l ength 

Ch Arn c t er 

C on s t :1.nt 

Z c o n om j c Value 

e . G 5 ·�t-
1 8 7 . 3 3  '*' 

39 . 75
* 

-1 1 � . 2 2 

-21 . 86 

-7 . 1 3 

296 9 . 94 

608L� . 56 

8 . 6 0 �  
1 50 . 1  5* 
. 38 . s o * 

-L� . 6 9  
2 .  98 

it 
-3 2 . 34 

2 92 7 . 91 

6 23 2 . 1  6 

-* 
5 . 30 * 

73 . 58 

1 6 . 41 

4 . 1 3 

* 
4 . 76 

* 
4 9 . 28 

1 0 . 1  5 

7 . 20 

1 2 .  97 20 . 60 
-36 . 92* 

-L�4 . 1 1 * 

2033 . 56 1 8 5 9 . 27 

38 24 . 60 3 28 7 . 88 

3 .  Beta  C o eff i c i ents  - S t and ard Par t ial Regression 

Co eff i cients. 

Bod ;'/ ·.-rc i ght 0 . 1 1  0 . 1 0 0 . 0 9 o . o 9  

F l e e ce '}e i gh t  0 . 22  0 . 1 7 0 . 1 1  0 . 08 
0,11 81 i t ;;,r Number 0 . 1 0 0 . 0 9  0 . 05 0 . 03 

F ibr e D inme t er -0 . OL� -0 . 01 0 . 02  0 . 03 

S t an l e  l eng th -0 . 05 0 . 01 0 . 04 0 . 06 

Chnr a c t er -0 . 01 -0 . 05 -0 , 08 -0 . 1 0 

S t and nrd Error of 
E s t i m a t e  78 2 .  28 8 98 . 64 61 0 . 54 58 0 . 6 1  

C o eff icient of 
determination 0 . 07 0 . 04 0 . 03 0 . 03 

C oeff i ci e nt of' 
d et er m i nG t i on ( ad j )  0 . 05 ,,. 0 . 03 0 . 0 2  0 . 02  

,..,. 
t:ul t i ple cor r e -

l s t i on c oeff i c -
i ent 0 . 26 0 . 20 0 . 1 8  0 . 1 8 

t,:ul t i p le c orre-
l nti on c o ef . 
( ad j . ) o .  23 0 . 1 7 0 . 1 4  0 . 1 3 

* Stati sti c ally signifi c ant ( t - test 5,1 level of t ) 
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'J'l1 c ;; c incli c 2  t c; tho.t , o n  inc r e o  s e  i n  ho c;c e t  f l e e c e  

rccd. r ·.h L lJy o no nound •:. o u l cl. ro sul t i n  r: n incro o.sc i n  li f e t ime 

e c o nom i c  v c.lu o o f  8.nnro:ximB t e ly 50 c ent s ( 1970/71 valu e s ) , 

7 t1 c o n t r; ( c ver2.e;o vc.�.lue s ) , ::n . 5o ( 197 2/73  vB.lue s ) e.nd 

f l . S O  ( c s t im�t cd vnlu e s ) . Simi lar but ne eat ive valu e s 

,soulcl o.n1) ly i f  hO [';[\et vo lue s v;ero o ne p o und l i t;ht e r  i n  

v:c i c;ht . 

Sirn i l2r de du c t i o n s  c an · be made c o nc e rning t he o ther 

t r o.i t s . IIo gc;e t s  thCJ t wore o ne :p o und he avi er in bo dy 

D e i ght sho w en i ncre a se in e w e  l i f e t ime e c o nomi c vo lue o f  

t1 · 7 6 t o  8 . 6 5 c e nt s . In all c a se s ,  improvement i n  

ho ecet wo o l  chara c t e r  sho w s  a d e c r e ase i n  e � e  l i fe t ime 

e c o nomi c va lue ro.ne;ing from 7 to 44 c ent s p e r  charac t e r  

gr ade . R2 i sing q ual i ty number o f  ho g·ge t  v;o o l  wi l l  

i nc r e a se e wo li f e t ime e c o nomi c value s . 

The p ort i e.l r e gre f: s i o n  c o e ffi c i ent s are no t s t a t i s t i c­

o lly s i gni f i c e nt f o r  d e du c t i o n s  t o  b e  mad e about s t ap l e  

l e ngth and fibre d i a..m.e t e r ; 8.�d simi l arly q_uali ty numbe r  

at t h e  average and 1970/71 ve.lue s ( i . e .  tho se v2-lue s where 

wo o l  i s  reln t i ve ly of lo w value in r e l at i on t o  lamb value s ) . 

In thi s s tudy , int e re st li e s  i n  the re l e t i ve 

imp o r t an c e  o f  t he ho g[' e t  vB.r i abl e s  i n  ci e t e rmi ng t h e  

l i fe t ime e c onom i c  vs lue o f  a e vve . The st and 8.rd p ar t i al 

r e gre s si o n  c o e ffi c i ent s are the p ar t i 8.l r e gr e s s i o n  

c o e ffi c i ent s when e ac h  vari abl e i s  i n  st e nd ard me a sure ; 

i . e .  when expre s se d  a s  a d e vi 8.t i o n  from the m e an i n  uni t s  

o f  i t s  standa rd devi a_t j_ on . S i nc e e ach st e.ndard P B.r t i al 

r e gr e s s ion c oe ffi c i ent i s  indep end ent o f  the o ri c;inal 

uni t s  o f  me a surement , a c omp ari son o f  e ny two i n d i c a t e s  

the r e l at ive imp o rt a_nc e o f  the ho gge t vari able s i nvo lve d . 

Thi s r anking o f  the ho gge t trai t s  may be s e en i n  Fig 4 .  



F i g .  4 
A graph of s t and ard par t i al r egr es s i on coeff i c i ents 

V rnt io w ool : lamb value from f our mult iple 

l inear r egr e s s i on analys e s . 

0 . 22 

0 . 1 8 

(f) 0 . 1 4  
� 
� <1) •ri 
0 ·rl lt-l 0 . 1 0  lt-l <1) 0 0 
� 0 
·rl 0 . 06 (f) (f) Q) 
H t;Q Q) 
H 

0 . 02 rl ro •rl � 
j.� l\1 
� 

-0 . 0 2  

H .  B .  Y'lt • 
Fl . Wt . 

St . L .  

Q.u .  No . 
F . D .  

'd H w ool/l amb' v alue ro 'd � ro � -0 . 06 en 

-0 . 1 0 

t t 
Av . 

Char . 

t/71 . 
t 

1 972/73 E s t i mate 

VALUE S 
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1•'i{':· 4 show s  the standard parti al re gre s sion 
c o e ffi c i ent s from the four multiple regre s sion 8.naly se s 
lll o t t od on o. c;raph, The se are spaced apart on the hori zontal 
o.xi s in ac c ordance with the value o f  the ratio  v1oo l/lamb , 
from e2.ch multiple regre s seion analy si s .  A wide range o f  

contribut o ry wo ol  end 12mb value s are repre sent ed from whi ch 

c en be deduced the relative importance o f  the hogget trai t s .  

From observe tion o f  Fig. · 4 ,  indi c atio:ns are tha t :­
( 1 )  V/hen woo l  value s are low in compari son to  lamb value s ,  

hogge t body v:eight i s  o f  sli ghtly greater importance 
than the ho gge t fle e c e  weight . 

( 2 ) Wi th increasing importanc e of  wool  value s in relation 

to lcmb value , flee c e  wei ght become s markedly 

gre ater in importance than body wei ght . 

( 3 )  At low wo o l  va lue s rela.tive to  lamb value s ,  the 

st sndard partie.l regre s sion coeffi cient s for the 

hor;ge t wo o l  trait s ,  sto.ple length , quali ty 

number e.nd fibre di ameter are a.ll po si t i  ve and 

compared to flee c e  wei ght are relative ly important . 

But wi th increasing wo ol/lamb value they have 

de creasing relstive importance when compared wi th 

fleece  wei cht . The sta.nda.rd pa.rtial regre s sion 

c o e ffic i ent s ac tually become negati ve for fibre 

dieme t e r  snd staple l ength . Flee c e  weie;ht whi ch 

alway s has the hi ghe st ranking , become s the dominant 

trai t  in importance . Thi s re sult i s  in agreement 

wi th Dunlop and Young ( 19 6 0 ) who analy sed the control 

of nric e  for woo l  by the wool  va.ria.ble s ,  fibre 

di2me t e r ,  crimp s per inch,  staple length , quali ty 

number , che.racter , co lour , soundne ss  and handle , They 
reported that in a hi ghly competi tive season when 

wool  pri c e s  are high ,  there was a much l e s s  reference 

than usual to the normal standard s of wool quality . 



( � )  I n  o l 1  e o  se s ,  the st a.nd ard p8rt i al regre s sion 
c o e fi i c i ent s fo r ho gce t wo o l  charac t er has a 
ne r;o.t i ve va lue . 
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The re oult inc standrrd partial regre ssi o n  c o effi c i ent s 
from the mul tinle  line ar r-e gre s sion c arried out on a v:i thin 
y c P r- ba si s, were ve ry simi l ar to the previou s c o e ffi c i ent s  
wi th one exc e� ti on . �i th ch�racter , the negative st andard 
p a rt i a l  re cre s oion co e ffi c i ent o f  -0 . 08 was de cre ased in 
value t o  -0 . 003 , indicatine i t  to  be of  negligible 
imnorta.nc e . The change in va.lue for thi s c o e ffi c i ent 
may refle c t  vari ation by a�prai ser s from year to  y e ar 
in their evalua tion o f  charac ter . 

The st andard partial r e gre s sion c o effi c i ent s from 
the st epwi se mult iple re gre s �ion analy si s were re l a tively 
c o n s i st ent wi th the re sul t s f�om the multip l e  line ar 
regre s si on analy se s . Thi s indi c at e s  that di scus sion 
based on the multiple line 2.r regre s sion analy si s wi l l  be 
s.c c ep t able as ac curat e  rankings of the ho gge t variable s 
in import anc e . 

\"/hen fibre diame ter was sub st i tut ed for qual i ty 
number a s  the b2 si s o f  wo o l  valuat ion , incre ased 
st andard partial regre ssion c o e ffi c i ent s were observed 
fo r s t aple  length ( the c o e ffi c i ent s are no w all p o si tive 
and o f  some imp ortanc e ) . I t  al s o  r e sul t ed in d e cr e a se d  

s t an d ar d  p ar t Lq J  r egl, e s s i o n  c o eff i c i e nt s f or qu a l i t y  numb er 

and f ibr e d i ame t er . 

For c ompari son the s t a.ndardi sed parti al re gre s si o n  

c o e ffi ci ent s re sult ing from b o t h  analy se s are pre sented 

in Table 20  for the average and e st imate value s .  
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I t  c an be c o nc lude d that when wo o l  finene s s  i s  

valu e d  u sing qual i t y  numbe r , then fle e c e  w e i ght , ho gge t 

bo dy we i ght and s t ap l e  length are imp o r t ant ho gge t 

vari abl e s  i n  d e t ermining l i f e t ime e conomic ewe value 

a t  t he lo wer wo o l  value s in relat i o n  to lemb �alue � .  

P �  hi cher wo o l  value s  re l a t i ve t o  l amb valu e � fl e e c e  

we i e;ht i s  the mo st influenc ine; trai t. Ho gge t  b o dy w e i ght ! 

i s  [ • l so imp o rt ant . Qua.li ty numbe r  ent e r s  into c o n s i dere: t i on 

wi th a r e lat ive imp o r t anc e simi l ar to ho gge t body w e i ght . 

st ap l e  l ength i s  no longer o f  relat i ve importanc e .  

All o ther ho gge t vari able s may be c o n si dered o f  negl i gi bl e  

imp o r t anc e .  

I f  fibre diame t er i n st e ad o f  quali ty numbe r  i s  t he 

b a s i s o f  wo o l  valuation , the vari abl e  stap l e  l e ngth i s  

al so imp o r t ant at the hi ghe r  wo o l  value s relat i ve to l amb 

value s .  Fibre d i ame t e r  i s  then s i gni f i c ant ly n e ga t i ve to 

warrant i t s  c o n si derat i o n  as suc h .  

TABLE 20 

STAliDJ-u-qD PARTIAL REGRE S S I OlT COEFF I CIEI\"'T S U S ING 

r.UALI TY 1-H.H.f:SER Alffi F I BRE D I  At:ETER A S  

THE B.l\ S I S OF \-IOOL V �LUATI ON .  

A v e r age Valu e s  E s t i m a t ed V a lu e s  
Tr a i t  - - -- - - - - - - - -- - - - - - - - - - - - - -1- - - - - - - - - - - -

Qu . No . F i b . D i am . hu . No . F ib .  D ia m . 

B o d y  vv e igh t 0 . 09 0 . 1 0 0 . 1 1 0 . 08 

F l e e ce we igh t 0 . 1 1 0 . 09  0 . 22 0 . 22 

C,ual i ty Numb er 0 . 05 0 . 01 0 . 1 0 -o . oft' 
S t ap l e  l ength 0 . 04 0 . 06 -0 . 06 0 .• 07 

F ih r e  D i am e t er 0 . 0 2  -0 . 04 -0 . 04 -0 . 1 3 

Ch ar a c t er -0 . 08 -0 � 1  0 -0 . 01 o . oo 
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I n  c onsidering impro vement wi thin the Perende le 

bro a d , the u � e fuln o ss o f  the pre sent re sult s  depend 

on the  ext ent to whi ch they can  be apnlied . An aim 

o f  thi o di scu sGion will  be to consi der breeding p o l i cy 

in l i cht o f  the re sult s  nre sent e d . 

�stimc te s o f  gene t i c  p�reme ters  ,apnly t o  e 
norti  culcr  ponulc= tion from v hi ch the d2.t a v:ere dra.v.n . 

In theor� the se mey vary from one populati on to 
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cno ther bo ccuse of  factors  whi ch may c euse differenc e s  

in ei ther the gene t i c  o r  environmental v2.ri anc e s .  

Annli c e tion o f  the re sul t s  in thi s study to  o ther flo cks 

of  Perend2le  she ep thus  invo lve s the assumpt i o n  th2 t 

the :;Leno typ i c  e nc.1 gene t i c  rel 2 tionship s are simi ler  

to tho se found in the nre sent flock . 

The ac curacy of the e s ti mated ph c� o typi c and 

g en e t i c  p ar am et er s  c a n  be c ona i d er ed 
s2 ti sfo ctory wi th t he exception o f  tho se invo lving 

Ij'i1 /EI: • Be c2.u se o f  thi s , e.nd the fac t tha.t the re sult s  

gene rally o gree  wi th o ther extime t e s , apnlied p o li cy 

b8 sed  on them may be a c c ep t e d  wi th confidenc e . 

I t  must be reE li sed tha t in a ddi tion t o  the 

p e ram otors  th2.t heve b e en e st ima ted , vi tal stat i st i c s  

such a s  lambing percentage , death rat e s  i n  ·all 

c l 2 s se s  o f  st o ck and the annual repla c ement rat e o f  

the 2-yr -old ewe s are nee d e d  to  comput e  exp e c t e d  ga ins 

and t o  compare the e ffi c i ency of various selec t ion plans 

v:i thin a flo ck • 

The a t tribute s ne eded for effi c ient she ep 

pro dlJ.c tion vvi ll vary in relr- t i  ve importa.nc e a.c co rding to 

the farming sy stem . De sirable charac teri sti c s  include •  

fertility , wo o l  production and the ability t o  survive 

and reproduc e with the minimum o f  shepherding . 
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The h er i t a b i l i ty o f  f l e e c e  we i ght , s t ap l e  l e ngth 

�' nd f i b r e  d i e-m e t e r  nre hi e;h nnd c o n se rmently the se t rai t s  

� i l l  re sp o nd t o  se l e c t i on . Be c au s e they c 2n b e  

o b s e rved i n  bo th sexe s ,  - i m�n� ov c m cn t  f or e a ch tr a i t  
:L '·.cJ i .\' i c�·w1 l J ;/ ·. : r 11 l J  :-:� n � t  r; j_ :J; T:l y l) e a cll i ev ed b;'l m a s s 
:-, r: l r:; c U  r n  f' r, J l c··:.r c ri i; �r r :J.ncl o m  r rn t i:1.[; . 

0-uo l i  ty number 2.nd c h o.rac t e r  h a ve a me d i um t o  

l o �  he ri t a bi li ty . Re sp o n se t o  s e l e c t i on wi l l  c o n se q uently 

b e  s l o � c r  than w i th the p r e v i o u s  t r ai t s .  Se l e c t i on 

nro c e dure s wi l l  nc ed t o  be m o re c omp l i c a t e d  than ma s s  

se l e c t i on b s. s e d  o n  p e rfo rmanc e re c o rd s ,  i f  sa t i s f 2 c t o ry 

re su o n ce i s  de s i re d . The l o w  heri t ab i l i t i e s  u ar t ly 

r e f l e c t  the inac curo cy a s s o c i at e d  w i t h  a vi sua l a.ppra i sal 

sy s t em c C o n se ·:-: u e nt ly , i f  i t  i s  thoue;ht d e s i ra.b l e  t o  

se l e c t  f o r  e i th e r  o f  the s e  t r ai t s , then some fo rm o f  

f omi ly s e l e c t i o n  would ni d i n  a more ac curat e i d e nt i fi c at i o n  

o f  2 nim2l s w i t h  sup e ri o r  ee no typ e s . Th i s  should b e  

f o l l o '>'; e d  b y  ra.ndom mo.t ine o r  some f o rm o f  l i ke t o  l i k e  

m o. t i ng . 

I<'l e e c e  v;e i ght se l e c 't i o n  i s  c on s i d er.e d  th e m o s t 

s at i sfac t o ry ,  pro ven way o f  i nf lu e n c i ng the pro fi t ab i l i ty 

o f  wo o l  pr o du c t i on by she ep bre e d i ng ( W i c khcm , 197 3 ) 

Informat i on from t hi s the si s and the t o f  o th e r  

l i t e ra t ure indi c at e s tho t : 

( 1 )  Fl e e c e  w e i gh t  i s  c l e arly o f  primary 

e c o nomi c  imp o r t Rnc e .  

( 2 )  I t  i s  a trai t whi c h  i s  no t d i f f i cul t t o  

me a sure , re q ui ring only simp l e  s c al e s  a.nd 

some t empo r ary me tho d o f  i de nt i fying she ep . 

( 3 )  F l e e c e  we i ght i s  hi ghly rep e at ab l e  a nd gai n s  

i n  the current flo ck a r e  p o s si bl e  from 

s e l e c t i o n  / culling pro c e dure s b a s e d  o n  

t he ho gge t re c o rd . Informati on from t he 

c o rr e l at i on b e t w e e n  ho gge t and l i f e t im e  

e we p e rformanc e ,  suppo rt the l at t e r  p art 

o f  thi s s t at ement . 
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( 4 ) The re sult s o f ,  fo r excmp l e , Turner e �al . 
( 19 6 8 ) ,  I\': c y o  e t.al . ( 1970 ) n nd P e t t i e  a.nd B2.rl o v; ( 19 7 4 ) , 
o u t li n e d  i n  the r e v i e w  o f  l i t e rature , h o vo sho v;n 

vw rth·:.'hi l e  s e l e c t i on re cn on se . Th e heri t a.bi l i  t y  e s t im2.t e 

ind i c o.t e s  the.t simi l ar re sul t s e.re likely t o  o c cur . 

( 5 )  She ep wi th hi r;h fl e e c e  w e i eht s al so have a 
hi gh e ffi c i ency o f  c o nver s i o n  o f  fo o d  to v:o o l  e nd i t  

he: s b e e n  sho vm thr· t s e le c t i o n  . f o r  incre a sed wo o l  we i ght 

ho. s  in f a.c t l e ad t o  incre o s e d  e f fi c i ency ( D o l l i ng a.nd 

Y.:�o o re , 1960 ; Do l ling e nd Pi n e r  1 9 6 8 ; Ah."':led , Dun e.nd 

'iii n s t o n , 19 6 3 ; ':ii lli 8rns and '//i n st o n , 19 6 5 ; Wi ll i 2JTl s , 

19 6 6 ; Sa.vi l l e  a nd Ro b c. rd s ,  19 7 2 ) . 

r:ehi s informat i o n  indi c c t e s th2 t se l e c t i on should 
.;,..,prove?  m �.-.t . 

b e  dire c t e d  f o r  f l e e c e  v;e i ght 1\ C o rrelat e d  cha.nge s i n  

o t her wo o l  t r ai t s  2 nd the me an s o f  improvi ng fle e c e  

v.re i c;ht s e l 8 c t i o n  1:y indir e c t  s e l e c t i o n  o nd / o r  s e l e c t i on 

o n  one o f  i t s c om-ponent s ne e d s  t o  be c o n sidere d . 

r.rhe gene t i c  c o rre l s t i o n s  arno ng the wo o l  t r e.i t s  

e st imB.t e d  i n  thi s the si s ,  i ndi c a t e thc..t v: i th imurovement 

i n  fle e c e  w e i gh t  a s so c i at e d  change s wi ll be incre a s e s in 

fibro d i ame t e r , s t 8.:fl le l ength and ch2rac t e r , wi t h  a 
de c r e e. se i n  o uali t y  numbe ;r .  

Au s t r al i a n  work hr s i ndi c a t e d  that wi t h  Merino s , 
the gene t i c  c o rrelat i o n  b e t w e e n  fl e e c e  '\'I E-. i ght 2 nd fibre 

d i eme t e r i s  l o w . Al so the i r  wo rk has ind i c a t e d  

indep endent inheri t e nc e o f  f i bre di ame t e r  e.nd s t ap l e  

length . Thi s i s  no t the c a s e  w i th t he se Perendale 

e st ima t e s . They indi c a t e  a.n t e goni sm s  b e twe en fl e e c e  

we i e;ht and wo o l  finene s s , v:hi c h  w i th fl e e c e  vve i e;ht 

improvement may bring about c o rre l c: t e d  change s d e t riment al 

to P e r e nd e l e  wo o l  2 s  a p ro duc t . The phono t yp i c  c o rr e l at i on 

( 0 . 50 )  b e twc·e n flee c e  vve i t;ht end fi bre d i Fme t e r  i s  al so 

simi l sr to t he gene t i c  c o rr e l a t i o n  ( 0 . 43 ) · 
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'l'he e :x  t e n t  t o  V':hi ch thi s 8nt r.:.e;-oni sm wi l l  i n t e rf e re 

wi th imnro v cm e n t, d euend s  o n  the heri t o bi l i t i e s ,  gene t i c  

n nd pheno t yp i c  c o rre l a t i o n s , e nd the rel s t i ve e c o nomi c 

imn o r t c: nc e  o f  rc J : · t e d  trai t s .  

C o n s i d o r n t i o n  ne e d s  t o  b e  gi ven t o  the e ffe c t s o f  

i nd i r e c t  se l e c t i o n . 

The ro l 8 t i ve e ffi c i ency o f  t �o m e tho d s  o f  s e l e c t i on 

i n  t e rm s  o f  ge n e t i c  c;ain c cn b e  simp l y  c omp are d by the 

ro t i o  

where 

( W ) o f  t h e  t v:o go in G · · Ther(:! fo re 

Q 

= 

gai n by indi r e c t  s e l e c t i on 

g8 i n  by dire c t  se l e c t i on 

..6 � � · ·  = j., I h� 'lc:;.,_ u; ? ,  
,6 G: :t  

8nd h� a.re t h e  he ri t nbi l i t i e s o f  the t wo  t rai t s ;  

---r i s  the gene t i c  c o rre l 2 t i on b e t v: e e n  them ; ,� , . �  
' 1 i s  the s t a nd a.rdi z e d  s e l e c t i o n d i fferent i ;:; l ; 

v i s t h e  pheno typ i c  st and ard devi 2 t i o n ; 

A ci2 • 1 = -p r e di c t e d  gene t i c  gain in t rai t 2 

und e r  s e l e c t i o n  fo r trai t 1 ; and 

(;::. G 2  = u re d i c t ed gene t i c  gain i n  t rai t 2 

und e r  s e l e c t i o n  fo r t rai t 2 .  
Turner and Y oung ( 1 96 9 )  

E st imo t i on o f  the re l 8 t i ve e ffi c i enci e s  o f  ind i r e c t  

se l e c t i o n  a s  o pu o s e d  t o  d i re c t  s e l e c t i on, shQ w s  that wi th 

the wo o l  t rai t s  c on s i d e r e d  i n  thi s t he s i s ,  there i s  no 

c a se v:here i nd i re c t  se l e c t i on wi l l  l e ad to a gre at e r  

re sp o n se then wi l l  b e  achi eved by d i re c t  s e l e c t i on . d 

Of i n t e r e s t  though i s  that i f  s t ap l e  l eng1Jh i s  u s e d  

t o  ind i re c t ly se l e c t  f o r  f l e e c e  we i ght , r e l at i ve e ffi c i ency 

in t e rm s  o f  gene t i c  gai n  i s  0 . 94 ( p a t e rnal half- s i b  8 st imat e s ) 
o r  0 . 47 ( d aught e r - dam r e gre s si on e st imat e s ) . ·  Thi s has 

two prac t i c al impli c at i o n s  for ram bre eding flo ck s  : -
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( a ) who re i t  i s  considered unec onomic to  record 

fle e c e  weir,ht , the lo ss  in effi ci ency in terms o f  genetic  

c;o in wi ll be be twe en 65� and 5 3% ,  i f  a staple length rec o rd 

i s  used as  a sub sti tute . 

( b )  Improved staple length i s  a. de sirable 

component contribu tinG t o '.�: r: rd impro ve d fle e c e w e i ght . 

\"/here ram s are ident i cal in ranking , a fter consideration 

of r:�ny index including fleece. weieht , a measure o f  stap le 

l ength w6uld be  useful a s  a base for a final selection 

c ri teri a . I t  would indicate the ram( s )  wi th the longer 

st aple ns opno sed to a l e ss important c omponent mGking 

up fleece  vvei ght . 

A study o f  selection ind i ce s ( Appendix V )  u sing the 

genetic  end pheno typic  p arameters e stimated , along v±th 

a s sv.med relative ec onomi c va lue s ,  indicated that gre ater 

genetic e;a.in for fleece  wei ght wi ll be attained by 

inc luding fle e c e  weight , staple length and ei ther 

q uslity number or fibre diameter , ±n a selec tion inde x ,  

th8n would b e  at tained by dire ct  se ledtion for fl e e c e  

wei ght . 

Howeve r ,  by using the se selection indice s ,  some 

genetic  chsnge toward s coar ser wo o l  o c curs . Th e index 
s tu d y  ( Pi.l."Jp c n d i x  V ( 1 )  ) indicat e s that a "re stri c t e d  index"  

whi ch include s flee c e  wei ght , staple length and fibre 

diameter ( re stri cted variate ) will : 

( a ) att ain slightly l e s s  genetic  gain for fle e c e  

weight compare d to  a.n "unre stri cted  index"  conta.ining 

the se trai t s ;  

( b )  be o f  e qual effici ency as the "unre stri ct e d  

index " ;  and 

( c )  att ain sli ghtly more gentic .gain for fle ec e  

wei ght than \'; ill direct selection for flee c e  wei ght • 

A " re stri cted  index" whi ch include s fle e c e  

wei ght , stap l e  length and quality number ( re stri c t e d  

variate ) will : -
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( a ) att oin much l e ss genetic gain for fle e c e  
we ight c omnared to  s.n "unre stricted index"  containing 
the se trs.it s ;  

( b ) be much lower in effi ci ency thGn the 

"unre stricted index" 

( c )  at t : in le ss  gens tic g2 in for fleece  

weic;ht thEm dire c t  selection for fle o c e  v1eight . 

Genet i c  Selection ·for Hogget Bo dy Vleight 

V/ea.ning '.'/eight . 

The heri t 2 bility e stimat e s  of  hogget body weight 

are of medium value . "'fhi s indi ce.t e s  that ree sonable 

gains from sele c t ion c an be exp ected if attention i s  

plac ed  o n  i t . 

Vve a.ning wei ght wa.s found to have a heritabi lity 

in the medium to  lovv J eve l . Hovvever , the re sult s 

indi cat e  tha t a ne gative gene tic correla tion between 

dire c t  Gnd me: terne l effe c t  6n weaning weight moy oc cur . 

If  thi s i s  the case , i t  would no t be po s sible to state 

in d e t ai l  the c onsecuenc e s  o f  sele c tion . 

Indire ct  selec tion for weaning v1eight based on 

ho gget body weight is exp e c t ed to c ause a faster rate o f  

gene t i c  chc:mge in we a.ning vve i ght than would dire ct  

sel e c t i on ( Ch 1 8n g  c::nd Rae , 19 7 2 ; Young et  . al f ( 19 6 5 ) • 

Thi s has been su[;e;e sted b e c ause o f  the higher herit ability 

o f  ho gge t body we ight compared to weaning wei ght combined 

v1i th the hi eh e stima t e s  o f  the ·genetic correlation between 

the two trai t s . 

However , the pre sent e stimate s o f  the genet i c  

c o rrelc t ion a r e  low er than fu m e  report ed by previous 

autho r s . If the daughter - dam regre ssion analy si s 

e stimate s  ( whi ch cont B.in some bi a s due to maternal 

effe ct s )  i s  more corre c t , indirect  selection will be 

relative ly more e ffi c i ent than dir�ct  selec tion . 
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I f  the n c1 t ern2.l hs l f- si b  e s t im8 t e s  i s  ne 2.r the true v2.lue , 
the i nd i r8 c t  m e an s  i s  very much l e s s  e ffe c i ent in t erm s 
o f  cene t i c  e;o in . 

1'h e  gene t i c  c o rre lc:t i o n s  b c t v, o en ho gge t b o dy v;e i ght 

:C1 11d the r. o o l  t r e i  t s ,  fl e e c e  v:e i ght , s t an l e  l ength 2.nd 

fi bre d i c:,m e t e r  ore o f  ne[';l i c;i b l e  si 7 e . The e stimo.t e s 

show t h a t  there 2re d i f f e r e n c e s  b e t r: e e n  phe no ty-p i c  2 nd 

gene t i c  c o rre la t i o n s  for the s �  a s so ci a t i ons . General l y , 

t h e  gene t i c  c o rr e l 2 t i o n s  are l o �er th2n tho s e  previ o u s ly 

rep o r t e d  ( se e  � c b l e  7 G nd T c b l e  8 ) . 

Dire c t  s e l e c t i o n  f o r  ho gge t bo dy w e i ght i s  no t 

e xp e c t e d t o  c au s e  imp o r t a nt c ha nge s i n  �o o l  pro duc t i o n . 

1'he r e sul t s ind i c at e  t h2.t there '.'. Ould b e  no <mt agoni sm 

t o  improving fl e e c e  r1e i ght e nd ho gge t b o dy v.'e i e:;ht 

simul t o.ne ou sly . 

S e l e c t i o n  Ind e x  

In she ep b r e e ding , t h e  n ro b l om i s  t o  d e c i d e  whi c h  

c o mb inat i o n  o f  t rai t s  give s t b e  gre at e st imnro vement i n  

p r o f i  t o.b i l i  ty , v:hi l e  kL� Gp i ng the e o  s t  o f  c 2.rrying o u t  

t h e  s e l e c t i o n  wi thin c e r t ain e c o nomi c limi t s . One E sp e c t  

o f  thi s i s  c o n s i d e ra t i o n  o f  the typ e o f  se l e c t i o n  s cheme 

t o  emp loy . 

I t  ha s p revi ou sly be e n  ment i one d that gene t i c  

p c:treme t e r s  e.re r e q ui r e d  t o  gui d e  2. b re e d e r  in the c ho i c e  

o f  bre e dine me t ho d s . The r e l at i ve e ff i c i ency o f  u sing 
'*' 

i n d e p e ndent c ul l i ng , t c nd em s e l e 9 t i o n1�mpo rt anc e h<:we 

b e en c omp a.re d  by You..J.g ( 19 6 1 ) .  :Ho: c o nc lude d  thE t the 

index wG s sup e ri o r  t o  t he o ther me thod s ,  i t s  su-p e r i o r i t y  

i n c r e s. sing w i t h  t h e  numbe r  o f  t re.i t s  unde r  s e l e c t i o n . 

The index w a s  never l e s s  e f fi c i e nt than indep e nd e nt 

c ulling but i n  s ome c a. s e s i t  v.' a s  no mo r e  so . Thi s 

d e p end e d  o n  t h e  r e l a t i ve imp o r t e.nc e  of the trai t s  i n  the 

i n d e x  and t he vari o u s  a s so c i e.t i on s  b e t v: e e n  the t r ai t s  • 

In pra.c t i c e  i t  i s  c ommon t o  i nclude only the mo st 

imp o r t ant e c onomi c t rai t s  in the s e l e c t i on index . 
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:D'crtili t y  Dnd fl e e c e  we i ght mu st be among them . However , 

i n  some instanc e s  i t  may be worth including a trai t o f  

noe;l i e;n bl e e c onomi c V8 lue tha t i s  c o rr e l e.t e d  t o  imp o rt a.nt 

cho ro c t o ri st i c s . ( G j c drem 1967· a 1  1967b . )  

Se l e c t i o n indi c e s  u sue.lly do no t inclwe _ o ther wo o l  

tro i t G o n o r- t  from fleece  v;o i01t . 1'hi s h £1  s n e rtly , ari sen 

b o c o u so o f  the c o st o f  m e a suring the se add i t i onal t rai t s  on 

lo.rc;o numbe r s  o f  e nirn e.l s . Al so i t  he s be en due i n  p e.rt 

to 8 l ack o f  both re l r. t i ve e c onom i c  w e i gh t s to app ly , and 

co o d  e st imat e s o f  gene t i c  c o rre l a t i on s  be t w e en the trai t s .  

Using the gene t i c  p arame t er s  c alcul at ed in thi s study and 
some a s sump ti o n s  on fert i l i ty pe.rame t e r s , b a s e d  o n  re sul t s 

from o ther bre a d s � po s si ble se l e c t i o n  i ndi c e s  have b e en 

c e l cul c:· t e d ( [}.n_p endix V ·  ( 2 ) ) • By includ inG n osget b ody weight , 

the e ffi c i ency o f  2. sele c t i on index c ompri sing number o f  

l 2mb s we 8ned and fle e c e  we i ght , vt a s  incre a s e d  by 

ne o rly 11% when t- the as sum e d  gene t i c c o rrelation b e tween 
ho gge t body we i ght a.nd numb er o f  l am b s  use d  \':a s 0 . 4 ;  the 

o s sume d  rel n t i ve e conomi c ve.lue s o f  ho gge t bo dy we i ght was 
o . o ;  and rela t i ve e conomi c v a lue s we i ght ed ac c o rd ing t o  

l emb va lue s be i ng hi gh re l a t i ve t o  wo o l  value s .  Y./ i th 

the se  value s ,  l i t t l e  v.;ould b e  gain e d  by the addi t i o n  o f  

st an l e  length , qua li ty number or f i b r e  d i ame t e r  t o  the 

inde x . 

Howe ve r , when :- the ce ne t i c c o rr e lat i on be twe en 
hoe;ge t body we i ght 2.nd number o f  l amb s w e ane d wa s 

reduced to 0 . 2 �  t he re lat i ve e c onomi c value f o r  ho gge t  

bo dy weight gi ven a ne ga.ti ve value of - 2 . 0 cents; the 

r e l a.t i ve e c o nomi c value s we i ght ed so tha t l amb value s 

w e r e  l e s s e ned r e l s t i ve t o  wo o l  value ; p lus the f l e e c e  

we i ght comp o nent s ft2ple le ngth a nd fibre d i ame t e r  given 

mo r e  imp o rt enc e ;  __ then the e f fi c i ency of a se l e c t i on 

index c ompri s i ng number o f  l amb s  w e a n e d  and fl e e c e  

w e i ght vvould b e  l i t t l e  incr eased 

bo dy w e i gh t , and s t ap l e  l ength . 

o n  addi ng ho gce t 

Ho wever ,  the s tudy 

i n d i c a t e d  that t he addi t i on o f  f ibre d i am e t e r  would impro ve 

the inde x , e sp e c i al ly i f  i t  were c o nstruc t e d  w i th a re stri c­

t i o n so t ha t  no gene t i c  cha nge would o c cur fo r fibre 
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di :o:r.1e t e r . 

Fin� l conc lu sions a s  to what s e l e c tion index wi ll 

b e  the mo st effi c i ent , e wo.i t s  ac curat e e Ftimation o f  the 

c;bne t i c  corrc lo t i o n s  bet�een ferti l i ty and ho gge t bo dy 

�e i eht , rnd fert i l i ty end the wo o l  trai t s ,  along wi th 

the c l r ri fi c nt i on of the c o rre c t  relative economic value s 

t o  bo u sed . 
Imnro vcm e nt o f  Ram Bre o d i np Flo cks . 

WhGre the a im i s  to  imnrove future gener2.t ions  o f  

she ep , the mo st de sirabl e m e tho d o f  s e l e c tion fo r 18  -� o n t h ­

o ld rcm s end ewe s, wi l l  inc lude consi deration o f  a sele c ti on 

index i nvolving number o f  l amb s weaned be sed on the dams 

re c o rd , the ho gce t s o wn fle e c e  v.re i ght re cord e nd 

p o s sible ho gge t b o dy we i ght o fter c o rrec ting fo r re aring 

renk o nd re o ring by a t\\O - y ear- old dam . The index wi 11 

gi ve a renld ng be sed on the se trai t s  wi th the ob j e c t  o f  

providinc; info rne t i o n  o n  whi ch t o  b a.se sele c t ion . 

Final s e l e c t i on ms_y be influenc ed by o ther v;o o l  

trai t s  such a s  fibre finene s s , co lour , stenle length 

s.nd hendle >  e.nd e l so cri t eria invo lved in current flo ck 

imp roveJ;-,ent ( e s;J c c i s J. l;-{ ·�h(1 s e  asso c i at e d  with f er t i l i t y 

e . g .  ho gge t o e stru s  ac t ivi ty ) . 

Fle e c e  we i ght ha s a. relative e c o nomi c value v:hi c h  

i s  much gre at e r  thc:m e i ther fibre di ame t e r  or quali ty 

number . In pra.c t i c e  tho abo ve po l i cy may imply that 

some sme ll decrease in fi bre finene s s  may be just i fi able 

in o rder to gain gre ater e ffi ci ency in selection for the 

mo re remunero t i ve trai t s .  

It  may be de sirable to u s e  an 

level  to mc?-int ain fibre fine� s s  and so ' " 
f i or c d i am e t er or d e cr e a s e s  i n  qual i t y  

i ndep endent culling 

limi t incre a se s in 
- . -

numb er . - Be c au s e 

of i t s  s imp l i c i t y and r el at i v e ly l ov1 c os t , an ind e pe nd en t  

cul l i n g  l e v e l  f or f ibr e f in e ne s s  b a s ed o n  qu a l i ty number 

app r a i s al i s  l i ke ly to be u s ed f or the s el e c t i on of f em a l e s , 
and in the l e s s  i mpor t Cl n t  s tu d s , th e r am s  a s  w e l l . 
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'l'ho n.c cur2.cy o f  quro li ty number apnrai se.l u s  an 

indi c r' t o r  o f  fibre finene s s  i· s - · quo sti onable . Agar a.nd 

'l'h omp so n  ( 197 4 )  reported the.t wi th sale lot s o f  halfbred , 

merino end cro s sbred wo o l s ,  o ua.li ty number clas sing 

wi thin clip s c l o c rly sho we d that a re gi st ered clas ser 

v.rp c<, c:: b l e  to divi de 2 singl e  f a rmer ' s  clip int o lo t s  

Vii th 2 n  8 ve r 8 c; e  di ffernc e i n  me an fibre diometer of 1 • 3 
:1li cr un s . l.� s nr: :f ibr e d i amo t o1� of th e v1 o o l  r an � e d  from _ 

2C t o  33 m i cr on s . Th i s  ind i c�t es that r e as onabl e accuracy 
crmld o e  a t t o. i n cd i n Z.ce p i nG f ibr e f in e n e s s  from  ch anging . 

'l'hi s the si s pre sent s info rmat i on though , whi ch 

suc;ge s t s  thc: t i f  fibre fi nene s s  i s  an o b j e c tive o f  

sele c t io n ,  then for B c curat e evaluat i on , me a sured 

fibre finene s s  is  e s sent i al . Al so , i f  se lection for 

fi bre di em e t e r i s  done _ indire c t ly by s e l e c t ing on 

qu2 Ji  ty number :oerfo rme.n c o , the relat i ve effi ci ency 

in t e rm s  of gene t i c  gain i s  only 22 to 3 2)S . Further ,  

the inclusion o f  fibre di eme ter in a selection index 

wi ll improve the e ffi c i ency of an index to a gre ater 

e x t e nt th2n wi l l  qua.li ty number . A l so , the c o st 

in t e rm s  of t o t al gene t i c gain of provi ding a re stri ct ion 

to  change in wo o l  finene s s  is  much le s s  when fibre 

dirun e t e r  i s  the trai t under attent i on . 

Conse quently , in ram bre eding flo ck s ,  p arti cularly 

nuc leus flo ck s a s so c i a.t e d  vvi th l8rge scale bre eding 

pro gramme s  ( Hi ght and Rao , 1970 ) me asured fibre 

di ame t er nerformanc e o f  ram ho gget s should be used 

as  support ing i nfo rmati o n  on which · to base sele c ti o n . 

Curr ent Fl eck I mnr ov e m e n t  

Am ong th e trai t s  s tud i ed , f l e e c e  we i ght a n d  h ogg e t 

b o d y  w e i gh t ar e tte two of m o s t  i mp or t ance on whi ch cull i ng 

sh ould b e  d ir e c t ed wher e the a i m  i s  f or i mpr ove m ent i n  

lif e t i me ew e p e rf ornan c e . The d if f er en c e  i n  the 

r el at i v e  i mp or tanc e  of the s e  tr a i t s wi ll d ep end on th e 
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r n t i o  of w ool t o  l amb v a lu e s  a t t a i n e d  f r o m  � parti cu l ar 

f l o c k . 

Th e tw o m o s t i mp or t :1 nt ew e tra i t s  ( numb er of l ambs 
w e n n ed nnd f l e e c e w e irrht ) app e ar in T n bl e  21 t o  show th e 

r e l a t i v e  i mp or t an c e  of th e r e l a t i on s h i p  of t he hogg e t  traits  

t o  th e l i f e t i m e  ew e p er f o rman c e  f or the s e  two tra i ts . 

T t,;?.J.,S 21 

COR.PELATIOl\ CO:SF-:I' I CIEl';Ts ? 0I< HOC-DET TRP.ITS 

'iii TF LI:<'�Ti i :E E':iE B:dF ORl.�.Al�CE . 

11 o r;e e t  I, if c t i m e Ewe Perf o r m a n c e  

tr a i t  No . l ambs w e an e d  F l e e c e  wt . 

B od y  rv t . 0 . 07 0 . 1  2 
F l . w t . ·-o . 01 0 . 56 
S t . L 0 . 03 0 .  23 

Qu . l�o . -0 . 01 -0 . 1 4 
F . D . 0 . 04 0 . 1 1 
Ch ar . 0 . 0 2  0 . 1 5 

I mp o r t ant p o i n t s  a r e  : -

( 1 ) th e c o rr e l a t i on c o eff i c i en t  b e tw e e n  h ogg e t  f le e c e 

w e i gh t  and l i f e t i m e  ew e fl e e c e  we ight ( 0 . 56 )  wh en c omp ar e d  

t o  th e r ange o f  r ep e a t ab i l i ty e s t i ma t es ( 0 . 5 to 0 . 0 )  i s  at  

th e l ow end of th e r ange ; 

( 2 ) only a l ow c or r ela t i o n exi s t s  b e tw ee n  hogg e t  b od y  

\i e i e ht and l i f e t i me ew e perf ormanc e f or numb er of l ambs 

vr e aned ; 
( 3 )  the r e sul t s  i nd i c a t e  th a t  wh er e an a t t emp t  i s  mad e 

t o  i mpr ove the l i f e t i m e  ew e perf orman ce  f or numb er of l ambs 

w e an ed by b a s i ng cul l i ng on any of th e h o gg e t  trai t s  

i n c lud e d  i n  th e s tudy , negl i g ibl e impr ovement can be 

exp e c t ed ; a nd 

(4 ) cul l i ng _ h ogge t s  on f l e e c e  we ight i s  expe cted t o  

r e su l t  i n  an impr ov ement o f  l i f e t i me ewe p erf orma n c e  f or 

f l e e c e  w e i ght an d a n egl i g i b l e ch ang e in number of l ambs 

w e aned . 
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�h e s e  ? Oi n t s � 2y r ef l e c t  char o.c t cr i s t i c s  o� b i ll 

T : orl e; v cr , J t  c nn 1)(� e xp e c t e d  th nt th ey d e c r e a s e  \V i th a g e  

( Pur r; e r  o. ncl R o b cr t s  > 1 959) . C l a :o s i c a l me th o d s  of 

e s t i ma t i ng r ep e a t abi l i ty by intr a -c l a s s  c or r el a t i on 

a s sume l i n ear i ty . Th ough suo s e qu en t  p erf o rmanc e i s  

p o s i t i v e ly r e la t e d t o  e ar l y  p erf o r man c e th e r e l a t i onsh i p  

may h ot b e  l in e ar a nd s o  r ep e a t abi l i t y  e s t i ma t e s  W i l l  

only b e  appr oxi ma t e . 

C ar ryov er eff e c t s  f r om a p r e v i ous se a s ons 

pr odu c t i on m ay eff e c t  a curr ent s e a s on s  pr o d uc t i o n . 

Sh el t on and U e�z i e s ( 1 970 ) r ep or t  o n  r e s�l t s  

a �p ar e� t l ;  t� e � r e c e s s c f  s� c c c s sf�l � e�r oe�c t i c� , E u ch 
�s r a i s i�g on e or � o r e o rf spr i�� ? c an h nv e  a� ad v er s e  
3f� c c t  on t� c c ai r c sul t i ns i �  � l ow e r i n £  of r ep e a t ab i l i ty ,  

e sp e ci al l y  i n  th e c a s e  �h er e s o s e  e l e�ent of nu tr i t i r � n l  
s tr e s s  i s  i nv olv ed . 

n e ed i n  h i l l  c �1ntry f l o c �s t o  off s e t  t h e ef � e c t  o f  t h e  

subs t a n t i a l l y  i n c r e a s ing th e i r  �e i ght f r o �  D e nn i n g  l a mbs 

�mt i l  t he n e xt mat in2 . 

C oop and E ayman ( 't 9G 2 )  c on s i d er ed i t  ':v- ou l d  b e  

r:.nu sual i f  c o mpl e x  :::' e l a t i o n s h i l_JS d i d  n ot exi s t  b e tw e e n  

s i z e  o f  an i mal a n d  pr oduc t i on s u c h  a s  f er t i l i t y , mi l k  and 

w o o l  pr oduc t i on . 

Fur th er , th e lm owr. l i :ni t s  t o  a ch i ev ement of 
r o t ent i al und er h il l  c ountry c ond i t i on s  a r e  l arg e ly 

nutr i t i on a l  and a r e  i:'lh er ent in the l ow q_u a l i  t y  and 

cycl i c al n a tur e of u t i li z abl e f o o d  suppl y . Annu a l  i n t er ­

a c t i ons app ly n o t  only ._,v i t h in th e annual ani mal cycle but 

al s o  ov er an an i mal ' s l if e t i me ( Gunn , 1 975) . 
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'l'h e s e  !l O i n t s  I: iEhl i _:h t  th e r e <::tu i r c lll c n t s  of 3. 
��n o·::l ecl c;c o f  c; ,)ne t i cal , �l� �'s i ol o[; i c al .') r:J env i r o nr:- e ::-:t al 

f �1 c t oJ 'S  i nf lu cn d.::-1[; :pr o d ·.J c t 1 or: nnd c on s e qu e n t l y  man a g e :n ent 

f o c t or s  i nf lu er. c i n g  l i:f c t i m. e  pr odu c t i on . 

Th e l ovv c or· r cl � t i o n  b c t\'l c en h oc;,::: c t  "h ody v; e i c;h t and 

l :L f  c t i rr c c:: c � c l <' or � r:::J c  e f or r,u rnb cr of l a.:n"hs we r:tned , 

� 1 c s t i on s  th e u s i n a  of h oc2 e t  b ody w e i Eh t  a s  a c r i t er i a  

l' or cu !. b. n,: . Th e r e sl, e s s i or: s tu d y  s ho·:: s th o t  if c u l l i n g  

l ocr l i v c� e i2ht an i mo l s  r e su l t s  i n  an i n c r e a s e  ( i n � ep end e n t  

of ch o na e  1 n  o th er m e an e�e h o cg e t  b o d y  
w e i ch t s  "hy one ks , o n l y  ab ou t an a d d i t i on a l  1 0  t o  20 
c en t s/ewe i s  g a � n e d  e v er her l if e t i m e . 

�h i s  j_ s i:'2. n .c;r e e ;r: c n t; rt i th Pur s er and R oc er t s  ( 1 959)  
�h e c on s i d er e d cu ll i n a  on t h e  b a s i s o f  h ogs e t  � e i Jht a t  s ix 

r.1 0 n tJ• s of 8,S e in a S c a t  t i s h  B l a c£' a c e  :.':' l o d-.: .  Th ey s ho·."f e d  
t '  t . . ., 1 .  1 1 .c< ,.., - ... 7 _ _  ,.., . � · · � a  1 n c r e a s 1 n� CU L 1�3 e v e  s � r o m  �' � o  � J. � ,  1 n c r e a s ea 
th e m e an h og2 c t  b o d y  �e i �h t  by 1 lb , bu t  t h e  n e t t  eff e c t  en 

f l o clc p r o du c t i on ·,'.r a s  v er �r � ;:1 o.l ::. . I t  � s s  c on s i d er ed tho.t 

t� c �r a c t i c e  �as o n l y  ju s t i f i ed f r o:n a c cu �u l a t e d g ene t i c  

c; a i n s  o v er s e v er a l s er: er a t i cr: s . 

S e v er a l  h o�� e t  rri n t er i ng s tud i e s h av e  s� o�n th at 
r s s i du a l  gr a n t er l i v e�e i c ht nnd th er ef or e b ody c ond i t i o n  

n t  1 8  � o n th s  i n  b e t t er w in t er e d cr oup s r e sul t e d  i n  a h i gher 
i n c i cl en c e  of :nul t i TJl c  "hiY· th s ir. th e f i r s t  p�, ocl uc t iv e y e ar . 

Bu t ov er f iv e  ye a r s, n s  a who l e 1 t her e w n s  v i r tu al l y  n o  
d i ff er en c e ( Gunn , 1 968 ; l'.r ao f or d  e t .  8. 1 . 1 96 1 ; Pur s er 

3 n0 R ob er t s , 1 96 1 ) .  Gunn ( 1 968 ) c on c lud ed th a t  f e e d ing 

sl 1 e cp at a h it:;h l ev el dur' i nc th e i r  f i r· s t ·.v i n t er t o  f a c e  

hard b i ll c ountr y c on o i t j_ o n s , ·.va s qu i t e u n :9 r o f  i t abl e i n  

t er ms o f  th ei r subs e qu ent p erf o r m an c e  a s  br e ed ing ewe s . 

Ev er yth ing p o in t ed t o  th e l cw l ev e l  o f  nu tr i t i on in spr i ng , 
s u :nmer 2 nd au tu:r,n a s  b e inc; th e gr e a t e s t d r ar.;1)ack t o  

i mp r o v e d  p erf orm a nc e . 

Ch ' ar.g and R a e  ( 1 972)  u s i n G  R o mney d a t a  l o oked a t 

th e ph en o typ i c  r e l a t i o ns h i p s b e t w ee n , w e an ing w e i ght , 

}.� ar ch l i  v ev.r e i gh t ,  June l i  v ev1 e igh t ,  ho gg e t l i  v ev1 e i gh t 



( H i :nont} 1 ::; ) , rm :nlx�r nf 1l o,sc� e t c e s tru s e s , th e v ar i ou s  

J. i v c�G i�h t c a i n �  b e t�cen �e an in� q nd h oese t m e a sur e ment , 

:; n(� t.<l c ew e s  f cr t i l i  t y  ( nu mb e r  of l R mb s  b or n ) ov er thr e e  

Th e d n t a  � nd b e e n  a d ju s t e d f o r env i r on m e n t al 

rl :i. c ·�� c l' cnc c �-:; . Th e rn cno t�'IJ i c  c or r el a t ion e s t i m a t e  a t  0 . 23 

-::' or· t.r, c h o.c.; :, c t  l i v cw c i ;-)1t sh ov.rcd tn a t  t h e  ab s o lut e 

�r e� i c t iv e  v � lue of p o t en t i al f er t i l i ty of t � e  e� e w a s  

A l l  c orr el a t i on s  b e tw e en l i v ew e i gh t  

ch ar o. c t c r s  n r. 1 1  r:1 e a sur e ::-: cnt s of· f c;r t i l i  ty u s ed , ex.h ib i  t ed 

nn n ::-;; t:; tr encl . Th e v a lu e s  t end ed t o  r i s e  wi th i n c� e n s ing 
aee o �  tt c i n � i v i d u a l  f r o r:1  we a n i ng to the h o s g e t  l i v ew e ight . 

'i'l"" ... c 800V e inf o r �:J s t i on l e a d s t o th e SUGG e s t i on ? 

tl� a t. ':v i th th i s  Pe r e nd a l e  d a t a , th er e :n a y  e xi s t c on s i d er a"bl e 

�r o �th d if f er e n c e s  b e t� e c n  i �d i v i d u a l s  f r o m  h o gg e t  w e i gh ing 

unt i l  f i r s t  r:la t i :r. J . A s  a ccn s e qu a n c e  of' th i G , c omb i n ed 

� i th th e � o s s i bi l i ty o� c arryov er eff e c t s  f r o r:1  th e p r ev i ou s  

y e a � s  p r o d uc t i on ,  r e p c n t ab i l i t y  f or th e h o g s e t  l iv ewe i 3ht 

v i th l a t e r  p r e -ma t i ng l i v ewe igh ts m a y  n o t  b e  h i gh . Al s o , 

e G o  c orr e c t ion s , r e ar i ng r ank nn d _ a g e  of d a m c orr e c t i on 

f a c t or s  h A v e  n o t  b e en app l i ed t o  th e h o gg e t  r e c o rd s . I t  

s ee ms r e a s onabl e t o  sugg e s t  t h a t  t h e s e  f ac t or s hav e 
c �n t� i bu t cd t o  t h e  lo� c or re l a t i on r e c ord ed b e tw e e n  h og g e t 

lJo d y  v1 e i gh t  8 l1 d  numb er of l n mbs w e a n e d  by a e'll e o v er h er 

l if e t i m e . 

Thu s , in c or:1me r c i al f lo cks , vrh i ch d o  n o t h av e  a 
s oph i s t i c a t ed re c or d i ne s ch eme , a t  t h e  hogc e t ag e , cu ll i ng 

s h ou l d  be d i r e c t e d  ag A i n s t  l ow f l e e c e  w e igh t an i mal s only .  

Oth e r  l i t er a tur e sugg e s t  t h a t  · on e o r  m o re o v e r t o e s tru s e s  

a t  the hogg e t  s t a g e  i s  a s s o c i a t ed wi th abov e-av er a g e  l if e ­

t i m e l amb p r od u c t i on ( Hul e t ,  �:'l igg ans and Er eanbr a c k ,  1 96 9 ;  

Ch ' ang a nd R a e , 1 972 ) . As th i s  w ould onl;'{ r e qu i r e  

t er:1p or ary in d i v i dual i d ent if i c a t i on ( s ir e -:- s i gn cr ayon ) , 

th i s i s  anoth er h og g e t  c har a c t er tha t  may b e  c ons id er ed 
in a cull i nc; pr oGrarnm.e a t  the h ogg e t _ a g e . 
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T<' 0 i"'  t; j  1 i. t·-.r 

Tt e r cv i c '.'/ o:f l i t cr n tur e ind i c FJ t e d th at i t  h a s  a 
l o':: h 8r i t a1) i l i t :r l-ru t VJ or th·:-iil i l e :i n�l; r ov er:-: e n t  c an b e  mad e . 

p o s i  t i v c l y  [ •::;nc t i c �l l y  C Ol' r c J. o t c ci -.�: i th h o[;g e t  h ocJ y  '.·l e i[;h t 

( ' r j l 1 C'6 3 Sh l t .., � " Y\ • r " r. �""' �- . r, ' 1 0\.l.Tt[? c ·, -. •  , _ _  . ,  _/ -, ; • •  c _ · on . o n e  ,., e . .  z l c "' , 1 ./ o ._, , .. d-: e.r._z 
o n �  R 8 e , 1 972 )  a nd nurn� er o� h c 2 � c t  o e s trus e s  ( Ch ' ang and 

-:J " "'  1 n7? )  .... �. (  �. e ' ::..· � . C ons c r�'J. r:; n tl y , ·,yh cn i t  c o :-:, e s  t o  s e l e c t i on 

d c c i s i or ... s a t  tl1 e h o ss e t  a . .:r e  a c orGOi:1a t i o r:. o� r e c ord s of 
t er d n rrs f er t i l i t y ,  h o: c e t  b o d y  � e igh t a �{ o e s trus a c t iv i ty 

c on be  e xp e c t e �  t o  pr o du c e i ��r o v c d  f er t i l i t y . 

Th e s m al l eff e c t s  A t  n o r m al cul 1 i n2 l ev el s on 
ph e n o t yp i c  l i v e� c i �h t  p e rf orman c e  d o e s  n o t  n e c e s s ar i l y  
pr 8 d i c t  th e s cnc t i c  eff e c t s  f r o� thi s t yp e  of cul l i ng 

( P -i ,,.-·,-, + " T' d ,Jn ·-� ·r '1 (!7 ::; ) . .  --- G ... ... u o.. ... � -- V ' ../ _., • �h ey s uss e s t th at a t  h i gh cu l l in� 

r n t e s  th e s el e c t i on of tr"e h e nv i e s t  y oui'lC C:Hle s  c ould 
.'J. s s i s t  in th e f oY' J:;s t i on of a f l o c;;: ·H i th a h igh i n c icJ. en c e  

o f  ::·,ul t i };l e 'b i r th s  :' or r· e c  cr c1 i ng in l c.l� g e -s c al e  br e e d i n g  

s ch e m e s  (E ight a nc � a e , 1 970 ) . 
Tr.c i n s  v 

� i�al l y , t h e  a c c ep t ab i l i t y  of any p lan f or i� c re a s ed 
f er t i l i ty ':r i l l  p a r t l y  n cp e r.d o n  th e e x t en t  t o  rth i ch ;;] a t ernal 

h an d i c ap r e du c e s  t}; e p ::.� odu c t iv e  ql< a l i t y  of she ep b o r n  in 

nu l t i pl e  'bi r th s . Th e !' e l a t iv e pr odu c t i on am: e c onom i c 
v a lu e s  of s in.;; l e  ar..d mul t j_ pl e b orn an i m a l s  hav e 'b e en 
a i s cu s s ed by v ar i ous au t� or s inc lud inJ rurner ( 1 96 1 ) , Du:1 
and Gr ewal ( 1 963 ) , Lax and Br orm ( 1 967 ) , Pm, s er ( 1 96 9 )  and 

v an ·::e s thu ys en ( I  973 ) . Th e g en er al c on cl u s i o n  i s  tha t  

twi n s  ar e b e t t er pr odu c er s . 

IV in d i c a t e s supp o r t  f or th i s  c on clus i on . 

Th e d iff e:" e n c e  i n  l i f e t i me vv o o l  vi e ight i s  n e g l i g i  b l c  wh i l e  

tw i n s  v e aned 3% c o r e  l amos ov er th e i r  l i f c t i ffi e . C ons e -

qu c ntl y ,  i t  i s  c on s i d er ed -�h a t  i t  ·.'i OD.ld o e  und e s i r aol e t o  

s el e c t in a wa�r th at r; oul d  pr e jud i c e th e r e t en t i on of twi n s . 
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U sing the mod el outlined in the th e si s ,  a c omputer 

programme w a s  wr i t t en which c a rrie d ou t the c omput ations 

a s  f ol l ow s . As the data were r e a d  in, the m atri c e s  f or . th e  

l ea st-square s  e quations wer e ac cumul ated . The se compris ed 

two c omp onents . 

( 1 ) the ' va rianc e-c ova ri anc e matrix ' of c o efficients . 

Th i s  w a s  ob t a i n e d  by c ounting the number of time s 

e a ch p a r amet er o c cur s in th e subcl ass t otals f or 

e a ch sub cla s s  i n  the mod el . 

( 2 )  th e ' righ t h and member s ' (RHM )  c olumn v e c t or s , one 

f or e a ch trait . Th e value in this REM is th e sum 

v al u e  f or e a ch tr ait over al l the d ata bel onging t o  

th e subcl as s . 

Only tho s e  h om� e t r e c or d s  we r e  used vth en ob s e r v a t i ons 

f or a l l  7 tr a i t s  i n  th e s tud y w e r e  pre sent. C onse quently , 

t he v ar i an c e -c o v ar i an c e  matr ix w a s  t h e  same , and was use d ,  f or 

b oth v ar i an c e  and c ov a r i a n c e  c omponent analy sis . 

C om nut c:t t i on of I< (/Aj a. ;  ) 4.;/ I cl< l of..t ) 
Th e f ol l ow ing s t eps we r e  f ol l owed . 

( a ) Abs orpt i on . 

B e c au s e  t he number of a. ;  ( 1 5 ) and fl;,/ ( 1 1 5 ) sub cl as ses 

w�e l arg e , an indir e ct ap pr o a ch had t o  be u s e d  to s ol v e th e 

l e a s t -qu ar e s  e qua tion s ; th e k ey f e a tur e of which , when 

app lied to th e mod el und er consid erati on i s  t he sw ee pina 

out or abs orp t i on of th e e qu a t i ons f or th e  /A. r a i  t- A.-;; 
The working mo d el w a s  p ar t i t i on e d  a s  

y X fl ,  + e 
Con s t an t s  t o  b e  f i t t ed w er e a rbitrarily d iv i d e d  in t o  tw o 

set s . The p, s e t  i n c lud e d  only those c onstants that 
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c ould b e  c o n v en i en t ly ab s orbed , and the /Jz. s e t  of c on s t ants 

i nc l ud ed a ll con s t a n t s  t o  b e  f i t t e d . o th er th an tho s e  

abs orbe d . The l e a s t -s qu a r e s  e qua t i ons f o r  th i s  mod el c an 

b e  r epr e s en t ed in ma t r i x  n o t at i on as 

::: 

wh e r e  f o r the pr e s en t  ex ampl e -

D i s  a d i ag on a l  ma tr i x  whq s e d i ag on a l  el e ment s  

c ompr i s e d  the numb er of r e c or d s  f or e a ch s i r e -w i th i n ­

y e ar subc l a s s  and w a s  o f  t h e  ord er t x t ( i . e .  1 1 5  x 1 1 5 ) ;  
"' 1' N i s  a m atr ix of c o eff i ci ent s  f or CJ<. & Q. .£.  i n  the 

JA. +  a +  b e qua t i o n s  of t h e ord er t x ( r + s )  i . e .  

1 1 5 x (4 + 2 ) ;  
I 

N i s  the t r an s p o s e  of N 

y, i s  the m a tr i x  of RHl,i ' s  f or t he J" t a ;  t -<1 . �  
e qua t i ons o f  th e o r d er t ( i . e .  1 1 5  x 1 v e c t o r s ) . and 

) 

Y� A 
i . e .  ck 
( i . e .  6 

i s  t h e m a tr i x  o f  RHM ' s  f or the o the r e qu a t i on s  
1'. 

and d1 s ub cl a s s  v a lu e  t o t al s , of t h e  or d er r + 

x 1 v e c t or s ) • 

Th e abs orpt i on p ro c e s s  f ol l ow s  f ro m  the f ol l owing 

m a t r i x  op er a t i on s . 

( i ) C a l cul a t i on of " n ew c o eff i ci e nt s "  - a · 6 x 6 

m a t r ix , 
S - N D_, N 

( i i ) C al cul a t i o n s  of " new RHM " a s e t  o f  6 x 1 

v e c t o r s . 

(b) I mp o s i ng R e s t r i c t i ons . 

Bef o r e a uni qu e  s olu t i on of the e qu a t i on s c an be 

o b t a i n ed , i t  i s  n e c e s s ar y  t o  i mp o s e  c er t a i n  r e s tr i c t i on s . ....... ,..... 
Th e r e s t r i c t i ons i mp o s e d  were tha t  z C*- ::: Zd.t = 0 whe r e 

IC l 
th e I\ d en o t es " the e s t ima t e  o f " .  F or t h i s r e s tr i c t i on 

t o  b e  i mp o s e d , th e c o eff i c i en t  of one e qu a t i on in th e 

., 
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Cl< an d one c qua t i on i n  the Ji. h a d  t o  be su btract ed f r om 

o th er c o ef f i c i ent s by c ol ulT'.Il s and rows o f  the v ariance-..... 
c OV8r i an c e  ma tr i x . Th e la s t  e o eff i c i e nt s , c--: and d. 2. were 

:::mb tr R c t c d by c olumn and row , only wit hin t he Ck and d...t 
c o eff i c i e nt s �  r e sp e c t i v el y . The l a s t  memb er f or CJ.: and 

d. .f. cl o.ss cs f or t h e Rm,r ' s w a s  then s u bt r a c ted fro m  th e o ther 

me mb er s , r e sp e ct i v ely . 

( c) � s t i ma t i on of C o n s t an t s . 

Th e m e t h o d  of s ol v i n g  th e s i rr.u l  t an eou s e quations was 
o.s f ol l ow s . Th e e s t i u: a tc s of c on s t an t s  included in t he 

s e t  we r e  

[4 x 4 ]  

ob t a i n e d  f r o m  

� [ s - N' D_, N r L Y, 

A. 

- N,  o- ' - 1, J 
[J,. X 1 ]  

B e c au s e  Z. d R.  = 0 the r emaini ng c on s t ant s we re 
2 ' 

/'- ( c . "' c3 ) c4 ::.. + c� + 
c ompu t e d  f r o m 

r- "' 

d ':l.. = c( ,  and 

S s t i mo t e s  of th e c ons t an t s  in clud ed in t he $, se t 

v1 er e th e n  c ompu t e d  f r o m  
A ..... 

) P I  o- ' ( y, - N  /3 .. 

[1 ! 5  )i. 1] [ 1 1 5  X I ]  
" 

Tl1 e f3 ,  c on s i s t s of l e a s t -s qu ar e s  sub c la s s  m e a n s . In 

or d er t o  ob t a in s ep ar a t i on of t h e  c on s t a nt s , th e restriction 
" 

£0. --; -=- 2 A.j = 0 w a s  i mp os ed , and the av era ges of the 
" ,... ,... j.) + 0. · -r /.),�· w e r e c o mpu t ed ) 

( ;A  A A ) "' ,.. 
z 

+ 0.. ..; t /d:j f r o m  jJ. t 0- ;  =-
J q >. 

( ,... ,... A ) /\ 
i IJ. t- o. ;  T ,<}; . 

;A i J 
J �Cf ; Th en 

I' A /" "' 
{). �  =- /A -t (}. ;  )A � 

/'\. /\ /\ " "' ·"' 

;{},·J 
- jA +- G\. i  + /.J,J /A + 0.. .; -
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( d ) C a l cul a t i on of Re du c t i on in Sums of S qu a r e s . 

'l'h e R ( lA 1 o.. ; l ,.() ;,j ) C1, > d .e. J .  w a s  c al cul a t ed by 
tn c summ a t i on of th e c on s t an t  e s t i ma t es mul t i pl i ed by the 

or i Gi nal RHM v alu e s . 1\.H.f'r'\ . 

x [ �. 1 = R (",a ; , J.; , C, ,J t) 

; _e . /\ I  
!3 ,  X '/ 

T� e s t ep s of abs orp t i on ,  r e s tr i c t i on and e s t i ma t i on 

o f  c ons tant s wer e u s ed agai n , s i mi l ar t o  that u s e d  in the 

c o mpu t a t i on of R ( !-A- )  a. ). , AJ .· _j  J Cl<. ) d l }  e xc ep t tha t  n ow 

th e m od el h a d  been r edu c ed by ".:.h e exclu s i on of the s i r e -

w i th i n -y e ar eff e ct s . C on s e qu ent ly , af t er carry ing out 

th e s e  s t ep s , th e f in a l  m a tr i x  rr.u l t i pl i c at i on giv es 

:2. ( A-A. ) a ; > c)<. , d. _,e_ } 
s quar es -

>< 

the r e du c t i on in sums of 
R . H . fY\  

l ] 
d e  

Th e s e were computed by the tr ansp os ed v e c t or of c ons t ant 

e s t i ma t e s f o r one tr ait  b e ing mul t i pl i ed by the RH?.1 v e c t o r  

f or an o ther trai t \V i t h  each mod e l , r e sp e c t iv e ly . 
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Th e ind i r e ct me th o d  w a s  u s e d  in c o mputing K f or the 

s i r e -wi th i n -y e ar c omp on en t • . 

wher e ,  

n . . . . . £ z. R 'J N.·· ' i 'J 

D egr e e s  of F r ee d om S 

n • • • . •  i s  t h e  t ot al number o f  r e cord s u s e d . J 
D egr e e s  of F r e ed om S i s  e qual t o t - p = 1 1 5 - 1 5  = 1 00 .  

� � R )j � I ' ' ; o,) IV 'J i s  c o mpu t e d  f r o m  the sum of t h e  d i ag on al s  

i n  th e ma tr i x  r e sul t i n g  f rom t he mul t i pl i c a t i on N'R- ' AI  
wh er e , 

N i s  t h e  s egment of t he o r iginal c ompl e t e  s et of 

l e a s t -s qu ar e s  e qu a t i ons wh i ch c on t ai n e d  th e c o eff i c i e nt s  

as s oc i a t i ng the eff e c ts und er c on s i d er a t i o n  w i th a l l  o th e r s 

i n  th e mod e l ; a nd 

R - I  i s  the i n v er s e  of th e v ar i an c e - c o v ar i an c e  m a t r i c  

whe r e  al l eff e c t s  e xc ep t  th e s e t  f or wh i ch t he v ar i an c e  

c o mp one n t  c o eff i c i e n t  i s  t o  b e  c o mput ed ( i . e .  t h e  _,..d,-J � )  
ar c e x c lu d e d  f r om t h e  mod el . i . e .  the inv er s e d  v ar i an c e ­

c ov ar i an c e  matr i x  d er i v ed i n  th e p r o c e s s  o f  · c ompu t at i on of 

0 ( /A  et ·  C J o \ If the matr i x  inv er s e  of the f' ) ' ) )( ) CA. <.  ) • 

v ar i a n c e -c o v ar i a n c e m a tr i x  und er th e r edu c ed mod e l  i s  

par t i t i on e d  a o  f ol l ows -

IV 

s 

th en C i s  t h e  inver s e d  r e s tr i c t ed matr ix af t er th e abs Cfjl'p t i on 

pr o c e s s  f or t h e  r edu c ed m o d e l . Thi s  ma tr ix h ad t o  be 

f i r s t  bu i l t  up f rom a 4 x 4 t o  a 6 x 6 by s e t t ing 
-' 

( the or i g i n a l  r e s tr i c ti on i mp o s ed ) . 

G ::: - o - '  N c and 

A - 0- 1 ( I  - IV  G, J wh er e I i s  an i d en t i ty matr ix . 
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The c od ed w o o l  qua l i ty numb e r s  and th e i r  c orr e s p ond ing 

qua l i t y  number as w e l l  as th e aver age mi c r on v alue and 

r ange, th a t  were u s ed thr ough out the · analys is of th e .d at a ,  

appe ar i n  t he f ol l owing T abl e . 

C od e  

44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

TABLE I I I  ( 1 ) 
CODED WOOL QUALITY ·NUMBER S 

AND 
l.i i CR ON VALUES 

Qual i ty Number F ibr e D i ame t er ( mi c r o n s ) 
Av er age R ange 

44 ' s  38 . 3  3 7 . 8  - 38 . 8  
44/46 ' s 37 . 2  36 . 7 - 37 . 7  

46 ' s 36 . 2  35 . 8 - 36 . 6  
46/48 ' s 35 . 3  34 . 9 - 35 . 7  

48 ' s 34 .4 34 . 0  - 34 . 8 
48/50 ' s  33 . 5  33 . 1  - 33 . 9  

50 ' s  3 2 . 6  32 . 3  - 33 . 0 
50/52 ' s 31 • 7 31 . 3  - 32 . 1  

5 2 ' s 30 . 8 30 . 5  - 31 • 2 
52/54 ' s  30 . 1 2 9 . 8  - 30 . 4  

54 ' s  2 9 .4 29 . 1  - 2 9 . 7 
54/56 ' s  28 . 7  28 . 4  - 29 . 0  

56 ' s  28 . o  27 . 7 - 28 . 3  
56/58 ' s  27 . 3  27 . 0  - 27 · 9, 

58 ' s  26 . 6  26 .3  - 26 ."9 
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Data  from the correlat i on s tudy inv olv ing the 

rel a t i onsh i p  between h ogg et  and lif etime  ewe perf ormance 

d o e s  allow s ome  points  to  be not ed on the c omparis on of 

twin s  �nd s ingl es . 

Me an v alues of hogg e t  and lif etime ewe re c ord s f or 

singles and twins ar e pr e r.ented in Table IV (1 ) .  

TABLE N ( 1 )  

MEAN VALUE S F OR RECORD S FR m.� T'NINS AND S INGLE S 

Tr a i t  

H oe::;get  tr ai t s  

Body 'Nt . ( kg) 

Fl . wt . ( kg) 

Qu . No . 

F .D .  

St . L .  

Ch ar . 

Ew e tra i t s  

F l .  wt . ( kg )  

Qu . No . 

F .D .  

S t . L .  

Char . 

No . l ambs 

weaned 

M ean Values 

Singl e s  2:. S . E . 

37 . 8 9  0 . 6 2  

2 . 53 0 . 05  

5 2 . 94 0 . 1 2 

30 . 75 0 . 1 3  

1 1  . 8 1  0 . 1 0 

5 . 52  0 . 08 

3 . 56 

50 . 90 

34 . 93 

1 3 . 96 

5 . 5 2  

1 . 1  0 

+ Tvvins S . E . 

36 . 30 0 . 80 

2 .38 0 . 07 

5 2 . 91 0 . 1  5 

30 . 28 0 . 1 6 

1 2 . 03 0 . 1 3  

5 . 1 6 0 . 1 1 

3 -47 
50 . 86 

34 . 96 

1 4 . 1 0  

4 . 88 

1 . 1  3 

D iff er ences 

1 . 59 

0 . 1 5  

0 . 03  

0 .47 

0 . 22 

0 . 36 

0 . 09  

0 . 04 

0 . 03 

0 . 1 4  

0 . 64 

•' 
0 . 03 

F or the hogget  trai ts , it  can be s een that r e ar ing 

rank d iff er ences  oc cur . Tv1ins ar e lighter in both body 

we ight and f l ee ce  weight . Al so th ey have f iner wool , 

l ong er s tapl e  l ength and a l ower wo ol char acter grad e . 
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TI1 e s e  r ear ing r ank d if f er en c e s  ar e � n  agr ee me nt t o  the 

e a r l i e r  r ep or t e d  r e ar ine r ank eff e c t s  c al cul a t ed in 

e s t i ma t e s  of env i r on m e n t a l  eff e c t s  (Tabl e 1 1 ) . 

A s ma l l  d if f er en c e  i s  e v id ent in th e m e an l if e t i me 

ew e p er f orman c e  v al u e s  f or f l ee c e  w e i gh t , s t apl e l ength 

and ch ar ac ter . S t and ard d ev i a t i ons were n o t  av a i l able 

f or t'h e l if e t i m e  ewe p erf o rman c e . C on s e quently s t and ar d  

e r r or s c ou l d  n o t  b e  c ompu t e d . I t  i s  exp ec ted tha t only 

char a c t er would be s i gnif i c an t ly d iff er en t . 

Dun and· Gr ewa l  ( 1 963) wr o t e  th a t  g en e r a l l y  tw i n -born 

ew e s  s h ow a redu c ed p r o du c t i v i ty at m a tur i t y  of th e ord er 

of tw o to e ight p e r c ent of c l e an f l ee c e  w e igh t , pr i n c i pa l l y  

d u e  t o  a r edu c t i on i n  the t ot al number of w ool f ibr e s 

p o s G e s s e d  by the an i m a l . Th ey p o in t  out t h a t  th e magni tud e  

of th i s  p r o d uc t i on d ef i c i t  i s  l ar g e ly g ov erned by s e a s on 

and env i r o n ment t o  th e e x t e n t  th a t  thes e aff e c t  th e 

pr e -n a t al and p o s t -n a t a l  nutr i t i on of th e l amb . 

Con s e qu en tly , th e twi n  a n d  s ingle born m e an l i f e t i m e  ew e  

f l e e c e  w e i gh t s  f o r  e a ch ye a r - of -b i r th g r ou p  ar e pr e s en t e d  

i n  F ig • rv ( 1 ) • 

4 . 0  kg . 

3 . 2  kg . 

F i g .  IV ( 1 )  
L if e - t i m e  E·.v e F l e e c e  V'le i gh t . 

1 957 ' 5 9 ' 61 ' 63 
B i r th ye ar 

' 65 

Tw in s  



1 38 . 

I t  c a n  be s ee n f r o m  F ir: .  rv ( 1 ) that v alues  ar e v ery 

s i m i l ar ex cep t f o r 1 95 9 , 1 961 and 1 964 . The s imi l ar i ty 

in pr odu c t i on ov er m o s t ye ar s woul d supp or t Turn er ' s 

}! o s tu l a t i on th a t  i f  th e y oung ew e vve r e  w e l l  gr own the 

eff e c t  of maternal hand i c ap m igh t be e l i mi n a t e d , ( Turn er , 

1 961 ) . Ev i d enc e of c ompen s a t o ry gr mvth i n f ibr e volume 

J1 as  b e en observed in s ev er al exper i ments where d ens i ty has 

been r edu c ed by nu tr i t i o� a l  s tr e s s  (H end er s on , 1 953 ; 

Shor t ,  1 955 ) . 

No i nf orm a t i on on c ompon e n t s  of f l ee c e  w eight  i s  

nv ai l al)l e  f r om the d at a  t o  e xp l ain th e d iff er en c e s . 

C i s cu.ss inc f l ee c e r1 c it; h t  r e c ov ery f r o m  h and i c ap s i tu a t i on s , 

Dun and Gr ew al ( 1 963 )  supp o s e d i s crep a n c y  b e twe e n r e sul t s  

f r o m  f i el d and l abor a t o r y  c 2 n  be expl a in ed on th e basi s of 

� i. ff er en t i al al t erat i o� o f  d en s i ty and surf a c e  ar e a . Th i s  

s i tuat i on may exi s t h er e  t o  e xpl a i n  th e r e ar ing r ank 

d i ff er en c e s  i n  1 961  8.nd 1 964 . 1.V o o l  pr odu c t i on h a s 

b e e n  r edu c ed permanentl�r by a nutr i t i o n al l y  indu c e d  

r educ t i on in f o l l i c l e  d en s i ty ( S ch i n c k e l  and Sh or t ,  1 961 ) .  
Turner ' s  ( 1 961 ) r e sul t s  suc; g e s t that r educed  d en s i ty c ould 

b e c o m e  i n c r e a s i ngly i mp or tant in l e s s  f av our e d  sh e ep 

country whe r e  l ar g er p r o d u c t i v e d iff er enc e  b e tw e e n  twi n s  

and s i.n c; l e s  c an b e  e xp e c t ed . 
H ov.r ev er the results of Sumner and ',V i ckh am ( 1 970 ) l ed 

th em t o  c onclud e that  a s i tua t i on in whi c h  p e r manen t 

chang e s  i n  th e f ol l i cl e  p opul a t i on c oul d t e  indu c ed, w ould 

b e  e xt r eme l y  r ar e  f or R onm ey s he ep und er New Z e al and 

gr a z i ns c ond i t i ons . 

I t  may b e  supp o s ed thn t  t h e  evi e s  b orn · a s  twi ns in 

1 96 1 and 1 964 e i ther d id not sh ow· suf f i c i e nt c omp en s a t o r y  

er ow th in f ibr e v ol u m e  t o  c omp en s a t e  f o r  any p e r m an ent 

r educ t i on in f ol l i c le d en s i ty o r  th a t  in the s e y e a r s  t hey 

d i d n ot r e c ov er f r om th e ir r e ar i ng r ank hand i c ap of r e duc ed 

w o ol pr o du c ing surf a c e  ar e a . 

J.: ean l if et ir:1 e v alu e s  (Tnbl e IV ( 1 )) show tha t  twi n  ewe s  

w e an e d  3% mor e  l a�bs ov er th ei r l if et i m e . Th e d iff er en c e s 
b e tw ee n  s ingl e s  and tw i n s  f or ew e s  f r o m  e a ch ye a r  of b i r th 
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app e ar i n  F ig .  IV ( 2) . I n  mo s t  year s d iff er en c e s  wer e  

n egl i g i bl e . I t  may b e  s e en that in s o m e  year - of -b i r th 

g r ouping s , s ine l e s  w e an e d  s l igh t ly more l ambs ov er the i r 

l i f e t i m e  t h an d i d twi n s . I n  only f our c a s e s  ( 1 958 , 1 95 9  
1 961 and 1 965 b ir th y e ar s ) d i d  twin s  w e an mor e lambs· th an 

s i ngl e s .  Th e l arg e s t d iff erenc e ( 1 2%) ,  an a d v antage f or 

th e twi n s , o c curr ed i n  1 96 1 . 

1 . 3  

. 1 • 2 

1 . 1  

1 . o  

0 . 9  

F ig .  V . ( 2 )  
Lif e -t i me Ew e Lambing Perf orman c e  

( L ambs w e an e d ) 

1 957 ' 5 9 ' 6 1 ' 63 
Bir th y e ar 

' 6 5  ' 67 

I t  mus t  be appr e c i a t ed th a t  t h e  s t a t i s t i c al 

s i gn if i c an c e of t h e  r e sul ts shown i n  F ig .  IV (1 ) and 

F ig .  IV ( 2) c ould n o t  b e  c a l cul a t ed f r om the inf orma t i on 

c ompu t e d . 

Twins 
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S ome d iff er enc e s  we r e  al s o  ev i den t in the c orr e l a ti on 

c o eff i c i ent s f or t h e  r e l a t i onsh ips b e tw e en h ogg e t  and 

l if e t i me ew e p erf orm an c e . S om e  of in t er e s t  ar e : -

Corr el a t i on Co eff i c i e n t s  

H o gg e t  t r a i t Ew e trait 

Ov er al l S inr-;1 es T-vV i n s  

Body w e igh t  n o . l ambs 

r1 eaned 0 . 0 7  0 , 06 0 . 1 1 

::.' l e e c e  r1 e igh t ;-; 0 . lam"b s 

··:t e an e d -0 . 01 0 . 04 -o . os 

E od y  w e i ,�ht F l e e c e  ':l e izh t 0 . 1 2 0 . 1 6  -0 . 06 
F l e e c e  v1 e i eh t F l e e c e ·>: e igh t  0 . 56 0 . 6 2 0 . 41 
F ior e d i a m e t er F l e e c e w e i ght 0 .  i 1 0 . 1 5 -0 . 0 2  
Eody 'ii C i.:;ht F ibr e d i ame t er O o 0 2  0 . 1 6 -0 . 1 6 
F l e e ce w e i gh t  F ibr e d i arr.e t er 0 . 25 0 . 3 7  -0 . 03 



A PPRN"D I X  V :  SF:LE C T I ON nmsx ST1JDY 

( 1 ) /1 :::;twl:r of p;en�t i c  nr o P"r e s s f r om a s e l e c t i on ind ex 

involvin� f l � e c e  w c i�h t ,  s t apl e l en�th and qual i ty 

nn :nl'er rt ith o n e  i nv o l_ v i n .� f l e e c e  -.·v" e ir;h t ,  s t a11 l e  l ength 

� n �  f ihr e � i n m e t er o nd th e i r  c o mn ar i s on wi th d i r e c t 

gA i n  f r om m a s s  s el e c t j on � or f le e c e we i�h t only . 

In c on s i d e r a t i on of pr ocr ammes  d e s i gn e d  f o r  sheep 

i mpr ov em en t , f l e e c e  vt c ich t i s  one tra i t  to Vlhi ch a t t en t i on 

i s  u s u a l l y  d i r e c t ed . �i th Perend ale s , it  i s  r egar d ed th a t  

a n  i n c r e a s e in f l e e c e  v e i�h t  �hi l e  Qaintaining or i mpr ov ing 

\"/ COl f in en e :::, s i s  c e :::, i r nt)l C . The g en e t i c  pnrar:Je ters that 

h av e  b e en c al cul a t e d  sua� e s t th a t � i th f l e e c e  w e i cht 
i ::i:;;r ov e r:1 e n t , c cn t L::.u e d  c or r e l o. t ed cho.r.ge s  in qua l i ty numoer 

and f ibr e d i ame ter may be d etri mental to  the who l e  pr oduc t . 

In thi s s tudy , int er e s t  l i e s  in the r elat iv e eff i c i ency 

of s el e c t i on for f le e c e  we i ght u s ing an ind ex w i th e ither , 

( 1 ) f lee c e  w e ight , s t apl e l ength and quality numb er or 

( 2 ) f le e c e  w e i gh t , s taple  l ength and fibre d iame ter in i t , 

w i th and wi thout r es tr i cti ons* on qual i ty number and f ibr e 

d i ame t er f or ( 1 ) and ( 2 ) r e spe c t ively , compar ed t o  m a s s  

s el e c t i on f or flee ce  we ight . 

The f ol l ov1 i ng tc;; o ind i c es  w i th th e p ar ame t er s  a s  l i s t ed 

cl ou , �e r e  c ompu t e d  u s ing a c o mput er pr ocr amm e f oll ow ing 

Cunn i ngh am ( 1 S'6 9) . 

* �".. s e l e c U. on ind ex may b e  r e s tr i ·::! t ecJ by r e qui r inc th at 
th e g en e t i c  ch ans e s  i t  p r o du c e s  in o n e  o r  � o r e  t r a i ts 
e qu a l  z er o  02, s o n c  pr e d e t c r m t n ed v al u e , or  ar e of 
sp e c if i e d  s iGn ( Cunn inch am ,  � o en and Gjedre� , 1 970) . 
In th i s  s e l e c t i on i n d ex s tudy , an " i:1d e:x w i th r e s tr i c t i on "  
·.'ii l l  'h e  on e 1:/h er e 1 oo;:s I' e s tr i c t i o n  o n  th e tr a i t c on c erned 
h o. s  'b e e n  a:':Dl ie d . I t  i mpl i e s z er o  chang e ( i . e .  n o  
g en e t i c gain ) in th e tra i t  o n  vrh i c h  the r e s tr ic t i on 
has  b e en p l a c ed . 
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Selection Index one 

Fleece  weight , s taple l ength , . qual ity numb e r .  

Trait R . E . V .  Phen .  h2 C orre l atiQns 
S . D .  Phenotypic Gene tic 

1 .  Fleece wt 1 00 . 0  0 . 89 0 . 32 ( 1 ) x( 2 )  0 . 44 0 . ?6 
( kg) 

2 .  Staple le ngth 3 . 0  1 . 54- 0 . 49 ( 1 ) x( 3 ) -0 . 1 6  -0 . 48 ( cm) 

3 .  Qual ity No . 5 . 0 1 . 95  0 . 26 ( 2 ) x( 3 ) -0 .45 -0 . 63 

S e l e c t i on Index two 

Fleece  we i ght , staple , le ngth , fibre di amet e r • 

Trait R . E . V .  . Phe n .  
h2 C orre l ati ons 

S . D .  
Phenotypic Ge netic 

1 .  Fleece wt 1 00 . 0  0 . 89 
( kg )  

0 . 32 ( 1 ) x( 2 )  0 . 4-4- 0 . ?6 

2 .  Staple l e ngth 5 . 0  1 . 54 
( cm) 

0 . 4-9 ( 1 ) x( 3 )  0 . 50 0 . 43 

3 .  Fibre diameter 
2 . 30 ( 2 ) x( 3 )  ( u )  -10 . 0  0 . 54 0 . 34- 0 . 5 3 

This was followed by the c onstruc tion o f  re stri c t ed indices 

which kept re spectively , qua l i ty number or fib re diame ter 

unchanged for s e lection index o ne and two . 

The re sul t s  are shown i n  Table V(1 ) . 
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TABLE V ( 1 )  • 

Resul ts for the f our s elect i on ind i ces und er s tudy . 

Unr e s tri c ted Ind ex Res tri c ted Ind ex 

Var i a t e  

)3 Value of % of j3 V alue of % of 
Value Vari ate  Gai n  Value Var i at e  Gain . 

Selection ind ex one : 

F l . wt . 2 3 . 3  1 7 . 7  99 . 7  1 8 . 01 2 2 . 78 95 . 04 
S t . Lt . 1 1  • 7 1 0 . 6  6 . 5  6 . 1 1  6 . 24 4 . 96 
Cl,u . No . 0 . 3  o . o  -6 . 2  8 . 55 43 . 06 o . oo 

Dummy : 
Qu . No . -40 . 8 -4 2 . 03 

Sel e c t i on ind ex two : 

Fl . Wt . 28 . 7  23 . 9  95 . 5  30 . 1  0 59 . 54 91 . 35 
St . Lt . 1 1  .4 1 2 . 5  9 . 5  1 0 . 67 1 1  • 78 8 . 64 
F .D . -5 . 7  6 . 3 -5 . 0  -7 .46 63 .47 o . oo 

Dummy : 
F .D .  ) . 04 -o .  76 

where : 

JB v alu e i s  the weight ing f ac t or f or the ind ex . 

VRlue of v nr i 8t e  i s  the c ontribution whi c h  each var i ate 

makes to  g ene tic  gain , or per c ent r eduction of over all genet i c  

gain if that v ar i a t e  i s  o mi t t ed . 

. •' % of gain i s  the p er 6 entage of t otal e conomic g a1n 

account ed f or by th e gain in e ach tr ai t . 

Dummy : ind i cates the tra it on which the restr i c t i on 

has  been  placed . To impose  the r es tr i c t i on that the i nd ex 

sh a ll produce  no change in Y i  ( th e add i tive gen otype of 
the trai t concerned ) the ind ex e quati ons are s olved sub j ect  to 

Cov (Y ' ,  I )  = 0 
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Par t  of the pr oc edure t o  augment the b a s i c  unre s tr i c t ed 

e quati ons i s  t o  add a dummy v ar i abl e t o  the ind e x  

( Cunn ingham e t . al . ( 1 970) . 
Th e r esul t s  j_nd i ca t e  that f lee c e  we ight has c on s id er ­

Abl e cr e a t cr r elative  i mpor tance in t erms of . the per c ent age 

of to tal e c onomi c gain and f or the value that e ach v ar i a t e  · 
makes t o  gen e t i c  gain . 

Staple  l ength make s  a v aluabl e con tr ibut i on t o  g en e t i c  

gain , though the t o tal e cono m i c· gain that i t  a c c ounts  f or 

i s  small . 

I t  i s  of inter e s t  that wi th s el e c t i on ind ex on e 

(unr es tr i c t ed )  th e v alue of the var ia t e  qu ali ty number wa s 

0 . 01 . Th i s  ind i ca t es that i t  mak es a n egl i gible 

c ontr ibut i on t owar d s  g ene t i c  gain f or th e aGgr egate  gen otype . 

In b oth case s a nega t iv e  v alu e of var i a t e  exi s t s  f or 

the Dummy variate . Th i s  ind i c at es the per c ent age incr e as e  

i n  g enet ic  g a in in aggr ega t e  g eno type if  that par t i cul ar 

r e s tr i c ti on i s  lif t ed . In eff e c t  it  ind ic a t e s  the g en e t i c  

c os t  of th e r e s tr i c t i on . Cons e quently , by r e mov ing the 

r e s tr i c t i on on quali ty number in the ind ex con taining f l e ece  

vve iG ht , s tapl e length and qual i t y  number , the  expe c t ed 

gen e t i c  gain  w i ll incr e a s e  by about 4 2/o .  In c ontr as t ,  the 

eff e c t  o f  r emov ing th e restr i c t i on on f ibr e d i ameter , or 

c onv er s ely , the - g ene t i c  cost of includ ing the r e s tr i c t i on ,  

i s  negligibl e .  

F or s el e cti on ind ex one , th e c orr el at:!. on of the ind ex 

( I )  w i th the aggreg a t e  g eno typ e ( H )  i . e . ·� r ,  was e qual t o  

0 . 65  ( unr e s tr i c t ed ind ex )  and 0 . 45 ( r e s tr i c t ed ind ex ) . 

F or s el e c t i on ind ex tvvo , �r : was e qu al to 0 . 6 5  f or b oth 

th e unr e s tr i c t ed and r e s tr i c t ed i nd ex .  

The eff i c i ency of ind i c e s  i s  r epr esented by 

0 . 6 52 = 0 .42 and · -0 .452 = 0 . 20 

"' 
2. .' 

�I - ,  

Th er ef or e ,  the s el e ct i on ind ex wh ich includ es  f l e e c e  weigh t ,  

s t ap l e  l ength , wi th a r e s tr i c t i on on qual ity number i s  l es s  

eff i c i en t  than the o ther thr e e  ind i c es . 
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The g en eti c g a i n  (AG) f r om ma s s  s e l e c ti on f or f l e e c e  

w e i ght , i s  r epr e s en t e d  by 

� G = () h
2 i 

wher e : 

() = ph en otyp i c v ar i an ce = 0 . 8 9  

h 2 
= h er i t abi l i ty of f l e e c e  w e i ght = 0 . 3 2  

• 
l = s t and ard i z ed s ele c t i on d if f e r en t i al = 1 . o  

Th e r ef or e  

6. G  = 0 . 28 

The g en e t i c  gain f or f l e e c e  we i g ht ( t r ai t �) i n  an i n d ex 

i s  r epr e s en t ed by 

6. H� = J3 H; I  Oz 
wher e : 

)3Hi l  = r egr e s s i on of f l e e c e w e i gh t  on ind ex 

u; = s t a nd ar d d ev i at i on of ind ex 

V a lu e s f or 6 H � are : -

S el e c t i on i n d ex on e U nr e s tr i c t ed i nd ex R e s tr i c t e d  ind e x  

0 . 33 0 .  21 . 

S e l e c t i on ind ex tw o 

� H l. 0 . 31 '  0 . 2 9  

Th e s e  r e su l t s  i n d i c a t e  th at th e g ene t i c gain/ye ar 

f o r  f l ee c e  w e i gh t  wi ll be .in c r e a s ed , wh en c omp ar ed w i th 

ma s s  s e l e c t i on ,  by i n c lu d i ng s t ap le l ength and e i ther 

qu a l i t y  num'b er (w i thout r e s tr i c t i o n) o r  f i'br e d i ame t er , �t 
(wi th or vri t h out r e s tr i c t i on ) in an ind ex wi th f l ee c e  

w e i gh t . 

( 2) A s tudy comp8r ing a s e l e c t i on ind ex wi th i t s  s er i e s  

of r edu c ed in d e xe s . 

I t  i s  d e s i r a'bl e t o  kn ow th e r el a t i v e c on tr i bu t i on of 

e a ch tr a i t  t o  gen e t i c  p r ogr e s s  f or th e d ef in ed a ggr ega t e  

genotype . Th e c os t  of i n c lud ing that tr ai t c an th en b e  

me a sur ed a g ains t i t s  eff e c t iv en e s s i n  the ind e x . 
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Th e r e l a t i v e  e c on om i c v al ue s of t r a i t s  giv e  s om e  

inch c a t i on of th e r e l n t i  v e i mr> or t an c e  of i nclud ing a 

tr 8 i t  i n  a s e l e c t i on pr ocr Rmm e . How ev er , th e c o mb in ed 

�ff e c t  of ccn e t i c  and phen otypi c p ar am e t er s i s  

r c l o. t iv ely co mpl i c 8. t ed . I t  i s  only by c on s tru c t i ng a 
s el e c t i on ind ex th a t  th e r e l a t i v e eff i c i en c y  of e i th er 

i n c lud ing or e xclu d i ng a tr a i t ( s )  ea� b e  d e t er m i n e d . 

� .  A t  f i r s t a s el e c t i on i nd e x was c on s tru c t ed i n c lud ing 

n l l  a v a i l o.ble tr a i t s . Then th e ex t ent t o  wh i ch t h e  

u n i mp or t an t  tr a i t s  gav e ad d i ti onal inf orm at i on of t he 

e;cnr; ti  c v a!' i n  n e e  of t h e  mor e  i mp or t ant tr a i t s  w a s  

i nv e s t i e n t cd . 

Th e tra i t s  i n c lud ed w e r e  numb er of l ambs vt e an cd , 

f l ee c e  ·y e i e;ht , h o .::;g e t  b o d y  w e i ght , stapl e l ength , qual i ty 

r:umb er .q r.d f ibr e d i ame t er . Par am e t er s u s ed wer e  th os e  

e s t i ma t ed i n  the th e s i s  p lu s s om e  a s sumed value s a s  shown 

i n  T .':J l) 1 c V ( 2) • 

1 . 

2 .  
3 . 
4 .  

5 .  
6 .  

+ 
* 

TP.:SL:<: V ( 2 )  

Par am e t er s  u s ed in co n s tru c t i on of t h e  ma in i n d e x . 

( S tudy 2 A )  

Tr ai t R . :S .V . h2 

No . l amb s * + 
vv e an e d  800 . 0 0 . 1 2 

::<' l e e c e  Vl t .  1 00 . o  0 . 3 2  

H o ,s g c t  b o dy '.'lt . o . o 0 . 27 

S t a:p l e  l ength 3 . 0 0 .4 9  
Qu 8. l i  t y  W o . 5 . 0 0 . 26 

F ibr e d i n rr: e t er -1 0 . o  0 . 54 

A s sumed value s .  

Th e ind ex wa s c or. stru c t ed 

und er th e a s sumpti on th at 

l amb s  w e an ed i s  t h e m e an 

Phen . 
S . D . 

0 . 60 
0 . 8 9 

8 . 73 

1 - 54 
1 • 95 

2 . 30 

No . 

of 

thr e e ... . ma u lng s e a s ons of th e 

dam , \V i tl1 r epeatabil i ty 0 . 3 .  

1 

1 
1 
1 

1 

2 

z 
2 

2 

3 
3 

3 

4 

4 

5 

C orr e l a t i on s  

Ph e n o t yp i c  Gene t i c  

X 2 0 . 04 o . oo+ 
X 3 0 . 08 0 .40 + 

X 4 o . oo o . oo + 
X 5 0 . 0 2  o . oo +  
X 6 0 . 0 2  o . oo + 
X 3 0 . 39 -0 . 07 

X 4 0 .44 0 . 76 

X 5 -0 . 1 6 -0 .48 
X 6 0 . 50 0 .43 

X 4 0 . 1  3 -0 . 06 

X 5 -o . 03 0 . 37 

X 6 0 . 1 5 -0 . 0 2 

X 5 -0 .4 5  -0 . 63 

X 6 0 . 34 0 . 53 

X 6 -0 . 26 -0 .46 



1 4  7 .  

Th e r esul t s  f or th e m a i n  i n d ex .ar e  sh own i n  Table V(3) . 

TABLE V ( 3 )  
R e sult s  f or t h e main i nd ex 

Var i at e · 
4 

V alue 
Valu e of 
Var i a t e  

� Hi I 
R e gr e s s i on 

1 .  No . l ambs w e aned 

2 . F l e e c e  vrt . 

3 . H og g e t  b ody w t . 

LJ . S t ap l e  l ength 

5 .  (ua l i  ty l\o . 
6 .  F ibr e d i ame t er 

S . D . of ind ex * 

8 7 . 03 
1 5 . 56 

3 . 03  
9 . ')7 

-0 . 1 8 
-5 . 71 

54 . 8 9 

27 . 98 
1 . 8 5 

1 o .  29 

2 . 59 
0 . 00 
2 . 06  

S . D . o f  a�gr ega t e  g en o t ype 1 7 2 . 56 

0 . 001 0  
0 . 001 8 
0 . 0245 
0 . 003 9  

-o . 0004 
-0 . 0004 

80 . 24 

1 8 . 35 
o . oo 

1 . 1 7 

-0 . 2 0 

0 .44 

* T:t i s i s  t11 e v alue in · e c onoiiii c un i t s of t he g enet i c  gain i n  

a cgr eg a t e  g en o type a ch i ev �d by on e s t a nd ard d ev i a t i on of 

s el e c t i on on th e i hd e x . 

T o  g e t  an i nd i c at i on of t h e  v a lue of e a ch tr a i t , a 

s er i e s  of r edu c ed inO. i c e s  wer e  pr oduc ed , dr opp ing out e ach 

t i me th e l a s t  t r a i t l j  s t ed :i.n Table V(3) . Th e eff i c i en c y  

of th e r edu c ed ind ex r e l a t i v e  to th e or i g inal ind e x  is the 

r a t i o of the s t and a r d  d ev i a t i on s  of the two ino exe s 

( Cunn i n gh am , 1 96 9 ) . 

Th e s t a nd a r d  d ev i a t i ons and r el a t i v e  eff i c i en c i e s  were -

I nd ex Tr n i t s  8 . D . R e l a t iv e  
Eff i c i en cy_ 

i.1 a i n  i nd ex ( 1  , 2 , 3 , l J. , 5 an d 6 )  54 . 89  1 00)� 

R edu c ed ind ex ( 1  , 2 , 3 ,4 and 5 )  53 . 76 97 . 9� 
1 1  1 1  ( � , 2 , 3  and 4 ) 53 . 71 �  97 . 9:0 
1 1  1 1  ( 1 ' 2  and 3 )  52 . 34 95 . 4� 
1 1  1 1  ( 1 and 2 )  L�6 . 38 84 r::;-1 • _.�I ·o 

Th e s e  r e su l t s  sh ov1 th a t  al t:r. ough h ogg e t  bod y we ight 

has in th i s  ca s e  n o  e c on o m i c v alue , i t s  inclu s i on in an 
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i nd ex co 1 : 1pr i s inc n u mhcr of l:::1mbs weaned and f l e e c e  we ight 

wi l l  inc r e a s e th e eff i c i ency of t� e i nd ex by n e ar l y  1 1 % .  
Th i s  i s  b e c au s e  o f  th e m e d ium her itabi l ity of h og g e t  body 

wc i �ht , a nd the g ene r a l l y posi t i v e  ass oc iat i ons wi th 

number of l ambs w e an e d  a nd f l ee c e weight . 

'l'h e ad d i t i on of s t ap l e  l en c; th to  an ind ex c ompr i s ing 

number of lambs w e an ed , f l e e c e we ight and h o gg e t o oo y  w e i gh t  

fu r th er incr e a s e s  th e eff i ci ency of th e ind ex b y  about 3� . 
':Ji th an incJ ex c on t ainj_ n g the s e  f our tra its  ( number of l ambs 

w e an ed , f l e e c e  we i gh t , h og g e t  b o d y  we i ght and s t apl e l ength ) 

th e a d d i t i o n of qu a l i  t�r numb er d o e s  not inc r e a s e  the 

eff i c i en cy , wh i l e  th e ad d J t i o n of � ibr e d i ame t er t o  thi s 

i nd ex plus qua li t y numb er , wi l l c au s e  a fur th er 2% incre a s e . 

Th e c o s t of inc lu d i n c a tr a i t in th e ma i n  i nd ex of thi s  

s tu d y c an b e measur ed agains t i t s  eff e c t iv enes s in th e ind ex . 

Th e r e l a t iv e c o s t  of r e c or d ing th e tra i ts mu s t  b e  i n  

pr op or t i on t o  th e abov e per c ent ages bef or e i t  is  wor th 

r e t a i n i ng th e v ar i 8 t es i n  th e i n d ex . 

If t he a s sume d r e l a t i v e e con o m i c  v alu e s  and g en e t ic  

p ar a me t e r s  a r e  c l o s e t o  t h e  a c tual values , then t h e s e 

r e su l t s  in d i c a t e th a t  th e mo s t  f av ourabl e s el e c t i on ind ex 

w oul d i n c lud e nu mb er of l ambs we aned , f l e e c e  we igh t  and ho gg et 

"b od y  r1 e igh t . 

B . Th e inv es tigati on vras  then repeated wi th s ome chan g e s . 
Th e r e l a t iv e  e c o n o m ic v alue s  wer e ch ang ed t o  g i v e  mo r e 

i mr1o r t an c e  t o  th e v1 oo l t r a. i  t s . Th e s t apl e l en g th and 

f ibr e 6 i am e t er R . :G .V ' s w e r e  d oub l e d ; an d the R . E .V .  f or 

number of l ambs �c an ed wa s redu c ed t o  600 . In add i t ion 

a neg a t i v e R . E .V . \'/8. S pl a c ed on h ogget body we ight , and 

th e a s su m ed � en et i c  c orr e l a t i o n  b e tw e e n  hogget  body we ight 

and number of lambs w e ancr'l  vras  r educ ed t o  0 .  2 

Th e v alu e s u s ed ar e shown in Tabl e V ( 4 ) 
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A 4 0 I .-/ • 

Fn r a m e t er s  u s ed i n  con s tru c t i on of t he m a i n  ind ex 

( S tud�r 21J ) 

h 2  
Th en . C or r el :1 t i  ens 

'1'1' '"":. j_ t R . E . V . 8 .  D . 
Ph e n o t y:_;J i c  Gen e t i c  

A r: o . * I . l n mh s  + + 
·:t r-:: n n e d  600 . 0 0 . 1 2 0 . 60 1 X 2 0 . 04 0 . 00 

') F l e e c e ·;/ t . 1 00 . 0 0 . 3 2 0 . 8 9  1 X 3 0 . 08 0 . 20
+ 

L_ • 

3 . E o.c; �: et E o cl y  
o . oo + ·:i t . - 2 . 0 0 . ?7 8 . 73 1 X l_j. o . oo 

) j • � t n n l r;  l cnzth 6 . 0 c . )� 9  1 . 54 1 ·"- 5 0 . 0 2 o . oo + 
5 .  F i bP e  

n i a m c t F� r  -20 . o 0 .  51 � 2 . 30 2 X 3 0 . 3 9  -0 . 07 
2 :x 4 - 0 . Lt 4 C . 76 
r, X 5 o . so 0 . L l 3 -t- .1\. s sumed v a lu e s  . c.. 

* Th e i n cl e x  VIa S  c o n s truc t e d  
3 X 4 0 . 1 j -0 . 06 

und er th e a s sumpt i o n th n. t  r . .  0 . 3 X 5 0 . 1 5 -0 . 0 2 

l n. mb s  'ii e an e d  i ,, tll c m e a n  of 
1-t X 5 0 . 34 0 . 53 '-' 

U: r e e  IH l t int: s e a s on s  of the 

d am \"l i th l, epe ::t t ab i l i  ty 0 . 3 

A s i m i l ar s tud y t o  th a t  of 2 ( a ) w a s  c ar r i e d ou t . 

0 a s  f ol l ow e d  by c on s tru c t ing a r e s tr i c t ed ind ex , wh i ch 

i n clud ed t h e  s ame v a lu e s  a s  alJ ov e w i th th e r e s tr i c t i o n  

p l a c ed s o  tha t n o  g en e t i c  ch ange c ou l d  b e  mad e f o r  f i br e 

cl i am e t er . 

Th i s  

Th e r e su l t s  f or b o th s el e ct i on i n d i c e s  ar e summar i z e d 

i n  T nol e V ( ')) .  
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TABI,E V ( 5 )  

R � su l t s  f or th e � o in 8Dd r e s tr i c t ed i n d i c e s  

Vr1.r i n t c  

( S tn cl y  2b ) 

Hnl' r' [; tr l e t  cl! J n cl c :x:  n e s tr i c t cd I nd ex 

$ V 0 lu e  of 
V <> lu e  V n r i 8 t e  

t9H, l  ; � of 
1\ c gr . Gn l n  

4 V a lu e of /JNii ;: of 
V A l u e  V ar i a t e �e gr . Ga in  

r; . L • ·:1 . 6G . 77 2L� . 0 7  0 . 0007  3 9 . 9 6 6 . 8 2 2 5 . 04 O . 'J00 7 40 . 77 

F • · �,r • 35 . 96 1 5 . 99 0 . 0044 44 . 1  33 . 50 1 4 . 8 9 0 . 00 5 2 5 2 . 0 2  

H . B ;·r .  -0 . 5 2 0 . LJ 4 -0 . 00 56 1 · 1  -0 . 61 0 . 6 2  -0 . 006 9  

S . L . 9 . 55 4 . 30 0 . 0074 4 ·4 1 0 . 95 6 .  26 0 . 0097 

F .D .  -1 1 • 56 1 3 .  73 -0 . 005 2 1 0 . 5  -8 . 03 28 . 67 -0 . 000 0  

Dnmn1y : 
F . D . -6 . 1  7 -1 . 6 5  

Th e s t an d ar d d ev i a t i oh s  and the r e lat i v e  eff i c i en c i e s 

of th e main ind ex and r e du c ed in d i c e s  ( unr e s tr i c t ed i nd ex 

only ) we r e  · -

I nd ex 

i.; a i n  ind ex 

R edu c ed i nd ex 
1 1  1 1  

1 1  1 1  

Tr a i ts 

( 1  , 2 , 3 , 1+ and 5 )  
( 1  , 2 , 3 and 4) 

( 1 ' 2  a nd 3 ) 
( 1 and 2 )  

S . D . R el a t i v e 
ef f i ci en cy 

41+ . 95 1 oo . o;� 
38 . 78 86 . 3% 

3 7 . 54 83 . 5,% 

. 3 7 . 38 8 3 . 23b 

Th e r e sul t s  show tha t  w i th th es e as sumed v alue s ,  t he 

i n c lus i on of h ogge t bod y w e i gh t  t o  an ind ex c ompr i s ing 

number of l a mbs ·ae a ned and f le e c e  we ight has a n egl i g ibl e 

eff e c t  on incr e a s ing the eff i ci e n cy of the i nd ex . 

1 . 3 9 
5 . 8 2  

o . oo 

Al s o , the eff i ci en cy of an i nd ex c on t a in i ng t he t r a i t s , 

nu rr.b er of l ambs v.• e aned , f le e c e  w e ight , hoe;,G e t  body w e ight and 

s t ap l e  l ength , would be inc r e a s e d by about 1 4% if f ibr e 

d i a m e t er i s  i n c lud ed . Of m or e  i mp o r t anc e ,  i s  th a t  wi th a 
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. h .J.. J , • + . . t '  I f  .J.. • + . I f  .L s : !iH CJ. r J. n c  U S :i. CD , • U t,  G ;" : l S  u l r.l e  "·."l l D a r e s  t, r l c  ul On t, O  

i �h ib i t £ c ne t i c c� an c e  f or f ibr e d i ame t er , th e eff i c i e ncy 

of t h e  i nd ex: \"/ OUl d  b e  i n c r· e a s e d  "by ab ou t 29� . 
L i ke i n  t:l c pr ev i ou s  s tu u y  \'ll: er e  a r e s tr i c t i on w a s  

� l n c ed on c en c t i c ch an� c i n  f ibr e d i a m e t er , th e r e  w a s  a 

n e :::l i .3 i b l e  ciiff e'�en c e  i n  th e eff i c i en cy of tn e two m a i n  

ind i c e s  ( " r e s  tr i c  t cd 1 1  a n ci " unr e s tr i c t ed "  i nd i c e s  c on t a i n i ng 

�umber o f  l ambc � e a nc d , f l e e c e w e i gh t , hogg e t  b od y  w e igh t , 

s t ap l e  l en g th and f ibr e � i a m e t er ) . 

If th e a s su m e �  r el � t i v e c c c � o m i c  v a lu e s  and 
;; o.r o n:c t cl' S U E> C d  s r e c l o c; e t o  t l"l e  r e a l  v al11 e s , t�: en th i s  

i nf Dl� rr. :: t i on w ou l d  ir, c i c o t e  f ibr e d i am e t er l:! D k e s  an 
i :n}1 CP t ::<r:. t  c on t r i "bu t i c n  n nd :r, ay ':/ ar r en t i t  b e ing r e c or d ed . 

Th e s �1 d y  h igh l i gh t s  the n e e d f or a c cu r a t e  r e l at iv e 

e c o nomi c v alu e s  and c en e t i c  par ame t er s  of tr a i t s  i nv olv e d  

i n  o s el e c t i on i nd ex . 
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