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AB STRACT 

P e r f o r m a n 6e r e c o r d s  w e r e k ep t  on New Ze a l a n d  Romn e y  ew e s  f r om 

b i r t h  t o  5 y e a r s  o f  a ge . T h e s e  ew e s  w e r e  ma i n t a i n e d 1 n  t w o  

s u bf l o c k s  a t  d if f e r e n t  s t o c k i n g  ra t e s . A p r op o rt i o n o f  t h e  

e w e s  w e r e e l i m i n a t e d a t  r a n d om a t  a bout 1 6  m o n th s  o f  a ge . 

Fr om t h i s  s t a ge u n t i l  5 y e a rs a l l  ew e s  w e re r e t a i n ed un l e s s  

t h ey d i e d  o f  n a t u r a l  c a u s e s . T h e  da ta rep re s e nt e d 1 94 4  

h o gge t s  a n d  9 1 9 o l d e r  ew e s , t h e  p roge n y  o f  4 9  s i r e s . Ea c h  o f  

t h e s e  s 1 re s  w e re u s e d  f o r t w o  c o ns e cut i v e  y e a r s . T h e rec o r d s  

w e r e c a l c u l a t e d  b e t w e e n  1 966 a n d  1 9 83 a n d  r ep re s e n t e d s ev e n  

s i r e  p e r i o d s . 

T h e  s i gn i fi c a nc e  o f  gen o t yp e x e n vi r o n m e n t  i n t e ra c t i o n s  CG EI) 

w e r e i nv e s t i ga t e d  f o r a r a n ge o f  h ogget a n d  a du l t t r a i t s ,  

i n c l ud i n g  l i ve v-•e i gh t  (LW) , gre a s y f l e e c e  w e i gh t  (G F'rl) , c l e a n  

f l e e c e  w e i gh t  (C FW) , y i e l d  (Y), qu a l i t y  n umb e r  (QN) , m e a n  

f i b r e  d i am e t e r  CMFD) , s t ap l e  le n •:Jt h ( SL ) , t o t a l  c ri mp n urnbe r  

(TC N) , c rimp f re qu e n c y  (C F) , s t ap l e s t re n gt h  (S ST) , c h a r a c t e r 

CC H G ) , l u s t re (L US) , t i pp i n e s s  (T IP) , c ot t i n g ( C OT ) , c o t t e d 

a r e a  CCAG) , s o u n d n e s s  (S OU) , h a n d l e (HND) , gr e a s y  rni d s i d e 

c o l o u r  (GC M ), s c o u r e d  m i d s i d e c o l o ur ( SCM) , gr e a s y f l e e c e  

c o l o u r  ( GC F) , n umb e r  o f  l amb s b o rn p e r  e w e  mat e d  (NLB) , n umb e r  

of l amb s w e a n e d  p e r  e w e  m a t e d  ( NLW) , w e i gh t  o f  l amb v.·e a n ed 

CWLW) , w e i gh t  p e r  l amb w e a n e d  CW PL ) a n d  l amb s urv i v a l 

p e r c e n t a ge CL S P) . 

T h e e f f e c t s o f  t h e  e nvi r o n m e n t a l  f a c t o r s  o f  b i r t h  y e a r , a ge ,  

n umb e r  o f  l amb s b o rn a n d  w e a n e d ,  s t o c k i n g  r a t e a n d  r e a r i n g 

r a nk a n d  a l l i n t e r a c t i o n s  am on g  t h em w e r e a s s e s s e d f or e w e  

l i v ew e i gh t  a n d  w o o l  t r a i t s .  A s i m i l a r  m o d e l  wa s d ev e l op e d f o r 

h ogge t t r a i t s  b u t  i n c l ud e d  a ge a t  w e a n i n g  r a t h e r t h a n  

r ep r o d uc t i v e  s t a t u s . R ep roduc t i v e  t ra i t  m o d e l s  i n c l ud e d  e w e  

l i v ew e i gh t  a n d  d id n ot i n c l ud e  r e a ri n g r a nk a n d  r ep r o d uc t i v e  

s t a t u s . 

S i r e  x s t o c k in g  r a t e a n d  s 1r e  x b i rt h  y e a r  i n t e ra c t i o n s  w e r e  

t h e  o n l y  ge n o t y p e  x e nv i ro n m e n t  i n t e ra c t i o n s  t h a t  w e re 



iv 

sta t i s t i c a l l y s i gn i f i c ant . 

Int r a-t r a i t  genet i c  c o r rel a t i o n s , t he c o r re l a t i o n o f  t he 

record o f  a t r a i t  at o n e  s t o c k ing r a t e  w i t h  t he s ame t r a i t  a t  

t he o t h e r  s t o c k i n g  r a t e, wa s u s ed a s  a mea s ure o f  t he 

pract i c a l  i mp o r t a n c e  o f  s i r e  x s t o c k i n g  r a t e  i n t er a c t i o n s  

s e l ec t i o n . I nt r a - t r a i t  genet i c  c o r r e l a t i o n s  f o r  h ogget 

l i vewe i g h t  ( 0 . 5 1 ) and y i e l d  ( 0 . 5 7 ) , a n d  f o r  ewe l i vewei gh t 

(- 0 . 24) , grea s y  f l eec e we i gh t  eo. 6 5 ) , y i e l d  ( 0 . 4 2 ) , qua l i t y 

number ( 0 . 5 8 ) , s t ap l e l eng t h ( 0 . 5 6 ) , t o t a l  c r i mp number ( 0 . 5 2 )  

and c r i mp f requenc y (0.63) were s i gn i f i c ant l y  l e s s t h an un i t y . 

Int ra - t r a i t  genet i c  c o r r e l a t i on s  o f  ewe s t ap l e  s t rengt h a n d  

ewe a s s es s ed t r a i t s  were also l ess t h a n  1 . 0 ,  but t his was more 

a r e f l ec t i on of t he ext reme l y  l ow s1.re va r 1 anc e s  r a t her t h a n  

sign i f i c ant s i re x st o c k i ng r ate inter a c t i ons . 

G e :1et i c p a r am eters were c a l c u l at ed by d i f ferent met h od s ,  

i nc l ud i ng daughter-dam regress1.on and paternal h a l f - s i b 

c o r rela t i o n t ec hn i ques . 

c a l c ula t ed where t he 

P a t ernal h a l f - s i b 

genet i c  var1.a n c e  

e s t i ma t e s  were 

exc l uded GxE 

int era c t i on s  CE I )  and w here t he genet i c  va r i a n c e  i nc l uded GxE 

i nter ac t i o n s  (Il). In t r a i t s  where GE I were s i gn i f i c ant 

exc l u s i on o f  t he i ntera c t i on t erm s from t he numer a t o r  c au s ed a 

drama t i c reduc t i on i n  t he h e r i t ab i l i t y e s t i ma t es . Henc e, u s e  

o f  t he I I  e s t i ma t e s  i n  s e l ec t i on p r o grams woul d overe s t i ma t e  

t he a m o unt o f  genet i c  progre s s l 1.kel y  t o  b e  a c h i eved where GxE 

i nt er a c t i o n s  e x i s t . 

Bet ween-t r a i t  genet i c  c o r re l a t i o n s w i t h i n age c las s e s  1 ana.. 

acr o s s a ge s  were eva l ua t ed i n  r el a t i on t o  s e l ec t i on p o l i c i e s  

of New Zea l and Romney sheep. 

I mp l ic at i o n s  o f  t he r e s u l t s  1.n p r ac t i c a l  s heep b r eed ing 

p r ogr am s  a r e  d i s c tts s ed .. . T he c onnota t i o n s  o f  t he s i gni f i c ant 

gen otype x env i r onment i n t er a c t i on s  are t h a t  s e l ec t i on o f  rams 



s h o ul d  o c c ur 

e n vi r o n m e n t  o f  

s e l ec t i n g  r am s . 

a t  t h e  'c omm e r c i a l ' s t o c k i n g  

t h e  s t ud s h o ul d  b e  t ak e n  i n t o  

r a t e .  

a cc o un t  

V 

T h e 

w h e n  

S i gn i f i c a n t  G E I  w i l l  a l s o  h av e  i m po r t a n t  i m pl i ca t i o n s  1 n  

r e l a t i o n t o  b r e e d i n g  s y s t em s  us e d  t o  a s s i s t g e n e t i c  

i m pr ov em e n t  o f  t h e  s h e e p  po pu l a t i o n .  Gr o up b r e ed i n g s ch em e s  

a n d  s i r e  r e f e r e n c e pr o g r am s w i l l  b e  a f f e c te d .  I f  t h e  G B S  

n uc l e us 1 s  i n  a d i f f e r e n t  e nv i r o nm e n t  f r om t h e  b a s e  f l o c k s , 

b o t h  c l o s e d a n d  o pe n  s c h em e s  c a n  s uf f e r a c on s i d e r ab l e  l o s s  i n  

ov e r a l l  s e l e c t i on r e sp on se wh en GE I e x i s t . 

C om pa r i s o n o f  s i r e s  a c r o s s  f l o c k s  us i n g  s i r e  

c ur r e n t l y  r e c e 1 v 1 n g  m uc h  a t t e n t i on .  I f  s i r e  

i n t e r a c t i o n s  a r e  i m po r t a n t , i n c o n s i s t en c i e s 

o c c ur i n  th e r a nk i n g  o f  s i r e s . 

r e f e r e n c i n g  i s  

x e nv i r o nm e n t  

a r e  l i k e l y  t o  

Gen o t ype x ye a r  i n t e r a c t i o n s  a ppe a r  l i k e l y  t o  b e  a m a j o r  c a us e  

o f  i nc on s i s te n c i e s i n  th e e s t i m a t i on o f  b r e e d i n g v a l u e s  a n d  

r e s e a r c h  t o  i d e n t i fy t h e  c a u s e s  o f  t h e s e  i n t e ra c t i on s  s h o ul d  

b e  c a r r i e d  o u t . 
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CHAPTER O N E  

I N TR O DUCT I m� 

Efficient genetic improvement of animals depends greatly on 

the selector� ability to rank animals 1n an order which 

closely approximates to their genetic ranking. A major 

factor limiting the accuracy of this ranking is variation due 

to environmental causes. To simplify genetic concepts it 1s 

often assumed that the observed performance (phenotype) is 

the simple summation of the genotypic and environmental 

effects. However in practise it also depends on the way 1n 

which these two factors interact or combine. If the relative 

performance of one genotype compared with another changes as 

the environment changes then a genotype x environment 

interaction (GEl) is said to occur. 

Heritabilities and 

calculated within 

other genetic parameters 

specific environments. If 

are normally 

genotype x 
environment interactions exist and sheep are selected in one 

environment and then their progeny have to perform in 

another, the selection becomes less accurate than the 

heritability would suggest. A s  Webb and Curran ( 1 9 8 6) 

pointed out, selection environments have generally been 

chosen to maximise individuaL animal performance and accuracy 

of measurement, whereas production environments have been 

chosen to maximise profit. The low correlations between 

performance in selection and production environments reported 

for other species are disturbing. 

In studies designed to identify whether a genotype x 
environment interaction (GEl) exists attempts are often made 

to overcome the problem of small numbers by enlarging the 

effects of genotype and environment, by using different 

breeds or widely differing environmental conditions, such as 

tropical versus temperate. However, care needs to be taken 

when interpolating from data obtained well outside the normal 



range likely to occur on-farm. Few studies have been carried 

out to investigate GEI and fewer on sheep. The majority of 
recent reports have been for beef and dairy cattle 

l '3 87) . 

In the sheep industry stud breeders almost invariably apply 

high levels of nutrition and disease control to their stock 

in order to enhance their appearance and marketability. Thus 

most of the effective selection 1s based on performance under 

favourable conditions. Progeny of rams selected under these 

conditions are expected to perform under less favourable 

commercial conditions. In this study, set up to investigate 

whether GEI exist and the practical significance of these, 

progeny of s1res were run at two stocking rates which are 

likely to occur in practical on-farm situations. In a 

farming system which relies on pasture feeding, changing the 

stocking rate 1s 

nutrition supplied 

nutritional levels 

stocking rates to 

the maJor method by �r:hich 

to the sheep can be varied. 

fluctuate widely, as they 

high stocking rates and 

the level of 

Clearly .. if 

do, from l Old 
if there are 

important genotype of sires x stocking rate interactions, the 

effectiveness of selection may be severely prejudiced 

(Chopra, 1 978) 

Estimates of genetic and phenotypic parameters are required 

for the prediction of genetic gain from selection and for 

p l ann i n·:r 

estimates 

selection procedures. Hmvever most 

are from immature E:'wes CEll i ot t ,::· ·'· 

published 

. ' 1 979) . 

When using these estimates to predict ga1n from selection 1n 

mature sheep, it is usually assumed that the same values 

apply and the same genes affect performance at all ages but 

this assumption ma.y not be valid -. "f ·::: .;· . • 1 1983) . 
Another factor lS that no information lS available from 

hogget records pertaining to reproductive performance. 

In order to investi·:rate the significance of genotype x 
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environment interactions in this study it was necessary to 

estimate environmental effects and genetic parameters at a 

number of age levels including hoggets and mature ewes. A 

wider range of traits than is available in most other studies 

are presented including hogget and ewe liveweight, greasy 

fleece weight, clean fleece weight, clean scoured yield, 

quality number, mean fibre diameter, staple length, total 

cr2mp number, crimp frequency , staple strength, character, 

tippiness, cotting, cotted area, soundness, handle, greasy 

midside colour, clean rnidside colour and greasy fleece colour 

and for e"'es only number of lambs born, number of lambs 

weaned, weight of lamb w ea ne d and l amb survival . 
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C HAPTER TWO 

R EVIEW OF L I TERATURE 

GENOTYPE X NUTRITION INTERACTIONS 
IN LIVESTOCK AND LABORATORY SPECIES 

2 . 1 I NTRODUCTION 

5 

D i f ferent methods f or c la s s i f y i ng g enotype x envi ronment 

i nterac t i on s  ( GEI ) have b e e n  proposed by s eve ra l a u thor s 

( Ha ldane , 1 946; McBr ide , 1958; Mather and Jone s , 1 958; 

Dun lop , 1 962; Pani , 1 971 ; Bowman ,  1 972; W i l son , 1 974; 

Mathe r , 1 975 ) a nd rev i ewed by others , i n c l ud i ng P a n i  and 

La s ley ( 1 972 ) and Chopra ( 1 978 ) . The s tudy o f  GEI i s  

ba s ed o n  the theory deve loped by F a l coner ( 1 952 ) and further 

deve l oped by D i cker son ( 1 962 ) . In genera l , there have 

been two a l ternat ive approa c h e s  - dynam i c  a nd s ta t i c . 

I n  t he dynam i c  approach to G E I , the po s s ible ac cumu l a t i o n s  

o f  d i f f er ent i a l  r e s ponses  a re mea s ured whe n s e l e c t ion i s  

pra c t i s ed i n  d i f f erent e nv i ronment s .  I t  i s  po s s ib l e  t o  

contra s t  the behav iour o f  the genotype s i n  va r i o u s  

env i ronments  when they are eva lua ted n o t  o n l y  i n  t he i r  

e nvironment . o f  s e l e c t i on b u t  a l so i n  other s i tuat ion s . 

S i nce the e st imation o f  parameters  w i th prec i s io n  req u i r e s  

a l a rg e  number of i nd iv idua l s  i n  each o f  the a l ternat ive 

e nvironme n t s  a nd beca u s e  of the number o f  genera t i ons 

requi red , expe r i ments  by th i s  method a re se ldom prac t i ca l  

i n  l ive stock a nd have been r e s t r i c ted a lmos t  e x c l u s ive l y  

i n  mamm a l s  t o  growth ra te on ad fi�. a nd r e s tr i c ted f e ed ing 

reg imes for rats and m i ce . The exper iment o f  F ow l er and 

Ensmi nger ( 1 960 ) is the only early repo rt of the procedure be ing 

app l i ed· t o  l a rger a n ima l s  and i ts c on c l u s ions have been 

que s t i o ned by K i ng ( 1 971 ) because of the l a r g e  samp l ing 

e rror s a t ta ched t o  the or i g i n a l obs erva t i on s . 
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A mor e 

Tore l l  

r ece nt a pproach, 
and K ennedy ( 1 985) , 

reported by La s s l o , B radford , 

s e l e c ted for wea n i n g  we i ght 

i n  Targhee s h e e p  in t wo envi ronment s .  

I n  the s ta t i c  a pproach the r e l a t ive pe r f ormances  of 

d i f f e rent 

e nv i ronme n t s  

g enotype s 

a nd the 

are 

po s s i b l e  

mea s u red under d i f f e rent 

pre sence of an i nt e r a c t i on 

exami ned . 

per f o rmance 

I d ea l l y , 

o f  the 

one wou l d  w i s h  to compare the 

same g enotype over d i f fe rent 

e n v i r onmen t s , but th i s  

dome s t i c  a n ima l s . Hence 

i . e .  pa t e r n a l  h a l f - s ibs , 

i s  u su al ly 

groups o f  

bre e d s  or 

not pos s ib l e  w i th 

re la ted i nd i v i dua l s , 

s tr a i ns are c ommon ly 

c ho s e n  for s tudy . Cons iderab l y  l e s s re sources  are requ ired 

for the s t a t i c  approach a nd a number o f  work er s have 

a pp l i ed i t  to f arm an ima l s . 

Two t ypes o f  G E I  can occu r . F i r s t l y ,  the var i a t i on be tween 

a n i ma l s  c a n  be greater in o ne e nv i ronme nt tha n another 

but the a ni ma l s  r ank i n  the s ame orde r . S e c o nd l y  the 

r a nk i ng o f  the a n im a l s may c hange be twee n  e nv i ronments . 

T h i s type o f  i n t e ra c t ion can be mea s u red by the c orre la tion 

betwe en breed i ng va lues  i n  the two env i ronme nt s . I f  th i s  

genet i c  c o rr e l a t ion i s  1 .  0 then t h e  a n i ma l s  r a nk i n  the 

s ame o rde r i n  both e nv i ronment s .  I f  the genet ic 

corre l a t i o n  is l e s s  than 1.0 then the g enotype which i s  

b e s t  f o r  one envi ronment may not be b e s t  i n  the o ther 

( Goddard , 1 98 5 )  . 

The d i f f er e n t  geno type s may be r epre s e nted by breeds , 

s tr a i n s , p r ogeny groups ( pa te r n a l  ha l f - s i b s ) o r  l it ters 

( tw i n s  i n  the c a s e  of  c a t t l e ) . By compa r ing var i ou s  breed s 

a l arge g e ne t i c  var i a t ion i s  u s ua l ly s ecured , whi ch 

i nc r e a s e s  the chance of obt a i n i ng a s i gn i f i c an t  i nter­

a c t i o n . O n  the other hand , the r e s u l t s  m i ght be of l im i ted 

pra c t i ca l  · i mportance , a s  s e l ec t i on u s ua l l y  t akes p lace 

wi t h i n  ra t h e r  than between breed s . Progeny grou p s  exhib i t  

m u c h  l e s s  var i a t i on among g enet i c  g rou p s , but thi s  can 

to some extent be ou twe i ghed by a la rger number of groups . 
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McDona ld 

genot ype 

( 1 9 8 5 )  conc l uded there i s  l i t t le evidence t h a t  

are of s uf f i c i e n t l y  

concern f or t h e  p i g  

X e n v i ronme nt i ntera c t i o n s  

l arge s i ze to r e pre s e n t  a n  area 

a nd poul try i nd u s tr i e s . Un l e s s  

cond i t i on s  g re a t l y  d i f f erent f rom 

breed i n g  a n ima l s  we re s e lected , 

problems w i l l  deve l op . 

o f  

s tock 

tho s e  

a re grown u nde r 

under wh i c h  the 

i t  is  un l i ke l y  t ha t  

Syr s tad (1 9 7 6 ) c ommented that n u t r i t ion ( level o f  f eed i ng , 

compo s i t i on o f  r a t i o n  a nd f eed qual i t y )  i s  the m o s t  

impor tant f ac t or o f  e nv i ronme n t . I nteract ions be twe e n  

genotype a n d  l oc a t i o n  a n d  genotype a nd herd have b e e n  

s tud i ed more o f ten t h a n  betwe en g enotype a n d  nu t r i t i o n  

i n  c a t t l e  a n d  sheep . A mu l t i tude o f  other f ac to r s , s uch 

as manageme n t  e f f e c t s , c l imate i nc l ud i ng t empe ra tu re , 

hum i d i t y  and r a i n f a l l ,  herd o r  f l ock breed i ng va l ues a s  

we l l  a s  n ut r i t ion a re i nc l uded i n  the envi ronment 

d i f f e rences i n  most s i tu a t i on s . Thus it wou l d  s eem very 

d i f f i cu lt to a t tr ibute env i ronme n t a l  d i f f erenc e s  to 

nutr i t i on or even a l arge proport i o n  to this  caus e . Hence 

o n l y  expe r ime n t s  where env i ronmenta l d i f f erence s can 

c l e a r l y  be a tt r ibuted t o  n ut r i t i on a l  sources w i l l  be 

rev i ewed . 

2 . 2 LABORATORY SPECIES 

2 . 2 . 1 DROSOPHILA 

Frahm and Koj  ima ( 1 9 6 6 ) compa red r e s ponses to s e l e c t ion 

on body we i gh t  u nder d ivergen t  l arva l dens i ty cond i t ions . 

R e s ponse to s e l e c t i on for l ight or heavy we i gh t  a t  two 

l arva l den s i t i e s  wa s very s imi l a r  a nd one envi ronme n ta l  

cond i t ion s e r ved a s  we l l  a s  t h e  other f r om a n  over a l l  

po i n t  o f  v i ew . 
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Robert s on ( 1 9 5 9 ,  c i ted by W i l son , 1 9 7 4 ) , work ing with 

D�o�op h i f a  , reported tha t l i nes s e l ec ted for l a rg e  and 

sma l l  body s i ze both s howed r e la t i ve ly l a rger dec l ine s  

when g r own on s ub - opt ima l d i e t s  than d id i nd i v i du a l s from 

the u n s e l ec ted popu la t i on . However , h i gh l y  i nbred l i ne s 

d id not s how r educ t i on i n  exces s of the pa rent popu l a t ion . 

The re l a t i ve ly l a rge reduc t i on i n  body s i ze when s ubj e cted 

to s ub - o pt ima l  c o nd i t ions wa s pec u l i a r l y  character i s t i c  

o f  the s e l e c t ed l in e s . 

Sang ( 1 9 6 4 )  r e po r t ed o n  t h e  n u t r i t iona l 

i nbred l i n e s  a nd c ro s s e s  o f  D�o�op hifa . 

the hybr i d s  we re only s uperior t o  i nbre d s  

cond i t i on s . E a ch l ine and each c ros s wa s 

i t s  own optima l nutr i t iona l e nvironment 

r a nk i ng s  changed betwe e n  envi ronments . 

requ i rements o f  

He f ound that 

in near opt ima l 

f ou nd t o  have 

and among - l ine 

Ca l ig a r i a nd Mather ( 1 9 7 5 )  c ar r i ed out two exper iments , 

the f i r s t  a d ia l l e l  e xp e r iment at three tempe rature s a nd 

the s ec o nd a n  experiment i n  wh i ch e ight l i ne s were rai sed 

i n  n in e  e nv i ronment s ,  c ompr i s i ng comb i na t i o n s  o f  three 

tempe r a t u r e s  and three types of cu lture . The d i f fere nce 

betwee n  e nvi ronments in the types of cu l ture p roduced 

d i f f e r e n c e s  in mean chaeta number ,  but there wa s no evidence 

that the geno type s d i f f ered in the i r  rea c t i ons . 

B i�eva , Z imina and Ma l i nov s ky ( 1 9 7 8 ) inve s t igat ing longev i t y  

o f  f ema l e s  a n d  ma l e s  o f  i nbred s tocks o f  D�o�op h ifa 

m ef anoga � te� on norma l ,  poor and sugar - r ich nut r i ent med i a  

s howed that the d i f f e r e n c e s  i n  longevi ty betwe en the s e  

s to c k s  d e pended ma i n l y  on d i f f erences i n  the longev i t y  

o f  m a l e s . I n  genera l ,  d i f f erence s be twee n  the s tocks we r e  

r e t a i ned o n  a l l  the v a r i a n t s  of nut r i e nt med i um , a lthough 

the re wa s some i nd i c a t i o n  of po s s ible genotype x environment 
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i nterac t i o n s  a s  f ema l e s  o f  the th ird s to c k  e xceeded the 

longev i ty o f  fema l e s  of the f i f th s tock ex cept on the norma l 

nut r i en t  med i um . 

Taylor a nd Condra ( 1 9 7 8 ) g r ew 1 2 s tra i n s  o f  D/Z.o� op hila 

p � e udoo&.� cu/Z.a on ten d i f f e r e n t  feeds at two t empera ture s .  

F ive c omponent s  o f  f i tne s s  were measured . The s t r a i n  x 

tempe ra ture i nterac t i on wa s s ig n i f i ca nt for a l l  f ive tra i t s , 

a nd the s t r a i n  x food inter a c t ion wa s s i gn i f i c a n t  for three 

o f  the t r a i t s  ( ma l e  deve lopment t ime , f ema l e  d e ve lopment 

t ime and f e ma le w i ng length ) . 

MacKay ( 1 9 8 1 ) s ubj e ct ed a l a rge na tura l pop u l a t io n  o f  

D/Z.o�op h i f a  m e l a noga � t e/1..1 rep l i c a ted a s  e i ght s ubpopu l a t ions , 

to four d i f fe rent patte r n s  of e nvi ronmen t  v ar i a t i on . 

MacKay ( 1 9 8 1 ) c o n c l uded that s pe c i f ic genotype x e nv i ronment 

i nterac t i on s  were not p re s e n t , there fore adap t i on to 

heterogeneous e nv i ronmen t s  wa s pos s i ble by s e l e c t ion o f  

heteroz yg o  s i ty p e/1.. � e ,  rather than b y  di f feren t i a l  surviva l 

o f  geno type s in the a l terna t ive n i che s . 

2 . 2 . 2 7 RIB 0 L I UJ'I 

7 /Z.i&.olium c a � t aneum , the r u s t - red f lour beet l e , i s  

f requen t l y  u t i l i z e d  a s  a b i o l o g i c a l  mode l i n  q ua n t i t a t i ve 

genet i c s . The s e  bee t l e s  have a l i f e  expe c t ancy o f  

a pproxima t e ly s i x  months whi ch i s  equ iva lent t o  s ix or 

more gener a t i on i nterva l s .  They have ten pa i r s  of  k nown 

c hromosom e s  a nd are e a s i l y  c u l tu red under l aboratory 

c ond i t i o n s  ( Yamada , 1 9 7 4 ) . 

Bra y ,  Be l l  a nd K i ng ( 1 9 6 2 ) i nv e s t i ga ted the i mportance 

o f  genotype x e nv i ronment i n t e r a c t ions w i th r e f er e nce to 

genet ic c on t r o l  popu la t i ons . They noted tha t a contro l 

whi ch i s  t o  b e  u s ed to determ i n e  the gene t i c  p rogre s s  o f  

a s e le c ted l i ne must a c c u ra te l y  mea s u re change s  i n  the 

e nv ironment as  they a f f e c t  t h e  s e l ec ted popu l a t i o n  o f  
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i ntere s t . When d e f inable envi ronmenta l change s 

d i f ferent i a l l y a f f e c t  a s e l e c ted l i ne a nd a control then 

c ompa r i s o n s  betwe e n  them a r e  b i a s ed to the e x tent of the 

genotype x envi ronment i n t e r a c t ions . Bray e.t af.. ( 1 9 6 2 ) 

demo n s t ra ted 1 5  method s of ma i n t a i n ing contro l popu l a t i on s  

over e i gh t  genera t i on s . 

H ardi n a nd Be l l  ( 1 9 6 7 ) r e ported re s u l t s  f rom a n  e i ght 

g enera t i o n  exper iment in w h i c h  s e l ec t i on wa s f or h i gh a nd 

l ow la rva l we i gh t  o f  7 /1...i..£.oLium under good a nd poor 

nut r i t i on a l cond i t ion s . R e s u l t s  were c on s i s tent over the 

f ou r  r ep l i ca t io n s  in that max i mum per formance in a s ingle 

e nv i ronme nt r e s u l ted f rom s e l ec t ion in that e nv i ronment , 

a nd max i mum average per formance r e s u l ted f rom s e le c t ion 

in the poor e nv i ronment . 

Yamada a n d  Be l l  ( 1 9 6 3 , 1 9 6 9 ) i nc l uded the s ame s e l ec ted 

l in e s  of the previous s tudy , p l u s  popu l a t i o n s  se lected 

e a c h  g e n e r a t ion on average p e r f ormance under good and poor 

n ut r i t i on a nd on p e r fo rmance u nder each leve l of nutr it ion 

i n  a l te r na t i ng gener a t ions , t o  eva l ua te the e f fe c t ivenes s 

o f  var i o u s  s e l ec t ion method s and the importa n c e  of genotype 

x envi ronment i nterac t io n s  under two l eve l s  of n ut r i t i on . 

S e l e c t i on w a s  a l s o  c a rr i ed o u t  for l a rge a nd sma l l  1 3 -day 

l ar va l we i gh t . D i re c t  s e l e c t ion r e s p o n s e s  exceeded 

cor re l a te d  r e spon s e s  und e r  both l eve l s  of n ut r i tion , and 

avera ge p e r formance of l i n e s  s e le cted for l a rge s i z e  under 

poor n u t r i t i on exceeded a verage per form a n c e  o f  l i ne s 

s e l e c te d  f o r  l arge s i z e  under good nutri t i on . However ,  

contrary t o  theore t i c a l  expectat ions , tho se popu la t ions 

s e l ec te d  for average pe r forma nce on the two rat ions we re 

not s upe r i or f or t h i s  t ra i t . Asymme t r ica l r e s pon s e s  we re 

obs erved t o  be depende n t  on the env i ronment o f  s e l e c t i on . 

When s e l ec t ion wa s ba s ed o n  per formance i n  the opt ima l 

envi r onme nt , r e s po n s e  f o r  s ma l l  s i z e  wa s greater . The 

s i t ua t i on in the sub- op t i ma l  envi ronmen t  wa s reve r s ed . 
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W i l son ( 1 9 7 4 ) d i scus sed t he importance o f  geno type x 

env i ronmen t  i nteract i on s t ud i e s  i n  ga i n i n g  u nd e r s tanding 

of the c on s t itut ion of an i n�egrated b i o l og i ca l s ys t em .  

He rev i ewed previous work w i t h  7�i!ofium a nd s ugges ted 

pos s i b l e  a r e a s for future r e s e a r c h . 

Hard i n , Rog l e r  and Be l l  ( 1 9 6 7 ) f ound there were s i gn i f i cant 

i nteract i o n s  in l arva l we i gh t  of s tr a i n  w i t h  two l eve l s  

o f  humid i ty a nd three nut r i t i ona l regimes . 

Benyi a nd G a l l  ( 1 9 7 8 ) found t h e  r e s ponse o f  t h r e e  l i ne s 

to a g oo d  ( yea s t - supp lemented ) and a poor ( ye a s t - f ree ) 

d iet ind i ca ted tha t l arge , f a s t -growing l i ne s w e r e  more 

s uscept i b l e  to poor env i r onme n t a l  c ond i t i on s  than s ma l l  

s low-grow i n g  s tock s . The F 1  p rogeny were supe ri or t o  the 

parenta l a ve r a ge r egard l e s s of d i et a nd had a more rapid 

d eve lopmen t a l  t ime , part i cu l a r l y  on the poor d iet . 

S i g n i f i ca n t  i nter a c t i on s  were a l so observed betwe e n  d ie t  

a nd both s i re s and dams w i t h i n  l i n e s  f o r  l a rv a l  we i gh t  

a nd betwee n  d i et and dams w i t h i n  l in e s  f o r  r a t e  of  deve l op­

ment and pupa l we i ght of  f ema l e  progeny . They conc luded 

that the f ind i ngs supported the notion tha t genera l -purpose 

s tocks s h o u l d  be deve loped for product ion s y s te m s  when 

e nv ironme n t a l  changes a re not p re d i ctable but s pe c i a l ­

purpose s tock s wou ld h o l d  a n  a dvantage whe n  the 

envi ronme n t a l  chang e s  a re pred i ct a b l e . 

R i c h  and B e l l  ( 1 9 8 0 ) a t t empted to i dent i f y  g eno type x 

e nv ironmen t  i nterac t ion e f f e c t s  i n  l ong- term s e l ec ted 

populations  of 7�i!ofium a nd t h e i r  crosses  kept o n  two 

nutri tiona l d i e t s  s im i l a r  to t ho s e  u sed by Benyi a nd G a l l 

( 1 9 7 8 ) . E v i dence o f  a genotype x e nv i ronment i n te r a c t ion 

f or 1 3 -day l a rval we ight wa s obta i ned from the s i gn ificant 

i nteraction o f  c ro s s e s  w i th progeny envi ronme n t . The 

genotype x e nv i ronment inte ra c t i o n  e f fe c t  wa s non s i gn i f icant 
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for p e r c e n t  heteros i s  i nd i c a t i ng the nea r  par a l l e l  respon s e  

when chang i ng f rom the good to t h e  poor env i r onment . 

Murthy a nd Tane j a ( 1 9 8 2 ) de s igned 

exper iment to e s t ima te the l eve l 

a s in g l e  g eneration 

o f  GE I a nd gene t i c  

parame t e r s  for two s t r a i n s  o n  norma l and s tre s s  medi ums . 

The d i f fe re nce s due to genotype s and genotype x envi ronmen t 

i ntera c t i on s  were h i gh l y  s i gn i f i c ant f o r  a l l  t ra i ts . The 

g enet i c  c orre l a t i on s  betwe e n  mea ns i n  norm a l and s tres s 

med iums were 0 . 6 6 and 0 . 5 5  f o r  l a rva l  we i gh t , 0 . 8 2 and 

0 . 5 7 f o r  days to pupat i on a nd 0 . 1 4 and 0 . 3 7 f or pup a l  we igh t  

in P urdue a nd Con s ej o s tr a in s  r e s pec t i ve ly .  The s e  

cor re la t i on coe f f i c i e n t s  d i f f e red s i gni f i ca n t l y  f rom un i t y  

ind i c a t i ng t h a t  genotype x envi ronmen t i n te r a c t ions wer e  

o f  bi o l og i c a l  importance f o r  t h e  envi ronmen t s  and genotype s 

s tud i ed . 

H igh h e r i tabi l i t y  e s t ima t e s  ( 0 . 4 7 to 0 . 5 3 )  s ugges ted tha t 

the s e  t r a i t s  we r e  und e r  gene t i c  contro l .  Mu rthy and Tanej a 

( 1 9 8 2 ) c o nc luded i t  shou l d , there fore , be po s s i b l e  to des ign 

an approp r i a t e  breed ing progra mme to s e l e ct for any de s i red 

l eve l of inte ract ion , overcom i ng the prob lem , f requen t l y  

recur r ing i n  anima l breed i ng , of  c a r ry in g  o u t  se lec t i on 

in t h e  pres ence o f  

env i r on me n t . 

in teract ion be twee n  genotype a nd 

2 . 2 . 3 RATS AND M ICE 

In a c l a s s i c  exper iment , the e f f e c t  of the p l ane o f  

nut r i t i on on t h e  improvement in body we ight a chi eved by 

s e l e c t i on wa s s tud ied i n  m i c e  by Fa l cone r and Latyszewski 

( 1 9 5 2 ) . Two s tr a in s  d e r i ved from a s ingle foundat i on 

popu l a t i o n  we re s e l ected in exactly the s ame manner for 

we i gh t  a t  s i x weeks of age ; one s t r a in wa s f ed ad f ill. 

and t h e  o ther wa s r e s t r i c ted to 7 5 %  of  the norma l f eed 

inta k e  d u r ing the per iod of three to s ix we eks of age . 

The r e s u l ts o f  th i s  exper iment are shown in f igure 2 • 1 • 
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F i gure 2 . 1 : R e s ponses  to s e l e c t i o n  for 6 -week we i gh t  i n  
m i c e  o n  f u l l and r e s tr i c ted d i e t s . P o i n t s  
connected by broke n  1 i n e s  a re mea n s  o f  m i c e  
r a i sed on exchanged d ie t s  ( Fa l coner and 
L a t y s zew s k i , 1 9 5 2 ) . 

W e i ght i n c re a s ed under s e l ection i n  both s tra i ns ; the 

i ncrea s e  p e r  g enera t ion wa s 0 . 3 3 g ,  or 1 . 5 %  o f  the 

u n s e l ected we i gh t  in  the fu l l  d i e t  l i ne ,  a nd 0 .  2 6  g ,  o r  

1 . 3 %  i n  the re s t r i cted d i e t  l i n e . Her i t abi l i ty wa s h ighe r 

i n  the r e s t r i c ted d ie t  l i ne ( bu t  not s ign i f i c a n t l y  s o ) ,  

be i ng 0 .  2 9  o n  the r e s tr icted d i e t  a nd 0 .  2 0  on the f u l l 

d ie t . 

Exchang e s  o f  n u t r i t iona l level w e r e  mad e  be tween the l i n e s  

a f ter f i ve , s even a n d  e ight g enera t i ons of  s e l ec t i on . 

Whe n re ared o n  the r e s t r i c ted d i e t , t he r e s t r i cted d i e t  

l in e  wa s s u pe r i or i n  s i x -week we ight ; the fu l l  d ie t  l i n e  

showed no i mprovemen t  over the u n s e l ected l eve l . When 

reared on f u l l d i et , m i ce f rom the f u l l  d i et l i ne we r e  

l a rger tha n m i c e  s e l e c ted o n  the r e s t r i c ted diet . Howeve r ,  

t h i s d i ff erence wa s sma l l , and m i ce f rom the r e s t r i c ted 

l i ne s howed a ma rked improvemen t  over the un s e l e c ted lev e l  

on ful l d ie t . Thu s , improveme n t  o f  the geno type f o r  r a p i d  

g rowth on the h i gh p l ane of nut r i t i on gave n o  improvement 
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i n  growth on the l o w  p l a ne . Howeve r ,  s e l ec t i on on the 

low p l a ne produced a cons iderable improvement for growth 

on the high p l a ne . 

Fa l coner ( 1 9 6 0 ) s e l ec ted for high and low body we ight g a i n  

f rom t h r e e  t o  s i x  we e k s  o f  age . The d i e t s  were norma l 

and h i gh f ibre . The l a t t e r  reduced growth from three to 

s ix we eks by about 2 0 % . R e s u l t s  of th i s  exper iment ( f igure 

2 .  2 )  s howed that t h r e e  t o  s i x  week we ight , whe n mea su red 

i n  the optima l d i e t , wa s i ncrea s ed a lmo s t  as much by 

s e l e c t i on on s ubopt ima l a s  on the opt ima l d i e t , bu t growth 

on subopt ima l wa s not i n c re a s ed a t  a l l  by s e l ec t i on on 

opt ima l . Resu l t s  of t h i s and the prev i ou s  exper iment 

( Fa l coner and La tys z ew s k i , 1 9 5 2 ) i nd i ca t e  that it may be 

better to se l e c t  under the wor s t  r a the r than the best  

env i ronme n t a l  cond i t i o n s  if  the s e l ec t e d  popu l a t ion i s  

expected to per form over a range of envi ronment s .  

:r f­
.. 
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Re spon s e s  to s e l e c t ion i n  mice for body we ight 
ga i n  f rom 2 1  to 42  days o f  ag e on h i gh and low 
p l an e s  of nu t r i t ion ( Fa l cone r ,  1 9 6 0 ) . 



1 5 

However , Fa lconer ( 1 9 7 7 ) noted t h a t  both the expe r i me n t s 

showed the s ame a noma lous as ymme t r i ca l  carry-over o f  the 

improveme nt made by s e le c t ion f rom one d iet to the o th e r , 

whi ch d id not make s e n s e  genet i ca l ly .  He con s i de re d  the 

mos t  l i kely exp l a na t i on wa s r a ndom gene t i c  dt: i f t  due to 

the sma l l  numbe r s  of parents u s ed . Thi s  random g e ne t i c  

d r i f t  can c a u s e  qu i te l arge d i f f erence s between d i f f e r e n t  

l i n e s  s e l ec t e d  i n  exa c t l y  the s a m e  w a y . 

Young ( 1 9 5 3 ) i nves t i ga ted genotype x envi ronme n t  i nt e r ­

a c t i ons a f f ec t i ng the growth r a t e  a nd r eproduct ive phenomena 

of  three s tra i n s  o f  mice when kept in two f e ed { ca k e  v .o  
c r u shed oat s ) and t wo t empera ture envi ronme n t s . E v idence 

o f  intera c t i o n  wa s found in both character s betwe e n  

nut r i tion a nd g e notype . The s l ower g rowth r a t e  o f  the 

C 5 7  s t r a i n  than the CBA stra i n  on crushed oats s ugge s ted 

the presence o f  a s t ra in x diet i nteract ion . Young ( 1 9 5 3 ) 

obs e rved a d i f f e rential r e spo n s e  o f  d i f ferent 

the type o f  d ie t  i n  l i t ter s i z e . The RI I I  

s tr a i ns t o  

s t r a i n  w i th 

the sma l le s t  l i t te r  s i z e  showed no change f or t h i s  t ra i t  

o n  swi tching f rom cake to oat s , wher e a s  the o t h e r  two 

s tr a i n s  showed c ons iderable redu c t i o n . I n  tota l f e rt i l i ty 

( number of o f f s p r i ng produced by each fema le u nd e r  2 0  we e k s  

o f  a ge ) , t h e  C 5 7  s tr a i n  produced r e l at ive ly fewer of f s p� i n g  

when fed oa t s  compa red wi th cake t h a n  the other two s t r a i ns . 

A f urther e x pe r i ment on s e l ec t i o n  for s i z e i n  m i ce i n  

d i f f erent nut r i t i ona l envi ronme n t s  wa s conducted by Ko rkman 

( 1 9 6 1 ) w i th two s t ra i ns of mi ce a nd two plane s  of n u t r i t i on . 

Re s u l t s  were c o n s iderably d i f fe r e n t  f rom those obta i ne d  

b y  F a lconer and L a ty s z ew s k i  ( 1 � 5 2 ) ; however the d i f f e re n c e  

between the p l a n e s  of nut r i t i on wa s  m u c h  greater i n  K o rkman ' s 

exper iment . The lower p lane wa s e x t raord i na r i ly l ow , the 

we i ght of  the y oung in many c a s e s  decrea s ed d u r i ng the 

per iod be twe e n  3 0  a nd 40  days o f  age . Th i s  d i f fe re n c e  

betwe en t he exper iments proba b l y  caused s ome o f  t h e  

d i f f e rence between t he r e s u l t s . Korkman ( 1 9 6 1  ) f ou nd t h e  
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h e r i tab i l i t y  to be l owe r i n  s e l ec t i on on the low p l ane 

( 0 . 0 6 6 ) than s e l e c t ion on the h igh p l ane ( 0 . 2 1 8 ) , the 

reverse t o  thos e f o u nd by F a l cone r and L a t y s z ewski  ( 1 9 5 2 ) . 

There wa s no s i g n i f i cant re sponse to the s e lect ion on we igh t  

o n  the low plane o f  nut r i t ion . 

Da l ton and By w a t e r  ( 1 9 6 3 ) r eported a s im i l a r  exper iment 

but they s e l e cted on tota l l i tter we i gh t  at wea n i n g  rathe r  

t h a n  i nd iv i d u a l  we i gh t s . After swi tch i ng d i e t s  they found 

no s ig ni f i ca nt s e le c t ion r e s ponse i n  e i ther of the d i etary 

r e g imes , nor a ny c or r e l a ted re sponse . The r e s u l t s  we r e  

expec ted , howeve r , b e c a u s e  o f  t h e  l ow h e r i tabi l i ty o f  the 

t ra i t  a nd the s t rong materna l i nf l u e nc e , i nc lud i ng m i l k  

p rodu c t ion . 

I n  h i s  i nve s t i g a t i o n s  

i n  t wo f eeding g r ou ps 

on daught e r s  o f  m a l e  a lb i no m i c e  

( 1 4  a n d  2 0 %  prote i n ) Bake l s  ( 1 9 6 3 ) 

a l s o  found no 

s i z e . H owever 

d i f fe re nces in 

s i r e  g roup x diet 

the numbe r and 

l ivewe i gh t  between 

i nt e r a c t i ons for 1 it ter 

s i z e  o f  s i gn i f i c ant 

s i r e  groups were not 

the s ame in the prote i n  group s . 

T h e  s e lect ion o f  two s t r a i n s  of  r a t s , one on a s ta nd ard 

a nd another on a r o ughage d i e t  by K i dwe l l , Weeth et a l  · 

( 1 9 6 0 ) s howed s i gn i f i cant s tr a i n  x n u t r i tional  regime 

e f f e c t s  for 7 0 -d a y  bod y  we i ght and seve r a l body mea surement s 

among the f ema l e s ; but except for the propo r t ion of sma l l 

i nt e s t i ne t o  body we i gh t , none of them were s ig n i f icant 

in  the ma le . 

B a i le y ,  H ammack , H arvey and P rober t  ( 1 9 7 0 )  compa red the 

e f f e c t i vene s s  of  s e l e c t ion on two d i e t s  w i th two i nbred 

l i n e s  of 

g a i n i ng ,  

o n  both 

r at s .  

s e l e c t  

d i e t s . 

A f t e r  s e l ec t i on for s i x 

l ine s i r e s  were mated 

There wa s evidence 

genera t ions , top 

w i th control d ams 

o f  a genotype x 

e nv i ronment interac t io n  w i th i n  s i re l in e s . I n  each o f  

t h e  f our l in e s  the r a nk o f  s i re v a r i e d  a ccord ing to the 

n u t r i t i on a l  regimen under wh ich prog e ny we re eva l ua ted . 
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Howeve r , the s ir e  l in e  x d i e t  i n t e ra c t ions were not 

important . The s e  r e s u l t s  repre s ent a s i tua t i on where 

the i nter a c t i on s  i nvo lving i nt r a - popu la t i on genotype s and 

macro-envi ronment s ( Ty pe B o f  McBr ide , 1 9 5 8 )  we r e  more 

important than those w i th i n t e r - popu l a t ion ( d i f fe rent i nbred 

l in e s ) genotype s and macro- env i r onme n t s  ( Type D o f  McB r i de , 

1 9 5 8 )  ( Pani  and L a s l e y , 1 9 7 2 ) . 

Park , Hansen , Chung and Chapman ( 1 9 6 6 )  i nve s t i ga ted the 

exten t of i n te r a ct ion o� the e f fe c t i vene s s  o f  s e l e c t i o n  

f or pos twe a n i n g  ga i n ,  f rom three to n ine week s o f  a g e , 

w i t h  three d i f f erent feeding r e g i me s i n  a popu la t i on o f  

l aboratory r at s . S e l e c t i on f o r  pos twe a n i ng ga i n  under 

the ful l - fe e d i n g  reg ime wa s e f fe c t ive i n  chang i n g  po s t ­

wea n i ng ga i n  o n  each feed ing reg ime . Under t h e  l ow - prote i n ­

f eed i ng regime , s e l e c t i on wa s e f f e c t i v e  f o r  t h a t  t r a i t  

but d i d  not l ead t o  e f fe c t i v e  change i n  growth under the 

other regime s .  The s e  r e su l t s  c oncu r w i th those fou nd by 

Korkman ( 1 9 6 1  ) w i th the per f ormance improved by se l e c t i o n  

on the plane o f  nut r i t i on o n  wh i c h  the per forma n c e  wa s 

s ubsequently s e l ected and w i th the f u l l  f eeding regime 

better than the t h i r d  r eg im e  when e x changed . The i nt e r ­

a c t i o n  betwe en l ine a nd f e e d i ng r egime wa s s i g n i f i ca n t  

over a l l  gener a t ions i n  t w o  c a s e s  but fa i l ed t o  r e a c h  

s ta t i s t ical  s i gn i f i c an c e  i n  t h e  m a j o r i t y  o f  i nd iv idua l 

genera t ions , where number s of a n i ma l s  t e s ted we re sma l l . 

Da l to n  

s l ight 

( 1 9 6 7 ) r epeated Fa l coner ' s 

mod i f i c a t i on t o  w i d e n  

( 1 9 6 0 ) exper iment w i th 

the d i etary t r e a tment . 

Con c l u s ions f r om h i s  

o f  P a rk et a £  • ( 1 9 6 6 ) • 

( 1 9 6 0 ) , Da 1 ton ( 1 9 6 7 ) 

expe r iment c lo s e ly agreed w i th t h o s e  

Contrary to t h e  re sul t s  o f  Fa l cone r 

f ound t h a t  i nd i re c t  r e spon s e s  on 

e i ther pl ane of  nut r i t i on were equa l to the d i r e c t  respon s e s  

o n  t h e  s ame p l an e . Hence , h e  c o n c l uded , s e l e c t ion f o r  

g rov1th could be a s  e f f i c i ent i n  t h e  env ironment i n  wh i ch 

the a nima l  wa s t o  p e r f orm o r  i n  a ny other env ironment . 

H owever ,  Chopra ( 1 9 7 8 ) noted Da l t on ' s f i nd in g s  do not s o  

much c ontrad i c t  F a l coner ' s recommend a t ions a s  r emove t h e i r  

l im i t a t ions . 
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Ba teman ( 1 9 7 1 ) s tu d i ed the e f fec t s  o f  cons ta nt and o f  

c ha ng i ng d ie t s  o n  r e s po n s e s  t o  s e l e c t i o n . Fam i l y  x d i e t  

i ntera c t i on s  were sma l l e r  than cons i s tent fam i ly d i f f erence s . 

Her i tab i l i t y  o f  g rowth for forward and back se l e c ted l i ne s  

wa s h i gh e s t  o n  good d ie t s  ( 0 .  4 9  o n  7 6 %  ma i ze ) and l owe r 

on poo r  d ie t s  ( 0 . 2 0 on 1 6 % ma i z e  a nd 0 . 2 8 o n  1 0 0 %  ma i z e ) .  

I t  wa s con c l uded tha t genotypi c  improvement s may be e f f e c t ­

i ve over a w i de r ange o f  ma i z e-m i lk d i e t s . 

Kowna ck i and G e b l e r  ( 1 9 7 2 ) s e l e c ted w i t h i n  l i tte r s  of  three 

mou se popu l a t io n s  for we i ght g a in between three a nd s i x  

weeks o f  age i n  one exper iment a nd for we ight of f ive week 

o ld m i c e  i n  a s e cond . S e l e c t i on wa s c a r r i ed out wi t h i n  

two d i e t s  l ow ( 1 0 % )  and h i gh ( 2 0 % ) prot e i n  a nd wi t h i n  

a t h i r d  popu l a t i on where f ema l e s  and t he i r  o f f s p r i ng we r e  

f ed w i th the l ow prot e i n  d i e t  and m a t ed w i th m a l e s  f rom 

t he h i gh prote i n  popu la t i on , to s imu late the typ i c a l  

l ive s to ck breed i n g  s i tuation where breed i ng fema l e s  a r e  

o ften underfed a nd kept i n  u n s u i t a b l e  cond i t ions , wh i le 

the s i r e s  a r e  ra i s ed a nd s e l ec ted w h i l e  s ubj e c ted t o  g ood 

f ee d i ng and very good husbandry cond i t i on s . The experiment 

c le a r ly i nd i c a t ed a genotype x envi ronment i nteract i on , 

e spec i a l l y  i n  the s i z e  of  l i t t e r s  a t  s ix weeks of age and 

i n  the l ivewe ight ga i n s  of  the progeny . No data were g i ve n  

o n  t h e  more impor tant que s t ion o f  1 i n e  per formance when 

d ie t s  a re swi t ched . There fore , no · co n c l u s ions c ou ld be 

d rawn c o nc e r n i ng the importance of l i ne x d ietary prot e i n  

i nt erac t i on ( Ei se n , 1 9 7 4 ) . 

Robe r t s  ( 1 9 8 1 ) r e po r t e d  on the chang e s  i n  food con s ump t i o n  

a nd i n  e f f i c i ency found i n  t h e  l i ne s o f  m ice s e le cted f o r  

g rowth d e s c r ibed by Fa lconer ( 1 9 7 3 ) .  I n  t h e  f in a l  s tudy , 

i nvol v i ng f e ed r e s t r i c t i on , the l a r g e  m i ce ga i ned l e s s  

we i gh t  than the c o n t ro l s  o n  the s ame a mount o f  food . The 

amount fed t o  the l arge m i c e  wa s t he vo l untary i ntake o f  

t he contro l s . Thu s , a t  thi s l evel o f  f eed i ng , t he l a rg e  

m i c e  w e r e  l e s s  e f f i c i en t  than the control s ,  u n l ike t h e  

s i t ua t i on und e r  a d  f i t . 
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The resu l t s  above d i f f e r  f rom tha t  reported by S t anier 

a nd Mount ( 1 9 7 2 ) .  I n  a s im i l a r  study , the l arge mice st i l l  

g rew bet t e r  than t he con t ro l s , though the d i ff erences 

betwe en the two on a d  Li... R .  feed i ng wa s not fu l l y  rea l i z ed 

u nd e r  r e s t r i c t ion . However ,  the r e s t r i ct ion impo s ed by 

S t a n i er a nd Mount ( 1 9 7 2 ) wa s l e s s  s evere for the l a rge 

m i c e  than the one u s e d  by Fa l coner ( 1 9 7 3 ) . 

B a t eman ( 1 9 7 4 ) f e d  s i x l i n e s  o f  m i c e  d i s t inct ive f i xed 

o r  s h i f t i ng d i e t s  wh i l e  b e i ng s e l e c ted for f a s t  g rowth 

i n  the f i r s t  two wee k s  a f t e r  weani ng . After 1 0  genera t i o n s  

o f  s e l e c t i on the l in e s , hybr ids a nd u n s e l e c ted contro l s  

were compared on t h e s e  a nd i ntermed i a te d ie t s . Rea l i z ed 

g ene t ic corr e l a t i o n s  be twe en g rowth on opt ima l and 

s uboptima l d ie t s  d e pended o n  the feed ing r eg imes i n  wh i c h  

s e l e c ti o n  wa s pract i s ed . They w e r e  s ig n i f i ca nt ly h igher 

i n  l i ne s tha t we re s e l e c t ed on s ubopt ima l d ie t s . When 

the s e l e c ted l in e s  were t e s ted on unfami l i a r  s ubopt ima l 

d ie t s  they were hard l y  be t t e r  than contro l s , but on t h e i r  

o w n  d i e t s  a nd a l so o n  t h e  opt imum d i et they w e r e  heav i e r . 

W i th one except ion , the hybrids g rew on e ach t e s t  d i e t  

about a s  we l l  a s  d i d  t h e  be s t  s e l ec ted l i ne . 

Three l i ne s o f  m i c e  d i f fer i n g  i n  body we ight a nd ovu l a t i o n  

r a t e  we r e  compared under three l eve l s  o f  f eed i ntake 

to s tudy the impo r tance of genotype x envi ronment i nter­

a c t i ons f o� reproduc t i ve t r a i t s  a nd body compo s i t i on by 

Meyer a nd B r adford ( 1 97  4 )  • L i ne x treatment i nteractions 

were s ig n i f i cant f o r  days t o  mat ing a nd percent body f a t , 

p r imar i ly due to the d i f f e rent i a l  per formance of  the l in e  

previou s l y  s e l ec t e d  f or r a p i d  growth . No s ign i f i c a n t  

i nt erac t i on wa s found f o r  ovu la t i on r a t e , mat i n g  pe r f orman c e  

o r  food i ntake and ut i l i z a t i o n . 

Gebler a nd Jez i e r s k i  ( 1 9 7 5 ) s tud i ed pre- a nd pos tna ta l 

l i t ter s i ze of  m i c e  s e l ec ted for h igh we ight g a i n s  a t  

d i f ferent l eve l s  o f  feed ing . The i r  f i nd in g s  s ugges ted 

tha t a n  u n favoura b l e  genotype X envi ronmen t  i n te ra c t ion 
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had a lready occurred by the s tage o f  embryonic deve lopmen t .  

Radomska , M i cha l sk a  and Korw i n - Ko s s akowsk i  ( 1 9 7 5 )  conduc ted 

expe r iment s  w i th t hree l ines of  m i c e  s e lected for body 

we ight ( h igh , control  a nd uns e l ec ted ) a t  2 1  days wh i c h  

r ece i ved f o u r  d ie t s  d i f f e r i ng i n  prot e i n  content a n d  qua l i t y  

o f  f odde r u se d . They meas ured body we i ght , degree o f  

f atne s s  a t  5 6  d ay s , body we ight ga i n s , fodde r  and t o t a l 

prot e i n  c o n s umpt i on . Apar t  f rom wee k l y  we ight ga i n s  a t  

s ome pe r i o d s  o f  l i f e , no genotype x e nv i ronment i nterac t i on s  

were found . 

Radom ska , S z ynki ew i c z  a nd Lepecka ( 1 9 7 5 ) used the s ame 

mate r i a l  as above to determine b l ood morphol og i c a l  i nd e xe s , 

erythrocyte cou n t s , l eucocyte count s , haemog l ob i n  l ev e l  

a nd t h e  h a ema t oc r i t  read i ng . The y d i s covered a h ig h l y  

s igni f i ca n t  i n t e ra c t ion between the l in e s  a n d  d i e t s  i n  

t h e  morpho l og i ca l b l ood compo s i tion a nd sugg e s ted the 

haemato logi ca l i ndexe s m ight repre sent a s u f f i c i en t l y  

s en s i t ive pa rame t e r  f o r  u s e  i n  s tud i e s  o n  genotype x 

e nv i r onme nt i nt e r a c t i on s . 

S ub s t an t i a l  i n t e r a c t ion wa s obs erved i n  three i nbred s t r a i n s  

o f  mi ce ma i n ta i ned o n  f i ve norma l comm e r c i a l  pe l l e ted d i e t s  

b y  Fe s t i ng a n d  F o r d  ( 1 9 8 1 ) .  Mo s t  of  t h e  i nterac t i on cou l d  

be a t tr ibu t ed t o  t h e  r e spon s e  o f  s t ra i n  B 1  0 ,  s ugges t in g  

tha t s t r a i n s  o f  the C S  7 BL type may be more sen s i t i ve t o  

d ie ta ry i ng r ed i e n t s  than other common s t r a i n s . The s t ud y  

s howed that t h e  d i e t  wh i c h  gives the be s t  performance for 

one s t r a i n  of m i c e  may not be the be s t  for anothe r . 

The e f f e c t  o n  1 0 -week body we i ght o f  s even genera t i on s  

o f  s e l ec t i on i n  three nu t r i t iona l regimens for two g r owth 

r e l at ed t ra i t s  wa s eva l ua ted by McKay ( 1 9 8 5 ) a nd McKay , 

P a rker and Gu e n t e r  ( 1 9 8 6 ) . Dur i ng gene r a t i on e ight a c ro s s ­

over s tudy wa s u nd er taken . N o  s ig ni f i ca nt genotype x 

n ut r i t i on i nt e r a c t i on s  we re detected . 
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2 . 3  DOMESTIC S PECIES 

2 . 3 . 1  P OULTRY 

Many i nve st igat ions of the importance of genotype x 

envi r onment i nteract ions i n  pou l try have concentrated o n  

managemen t  a s pect s i . e . , e a r l y  or l ate hatche s , cage v h  

f loor mana gement , c ag e  den s i ty , temperature e f f ec t s , 

l oc at ion or year d i f f erence s .  S ome have i nvo lved a s pec t s  

of  d i f f e r i ng nut r i t i on c o nfounded w i th the o ther factor s . 

I n  s ome c a s e s  genotype x envi ronment interac t i ons are very 

marked , whi le in other s they a re a pparent l y  un important 

( Hu l l  a nd Gowe , 1 9 6  2 ;  D i c kerson , 1 9 6 2 ; Pan i a nd La s l ey , 

1 9 7 2 ; McDona ld , 1 9 8 5 ) . 

2 . 3 . 1  . 1  Feeding Leve l 

Schne i d e r , Bohren and Anderson ( 1 9 5 5 ) t e s t e d  t he e ff e c t  

o f  r e s t r ic ted feed in g  o f  a r a t ion l o w  i n  prote i n  content 

during the growi ng per i od aga i n s t  a f u l l f ed r a t i on o f  

h i gh p rote i n  content t o  determ i ne the e f fect o n  egg 

produ c t ion . In a l l  ca s e s  the two breed s r e s ponded in the 

s ame manner . 

A s t ud y  on t he d i f f er e n t i a l  r e s pons e  of  genotype s t o  

s ta rv a t ion wa s made b y  Abp l a n a l p  ( 1 9 6 2 ) .  He expo s e d  

s e l ec t e d  ( se lected f o r  3 1  yea r s ) a nd u n s e l e c ted l in e s  t o  

d i f f e r e nt weekly periods o f  s t a rva t i on a nd f ound that the 

d i f f e r ence i n  average egg produ c t i o n  betwe e n  3 3 - a nd 4 8 -

hour t r e a tments wa s l arger i n  u n s e l e c ted l i nes than i n  

the s e l ec ted one s , i nd i c a t i ng the e x i s te n c e  of  g enotype 

x e nv i r onment i ntera c t i on s . 

Hu l l  a nd Gowe ( 1 9 6 2 ) u nder took a s tudy t o  detect the 

magn i tude o f  genotype x envi ronmen t  i nt er a c t i on s  f o r  

cha ra ct e r s  o f  economi c  s i gni f i cance i n  pou l try , invo lv i ng 

two s t r a i n s  of  pou l tr y , three l o c a t i on s , t hree year s a n d  
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two rear ing programs - f u l l (a d LiE- • ) and r e s t r i c t ed feed­

i ng .  S i g n i f i c a n t  i n te ra c t io n s  for genotype x rear ing 

t reatment we r e  found for the two t ra i t s , days to s exua l 

matur i t y  and body we ight a t  2 1  week s . Hu l l  and Gowe ( 1 9 6 2 )  

conc luded t h a t l a rge a nd impor tant i nteract ions were found 

o n l y  when t he e nv ironme nt a l  e f fec t s  we r e  very l arge and 

the gene t i c  d i f f e rences we re w i de . 

Gowe , Lemay a nd John son ( 1 9 6 2 ) compared White Leghorn 

s tr a i n s , reared on re s t r i c ted a nd fu l l  feed i ng , in a lay ing 

hou s e  t e s t  to 5 0 0  d a y s . S t r a i n  x r ea r i ng t rea tment 

i nterac t i o n s  were s i gn i f i c a n t  for housed body we i ght and 

s exua l matur i ty a nd for egg produc t i on in one of the four 

years . However , i ntera ct ion v a r i ance as a percentage of 

tot a l  v a r i a n c e  wa s l ow for a l l  t ra i t s  a nd they conc luded 

tha t  the s i gn i f i c a n t  geno type x e nv i ronment i n t e r a c t ions 

we r e  of s uc h  l ow magn i t ud e  as  to have l i t t l e  p r ac t i ca l  

s ig n i f i ca nc e . 

I n  a nother 

r e a red 1 5 

s tudy , 

purebred 

Hu l l ,  Gowe , S l e n  and 

s t ra in s  a nd t he i r  

Crawford ( 1 9 6 3 ) 

cro s s es 

e i ther 

a t  

f u l l  

two 

l o c a t ions , 

r e s t r icted 

i n  

( 7 0 %  

e a c h  

o f  

o f  

f u l l 

f ou r  

fed ) 

of  age . Fo l l o w i ng th i s , a l l  

f u l l - feed ing r e g i me u nt i l  5 0 0  

n o  s ign i f i ca n t  i nterac t ion s of  

f eed i ng regime f o r  any o f  the 

a t i o n . 

y e a r s , 

f eed i ng 

groups 

on 

f rom 5 to 2 1  

v1e r e  t e s ted 

or 

weeks 

on the 

d a y s  of  age . The y  found 

the d i f fe rent st ra i n s  w i th 

s i x t ra i t s  u nder cons ider-

P roud foot a nd Gowe ( 1 9 6 7 ) i nc luded r e s t r i c ted ver s u s  f u l l 

f ee d i ng t re a tment s  i n  t he i r  s tudy , a nd found two o f  the 

fou r  expe r imen t s  p rovi ded evidence t ha t  s t rain a nd f eed 

t r e atment i nt e ra c t i o n s  were impor tant . These i nt e r a c t ions 

we r e  evident f o r  the t ra i t s  e gg product ion a nd monetary 

returns . Proudfoot a nd Gowe ( 1 9 6 7 ) a l so found sign i f icant 

i nt e r ac t i on e f fe c t s  on l a y i ng house morta l i ty , wherea s 

the s e  we r e  obs er ved to be un impo r t a nt by Gowe et a£ . ( 1 9 6 2 ) 

a nd Hu l l  e t  a £ . ( 1 9 6 3 ) . 
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E f fects  o f  f eed r e s t r i c t i on d u r i ng the l a y i ng p e r i od on 

the pe r f ormance o f  two s t ra i n s  of  mature cage c omme rc i a l  

l ayers i n  the humid trop i c s  wa s i nve s t i ga ted b y  Benyi , 

Aki nok1.m a nd Lebb i e  ( 1 9 8 1 ) . S i gn i f i cant s tr a i n  and treat­

ment i nt er a c t i on e f fects we re found for abdom i n a l  f a t , 

egg prod u c t ion and feed e f f i c i e ncy . 

Brody , Cherry a nd S i egel ( 1 9 8 3 ) subj ected adu l t  ma l e s  f rom 

l i nes o f  chickens se lected for high ( HW )  and low ( LW )  body 

we igh t s  to e i ther ad L iR,.. • , fo rced or r e s tr ic te d  feed for 

2 1  d a y s . A p r e f e rence for g l ucose s o l u t ion versus wa ter 

wa s t e s t e d . There were s ign i f i ca nt treatment e f f e c t s  for 

the i nt a k e  of  both the g lu co s e  s o lution and wa ter in  the 

HW but n o t  i n  the LW l i ne r e s u l t i ng i n  a s i gni f i ca n t  l in e  

x treatment i nterac tion . The l i ne x treatment i n te r a c t i o n  

for g lu c o se pre f e rence wa s a l s o  s ig n i f i ca nt . 

After t h e  a s s a y s  we re comp l e t e d  for pre ference f o r  g l uc o s e  

solut i o n  v e r s u s  wa ter , e a ch b i rd wa s prov i ded c o n t i nuou s 

a cces s t o  both a h igh prot e i n  a n d  a high e ne rgy d i e t . 

The tendency f o r  the HW ma l e s  t o  exh i b i t  r e l a t ive l y  h ig h  

prote i n  i n take s a nd for the L W  b i rd s  to exh i b i t  i nc r e a s ed 

calor i c  i n t ak e s  under cho i c e  f e ed in g  s i tuations w a s mod i f i ed 

by the n ut r i t ional -phy s i o l og i c a l  s tate of  the b i rd s ; a 

s igni f i c a nt l ine x treatment i n teract ion for pre f e rence 

of  the h i gh - e n e rgy diet wa s therefore obt a i ne d . 

2 . 3 . 1 . 2  P rote i n  Leve l s  

Asmun d s on and Lerner ( 1 9 4 0 ) f e d  two s tr a i ns of  Bron z e  

turkeys on a l l -ma sh r a t i o n s  w i t h  two d i f f e r e nt prot e i n  

l eve l s . They f ound n o  s ig n i f i ca n t  r a t i on x s t r a i n  i nt e r ­

act i o n s  for a n y  of  the t r a i t s  - body we i gh t s  to 3 2  wee k s  

of a ge , we i gh t  of  pectora l i s  ma j or ,  pector a l i s  minor , l e f t  

gonad , bur sa f abr i c i i ,  l e n g t h  o f  kee l , femu r , t i b i otar s u s  

and t a rs omet a t a r s u s  except o n e  r a t ion x s t ra i n  e f f e c t  f o r  

body we ight . 
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As we l l  a s  r e s t r i c t e d  f ee d i ng , Sc hne ider , Bohren and 
And e r s o n  ( 1 9 5 5 ) te s t ed a h i gh prot e i n  lay i ng r a t i o n  aga i n s t  
a l a y i n g  r a t i on conta i n i n g  a norma l prote i n  l eve l . The 
norma l p ro t e i n  l a y i ng ra t i on groups we re s i gn i f i ca n t l y  
s uper i o r  i n  f e rt i l i ty , ha t c h  o f  f e r t i l e  egg s  a nd hatch 
o f  tota l eggs set but a l though i n  a few i ns tanc e s  the breed s 
d i f f e red i n  the mag n i tude o f  the ir r e s pon s e s , i n  mos t  ca s e s  
the two bre e d s  re s ponded i n  the s ame ma nne r . 

Pu l l e t  c h i ck s  o f  three comm e r c i a l  egg produ c t i o n  h ybr id s , 
a nd three b ro i l er c ro s s e s  subj e c t ed to four s t a r t e r  r a t ions , 
e ach c o n t a i n i ng a d i f f e re n t  c ombina t i on o f  two l ev e l s  of 
prote i n  a n d  t wo l e ve l s  of energy , compr i s ed the main 
var i e t i e s  of the two expe r i me n t s  by Kondra and Hodgson 
( 1 9 6 1 ) .  There were no s i gn i f icant s t ra i n  x rat ion 
i ntera c t i on s  a f f e c t i ng we i g h t  ga i n ,  tota l f e e d  e f f i c i e ncy 
o r  prot e i n  and energy u t i l i z a t i on .  

However , H a r m s  a nd Wa ldroup ( 1 9 6  2 )  fo v.n d a s i gn i f i c ant 
s t r a i n  x p r ot e i n  l eve l i n t e ra c t i on , as m e a s u r ed by rate 
of egg p r od u c t i on when they f ed two s tr a i ns of pu l l et s  
e a c h  o f  t h r e e  exper imen t a l d i e t s  conta i n i ng 1 1 ,  1 3  or 1 7  

p e r c e n t  p r o t e i n . The s ame t rend wa s o b s e rved f or body 
a nd e gg we i gh t . 

Moreng , E no s , Wh i t t e t  and M i l l e r  ( 1 9 6 4 ) , u s ing three d ie t s  
v a r y i ng i n  p rote i n  l eve l s  ( 1 3 , 1 5  and 1 7  percent ) o n  four 
c omme r c i a l s t r a i n s  o f  egg produ c i ng b i rd s , obs erved 
s i g n i f i ca n t  s t ra i n  x r a t i on i nt e r a c t i o n  e f f ec t s  on Haugh 
u n i t s , egg p roduc t i on a nd e gg we i gh t  but they w e r e  not 
i mportant f o r  e gg she l l  t h i c k ne s s . 

When f o u r  c ommer c i a l  egg produc t i on s t ocks were s ubj e c ted 
to four d i f f e re n t  pro t e i n  l e ve l s , Dea ton a nd Qu i s enberry 
( 1 9 6 5 ) f o un d  a h i gh l y  s ig n i f i ca n t  s tock x prot e i n  l eve l 
i nt e r a c t i on f o r  body we i ght , egg produ c t i on , e g g  we i ght , 
f eed e f f i c i e n c y , Haugh un i t  s co re and egg she l l  t h i ck ne s s . 
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H arms , Damron a n d  W a l droup ( 1 9 6 6 ) f e d  d i e t s  wh i ch cont a i ned 
1 7 , 1 5 , 1 3  o r  1 1  pe r c e n t  prot e i n  to fou r  s t ra i n s  of pu l l e t s . 
A s i gn i f i c a n t  s tra i n  o f  p u l l e t  x prote i n  level intera c t i o n  
wa s observed f o r  egg p rodu c t i o n  a n d  body we i gh t  ga i n . 
A l though the s t ra i n  x p rote i n  l ev e l  i ntera c t i on wa s n o t  
s ta t i s t i c a l ly s i gni f i cant f o r  f e e d  e f f i c i ency a n d  egg we i gh t  
t h e r e  were s om e  d e f i n i t e  t rend s . Kondra and S e l l  ( 1 9 6 6 ) , 
h owever d i d  f i nd a s i gn i f i cant s t r a i n x prot e i n  i n t e r a c t i o n  
f or e g g  we i gh t . 

A d ia l l e l  ma t i n g  de s i gn wa s u s e d  by Mahmoud ( 1 9 6 6 ) t o  obt a i n  
e st imates o f  g enet i c  pa rame t e r s  i n  body weight t ra i t s i n  
a non- inbred p opu l a t ion o f  New H amp s h i re c h i cken s g r own 
o n  1 8 % and 2 4 %  prot e i n  rat i o n s . He f ound the c ompone n t s  
o f  v a r i ance o f  m a l e  e f f ec t s 1 t h e  non- a dd i t i ve h e r ed i ty 
a nd materna l e f f e c t s  to be h i ghe r on the h i gh p l a n e  t h a n  
o n  the l ow p l ane . H e  a l so ob s e rved tha t s e l e c t i o n  f o r  
e ight -we e k  body we ight o n  a h i gh p la n e  o f  nu t r i t i o n  ca r r i e d  
w i th i t  n o  i mprovement o n  a l ow p l ane o f  n ut r i t i on . 
I mproveme nt o f  the genotype s f o r  g r owth on a l ow p l ane 
r e s u l ted in better growth on a high p lane . The r e s u l t s  
o f  h i s  s tu d y  ind i ca te the i mpor t a n c e  o f  genotype x f eed 
l ev e l  intera c t i on on body we i g h t  in c h i cken s . 

Ma r k s , Gy l e s  e t  a l. ( 1 9 6 9 ) t e s t ed t e n  e gg prod u c t i on s tock s 
a t  t wo p ro t e i n  l ev e l s  ( 1 3 % o r  1 7 % ) . The s t ock x prot e i n  
i nt er a c t i on wa s n on - s igni f i c a n t  f o r  a l l  t r a i t s  and 
r e s pon s ib l e  f o r  on l y  a m i nor por t i on ( z e r o  to s ev e n  p e r c e n t ) 
o f  the exp l a i n ed var i a t ion . A f u rther exper iment by M a r k s , 
M oo r e  et al. .  ( 1 9 6 9 ) a l s o  found t h a t  the s t oc k  x p r ot e i n  
i nt e r ac t i on wa s not s i gni f i ca n t  f o r  any tra i t . 

I n  one exper iment Marks ( 1 9 7 1 ) fed t wo s t ra i n s  o f  q u a i l 
i soca lo r i c  d i e t s  cont a i n i ng 1 8 ,  2 1 , 2 4 ,  2 7  a nd 3 0  pe r c e n t  
c rude p r o t e i n .  Popu l a t i on x d i e t  i n t e r a c t i on wa s 
s i g n i f i ca n t  f or body we ight g a i n  o n e - two week s , on e - three 
we e k s  and one - f ou r we e k s , b u t  o n ly f o r  the t h i rd we e k  for 
f eed conve r s ion . The i ntera c t i on wa s not s i g n i f i ca n t  for 
p e r centage prote i n , tot a l  l i p i d  a nd wa t e r . 
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U s i ng t wo c ommerc i a l  pa r e n t a l genotyp e s , P roud foot ( 1 9 7 3 ) 
s tud i ed the e f f e c t s  on bro i l e r  pe r f orma n c e  o f  a s i n g l e  
gene r a t i o n  of s i re s e l e c t i on for body we i g h t  a t  e i ght we e k s  
o f  a g e . S i x  comb i na t i on s  o f  prot e i n  a nd f eed i ng ti me were 
i mpos ed d u r i ng r e a r i n g . G enotype x f e ed t r ea tment 
i n t e r a c t i o n s  occurred for m a l e  body we i ght a nd percent 
of grade A f ema l e  c a r c a s s e s  and i n t e ra c t i o n s  approa c hed 
s i g n i f i ca n c e  for fert i l i t y  a nd hatcha bi l i ty .  

L i l j ed a h l , W i l he lm s o n  a nd C a r l gren ( 1 9 7 3 )  t e sted Wh i t e 
L e gho rn s t r a i n s  on two f e ed s , one w i th a h i gh and the ot her 
w i t h a l o w  p rote i n  and e n ergy content . Hens f rom each 
s t ra i n  n u t r i t i on comb i na t ion we re d i v i ded i n to t wo 
d i f fe re nt hou s i ng envi r o nmen t s  f o u r  h e n s  p e r  cage or 
h a l f  the d e n s i ty w i th one hen per cage . S i g n i f i cant s t r a i n  
x n u t r i t i o n  i n tera c t ions w e r e  f ound f or body we ight , r a t e  
o f  l a y , e gg we i ght i n  fou r - he n  cage s , h e n - d a y  e gg product ion , 
f eed c onve r s ion , she l l  t h i c k ne s s , a lbumen h e ight and shape 
i nd e x . Even though the s t r a i n  x n u t r i t i on i nterac t i ons 
p roved c le a r l y  s i gni f i c a n t  f or v i rtua l l y a l l  t r a i t s , the i r  
v a r i a n c e  componen t s  i n  p e r c e n t  o f  the tot a l  were s ma l l , 
betwe e n  z e ro a nd s i x p e r c e n t , a nd we r e  mor e o f t en grea t e r  
i n  the s i ng l e - h en c a g e s  t h a n  i n  the fou r - hen c a ge s .  

Wo l f , J a l a l ud i n a nd Mukhe rj e e  ( 1 9 7 7 ) f ed f i ve c omme rc i a l  
hybr i d  l i n e s  f i ve i so c a l o r i c  d i e t s  wi t h  d i f f e re nt prot e i n  
l eve l s  t o  s t udy body we i gh t  a nd a verage da i l y g a i n  up t o  
e i ght we e k s  o f  age . The g e no t ype x d i e t  i n t e r a c tion wa s 
s ig n i f i c a n t  f o r  a l l  t r a i t s  s tudied , · a nd i n  s ome c a s e s  
a cc ou n t ed f o r  greater than f i ve percent o f  th e v a r i ance . 

Two ha l f - s i b g r oups o f  Wh i t e  P l ymouth Rock f ow l s were f e d  
on d i e t s  c o n t a i n ing e i th e r  a no rma l o r  a r ed u c ed amount 
o f  p r ot e i n  by Sorenson ( 1 9 7 7 ) . A g e notype x l evel o f  
pro t e i n  i n te ra c t i on wa s f ou n d  f or body we ight a t  3 8  d a y s . 
The he r i t a b i l i ty of bod y we i g h t  a t  3 8  d a y s  o f  age for ma l e  
a nd f em a l e  o n  the l ow p ro t e i n  d i et wa s 0 . 4 5 a nd 0 . 3 1 
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0 . 3 0 and 0 . 0 9 for ma l e  and f em a l e  
Gene t i c  c or r e l a t i ons between body 

r e s pe c t ivel y ,  v e r s u s  
o n  t he norma l d i e t . 
we i gh t  a t  3 8  d a y s , 
we r e  0 . 2 5 and 0 . 3 2  
c a l c u l a ted by t h e  

mea sured on the two d i e t a ry reg i m e s ,  
f or ma l e  and f e m a l e  r e s pe c t iv e l y  when 

i n teract ion method and 0 . 1  7 and 0 .  4 0  
by the cova r i a n c e  method . 

Proud foot and Hu l a n  
i nt e r a c t i on s  t o  be of 
i nt e r re l a ted e f f e c t s  o f  

( 1 9 7 8 ) found 
no importa n c e  

f e ed i n g  d i e t  

g enotype x 

when s tudy i n g  
comb i na t i on s  

d i e t  
t h e  

w i th 
d i f f e rent prot e i n  and e nergy l eve l s  to m a l e s  and f ema l e s  
o f  c ommer c i a l  b ro i l e r  genotyp e s . D a ta we re col l e c t ed on 
morta l i ty , l i  vew e ight s ,  carca s s  we ight s , c a r c a s s  g r ade 
and f eed conver s i on . 

Hu l an , Proud foot , Ram ey and M cR a e  ( 1 9 8 0 ) i nve st igat ed t h e  
i n f l u en ce o f  g enotype a nd d i et on g e nera l per forman c e  and 
i n c idence of leg abnorma l i t i e s  of com merc i a l  bro i l e r s  r e a red 
to r oa s ter we i ght . A s i gn i f i c a n t  genotype x d i e t  
i n t e r a c t i on wa s obs e rved f o r  l i vewe i ght s a t  2 8  da y s  and 
40 days bu t no t a t  6 3  or 8 2  days . There wa s n o  s i gn i f i ca n t  
i nt e rac t i on i n  f eed conver s i on a t  2 8 ,  4 0  o r  8 2  d a y s  bu t 
i t  wa s s ig n i f i cant a t  6 3  d a y s . N o  ev i denc e wa s f ou n d  o f  
a g enot ype x d i e t  i nt er a c t i on f o r  p e r c ent grade A c a r ca s s e s , 
wh i ch i s  in agr e ement w i th ea r l i e r  ob s ervations w i t h br o i l e r  
genotypes ( Proudf oot a nd Hu l an , 1 9 7 8 ) . Genotype x d ie t  
i nt e r a c t ion s  w e r e  con s i dered of no pr a c t i c a l  importan c e . 

Proud foot ( 1 9 8 0 ) f ed two d i e ta r y  p r ot e i n  l eve l s , 1 3 .  6 and 
1 5 . 4 % ,  in breed e r  d i e t s  to commer c i a l  mea t pa r e nt genotype s . 
A d i e t  x genotype i nt era c t i on o c c u r r ed for egg we i gh t  a t  
2 2 4 days , 4 4  d a y  f ema l e  body we i g h t s  a nd a g e  a t  5 0 %  e gg 
product ion . 

Two i nbred l i n e s  o f  W h i t e  Leghorn pu l l e t s a nd t h e i r  
r e c iproca l c ro s s e s  w e r e  fed a h i gh ( 1 6 .  9 % ) o r  l ow ( 1 3 .  4 % ) 
c rude prot e i n  d i e t d u r ing the l a y i n g  pe r i od un t i l 7 1  we e k s  
o f  age b y  Em s l ey , D i c ke r s on and Gowe ( 1 9 8 0 ) . I n t e r a c t i on s  
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b e twe en genotype and prot e i n  level we re not s i gni f i ca nt . 

T h i r t y  c ro s s e s  o f  e g g - type pu l l e t s  we r e  fed four prac t i c a l  
r a t i o n s  d i f f e r i ng i n  pro t e i n  and m e t a bo l i z a b l e  energy by 
D o r a n , K r ueger , B r a d l e y  and Qu i s e nbe r r y  ( 1 9 8 0 )  to t e s t  
f o r  e v i dence o f  geno type x d i e t  intera c t i o n s . D i e t  x s tock 
i n t e r a c t i o n s  for e gg product ion , egg s i z e , feed e f f i c i ency , 
e gg m a s s  and body we i gh t  we re not s ta t i s t i c a l l y s i gni f i cant . 
D e s p i te t he l a c k  o f  s ta t i s t i c a l  s i g n i f i ca nc e  o f  the 
i nt e r a c t i on , there w e r e  s tock s that d e v i a t ed cons i de ra b l y  
f ro m  t he average e g g  p rodu c t ion , bod y we i ght and f eed 
e f f i c i e ncy , par t i c u l a r l y  when fed the l ow prote in e n e rgy 
r a t i o n  and Doran .e.t a £ . ( 1 9 8 0 ) sugge s t ed that s ome s to c k s  
s ho u l d  be f e d  s pe c i f i c  l a y i ng d i ets . 

2 . 3 . 1  . 3  Energy Conce n t ra t ion 

A s  in p i g s , a l ot of prote i n  d i e t s  a l s o vary o r  are 
c o n f o u nded w i t h ener gy l e ve l s . Howe v e r , s ome exper iments 
h a v e  be en done on e ne rg y  leve l s  a l one . 

Kond r a  a nd S e l l  ( 1 9 6 6 ) , i n  the i r  c ompa r i son o f  c omme r c i a l 
s t r a i n s fed r a t i on s  w i th d i f f e r ent e ne r g y  leve l s , obs e rved 
s i g n i f i cant i n t e ra c t i o n s  for e gg we i gh t , t h i ck a l bumen 
we i gh t  a nd p e r c e n t  a n d  t h i n  a l bumen p e r cent but not for 
e gg p r od uc t i on , s he l l  t h i ckne s s , we igh t a nd percent of 
y o l k , twin a l bume n we i g h t  a nd H a ugh u n i t s . 

S e l l ,  
added 

Choo a nd Kond r a  ( 1 9 6 8 )  fed r a t i o n s  cont a i n i ng no 
f a t , 1 6 % o f  s o yabean o i l  or 1 6 % of r a pe s eed o i l to 

h e n s  of three d i f f e r e n t  s tra i n s 
o f  d i e tary fat a nd s t r a i n  o f  

to s t ud y  the i n f l u ence 
c h i ck e n  on fatty a c id 

com po s i t i on o f  e gg 
i n t e r a c t i on e f fe c t s  

y o l k  a nd a d ipo s e  t i s s ue . They found 
we r e  i mpor tant for s e v e r a l  fatty ac i d s  

i n  t h e  c ompo s i t io n  o f  y o l k  and body fa t .  Howeve r ,  Kondr a , 
Choo and Se l l  ( 1 9 6 8 ) re ported no s i gn i f i c a n t  s t ra i n  x e ne rgy 
i nt e r a c t i on s  for average yolk we ight or for egg we i ght . 
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K ondra e t  aL . ( 1 9 6 8 ) d i d  f i nd s i g n i f icant i ntera c t i on s  
f or egg produ c t i o n  and feed u t i l i z a t i on . 

Fox , Jenn i ngs , M a r sden and Morr i s  ( 1 9 6 0 ) ,  i n  a compa r i son 
of two type s o f  l a y in g  b i rd s  fed two r a t i on s  d i f f e r i n g  
i n  energy l eve l s , obs erv ed a h i g h l y  s igni f i ca nt breed x 
r a t i on intera c t i o n  -foT- Eej� ·��vc.+\c::::.'l"\ .  

S i bba ld and S l i n g e r  ( 1 9 6 3 )  with r a t i on s  w i th d i f f er e n t  
e nergy l eve l s  f ou n d  s i gn i f i c ant i nt e r a c t i o n  e f fe c t s  o n  
t h e  growth r a t e  t o  f o u r  weeks o f  a g e . B u t  L i l l i e , Tw i nn i n g  
a nd Den ton ( 1 9 6 4 ) f ound n o  evidence o f  t h e s e  e f f e c t s  o n  
e ight we ek body we i gh t  o r  body we i g h t  g a i n . 

Kom i yama , Yama d a  a n d  M i ya z ono ( 1 9 7  3 )  repor t ed on g e ne t i c  
d i f ferences i n  p r ot e i n  a nd energy r e q u i r emen t s  o f  g rowth 
o f  c h i ck s . S i g n i f i cant s t r a i n  x energy i nt er a c t i o n s  w e r e  
observed i n  we i g h t  gai n ,  f e e d  conve r s i on a nd prot e i n  a nd 
e nergy u t i l i zabi l i  t i e s . The s t r a i n  x prot e i n  i n t e ra c t i o n  
w a s · le s s  prom i n e n t  t h a n  the s t r a i n  x e n e r gy i nterac t i on . 

I n  a s tudy t o  e v a l u a t e  broi l e r  g e e s e  c a rc a s s e s  H u d sky , 
Lautner a nd Ma c h a l e k  ( 1 9 7 5 ) f ed s ev e n  types o f  b r o i l e r  
g ee s e  feed cont a i n i n g  2 7 8 0  k c a l /kg ( control ) o r  3 0 0 0  k c a l / k g  
( h i gh energy ) . I nter a c t i on o f  g e no t ype w i th nutr i t i o n  
had a s i gn i f i c a n t  e f f ec t  o n  body we i ght a t  5 6  d a y s  b u t  
wa s not s i gn i f i c ant for dre s s i n g  percentage , f oo d  
con sumpt i on , p e r c e n t  bre a s t  mu s c l e , percent l e g  · mu s c l e , 
a nd percent f a t  • 

. Robb i n s  ( 1 9 8 1  ) c onduc ted a factor i a l  ex per iment w i th two 
bre ed s of bro i l er s ,  two sexe s , four en ergy l eve l s  and two 
method s o f  a l t e r i n g  d i e ta r y  energy concentr a t ion . F e e d  
con sumpt ion o f  t h e  l i ght breed wa s r e l a t i ve l y  u na f f ec ted 
by d i etary en e r gy l eve l , whe rea s the h eavy breed exh i bi ted 
marked i ncrea s e s  in feed i n take a s  d i e t a r y  energy l e v e l 
i nc re a s ed demon s t r a t ing a genotype x e nv i ronment intera c t i o n . 
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2 . 3 . 1 . 4  V i ta m i n s  

S e l e c t i on o f  W h i t e  Leghorns r e l a t i ve l y  r e s i s tan t o r  
s u s cept i b l e  to a d e f i c i e ncy o f  r i bo f l a v i n  i n  t he d i e t  
wa s p::- a c t i sed d u r i n g  s i x genera t i ons b y  Lamoreux a nd Hu t t  
( 1 9 4 8 ) .  As cert a in s tr a i ns r e s i s ted the v i ta m i n  de f i c i ency 
better than o th e r s ,  d i f f e re nc e s  i n  t he i r  re spon s e s  we r e  
obse rved i n  de f i c i e nt d i e t s  b u t  not i n  t h e  no rma l d i e t ; 
hence a genotype x d i e t  i nterac t i on ex i s t e d .  

O n  a d i e t  d e f i c i e nt i n  v i tam i n  E ,  t h a t  i nduced a high 
i nc idence o f  e n c e pha l oma l a c i a , Wh i t e Leghorn , Rhode I s l a nd 
Red and Ba rred P l ymouth Rock c h i c k s  we re t e s ted for re s i s t ­
a nc e  t o  tha t d i s e a s e  b y  Howe s a nd H u t t  ( 1 9 5 2 ) . A s  i n  
t he s t udy by Lamoreux a nd Hutt ( 1 9 4 8 ) W h i te Leghorns we r e  
m o r e  res i s tant t h a n  t h e  heavier breed s t o  the i nadeq u a t e  
d i e t  ind i ca t i ng a g e notype x d i e t  i n t e r a c t i o n . 

Khe i r e ld en a nd S h a f fner ( 1 9 5 7 ) i nve s t i g a t ed s i re a nd dam 
f am i l y  d i f f e r e n c e s  in t o l e rance of c h i c k s  to tox i c  l eve l s  
o f  P r otamone and s t ud i e d  the e f f ect s o f  h i gh l e v e l s o n  
t h e  rate o f  g r owth a nd morta l i t y . I n  the f i r s t  t r i a l · 
a s i gn i f i cant i n t e r a c t ion e x i s ted betwe e n  the treatment 
a nd s i re f am i l i e s , but not be twe en the t r e a tment a nd the 
d a m s  w i t h i n  s i re s . When the leve l of P ro t amone wa s r a i sed 
f rom 6 0  t o  1 2 0 g pe r 4 5 . 5  kg ( 1 0 0 l b ) of f e e d  in the se co nd 
t r i a l , n o  s i g n i f i ca n t  i n tera c t ion e x i s ted . However , a 
h i g h l y  s i g n i f i ca n t d i f f e rence e x i s t e d  i n  the mo rta l i t y  
o f  t he p rogeny o f  the d i f f eren t s i re s , w h i c h m a y  e x p l a i n  
w h y  n o  s i gn i f i c a n t  i n t e r a c t ion wa s f o und i n  the s e c ond 
t r i a l . The t ox i c  l ev e l  of 1 2 0 g of P r o t amone may have 
k i l l ed a l l  the b i rd s  that were at o r  b e l ow a t h r e sh o l d  
l eve l o f  r e s i s ta n c e  to t he d r ug t h u s  e l i m i nat ing a l l  the 
b i rd s  that wo u l d  othe rw i s e  have s hown t re a t me nt r e s po ns e .  
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2 . 3 . 1  . 5  Am ino A c i d s  

M cDon a l d  ( 1 9 5 7 , 1 9 5 8 )  supp l emented \'Vhi te Leghorn and 

A u s t ra l orp chi cken d i et s  w i th met� i on i ne . In  fou r  

exper imen t s , Wh i t e  Legh orn ch ickens sh owed a s i gn i f i c a n t l y  

g reater e a r l y  re s pon se f o l low i n g  add i t i on 

o f  DL-meth i on i ne than Au stra lorp ch i ck en s . I n  a l a ter 

exper iment Wh i t e  L e ghorns showed an i nc rea s e  in g rowth 

r a t e  when meth i o n i n e  wa s added to the ba sa l d i e t  but 

A u s t ra l op s  sh owed a g rowth depre s s i on . A s i gn i f i c a n t  

breed x meth i on i ne i n te ra c t i on wa s detected . 

H u t t  ( 1 9 6 1 ) d i scu s s ed the pos s i b l e  ca u s e s  of  the W h i t e  

L e ghor n s  abi l i ty t o  w i th s t a nd nut r i t i ona l de f i c ien c i e s  

b e t t e r  than othe r heavier breed s . Th i s  g i ve s r i s e  t o  

g enotype x nutr i t i o n  intera c t i on s  i n  m any exper imen t s . 

I nd ividua l variat i on wi th i n  the br eed s wa s a l s o di s cu s sed , 

w i th po s s ib i l i t i e s  for se l e ct ion for s t ra i n s  more r e s i stant 

to nutr i t i ona l l y  de f i c i ent d i et s . 

Harms , D amron and W a l droup ( 1 9 6 7 ) eva l uated th e s ulphur 

a m i no a c i d  requ i r emen t s  of  commerc i a l  e gg- produc t i on - type 

p u l l e t s . F ive d ie t s  conta i n i n g  8 0 ,  9 5 ,  1 0 0 ,  1 1 5  or 1 3 0 %  

o f  the e st imated meth i on i ne requ i rement of the l a y i ng h e n  

w e r e  f ed t o  t w o  s t ra i n s . A s i gni f i ca n t  breed x meth i on i n e  

i nt er a c t i on vla s  f ound for egg produ c t ion , egg we ight , body 

we i ght g a i n  but not f or f eed e f f i c i ency or f eed and am i n o  

a c i d  intake . 

G enet i c  v a r i a t ion i n  ar g i n i ne and l y s i n e  u t i l i z a t ion wa s 

s tu d i ed by N e s h e i m  ( 1 9 6 8  a , b )  on s t ra i n s  of  ch i cken s 

s e l ected for a l ow o r  h i gh requ i r emen t of  a r g i n ine . I n  

one expe r iment ch i ck s  were fed d i e t s  con t a i n i n g  0 . 7 5 % , 

1 . 0 %  o r  1 . 2 5 %  L- ly s i ne HC l .  There wa s a s i g n i f i cant stra i n  

x l y s i n e  intera c t i o n  for l i vewe ight g a i n s  to 2 8  day s . 



3 2  

N e s he im ( 1 9 7 2 ) i nd i c a ted s t ra i n s  o f  c h i ckens have been 
d i f f e re nt i a ted as to the i r  abi l i t y  to g row when fed a d i e t  
l ow i n  n i c o t i n i c  a c i d  prov i d i ng e v idence o f  a genotype 
x nut r i t i on i nt e r a c t i on . 

Marks ( 1 9 7 1 ) f ed t wo pro t e i n  l e ve l s  s u pp l emented w i t h  two 
l eve l s  o f  t h i ou ra c i l t o  three qua i l  l i ne s . Lines were selecte::l 
f o r  f ou r  w e ek bod y we ight on a 2 8  percent pro t e i n  d ie t  
( P popu l a t i o n ) o r  p r o t e i n  d e f i c i ent d i e t  ( 2 0 % ) conta i n i n g  
0 . 2  percent t h i our a c i l  ( T  popu l a t i o n ) ,  a nd a ra ndom bred 
control �) popu l a t i o n . Expo s u re o f  b i r d s  f rom the T popul a t i o n  
t o  t he 2 8  p e r c e n t  prot e i n  d i e t  i n c rea sed body we i g ht . 
C o n t r a r iwi s e , p l a c i n g  popu l a t i on P b i rd s  under the T 
e nv i ronme nt r e s u l t e d  i n  a d e c r e a s e  i n  body we i gh t . The 
average pe r f orma n c e  o f  the P popu l a t ion a c r o s s  d i ets wa s 
2 g s uper i o r  to t h e  T popu l a t ion in gene r a t i on f ive , w h i l e  
t he mean pe r f orma n c e  o f  the T popu l a t ion was 3 g supe r i o r  
i n  g enerat i o n  s i x .  
w i t h Fa l c oner a nd 

The s e  r e s u l t s a r e  i n  gene r a l  ag re ement 
La t y s z ew s k i  ( 1 9 5 2 ) who s ugge s t ed t ha t  

when mi c e  w e r e  r e a r e d  o n  a norma l d i e t , the s t ra i n  s e l e c ted 
u nd e r  t h i s  e nv i ronment wa s s uper i or but the s t r e s sed 
popu l a t i o n  d i d not f a l l  far short of i t . However M a r k s  
( 1 9 7 1 ) d i s a greed w i t h  Fa l coner and L a t y s zew s k i ' s  ( 1 9 5 2 ) 

i nd i c a t ion that improvement for r a p i d  growth on a h i gh 
p l a n e  o f  nut r i t i on ca r r i e s  w i th it no i mproveme nt for growth 
o n  a l ow p l ane . P o pu l a t i on P b i rd s  we re s upe r i o r  to the 
non - s e l ec ted contro l s  und e r  the T e n v i r o�m ent i nd i c a t i ng 
t he expre s s i o n  of a t  l e a s t mi nor gene t i c  ga i n s . 

F o u r - we e k  body we i gh t s  o f  T popu l a t i o n  b i rd s  expo sed to 
a 2 8  p e r c e n t  pro t e i n  d i e t  conta i n i ng 0 . 2  percent t h i ou ra c i l 
( to x i c ) were equ a l  t o  or s up e r i o r  t o  b i r d s  f r om the s ame 
popu l a t i o n  r e c e i v i ng the 2 8  percent prote i n  d i e t  w i thout 
t h i ou ra c i l ,  wh i l e  bod y we i g h t s  o f  the P a nd C popu la t i on s  
we r e  redu ced . 
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Al -Mohamma d i  ( 1 9 7 6 )  i nv e s t i ga ted genotype x envi ronment 

i n t e r ac t i on in t ra i t s  of e gg - produc i n g  pou l t r y  s t ocks f ed 

vary i ng 

and o f  

d i e ta r y  s a l t  l ev e l s  w i th add i t i o n  o f  b i ca rbon a t e  

meth i o n i ne and cho l i ne . Stock x s a l t  l e v e l  

i nt e r a c t i on wa s h ighl y  s ig n i f i cant w i th r e spect t o  average 

e g g  we i ght and a l so s i gn i f i cant with re spect to f i na l body 

we i gh t , percent l ar ge e g g s a nd H augh u n i t s . I nteract ion 

of s to c k  w i th b i carbona t e  wa s s i gn i f i ca n t  w i th respect 

t o  p e r c ent l a r g e  eggs . S tock x c ho l i ne i n t e r a ct ion and 

s to c k  x methi on ine inter a c t ions we r e  s i g n i f i c a n t  for pe rcent 

l a r g e  eggs and l arge meat spot s .  S e cond-order in tera ct i on 

o f  s to c k  x s a l t  x b i c arbonate wa s s i gn i f i cant wi th re spect 

t o  ave rage egg we ight a nd percent large meat spot s .  S t oc k  

x c ho l i ne x meth i o n i ne i nterac t i on wa s s ign i f i cant w i th 

r e s pe c t  to percent sma l l  egg s ,  l a r g e  e g g s  and extra- l a r g e  

e gg s .  

2 .  3 . 1 . 6 M i nera l s  

L i l l i e , Twi n i n g  and Den ton ( 1 9 6 4 )  f ound no s tra i n  x 

n u t r i t i on i nt e r a c t i o n s  i n  t h e  c a l c i um a nd phosphorus 

r eq u i rements o f  broi l e r s  a s  i n f l uenced by energy , sex and 

s tr a i n  for 8 wee k  body we i ght . 

H owev e r , Gard iner ( 1 9 6 9 ) observed s i g n i f i c a n t  i n tera c t i on 

e f f e c t s  for percent rivab i l i t y  to fou r  weeks of  age , four­

week we i ght , f eed e f f i c i ency , percent bone a sh a nd p l a sma 

i no r g a n i c  phos phor u s  when three l eve l s o f  pho s phoru s were 

f ed t o  two breed s , commer c i a l  bro i l er s  and W h i t e  Leghor n s . 

W a s hburn ( 1 9 6 9 ) compared four s tocks o f  c h i ck e n s  on two 

d ie t s , a norma l and a n o ther d e f i c i e n t  in c opper and i ron 

a nd observed a s ig n i f i c ant s t oc k  x d i e t  interac t i on on 

packed erythrocyte vo l ume . 
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2 . 3 . 1 . 7  Other Nu t r i ti ona l Factors Con s i stency or 

Cons t i tu e n t s  of R a t i o n s  

Merr i  tt , Downs , Bord e l eau a nd T i nney ( 1 9 6 0 )  fed a broi l e r  

r a t ion i n  m a s h  a nd pe l l et form to f our d i f fe rent bro i ler 

s tra i ns . The geno type s a l l  s howed a h igher growth r e s po n s e  

to pe l l e t s  a l t hough t h e r e  wa s s ome evide nce o f  a 

d i f f e rent i a l  r e s po ns e . L i m i t a t ions i n  the d e s ign o f  thi s  

exper iment p revented carry i ng out a s t r i ct ly v a l i d  

s ta t i s t i c a l  t e s t  o f  t h e  i n terac t i ons be tween s t r a i n  x form 

o f  f e ed . Mer r i  tt  et af. . ( 1 9 6 0 ) observed the data we re , 

neverthe l es s , 

i nteract i on . 

s ugge s t ive o f  a g enotype x envi ronment 

Johns on a nd Abp l a na l p  ( 1 9 6 0 ) , i n  the i r  expe r iment on feed ing 

two d i e t s  ( crumb led and m a s h ) to meat s tock s , observed 

a s ig n i f i ca n t  s tock x d iet i n t e r a c t i o n  e f fect on l ivewe i ght 

at the e nd of t he i r  test in the pul le t s  but not in the 

cocke re l s . 

Bray , B i e l y  a nd Pope 

r a t i on s , d i f f e r i ng i n  

( 1 9 6 2 ) i n  a s tudy i nvolvi ng two 
. .  

the i r  i ngred i e n t s  bu t s imi l a r  in 

chemi c a l  c ompo s i t i on , f ound no s i gn i f i c a n t  i nter a c t i on s  

f or 6 2 -d a y  a ve rage we i ght , 6 2 -day f eed convers ion , f eed 

c o s t per k i l o g r am at 6 2  d a y s , e s t ima ted f eed conver s ion 

to 1 . 3 6  kg ( 3  l b )  a nd e s t ima ted numbe r of days to 1 . 3 6  kg . 

Fox , Jenni ngs , Mar s de n  and Morr i s  ( 1 9 6 0 ) compar ed the 

e conomi c  p e r formance o f  four breeds of l aying bird s  w i th 

two type s o f  f eed a home m i xed ma s h  a nd " hi gh e ne r gy " 

l ay ing pe l l e t s . I nteract ion between f eed and breed wa s 

f ou nd , the d i f fe rence i n  egg produ c t ion a s so c i ated w i th 

f ee d i ng the d i e t s  to one breed wa s reve r s ed when the d i e t s  

we re f e d  t o  another breed . 
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Lope z , Wi l l i s  and Perez ( 1 9 7 0 ) compar ed three br o i l e r  l i ne s  

and one med ium - heavy l i ne on ma i z e  - and suga r - b a s ed d i e ts . 

W i th the ex c ep t i on o f  feed conve r s ion no s i gn i f i cant 

genotype x nut r i t i on inter a c t i on s  o c curred . Ef f e c t s  on 

dre s s in g  pe rc entage were di f f i cu l t  to inter pret . The Rhode 

I s l and te nd ed to have the l owe s t  d res s i ng p e r c entage o n  

both d i e t s  b u t  there w e r e  ma rked ch anges i n  the order of 

the r ema i n ing breeds provid i n g  eviden ce o f  a genotype x 

nut r i t i on interac t i on . 

Maghraby , St i no , Goher and Kama r ( 1 9 8 0 )  f ed two breed s 

o f  layers  ra t i on s  from two s our c e s  but found n o  s i gn i f i ca n t  

genotype x nu tr i t i on intera c t i on s . 

2 . 3 . 2  P I G S  

Al though some s tud i e s  have b e e n  done on growth a n d  ca rca s s  

per formance character i s t i c s  o f  grow i n g  p i g s  m o s t  are for 

prewean i n g  t ra i t s , w i th f ew c on s i d e r i ng s l a u ghter a s  a 

f in a l  a im .  Very few stud i e s  o n  e f f ec t s  o f  nu t r i t i on o f  

sow o n  l i t t e r  s i z e , l i t t e r  we i ght a t  we an i n g  o r  other 

reprodu ct ive character i s t i c s  have bee n  done in p i g s . 

2 . 3 . 2 . 1  Fe e d i n g  Leve l 

Fow l e r  and En sminger ( 1 9 6 0 ) random l y  d iv ided a cros sbred 

popu l at ion of swine i n to two l in e s . One wa s s e lected f o r  

i nc r e a s ed average d a i l y  ga i n  f r om we a n i ng t o  6 8  k g  under a 

f ul l - feed ing reg ime a nd a nother under l im i t e d  feeding o f  

7 0 % a s  much f eed a s  t h e  fu l l - f ed group . A f t er s ix 

g enerat ions , each l i n e  wa s subd ivi ded and h a l f o f  each 

l ine tran s f er red to the other f eed reg i m e , a l l ow i ng 

e s t imat ion o f  d ir e c t  and corr e l a ted re spon s e s  i n  both 

p l a ne s .  The pig s s e l e c ted on the l ow p l a n e  we re mor e 
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e f f i c i ent o n  both reg ime s than tho se se l e c ted o n  f u l l 

f eed ing ( f i gu r e  2 . 3 ) . From the se r e s u l t s  it  wa s ca l cu la ted 

tha t the g e n e t i c  c orre l a t i on be tween g a i n  i n  the two 

e nv ironment s wa s 0 . 7  . 
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Re spon s e s  to s e l e c t ion i n  p i g s  
d a i l y  g a i n  from w e a n i n g  to 6 8  
h i gh a n d  low p l a n e s  o f  n u t r i t i on . 
E n s m i n ge r , 1 9 6 0 ) . 

for averase 
k i l og rams on 

( Fow ler and 

Webb and K i n g  ( 1 9 8 3 ) conduc ted an e x per iment to s how the 

e f f e c t i v e n e s s  o f  s e l e c t i on for improved food co nvers ion 

r a t i o  on ad f i t. group feed i ng . In ge nera t i o n  seven , 

the s e l e ct ed a nd a n  u n s e l e ct ed , c o n t r o l  l i ne we re test ed 

on a d l. i.. t .  o r  s ca l e  ( 0 . 7 7 g / g  a d fi t. d a i ly food i n take ) 

fee d i ng . L i n e  x feed ing reg ime i n teract ions were absent 
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f or a l l  t r a i t s  ex cept k i l l i ng -out propor t i on and be l ly 

t h i ckne s s . Howev e r , the s e l e c t ion procedure a dopted wa s 

not succe s s fu l  i n  i mprovi n g  f ood convers ion and n o  c l ear 

c on c l u s ions cou ld be drawn from the exper iment . 

Warren and D i cker s on ( 1 9 5 2 ) f ou nd tha t four type s of c r o s s ­

breds showed d i f f e rent l ivewe i ght r e sponses to re s t r i c t ion 

of f eed i ng bu t there were n o  i n t e ract ions f or c a r c a s s  

chara cte r s . O n  the other hand , i n  compar i ng i nbred s w i th 

n oninbr ed s and c ro s s e s  on f u l l  and restr i c ted f ee d i ng , 

G regory and Di ckerson ( 1 9 5 2 ) f ound interaction s  i n  ca rcas s 

chara c t e r s  but not in l iv e  we i ght g a i n s . 

Lucas and Calder ( 1 9 5 6 ) u s i n g  c r o s s breds on w i d e l y  d i f f e r ing 

f eed i ng l evel s ,  f ound i nt e r ac t i on s  in l ive we ight g a i ns , 

f eed e f f i c iency and seve r a l car c a s s  character s ,  but i n  

a nother experiment w i th l e s s  ex treme restr i c t i on there 

wa s a n  interact i o n  on ly in one fat measurement . 

S a lme la , R emp� l a nd Com s t o c k  ( 1 9 6 0 ) compared t hr e e  k i nd s  

o f  t>1inne sota c r o s sbr ed p i g s  o n  three f eed i ng r e g i m e s  and 

obta i ne d  s i gn i f i ca n t  breed i n g  x trea tment i nt e r a c t i ons 

f or average d a i l y  g a i n  and for age a t  9 1  kg l iv e  w e � gh t . 

I n  a s tudy i nv o l v i ng two breeds a nd two rat ions ( fu l l  and 

r e s t r i c ted f e ed i ng ) Z immerma n , S p i e s  et al . ( 1 9 6 0 ) found 

breed x s e a s on i ntera c t i on s  to have s i gn i f i c a n t  e f fe c t s  

on a g e  a t  pube r ty . T h e  b r e ed x f eed l ev e l  i nt e r a c t ions 

wer e  not s igni f i cant i n  t h e  s ame t r a i t , a l t hough t r i a l  

x breed x f e e d  leve l i nt er a c t i on s  were f ound t o  b e  

important . 

Da i ley , C l ark e t  a l . ( 1 9 7 5 )  used 1 0 2 pube ra l g i l t s  f rom 

n ine g e ne t i c  groups t o  s t ud y  two morpho l og i ca l  types o f  

ova r i a n  fo l l i c u l a r  l o s s  ( haemor rhag i c  a nd m i lky ) . An 
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intera c t i on o f  f eed i ng l eve l w i th gene t i c  group wa s found 

for the m e a n  d iameter of the fo l l ic le s . A l t hough the h igh 

p la ne o f  f e ed i ng i nc re a s ed the mean d i ameter of the Po l and 

Chi na g i l t s  when compared to the l im i ted - f ed ,  l i tt l e  e f f e c t  

wa s produced i n  the Hamp s h i re or York shire g i l  t s . A l s o  

f u l l feed i n g  dec reased the number of m i l ky med ium fo l l i c le s  

i n  t h e  H am p s h i r e  x Yor k s h i r e  g i l t s  whi l e  t he re wa s a n  

i nc r e a s e  i n  the Yorks h i re x Hamp s h i re c ro s s . 

P l a nk a nd B e rg ( 1 9 6 3 ) c onduc ted four t r i a l s  t o  s tudy the 

r e l a t ive r e sponse of spec i f i c  genet i c  g roups of pigs  to 

d i f f e r i ng p la n e s  of nut r i t i o n  ( a d L i..fl. • or 7 5 %  ad L i..£. . ) • 

Genot ype x p l a ne o f  nut r i t i o n  i ntera c t i on s  we r e  s i gn i f icant 

f or average da i l y  feed con s umed , average d a i ly g a i n ,  length 

a nd tota l Record of Per formance s core . 

H a l e  a nd Coey ( 1 9 6 3 ) te s ted whether i nt ra - s tr a i n  genotype 

x env i ro nment i n te r a c t i o n s  occurred i n  a compa r i son of 

ad Li..fl. .  a nd r e s t r i cted f e ed i ng . In l i vewe i g h t  ga ins , 

e f f i c i e n c y  o f  f eed conve r s i o n  and a n umber o f  c a rca s s  

mea sureme n t s  there we re n o  s i g ni f i ca nt interact i o n s  be tween 

l i t t e r s  a nd the f eed i ng t r e a tmen t s . Howe ver , d u r i ng the 

exper ime n t  i t  wa s found t h a t  the ad Li..fl.. p i g s  d i d  not eat 

as much a s  expec ted , so the d i f f erence between feed l eve l s  

wa s not v e ry l a rge . Ha l e  a nd Coey ( 1 9 6 3 ) con c l uded tha t 

the i r  exper iment adds support to the hypothe s i s pu t forwa rd 

by Hu l l  a nd Gowe ( 1 9 6 2 ) that genotype x e nv i ronment 

i ntera c t i o n s  a r e  not l ik e l y  to be of importance except 

i n  c a s e s  where envi ronmenta l a nd genet ic d i f f e re n c e s  are 

both l a rge . 

N i t z s che a n d  Engl i s ch ( 1 9 6 7 , c i ted by K i ng , 1 9 7 1 ) a l so 

examined i n tr a s tr a i n  genotype x envi ronmen t  i n t e ra c t ions . 

They l ooked a t  6 2 8  progeny f rom 1 1  s i r e s  on n o rma l and 

s evere l y  r e s t r i c ted f eed i nt a ke s . They found h ighly 
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s igni f i ca nt i n t erac t ions for da i l y  ga i n  and l e s s  s i gn i f i cant 

ones for fa t conten t . 

K empster ( 1 9 7 4 ) reviewed expe r i me n t s  on feed ing l ev e l  and 

c oncluded where ad L i R. f eed i n g  wa s compared w i th a 

r e s tr i c ted d ie t  above 8 0 %  of  a d  LiR . feeding , t h e r e  we r e  

n o  rank order chang e s  a nd d i f f e r ences  i n  var i a n c e  o c curred 

l e s s  f r equent ly than vlhere the compar i s on wa s w i t h  

r e s tr i c ted f e e d i n g  be low 8 0 % . Thu s  i n  tho se expe r iment s 

w h i ch cou l d  pos s ibly repre s e n t  pract i ca l  c i rcum st a n c e s  

i n  term s  o f  genotype a n d  envi ronment n o  s i gn i f i ca n t  

i nterac t i o n s  were found . 

2 . 3 . 2 . 2  Prote i n  Leve l s  

H a l e  

p ig s  

a nd Southwe l l  ( 1 9 6 7 )  c ompared Duroc a n d  Hamp s h i r e  

on d ie t s  c on t a i n i n g  thre e  l eve l s  of  prot e i n . No 

i nteract i on s i nvolving c a r c a s s  character i s t ic s  were 

obs erved , but a s ign i f i c an t  i nt e r a c t i o n  wa s obse rved in 

e f f i c iency o f  f ood c onver s i on . The two breed s were 

a pprox ima t e l y  equ a l  in th i s  r e s pe c t  a t  the two l owe r l eve l s  

o f  prot e i n , but the Duroc s were more e f f i c i en t  a t  the 

h ighe st l eve l . 

K ing ( 1 9  7 1 ) repor ted re s u l t s  o f  a prev i ou s l y  u n pu b l i shed 

exper iment in wh i ch various c r o s sbred p i gs were f a t tened , 

h a l f  to pork we i ght o f  5 9  k g  l i vewe ight a nd h a l f  t o  a 

manufa c tu r i ng we i gh t  o f  1 1 8  k g  l ivewe i ght . I n  add i t i on , 

h a l f  o f  e a c h  group were f e d  o n  a h i gh prot e i n  a nd h a l f  

on a l ow prote i n  r a t i on . N o  s ig n i f i cant c ro s s  x d iet 

i nterac t i on s  for leann e s s  were f ound . Only one s i g n i f i cant 

i nterac t i on w a s  found and that wa s for the pH read i n g  taken 

s oon a ft e r  s l aughter at 5 9  kg l ivewe i gh t , but K in g  ( 1 9 7 1 ) 

n oted i t  i s  o f  doub t f u l  importa n c e . 

Watki n s , Swi ger and Mahan ( 1 9 7 7 ) f ed var iou s  prote i n  l ev e l s  

t o  sever a l  breed s and c ro s s e s . Al though not s ig n i f i ca nt , 
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there wa s s ome i nd ic a t i o n  that pig s  var y i ng i n  lean growth 

capab i l i t y  res ponded d i f f e rently to chang e s  in d ietary 

p rote i n  l eve l . 

Wood , Lodge a nd L i s te r  ( 1 9 7 9 ) compa red two breeds under 

cond i t i on s  that provided the same t o t a l  a mount of feed 

to each p i g , but produced d i f f e rence s  in energy and prot e i n  

i nt ake . A l though d i f fe re n c e s  ex i s ted be twee n  breed s and 

d i e tary t r e a tment s ,  the o n l y  s i gn i f i cant i n te r a c t ion be twe e n  

bre ed s a n d  d i e t s  wa s for l e a n  content o f  t h e  h i nd l imbs . 

Chr i s t i a n , S trock a nd Car l son ( 1 9 8 0 ) eva luated the e f f e c t s  

o f  s ex , breed c ros s , d i e t a r y  prot e i n  l evel and s l aughter 

we ight a nd the i r  f i r s t - order i ntera ct i o ns o n  per formance 

a nd c a r ca s s  t ra i t s  o f  2 8 8 c ros sbred p ig s . A l though the 

l ea n  c ro s s  p i g s  grew mor e  e f f i c i e n t l y  on t h e  1 6 % prote i n  

d ie t  t h a n  o n  the 1 2 % d i e t , the average c ro s s  p i g s  did - not , 

r e s u l t i ng i n  a s ign i f i c a n t  cross  x prote i n  i ntera c t ion 

for feed e f f i c i ency . Th i s  i nteraction wa s not s i gn i f i cant 

for any other t ra � � � . 

Davey a nd Morga n  ( 1 9 6 9 )  reported a n  exper iment i n  wh ich 

f our l i ne s were i nd iv i dua l l y  fed , on a s c a l e  determi ned 

by t he i r  body we i gh t . The r a t ions u sed conta ined 1 2 % or 

2 0 % prot e i n . The i ntera ct i o n  obt a i ned betwe en prot e i n  

l eve l a nd l i ne w a s  v e ry s i g n i f i cant a nd s t r i k i ng . P i g s  

f rom t h e  l o w  f a t  l i ne s , g iven 2 0 %  d ie ta ry p rote i n , had 

3 1 % more c a r c a s s l ea n  than d id the p i g s  from the high fat 

l ine , w h e r e a s  on the 1 2 % d ie t  the l ow f a t  l in e s  had only 

6 %  more lean than tho se f rom the h i gh fat l i n e s . 

K i ng ( 1 9 7 1 ) con c l uded tha t i n  prot e i n  l eve l ex per iments , 

i nterac t i on s  can ex i s t  wi th wide l y  d i f ferent prote i n  leve l s , 

but a t  o r  a r ound r e c ommended l eve l s , the se i nteractions 

a re much l e s s  l i k e l y . He a l so d i s cu s s ed the i ntere s t ing 

p ropo s i t i on that the pub l i shed l i terature i s  l i kely to 
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obs e rvers f ind i ng n o  

l e s s  l ikely to r eport 

sugg e s ted that be c a u s e  

o f  t h e  sma l l  s i ze o f  many p i g  e xper iment s ,  s ome o f  t h e  

s ig ni f i cant G E  i n tera c t i on s  repor ted m i g h t  be type 2 e r ror s , 

i . e .  apparent l y  s ig n i f i cant e f f e c t s  when no rea l intera c t i o n  

ex i st s  due t o  the sma l l  s amp l e  of  a n i ma l s  u s ed ( Mc Dona ld , 

1 9 8  5 )  • 

2 . 3 . 2 . 3  Energy L eve l s  

M o s t  expe r i m e n t s  c ompa r i ng d i f fe re n c e s  i n  feeding l eve l 

have probab l y  re s t r i c t ed growth p r i ma r i l y  by the l im i t a t i o n  

o f  energy i ntake ( K i ng , 1 9 7 1 ; Kemps t e r , 1 9 7 4 ) . However ,  

there are a number of  other expe r i ment s des ig n ed e spec i a l l y 

t o  compare d i f f er en c e s  i n  energy i ntake . 

Bow l a nd and B e r g  ( 1 9 5 9 ) d e s cr i bed an exper imen t i n  wh i c h  

r a t ions conta i n i n g  c ombinat i o n s  o f  two energy l eve l s  a n d  

three leve l s  o f  prot e i n  wer e  f ed to two c r o s s e s  o f  p i g . 

I nteraction s  wer e  f ound i n  g rowth rate , average da i l y  feed 

i ntake and f ood conv e r s ion r at io , with one s t r a i n  tend i n g  

t o  e a t  more , g row f a s ter and more e f f i c ient ly on a h igh 

energy , h i gh prot e i n  d iet . W i th one except i on , the r e  were 

no intera ct i on s  i n  ca r c a s s  char a c te r i st i c s .  

K in g  ( 1 9 7 1 ) noted that a l though i nterpreta t i on i s  

c omp l i cated by the add i t i on o f  other growth-promot i n g  

f a c to r s , the d ie t s  u sed i n  the exper iment o f  K i n g  ( 1 9 6 3 ) 

would have d i f f ered grea t ly i n  energy content .  K i ng ( 1 9 6 3 ) 

w i th bacon p i g s  o f  three genotypes f e d  two wa y s  f ound no 

s ig n i f i ca n t  i n t erac t i on s  i n  g rowth r a te , f ood conve r s i o n  

r a t i o , food con s ump t i on , carc a s s  w e ight , c ar c a s s  length o r  

backfat th i c kn e s s . For s t reak th i ckne s s  a s i gn i f i c a n t  

c ro s s  x r a t i on i n te ract ion wa s found . The i n te r a ct i o n  

v1a s  d u e  t o  a change o f  r a nk , t he W e s sex c ro s s e s , wh i ch 

had the t h i c k e s t  s t reak on norma l r a t i on s , havi ng the 

t h i nn e s t  whe n  g iven the h igh growth r a t ion . 



4 2  

Davey , Morgan and K i nca id ( 1 9 6 9 ) s tud i ed Yorks h i re and 

Du r o c  p i g s  f rom two l in e s  ( h igh- a nd l o w - f a t ) fed e i ther 

a n o rm a l d ie t  or a d i e t  with 2 5 %  reduct i o n  in gro s s  energy 

i nt ak e . There wa s a s i gn i f i c a n t  breed x l ine x d i e t  e f fect 

on r a t e  o f  g a in as a r e s u l t  of the var i ab le , w i t h i n  l ine 

r e s po n s e  to energy r e s t r i c t ion . 

S k i t s ko a nd Bowland ( 1 9 7 0 ) de s c r ibed a n  ex per i ment i n  wh i c h  

h i g h  and l ow energy d i e t s  w e r e  g i ven t o  t h r e e  d i f f erent 

bre ed ing g roups , w i th s e l f - f eed i ng l i m i te d  to two one - hour 

per i o d s  e a ch day . There wa s a s ig n i f i ca n t  intera c t ion 

betwe e n  breed ing g roup a nd d i et for a ve ra ge d a i ly f eed 

i nt a k e  bu t a l though g rowth ra t e s  tended to pa ra l l el  intake s , 

t he i nt er a c t i on for t h i s tra i t  d i d  no t a c h i eve s i gn i f i c ance . 

P i g s  w e re s la ughtered a t  one of three d i f f e rent l ivewe i gh t s  

but no i nt e r a c t i o n s  were reported f o r  a ny c a rc a s s  mea s u r e ­

ment . 

2 . 3 . 2 . 4  O t he r  D i e t a r y  D i f ferences 

A v a r i e ty o f  c t h e ..:- d i etary contra s t s  have been u s ed in  

i nt e r a c t i on exper imen t s . 

Jon s s on ( 1 9 5 9 , c i ted by K i ng , 1 9 7 1 ) report ed a n  exper iment 

in wh i c h  l i t t e r s  of two breed s we re d iv i ded betwe en s ta nd ard 

D a n i s h  d i e ts of s k i mmed m i lk a nd bar l ey a nd o ne i nc l ud i ng 

s ug a r - be e t  f ed ad £ i � .  The d ie t s  prod uced s i gn i f i c a n t  

d i f f e re nc e s  i n  per formance b u t  there wa s no intera c t ion 

betwe e n  d i et a nd l i t te r  for the two chara c ters , d a i l y  g a i n  

a nd b a c k f a t  t h i ckne s s , w h i c h  we re ana �ysed . 

Kuh l e r s , Chapman and F i r s t  ( 1 9 7 2 ) inve s t i ga ted the ex i s te nce 

o f  g e no type x e nv i ronment i n teractions  in  product ion a nd 

c a r c a s s  t r a i t s  i n  fou r  breed i ng groups of s w i n e  under two 

f eed i ng r e g i me s  h i g h  a nd l ow nutr ient - a t  f our s ta g e s  

o f  d e v e lopmen t . O u t  o f  2 6 4  total c ompa r i sons only f ive 

we re d e t e c ted a s  havi ng s ig n i f i ca nt bre ed ing grou p x feed i n g  
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reg ime interact i on s .  Kuh l er s  et a l . ( 1 9 7 2 ) con c l uded t h a t  

thi s wa s wha t wou l d  b e  expe cted by c h a n c e  a l one , sugge st i n g  

tha t i n teract i o n s  o f  th i s  kind we re i n f requent at the s ta g e s  

of deve lopment s tud ied . 

Kuh l e r s , Chaprn a n  and F i r s t  ( 1 9 7 7 ) individual l y  fed 9 5  

anima l s  f rom two breeds and the i r  r e c i proca l cros s e s  f rom 

5 6  days  of age to 90 kg on a l ow or high nu t r ient reg ime . 

Poo l i ng the breed ing group x f eed i n g  reg ime i nt e r a c t i on s  

for both the prod uct i on and c a r ca s s  tra i t s  showed that 

there wa s a tota l of four s i gn i f i c a n t  i ntera c t i on s  in  4 5  

compa r i sons . Kuh l e r s  e i a l. ( 1 9 7 7 )  sugge sted tha t t h e s e  

inter a c t i on s  may b e  cha nce occurrence s .  Al l fou r  s i g n i f i ca n t  

i n t e r a c t i on s  we r e  f o r  s i re breed x darn breed x f e ed i n g  

reg i me ind i c a t i n g  the po s s i b i l i t y  of  d i f f eren t i a l  he t e ro s i s  

for the feed i n g  regime s . N o  s i re breed x feed ing regime o r  

darn breed x f ee d i ng regime i ntera c t i on s  were f ound . The 

rank i ng of  s i re s ba sed on c r o s sbred o r  purebred progeny 

wa s s imi l a r  regard l e s s  o f  wh i ch of  the two feed i ng r e g i m e s  

"'ere u s ed . 

Duroc and Yo rk sh i r e  p i g s  of two sexe s were a l l oc a t ed to two 

d i f f e �ent feed i ng sy s t em s  ( 1 6  a nd 3 0 %  of f in a l  mol a s s e s ) by 

R i c o  and Men c h a c a  ( 1 9 7 9 ) . The t r a i t s  under s tudy were 

avera ge d a i l y  g a i n , we i ght f o r  a ge , feed conver s i on ,  

c on sump t i on and t e n  carc a s s  tra i t s . No important i n t e ra c t ­

i on e f f e c t s  o n the s e  t r a i t s  were ob s e rved . 

Santana , D i e gu e z  e t  a l .  ( 1 9 8 2 ) fed 1 8 2 Duroc and Yor k sh i re 

p i g s  proce s s ed sw i l l s ,  

o r  concentra t e s  f rom 1 0 2 

f i n a l  m o l a s ses and 

to 2 4 1  d a y s  old . 

toru l a  y e a s t  

They f ound n o  

s i gni f i ca n t  breed x d i e t  intera c t i o n  for perfo rma n c e  t r a i t s  

o f  the f a t t en i n g  a n ima l s  a nd on l y  two interac t i on s  i n  

carca s s  tra i t s  - f o r  dor s a l  f a t  and f a t  we i ght . 

One of  the exper iment s d e s c r i bed by N i t z sche and E ng l i sch 

( 1 9 6 7 ) invo lved f eed ing a m i xed s i l a g e  of potatoe s and green 

f eed . Some i n t e ract ions were found for food conve r s ion 

r a t i o  and for growth rate . I n  gener a l , ther e wa s no i nt e r -

a ct i on f o r  c a rc a s s  characteri s t i c s .  
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Kroeske ( 1 9 6 8 )  f ed Du tch Landrace l i t te rma tes e i ther a 

breed ing r a t ion or a fa tten ing rat ion . F ourteen pe rforma nce 

a nd s la ughter chara c t e r s  were mea s ured bu t the l i tter x 

r a t i o n  i n t e r a c t i o n  wa s s i gn i f i cant on ly f or food consumpt ion 

a nd f o r  percentage of ham . Kroeske cone luded the r e s u l t s  

i nd ic a t ed t h a t  t he re wa s l i t t l e  danger o f  a n  unde s i rable 

i nt e r a c t ion betwe en rat ion and inheri ted chara c te r s . 

N i t z s ch e  and Sc honmuth ( 1 9 7 1 ) f ed two rep l i cate pa i r s  ( ma l e  

c a s tr a t e  a nd f e ma le ) f rom ea ch o f  2 1 0 German Landrace 

l i t te r s , the prog eny of 1 3  s i re s , on a hi gh or low nutr i t ion­

a l  l eve l to 3 0  kg l i vewe ight . Genotype x envi ronment 

i nt e r a c t i on s  we re found for age and s la ughter , eye-mu s c l e  

a re a , c a r ca s s  f a t  per c e ntage , f a t  c u t s  a n d  carca s s  grade . 

Lebed e r  and S e l e z neva ( 1 9 7 5 )  r e ported experiments i n  wh i ch 

a compa r i son wa s made be tween the prog e n y of boars a nd 

s ow s  g rown under d i f f e re n t  cond i t ions o f  nut r i t i on : good , 

s a t i s fa ctory and bad .  They reported the i n te ra ct ion be twe en 

the g e no type a nd t he e nvi ronment wa s conspic uous w i th 

r 8 s pe c t  to t he g rowth r a te a nd to the b a ck fa t thi ckne s s , 

but w a s impe rcep t i b l e  w i th r e s pect to t h e  c a rc a s s  length 

a nd t o  the l o i n  eye a re a . They c onc l uded the a na ly s i s  

o f  v a r i a nce d id not g ive a n  a dequate r e f l e c t i on o f  the 

genotype x e nv i ronmen t i n teract i o n . 

2 . 3 . 3  RABB ITS 

There a re f ew r e ferences i n  the l i ter a t ure to pos s i b l e  

genotype x e nv i ronment interact ions i n  rabb i t s . 

R i co a nd Mencha c a  ( 1 9 7 3 ) s tud i ed the optimum l e v e l  o f  

p rote i n  i n  rabbi t feed s a nd the po s s ib le e f f e c t  of genotype 

x e n v i ronment i ntera c t i on , taking the e nvi ronmenta l 

var i a t i on a s  the d i f ferent leve l s  of prot e i n  used . A tota l 

o f  1 9 2 S e m i  G i gant i c , New Z ea l and , Chinch i l l a and Ca l i fornia 

rabb i t s  were a l l o c a ted t o  two r e p l i c a t ion s o f  four breed s , 

f ou r  d ie t s  a nd two a g e s  a t  s la ughter comb i nat ions . There 

wa s no ev idence of any i n t e r a c t i o n  in the growth and carc a s s  
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t r a i t s  s tud i ed , even though a wide r a n g e  of  prot e i n  l ev e l s 

were us ed . 

2 . 3 . 4  DAIRY CATTLE 

G enotype x envi r onment i n teract ions i n  d a i ry catt l e  have 

been reviewed by F r eeman ( 1 9 6 7 ) , S y r s tad ( 1 9 7 6 ) , Tanej a 

a nd Rao ( 1 9 8 2 ) and Goddard ( 1 9 8 5 ) . 

2 . 3 . 4 . 1  M i l k  P rodu c t ion and As soc i a t ed Tra i t s  

Two subpopu la t i on s o f  d a i r y  cows were u s ed by Korver ( 1 9 8 2 ) 

t o  e s t imate the e f fect of  genotype a nd ration on f e e d  

i ntake , m i l k  produc t ion a n d  w e i g h t  change dur i ng l a c ta t i on . 

A l l  c ows were f ed roughage ad Li..R .  but one h a l f o f  t h e  

c ows received a h i gh roughage r a t i on a n d  t h e  other h a l f  

wa s fed a h i gh concentrate r a t i on . None of  the t ra i t s  

had s i gn i f i ca n t  g enotype x rat i on i nteract ions du r i ng the 

three per iod s  of  l a ct a t i on . 

O ldenbroek ( 1 9 8 4 a ) exam ined per forman c e  i n  f i r s t  l a c t a t i o n  

o f  Hol s t e i n  F r i e s i an s , Dutch F r i e s i a n s  a n d  Dut ch R e d  a n d  

Whi t e s  o n  , two c om p l et e  d i e t s  w i th a d i f fe rent amoun t  o f  

roughage . N o  s ig ni f i ca n t  breed x feed compo s i t i o n  

i nt er a c t i on s  we r e  found for a n y  o f  the characte r i st i c s  

mi l k  produ c t i on , percent f a t  a nd prote i n  produc t i on , 

average body we i gh t  and ga i n . 

I n  a f o l low-up expe r iment O l d enbroek ( 1 9 8 4 b ) exami ned 

d i f ferences in p e r formance betwee n  f i r s t  and s econd 

lacta t i on . N o  e v i dence for a breed x f eed compo s i t i o n  

inter a c t i on wa s f ou nd i n  t h e  se cond l a c ta t i on e i ther . 
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Korkman ( 1 9 5 3 ) , u s i ng i n formation f rom A I  s i r e s  i n  S weden , 

exami ned t he po s s ib i l i t ie s  of c ompa r i ng bu l l s  on the ba s i s  

o f  progeny te s t s  i n  herds on d i f fe rent p la n e s  of nutr i t ion . 

N o  d i f ferences we r e  found between herd s on d i f ferent p la n e s  

o f  nu tr i t ion i n  t h e  her i tabi l i t ie s . 

I n  U tah , 2 0 0  daug h t e r s  of  1 4  bu l l s  we re s p l i t  so that ha l f  

o f  e a ch s i re group were f ed on a n  a l l - roughage ration , 

whi le the othe r h a l f  were g i ven add i t i o n a l  concentra t e s  

( La mb ,  1 9 6 4 ; Lamb a nd Ander son , 1 9 6 6 ) . No s i g n i f icant 

i nterac t i on betwe e n  s i re a nd type o f  r a t i on wa s found , 

but the daugh t e r s  o f  a bu l l  from New Z e a l and were the be s t  

p roducers  o n  a l l - r oughage a nd the poore s t  o n  roughage a nd 

c on centra te s ( Freema n , 1 9 6 7 ) .  

One of the mo st comprehen s i ve stud i e s  o n  i n teract ion be twe e n  

g enotype a nd e nv i ronmen t  i n  mi lk produ c t ion wa s carried 

out by Mao a nd B u r ns i de ( 1 9 6 9 ) . A s et o f  data compr i s i n g  

more than 7 7  thou s a nd l a c t a t i ons from 1 3 5 5  h e rd s  wa s grouped 

a c c ord i ng to a s e r i e s  of envi ronmenta l f a c tors . The onl y  

g rouping wh i c h  re s u l t ed i n  a s i gn i f i c a n t  i n teraction betwe e n  

p rogeny g ro�1p  ( s i r e ) a nd environment wa s t h e  grou p i ng o n  

a mo un t  of concent ra t e s  g iven in the summe r , the inte ra ction 

component a ccounted for 1 7%  of  the tota l var · a nce in  s ir e  

p roo f s . I n  th i s  c a s e  g e ne t i c  corre l at i o n s  rang i ng from 

0 . 5 4  to 0 . 7 9 we r e  found . Group i ng on leve l of concentrate 

f ed dur i ng v1 i nt e r  gave resu l t s  wh i c h  sugges ted a n  

i nt e r a c t i on . 

R i cha rd son , Owen , P l owma n a nd M i l e s  ( 1 9 7 1 ) f ed 2 2 8  daughter s 

o f  1 3  J e r s e y  bu l l s  r o ughage and s i l age a d  l i R . I n  add i t i o n  

h a l f  w e r e  f e d  one k g  o f  concentrates p e r  three k g  m i lk . 

The s i re x r a t i o n  i n te r a c t i on approa ched s i gn i f i cance , 

but a ccounted f o r  o n l y  a bout three p e r c e nt of  the tota l 

v a r ia nc e  i n  m i l k  a nd f a t - correc ted m i l k  product ion . The 

s i r e  x r a t i on i nt e ra c t ion wa s s ig n i f i ca nt for tota l 

e s t imated n e t  e n e r gy consumed a nd g r o s s  e f f i c i ency . 
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Daughte r s  o f  a bu l l  f rom New Z ea l a nd we re a l so i nc luded 

i n  thi s expe r i ment , and t h i s  g roup r anked s econd h i gh e s t  

o n  a l l - r oughage a nd n e x t  t o  l a s t  on the r a t i on i n c l ud i n g  

c oncentra t e s . 

Warwi ck ( 1 9 7 2 ) repo r t e d  that when s i re progeny group s we r e  

s p l i t  and f e d  e i th e r  f orage or f o r a g e  p l u s  g r a i n ,  n o  s i r e  

x r a t i o n  i n te ract i o n  f o r  m i l k  product ion o ccurred . 

Lamb , Anderson e t  a f  . ( 1 9 7 3 ) mea s ured the gro s s  feed 

e f f i c ie n c y  for 3 0 5  d a y  f i rs t  l a c t a t i o n  for 1 , 2 8 9  daught e r s 

o f  1 8  s ir e s . Hay wa s f ed a d  fi.. £.. . I n  t r i a l  one , h a l f 

the daughters rece i ved 4 . 5  kg gra i n  d a i l y  whi le i n  t r ia l 

two , ha l f  the daug h t e r s  we re fed 1 . 4 k g  gra i n  and the othe r 

h a l f  8 . 0  kg gra i n  da i l y .  S i re x r a t i o n  intera c t ion , w h i c h  

a cc ounted for o n l y  0 . 7 %  o f  tota l var i a t i on , wa s s i gn i f i ca n t  

f or a l l  except o n e  m e a s u re o f  g ro s s  e f f i c iency i n  t r i a l 

one but wa s non- s i g n i f i c a n t  for a l l  mea sures i n  tr i a l  two . 

Tanej a a nd Rao ( 1 9 8 2 ) noted that the i n terac t i on i n  t r i a l 

one came l arge l y  through one s i r e , s o  pr a ct ica l l y  the 

i ntera c t i on wa s o f  l i t t le i mpor tance . 

F im l a nd ( 1 9 7 3 , c it ed by S y r stad , 1 9 7 6 ) grouped data i nt o  

three g roups a c c o r d i n g  

i n  concentrates ( < 3 3 % , 

to percent o f  

3 5 - 4 2 % , > 4 2 % , 

n e t  energy s upp l i ed 

r e spe c t i ve l y ) . The 

gene t i c  corre l a t i o n  coef f i c i ents  betwe e n  m i lk y ie ld s  i n  

the three groups r a ng e d  f rom approx ima t e l y  0 . 8  t o  1 . 0 .  

Lamb , W a l te r s  e t  a f . ( 1 9 7 7 ) c o nduc ted a nother expe r ime n t  

w i t h  H o l s t e in s  a n d  found a s ign i f i cant s i re x d ie t  

i ntera c t i on for f at , l a r g e l y  due t o  a N ew Z e a l a nd s ir e  

who se d aughters r a nk ed more h igh l y  o n  the l ow gra i n  t h a n  

t h e  h i gh gra i n  d i e t . 

W i g g i n s  a nd Va n V l e c k  ( 1 9 7 8 ) c la s s i f ied h erd s i nto 1 0  l eve l s  

a c c ord i ng t o  the propo r t i on o f  g r a i n  i n  the d ie t . The 
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r between m i lk y i e l d  i n  d i f f e rent leve l s  var i ed f rom 0 . 4 9 
g 

t o  1 . 0 4  w i th a n  average o f  0 . 7 2 .  The e s t ima tes o f  r d i d  g 
n o t  decrea se 

i nc r e a s ed but 

r e s t ima te s .  
g 

a s  the d i f f e rence be t we en the leve l s  compa red 

t h i s  may be due to s a mp l i ng e rror s i n  the 

Mohamma d ,  Lee a nd Gros sman ( 1 9 8 2 ) examined i n tera c t i o n  

o f  s i res w i th f e ed ing a nd manageme n t  f a ctor s i n  data f rom 

I l l i noi s Hol s t e i n  h e rd s . Compon e n t s  of var i ance f rom 

i nt erac t i on betwe en s i r e s  a nd the f e e d i ng pra c t i s e s  we r e  

negat ive a n d  rega rded a s  z e ro . 

F l ux , Mac Ke n z ie a nd W i l son ( 1 9 8 4 ) s tud i ed pl a sma metabo l i t e  

a nd hormone concentra t io n s  i n  F r i e s i a n  cows o f  d i f f e r i n g  

g enet ic me r i t  m e a s ured a t  t wo f e ed i ng l eve l s  f r e s h l y  

c u t  pa sture f ed to appe t i te or r e s t r i c t ed t o  7 0 %  o f  

a ppet i t e . Cows having pare n t s  wi t h  h i gh breeding v a l ue s  

f or m i lk p roduc t ion ( hi gh B I ) had h i gher m i lk p rodu c t io n  

tha n c ows havi n g  parent s w i th l ow breeding values ( low 

B I ) at both f eed i ng l eve l s  but the h i gh BI cows had a h i ghe r  

reduc t i on i n  m i l k  produ c t ion o n  t h e  r e s t r i ct ed f eed l eve l 

i nd ic a t i ng the po s s i b l e  pre sence of a g enotype x e n v i ronment 

i nteract i on . On the ad lit . f e e d i n g  leve l the low BI  cows 

g a i ned 32 kg a c tu a l  l ivewe i ght wh i l e  the h i gh BI  cows ga i ne d  

2 4  kg ; on the r e s t r i cted feed leve l both groups g a i ne d  

3 k g  demon s t ra t i n g  a d i f feren t i a l  re sponse i n  l ivewe i gh t  

g a i n .  

H o l me s , Brookes e t  a l . ( 1 9 8  5 )  f ound i n  o ne out o f  three 

exper iment s  tha t the m i lk y i e ld o f  cows of low breed i n g  

i ndex wa s h i ghe s t  a f te r  a per iod o f  und e r f eed i ng . However , 

i n  mo s t  exper imen t s  t he h igh B I  a nd low B I  cows s howed 

t he same ef f e c t  of cond i t ion score and f e ed ing leve l . 
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Bon n i e r , H a n s s on and S k j e rvo l d  ( 1 9 4 8 ) used 7 pa i r s  o f  

mono z ygous t w i n s  

o f  nut r i t i on o n  

to s tu d y  t h e  e f fect o f  d i f f e rent l e ve l s  

growth a nd y i e l d . The average p rodu c t i o n  

for t h e  two trea tment i n  the 

g ro up s , 

to - 1 1 % . 

f i r s t  

but 

lacta t i o n  w a s s im i lar 

the d i f fe r e n c e s  w i th i n  pa i r s  varied f rom + 1 2 %  

The coeff i c ient o f  cor r e l a t i on be twee n  the member s 

o f  the same p a i r  wa s ,  howe ver , a s  high a s  0 . 7 8 . The autho r s  

c on c l uded t h a t  a con s i de ra b l e  i nterac t i on betwe e n  genotype 

a nd e nvi ronmen t , i . e .  l eve l of  nut r i t i on , wa s present 

( Sy r s ta d , 1 9 7 6 ) . H owever ,  F reema n  ( 1 9 6 7 )  c on c l uded t ha t , 

a s  the rank order o f  t w i n s  a c r o s s  r a t i o n s  w as n e a r l y  

unchanged , the genotype x e nvi ronment i nt e r a c t ion wa s 

pra c t i c a l l y  unimportant . 

I n  an exper iment with three pa i r s  of  ident i ca l  twi n s  Han s s o n  

( 1 9 4 9 ) found evidence o f  a genotype x nut r i t i on i nt erac t i on , 

i n  tha t  i n  the high-produc ing pa i r  the tota l mi l k  produ c t i o n  

wa s decrea s ed , wh i l e i n  the low-produc i ng p a i r  i t  wa s 

i nc r e a sed when fed e x c e s s ive amou n t s  o f  c a l c ium a nd 

pho s phoru s . 

I n  a nother mono zygo t i c  twi n  experiment , H ancock ( 1 9 5 3 a ) 

u se d  1 5  pa i r s , a l l o c a t ed t o  three r a t i o n  c ompa r i sons . 

H e  found no evidence of a ny important genotype x e nvi ronment 

i nt er a c t i on i n  spi t e  o f  rather l arge d i f fe r e n c e s  in  m i l k  

y ie ld f rom r a t ion t o  r at i on . The ranking o f  pa i r s  wa s 

very s imi l a r  on the var i ous treatments , and the coef f i c i ent 

o f  c orre l a t ion betwe e n  members of  the s ame pa i r  wa s 

e s t imated a s  0 . 9 0 f or m i l k  and 0 . 8 6  f or fat y i e ld . 

I n  o ther 

d i f fe rent 

s tud i e s  i nvo l vi ng iden t i ca l twins a nd w i d e l y  

f eed ing l ev e l s ,  Hancock ( 1 9 5 3 b )  observed 

s ig n i f i ca n t  set x feed i n g  l e v e l  interac t ion s on body we i gh t  

( me a n s  o f  f our consecut i v e  weekly we i gh t s  a f ter c a l v i ng ) . 
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Freeman ( 1 9 6 9 )  a nd R i nd s i g  a nd F reeman ( 1 9 7 3 )  r eported 

a s tudy i n  w h i ch pa i r s  of monozygous a nd d i z ygou s twi ns 

we re a s s i gned at r a ndom t o  a h igh r a t i o n , a l ow r a t i on , 

or spl i t  betwe e n  r a t i on s . A l l  a n i ma l s  rece i ved r oughage 

ad Lit . , the d i f f e rence wa s in the rate of  c o nc e n tr a t ion 

f ee d i ng . No i nteract ion be twe e n  a dd i t i ve g e ne t i c  e f fe c t s  

a nd leve l o f  nutr i t ion wa s found f o r  a ny o f  the product ion 

t r a i t s  and for growth t ra i t s  at young ages . The coe f f i c i ent 

of  corre l a t i on be twee n  memb e r s  of  mono zygous pa i r s  wa s 

e s t imated a s  0 . 7 1 . 

A s t udy by S y r s ta d  ( 1 9 7 6 )  o f  3 0  pa i r s  

a nd -Whi te mon o z ygous t w i n s  wh i ch we re 

l eve l s  of c o n c e n t ra t e s d id not revea l 

o f  Norwe g i a n  Red­

f ed two d i f f erent 

a ny i n t e r a c t ion 

between g e notype a nd l eve l o f  conce ntrate f e ed ing o n  m i l k  

product ion . 

2 . 3 . 4 . 2  Reprod u c t i ve Tra i t s  

The i nterac t i o n  be twe en d i etary r e g ime ( energy dens i ty 

o f  d i e t ) a nd breed or breed o f  s i re on post partum repro­

duc t i on wa s exam i n ed in two exper iments by H a n s e n , Ba i k , 

Rut l edge a nd H a u s e r  ( 1 9 8 2  ) . I n  expe r i ment one , the r e  were 

breed x d ie t  i nteract ions for i nte rva l to f i rs t  o e s trus 

( IE )  i n  the f i r s t  and second pos t - par tum 

per i ods , a s  d i f f erence s i n  I E  between low a nd h i gh d i e t s  

were more pronounced f o r  t h e  Ho l s t e i ns than f o r  the 

H e r e ford s . I n  expe r iment two t he Here ford- c r o s s  c ows f ed 

l ow d iet s had l onger I E  i n  the second po s t - p a r tum per iod 

than Here ford - c ro s s  cows fed h i gh d ie t s , but the other 

breed-of - s i re g roups were not i n f luenced by d i e t a ry r e g imen , 

r e s u l t i ng i n  a breed of s ir e  x d i e t  i nteract ion . 

I n  two s im i l a r  expe r i me n t s  cows were fed d i e t s  ei ther low or 

h igh i n  energy but H a n s e n  a nd Hau s e r  ( 1 9 8 3 ) repo r ted no 

s ig n i f i ca n t  g e n otype x e nv i ronment intera c t ions in  the 

three con s e c u t i ve pos t - pa rtum per i od s . 
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2 . 3 . 5  BEEF CATTLE 

2 . 3 . 5 . 1  B i rth and Wean i n g  We ight s and Preweani n g  Growth Rate 

S e l l e r s , W i l lh am and de Baca ( 1 9 6 9 ) f ound breed x manage­

ment e f f ec t  wa s a s i gn i f i cant source o f  v a r i a t i on f or 

wea n i ng we i ght when Here f o r d  and Angus c alve s we r e  creep 

a nd non- c reep f ed .  

F ive breed g roup s o f  c ows i nc lud i ng Brahman,  S horthorn a nd 

the i r  cros s e s  we re g r a z ed c on t i nu ou s ly o n  forage de s ig ned 

to prov i de l ow ,  med i um a n d  h i gh nut r i t i on a l  r e g im e s  by 

Pea cock , Kroger , Hedges a nd K i rk ( 1 9 7 4 ) . W e a n i n g  we i gh t  

and s l aughter grade o f  the ca lve s were s i gn i f i ca n t l y  

i n f luenced b y  t h e  i ntera c t i on of forage s y s t em and breed , 

p r i nc i pa l ly due to d i f fe r e n ti a l  r e s ponse by breed to the 

improved pa sture system s . 

S i gn i f i cant g enotype x n ut r i t i on interact ions for weaning 

we i gh t  were r eported by H earrshaw a nd Bar l ow ( 1 9 8 2 ) i n  a 

c a t t l e  cros sbreeding programme where H e re fo r d  cows were 

i n sem ina ted t o  S i mment a l , F r i e s i a n , Brahman a nd Hereford 

s i r e s . The H x H and F 1 f em a l e s  were gra z ed on good , med ium 

or p oo r  p a s tu re cond i t i o n s . A l l  the F 1 c a lv e s  grew f a s te r  

to w e a n i ng a n d  w e r e  h eav i e r  a t  wean i ng t h a n  H x H ca lves . 

Howev e r , the s i ze o f  the di f f erence betwe e n  the c r o s s e s  

wa s r e l a t ed t o  nutr i t i on . 

Ro l l i n s  and Wagnon ( 1 9 5 6 ) c a l cu la ted heri t a b i l i t i e s  f rom 

two g rade H e r e f ord herd s , one rece ived sup p l em en t s  in late 

s umme r , f a l l  and winter w h i l e  the othe r r e c e ived m i n i ma l  

supp l emen t s . Her i tabi l i ty e s t imate s f or wea n i ng we ight 

were not found to be s igni f i cant ly d i f ferent . 

But t s , Kog er €. i  af.. ( 1 9 7 1 ) s ubd iv ided two h e r d s  o f  H e r e ford 

c ows at d i f f erent loca t i o n s  a nd tran s f erred h a l f  of each 
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t o  t h e  oppo s i te locat ion . S ub s equent ly , l oc a t i o n  x o r i g i n  

g enotype i nte r a c t ions w e r e  a pparent i n  b i rth , we a n i ng a nd 

year l i ng we i g h t s  for both s e xe s .  However , B u t t s  et a l. . 

( 1 9 7 1 ) n o ted locat ion e f f e c t s  i n  th i s  s t udy we re con founded 

w i th manageme nt regime , temperature , k ind a nd a mount o f  

f eed , hum id i t y  

Thu s the r o l e  

i ndetermi nab l e . 

and probably d i s e a s e  a nd para s i t e  l eve l s . 

o f  a genotype x n utri t i on i nt e r a c t ion wa s 

I n  a s i mi l a r  exper iment Burn s , Koger e t  a l.  . ( 1 9 7  9 )  a l so 

f ound h i gh l y  s i g n i f i ca nt l i ne x l o c a t i on i n tera c t ions for 

b i rth a nd we a n i ng tra i t s . 

2 . 3 . 5 . 2  Po s t  Wea n i ng Growt h R a te a nd Li vewe i ght 

Gravi r ( 1 9 6 1 ) t e s ted the p e r f ormance of  two l o w l and and 

two mounta i n  b re ed s  on mounta i n  a nd va l l ey pa s t u re . The 

l ow l a nd breed s showed bett e r  growth r a t e s  at bo th a l t i tude s . 

Boj a r s k i i  a nd Kad i e vskaj a ( 1 9 6 6 )  reared B l ack P i ed and 

c r o s s bred Aberdeen -Angus bul l s  o n  h igh a nd l ow p l anes of  

nut r i t i on . The r e s ponse o f  the Angus to a h i gher p l ane 

of nu tr i t i o n  wa s grea te r .  

Ma l to s a nd d e  A l ba ( 1 9 6  7 )  compared progeny o f  o ne Br ahman 

one Romo S i nuano a nd two S a n t a  G e r t rud i s  bul l s  f o r  we i ght 

g a i ns a f te r  w e a n i n g . In one t r i a l , the s ame c a l v e s  were 

s ubj e cted f i r s t  to pa sture e nv i ronment for 1 0 0 d a y s  a f ter 

wea n i ng a n d  t h e n  immed i a t e l y  t o  a dry- lot env i ronme nt . 

Changes i n  r a n k i ng mer i t  o f  t h e  bu l l  prog e n i e s  o c c u rred . 

Howeve r , i n  t h e  s e cond t r ia l when progeny wa s d i vi ded a t  

r a ndom for each envi ronmen t , no s ig n i f i cant bu l l  X 

e nv ironme nt i nt e r a c t ion cou ld be dete cted . 

Bond , Hooven e t  a l. .  ( 1 9 7 2 ) compared the performance o f  

d a i ry ,  d u a l - p u rpose and bee f s t e e r s  on th ree feedi n g  regimes 

- 7 5 % c o n c e n t ra te s ,  a l l  h a y  o r  a s equence of hay for mos t  
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o f  the per i od f o l l owed by c oncentra te d iet . There wa s 

a breed x diet in tera ct ion for average dai ly ga i n  and f i na l 

we ight . 

Ta ylor ( 1 9 7 6 )  s t ud ied three-month - o ld steer s f rom two 

crosses  reared on four c omb i n a t i o n s  of concent r a t e s  and 

forage . S i gn i f i c a n t  breed x nutr i t ion intera c t i on s  we re 

found for l ivewe i ght ga i n  and f eed conver s i on e f f i c i ency . 

Bar low a nd O ' Ne i l l  ( 1 9 7 7 ) mea s u red pos twe aning we i gh t  ga ins 

in  Here f ord , S immental x Here ford , Fr i e s i a n  x Here ford 

and Brahman x Here ford he i f e r s  on three p a s t u re types . 

On good pa sture , we ight g a i n s  i n  the f our type s a veraged 

1 9 2 ,  2 0 9 , 2 1 2 a nd 2 0 6  kg re spec t i ve l y  V I2JI.. .o u .o 1 1 0 ,  1 4 9 ,  

1 3 2 and 1 6 5 kg on med ium-qua l i ty pa sture , a nd 4 6 ,  6 6 , 6 7  

and 9 8  k g  o n  poor pas ture . The r e su l t s  we re c on s i dered 

to prov ide good evidence f o r  a genotype x p a s ture type 

i ntera c t i on . 

Resul t s  f rom breed- compa r i s on exper iment s  on t h e  sources 

o f  d i f f eren ce s in growth a nd s l aughter per forma nce a t  a 

g iven f eed ing i n tens i t y  were revi ewed by La ngho l z  ( 1 9 7 7 ) . 

He conc l uded these d i f f e re n c e s  tend to i nc r e a s e  w i th 

i ncre a s ed feed ing i n tens i ty 

i nd i c at in g  the ex i stence 

i ntera c t i on . 

a nd 

o f  

l onger produ c t i on pe r i od s  

g enotype x e n v i ronmen t 

Baker ( 1 9 7 7 ) reported t h a t  per formance rank i ng f o r  d a i l y  

g a i n  a n d  s laughter we i gh t s  o f  cros sbred cat t l e  o u t  of  dairy 

cows wa s s im i l a r  to tha t o f  the purebred s . Th i s  appl ied 

whether the ca lves were r e a red i n  intens ive c er e a l or i n  

the l e s s  intens ive gra s s / cerea l  s y s tems . Ba k e r  ( 1 9 7 7 ) 

con c l uded tha t  the re s u l t s  showed no ev i d e n c e  o f  

an i n te r a c t i on be twe en breed a n d  s y s tem 

chang e the order of  rank i ng of  breed s and 

bas i s  of growth rates  and s l aughter we i ght s . 

s u f f i c i en t  t o  

c ro s s e s  on the 
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Boe r and H amm ( 1 9 7 7 )  stud ied the effect of d i f f erent prot e i n  

l eve l s  o n  g row th and c a r c a s s  qua l i ty of Du t ch B l ack P i ed 

( DBP ) a nd Meuse-Rh i ne -Ys s e l  ( MRY ) f a t t e n i ng bu l l s . At 

the l owe s t  prote i n  leve l , t here wa s a tendency f or d a i l y  

g a i n  to be h i gher i n  DBPs t h a n  in MRYs , whi le a t  the highest 

l ev e l  the oppos i t e  wa s the case - i nd i c a t i ng the p re se nce 

o f  a genotype x nutr i t i on i n t er a c t i on . 

Fema l e  c r o s sbred c a lves o f  e i ght d i f f e rent s i r e  breeds 

a nd two d am breed s were d i s t r ibuted i n  thre e he rds ( Andersen 

a nd L i bo r i u s sen , 1 9 7 5 , c i ted by L i bor iu s s en , Soren sen 

a nd Ande r s en , 1 9 7  7 )  . The f e ed i ng l eve ls i n  the three he rds 

we re c l a s s i f i ed a s  l ow ,  med ium and h i gh . A s i g n i f icant 

i nterac t i o n  wa s found betwe e n  s i re breed s and feed i n g  leve l 

f or a ve r a g e  d a i l y  g a i n  f rom 1 8  to 2 4  months o f  a ge bu t 

not f rom 0 t o  1 8  months . 

L a n gholz ( 1 9 7 7 , 1 9 7 8 ) f a t t e ned three groups o f  bu l l s  f rom 

s i re breed s of g enet i ca l ly d i f ferent g rowth c a pa c i ty a t  

two n ut r i t i on a l  l eve l s  

s i la ge ) . D i f ferences 

( concentrate s 

be twe e n  breed s 

or concentrates a nd 

tended to i ncrease 

w i th i nc r e a sed f eed ing i nt e n s i ty a nd l onge r p roduct ion 

per iod s , a nd were more marked in bul l s  than in s teers a nd 

he i fe r s , i n d i ca t i ng the ex i s tence of  genotype x e nvi ronment 

i nterac t i on s . 

A breed x nutr i t ion i nt e r a c t ion wa s found by Hearnshaw 

a nd B a r l o w  ( 1 9 8 2 ) for growth f rom 

i n  d iver s e  e nv i r onment s ,  a s  we l l  a s  

we a n i ng g a i n  and wea n i n g  we ight . 

wea n i ng to 1 8  month s 

that found for po s t -

Lope z , P l a n a s  a n d  R u i z ( 1 9 8 2 ) reported a h ighly s i gn i f icant 

g enotype x s y stem i n t e r ac t ion for the g rowth t r a i t s of 

purebred H o l s t e i n  a nd Z ebu c ro s s  under two f a ttening 

s y s tems - per formance t e s t  s t at ion a nd gra z ing . The 

g enotypes w i th h igher propo r t ions of  Z ebu showed a better 

per form a n c e  under the g ra z i n g  s y s tem whi l e  pu rebred H o l s t e i n  

h ad h i ghe r growth r a t e  i n  t h e  per formance t e s t  s t a t i o n . 
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Mei s s ner and Rouz ( 1 9 8 2 ) f ou nd no d i et x g enotype 

i nter ac t i on for l i vewe ight a dj u s ted by var io u s  m ethod s ,  

when they c om pared A f r ikane r , H e re ford and S i mmenta l b u l l 

c a lve s f ed on e i ther a pe l le te d  concentrate d i e t  or a non­

pel l e ted r oughage d i e t . They d i s cu s s ed the concept o f  

genot ype x d ie ta ry i ntera c t ion i n  r e l a t ion to pe r f ormance 

o f  bul l s  a nd the matching o f  most s u i  table genot ype s t o  

par t i cu l a r  p rodu c t i on s y s tems . They conc luded wha t i s  

pos s ibly be i ng interpreted a s  g enot ype x d iet i n t e r a c t i o n  

c o u l d  b e  a f u n c t i on of inadequate apprec i at ion of  the i mp a c t  

o f  t h e  e f f e c t s  o f  s c a l i ng for s i ze , the mul t i p l i c a t ive 

( cu rv i l inea r )  na ture of growth and the s i ze of mea s urement 

e rror wi th d i f ferent feeds and feed ing leve l s . 

Hol lowa y , B u t t s  e t  a f  . ( 1 9 8 5 ) i nve stigated breed X 

nut r i tiona l environment intera c t ions for bee f  fema l e  we i gh t  

and fatnes s ,  m i l k  product ion and ca l f  growth . D i f fe re nt i a l  

r e s ponse s  f rom t he breeds r e s u l ted i n  large d i f f e r e n c e s  

i n  hete ro s i s  f o r  t h e  two pa s tu r e  t ype s . Hol loway e t  a f . 

( 1 9 8 5 ) s ug g e s ted the l ack o f  a g reement of he tero s i s  v a l u e s  

wa s the r e s u l t  of  genotype x e nv i ronment intera c t ions and 

that the i n t erac t i on s  were re s u l t s  of  nutrit iona l proc e s se s  

i nvolved i n  s easona l pa tterns o f  re spon s e s . 

Her i t ab i l i t y  e s t ima te s  of range bee f he i f ers f rom two grade 

Hereford h e r d s  on d i f ferent n u t r i t i onal leve l s  were f o und 

to be s ig n i f i cant ly d i ff erent by Ro l l ins and Wagnon ( 1 9 5 6 )  

and Wagnon and Ro l l ins ( 1 9 5 9 ) . H e r i tabi l i ty e s t ima t e s  

f o r  po s t - w e a ning g a i n  we re 0 .  2 5  a nd 0 .  2 7  for h e rd A a nd 

- 0 . 0 4 a nd 0 . 0 3  for herd B .  H e r i tabi l i ty e s t i ma te s for 

yea r l ing we i ght we re 0 . 4 2 a nd 0 . 4 4 f or herd A a nd - 0 . 2 3  

and - 0 . 1  9 .  The se f igures i nd i c a t e  the pres ence o f  h e rd 

x nut r i t i ona l l evel i nterac t i on s  o r  i naccurate record ing 

in herd B .  
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Ma l to s , Agu i l a r , La vedo and de Alba ( 1 9 6 1 ) tes ted the 

progeny o f  1 0  bu l l s  in tropica l f eed l o t s  a nd gra s s  

pa s tu re s .  A s igni f i cant s i re x e nv i ronment i n teract ion 

for rate of  ga i n  wa s fou nd . The mer i t  of  the s i re s , ba sed 

o n  the p e r formance of the i r  progeni e s , d i f f e red from one 

year to the next , i . e .  poor repe a t ab i l i ty , a nd be tween 

e nv i ronment a nd genotype . 

Varo ( 1 9 6 2 ) f ed 1 2  ca lve s f rom each o f  f ive Ayrshire bu l l s  

o n  a d  f it . o r  r e s t r i c t ed c o ncentrate f e e d i ng . Al though 

there wa s a d i f ference i n  growth be tween the progeny of  

the d i f ferent bu l l s , there wa s no d i f ference in  progeny 

g roups on r e s t r i c ted f eed ing . The re s u l t s  were not 

c on s i de red r e l iable due to the sma l l  number s  of c a l ves 

a nd hav i n g  obta i ned them f rom widely varying cond it ions . 

R a r i ng , Weniger , G r uhn a nd Langho l z  ( 1 9 6 3 ) found no 

i nt e r a c t i on s of type of  f eed i ng and ge notype of  the progeny 

for d a i l y  we i gh t  ga i n , feed convers ion and dre s s i ng percent . 

They t e s ted progeny o f  three bu l l s  o f  B la ck P i ed Lowland 

C a t t l e  f ed on green s ugar bee t  tops or on d r i ed beef pul p  

f rom 1 3 0 t o  4 3 0 kg . 

Lagos a nd Cartwr ight ( 1 9 6 3 )  compared the 1 4 0 -day ga i n s  

o f  progeny o f  3 4  s i r e s  under two feed ing r e g i me s  i n  two 

e nv i ronme n t s . I n  the f i r s t , 5 6  Santa G e r t rud i s  he i f e r s  

f rom 1 0 s i r e s  were f ed e i ther on a high concentrate rat ion 

in the f eed l ot or on pa s ture w i th concentrate supplement . 

No i nd i ca t ion of  a n  i n t e r a c t i on wa s f ound . The s econd 

i nc luded 6 7  s te e r s  from 9 H e r e ford s i r e s  and 1 2 0 F 1  Brahma n -

H e r e f ord s te e r s  f rom 1 5  s i r e s . 

f ee d l o t  groups , 6 6 %  concentrate 

They were s p l i t  into two 

3 4 %  roughage rat ion a nd 

3 5 %  c o n c e n t r a t e  6 5 % roughage rat i on . S i re x ration 

s ta t i s t i c a l l y  i nt e r a c t i on s  

s ig n i f i ca n t . 

for both breed s were not 
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Legates and Robi son 

x env i ronmen t  

s teer growth 

( 1 9 6 9 ) when 
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i nteraction e f fe c t  wa s 

by Ah l s chwede , D i l l a rd , 

s teer progeny o f  three 

Hereford s i r e s  were fed on a corn- soy abean rat ion in dry lot 

or gra z ed on pa sture . 

Rave ( 1 9 7 3 )  i nv e s t i ga t e d  genotype x e nv i r onment inter a c t i on s  

i n  two method s o f  progeny tes t i ng c a t t l e  for meat produ c t ­

i on . Tvw me thod s o f  fa tten ing wer e  compared : o n e  ba sed 

on g r a i n  and concentrates  to a f i na l  weight of  3 5 0  kg , 

a nd the other based on pasture a n d  roughage to a f i na l 

we i gh t  of 5 0 0  k g . No s i gn i f i cant interactions we r e  f ound 

for the growth and carc a s s  t ra i t s .  The h i gh gene t i c  

cor re la t ion s  i nd i c a t ed that the s ir e s  ranked s im i l a r l y  

i n  the two envi ronmen t s . 

And e r s e n  and Andersen ( 1 9 7 4 ) reported a D a n i s h  inve s t i g a t ion 

whe re 4 f eed i ng l ev e l s  ( 1 0 0 % , 8 5 % ,  7 0 %  and 5 5 %  o f  

a d  fill • f eed i n take ) and seven s l aughter we ight s o f  Red 

Dan i sh ma le c a lves f r om four s i re s . The r e su l t s o n  s ir e  

x f eeding l ev e l  interact i on s howed that on l y  i n  t h e  c a s e  

o f  average d a i l y  carca s s  ga i n  wa s a s i gn i f ic a n t  inte r a c t i o n  

pre sent . The i n te r a c t ion wa s qua nt i f ied by c a l c u l at i n g  

the i nt ra c l a s s  gene t i c  corre l a t i on , a n d  i t  wa s f ound t o  
+ be 0 . 7 0 - 0 . 1 4 . 

Te s s ,  Jeske , D i l lard a nd Robi son ( 1 9 8 4 ) tested 1 2  H e r e f ord 

bu l l s . As y e ar l ings ,  s teer prog eny we re fed a concent rated 

d i e t  i n  a f eed lot o r  grazed on pas ture . S i re x d i e t  

i n t er a c t i on s  w e r e  non - s ign i f i ca n t  f o r  a l l  tra i t s .  

Warw i ck ,  Davi s and H iner ( 1 9 6 4 ) u s e d  mono zygot i c  bee f twi n s  

w i t h  two leve l s  of  nu t r i t ion - high a n d  l ow concentrate 

r a t ions . They obse rved a s i gn i f i ca n t  r a t ion x pa i r  

i nteraction f or pos t - weaning ga i n . 
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B u r n s i d e , MacLeod and G r i eve ( 1 9 6 9 )  r e a red 4 8  pai r s  of 

ma l e  H o l s te i n  f ra t e rnal t w i n  ca lve s on e i ther a h igh fat 

a nd prote i n  m i l k  r ep l a c e r  f rom two day s o f  age to market 

we i gh t  or the s ame r a t i on u n t i l the ca l f  reached 5 6 . 7  kg 

w i th a gra i n  mi xture , hay and wa ter fed s ubsequent ly . 

No e v idence wa s found for a s ign i f i ca n t  pa i r  x rat ion 

i nt e r a c t i o n  i n  growth t ra i t s . 

Kre s s , H a u s e r  a nd Chapma n ( 1 9 6 9 , 1 9 7 1 ) ut i l i z ing both 

i de n t i c a l  and fra terna l bee f  ca t t l e  twi n s , a l s o f a i led 

to d e t e c t  s igni f i cant s e t  x d iet ( h igh a nd low energy ) 

i nt er a c t i on s  for severa l growth t ra i t s . 

Towne r ( 1 9 7 5 ) 

i d e n t i c a l  t w i n s  

f e d  1 9 pa i r s  

h igh a n d  l ow 

of Here f ord a nd Hol s t e i n  

rations . The breed x f eed 

i n t e r a c t i on wa s not a s i gn i f i cant source of var i a t i on for 

the p arameter e s t i ma t e s  of any growth curve . The twin 

s e t  x f eed intera c t io n  i n f l uenced the a s ymptote s of s ix 

g rowth curves and the r a t e  parame ter of two g rowth curve s . 

T e s l i k  and Markov i c  ( 1 9 8 0 ) f e d  1 5  l i ke- s e xe d  pa i rs of  twi n s  

e i t h e r  s e a s ona l ly - ava i l a b l e  f a rm f eed or c ommer c i a l ly ­

a va i l a b l e  pe l le t  f eed s up p l emen ted w i th s i l a ge i n  w i nter 

a nd fodder i n  summe r . The genot ype x nut r i t ion intera c t ion 

wa s n o t  s i gn i f i cant for a ny trait - bod y mea surements a nd 

we i gh t  at var ious ages f r om 3 t o  1 8  month s . 

2 . 3 . 5 . 3  Carc a s s  Tra i t s  a nd Body Mea s uremen t s  

Bond , H i ne r  e. t  a l. . ( 1 9 6 5 )  f e d  d a iry , dua l - pu rpose and beef 

s te e r s  at two leve l s  of  n u t r i t i on to s l aughter at s i x mon ths 

o r  a t  5 5 - 6 0 %  of ma ture bu l l  we ight . There were no 

s ig n i f i ca n t  breed d i f f e re n c e s  in f e ed u t i l i z at i on , 

e f f i c i ency or carca s s t r a i t s  at  s i x  mon th s . B r eed 

d i f f e re nc e s  were s igni f i ca n t  at the s e cond s l aughter i n  

i n i t i a l  we i gh t  ga i n , f i na l  we ight , food con sumed , e f f ic iency 

o f  g a i n , l ea n  produ c t i o n  a nd f a tne s s  of the carca s s , but 
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the breed x r a t i o n  i nteract ion wa s only s i gn i f i cant f o r  

the thickne ss o f  f a t  over the r ibeye . 

Steer calves f rom Angu s , Here ford , B r a hman breed s and the i r  

c ro s s e s  were e i th e r  f u l l - f ed o r  f e d  a t  the rate o f  2 %  o f  

body weight p e r  d ay i n  a n  exper iment by Hu f f  man , Pa l m e r  

�t a l  . ( 1 9 6 7 ) . A s i gni f i cant i n t e ra ct ion between f ee d  

l evel and breed group wa s found for s t eak and roa s t  tend e r ­

n e s s .  

Bond , Hooven � t  a l �  ( 1 9 7 2 ) only found a s ign i f icant breed 

x diet i ntera c t i on for thickne s s  of fat over the r i be y e , 

f eed e f f i c i ency and s l a ughter grade . 

Tay l e r  ( 1 9 7 6 ) r eported a s i gn i f i c a n t  breed x nutr i t i o n  

interaction f o r  f eed c onver s ion e f f i c i ency when two c ro s s ­

bred groups we r e  reared on four comb i n a t ion s  o f  concent r a t e s  

and forage . 

Gea y ,  Robe l i n  a nd Beranger ( 1 9 7 6 ) f a t t ened . S a l e r s , Sa l e r s  

x Charo l a i s  a nd Charo l a i s  bul l s  o n  t hree d i e t s  - l u ce r n e  

and bee t pul p ,  r e s t r i c ted ba r l ey c oncentrate or a d  lig . 

c on centra te s .  S i gn i f icant breed x n utr i t i on i nterac t i on s  

occurred for empty l i vewe ight , c a r c a s s  we ight , we i ght o f  

fat and we ight o f  carca s s  mus c l e . 

Geay and Robe l in ( 1 9 7 9 )  compa red the meat produ c t i on 

capac i ty betwee n  con t i nenta l bee f and da iry bee f  bu l l s . 

They con c l uded that c a t t l e  ma y h a v e  variou s  c apa c i t i e s  

f or meat produ c t i o n  a ccording t o  the ir genotype , however , 

the magn itude o f  the d i f ference b e twee n  breed s d epend s 

on energy . G e n ot ype x nut r i t i on i ntera c t i on s  mean there 

i s ,  for each type o f  anima l , a n  o p t imum l evel o f  e ne rgy 

supply wh ich enab l e s  a max imum feed e f f i c iency . 
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W i l l i s ,  S a n t i ago a nd S a ntos ( 1 9 7 0 ) f ou nd no evidence f o r  

s i r e  x d i et i ntera c t i o n s  i n  any o f  the g r owth and ca rca s s  

t ra i t s  when progeny f rom s even s i re s o f  f ive d i f f erent 

b r e ed s were group - f ed e i ther concentra t e s  or mo la s s e s / urea 

p lu s  forage a nd pro t e i n  s uppl ement . 

Warwi ck , Davi s a nd H in e r  ( 1 9 6 4 )  found r a t i on x twin pa i r  

i nt e r a c t i on s  we r e  s i g n i f i cant for f ee d  e f f i c i ency and 

m ar b l ing s core . A l though 

c a r c a s s  grade , e s t im a t i o n  

n o t  s ta t i s t i c a l l y 

o f  fat by _ ether 

s i gn i f i cant 

extract and 

f at in the 9 - 1 0 - 1 1 r i b  s amp l e  contro l l ed 1 9 % ,  3 2 . 7 % and 

> 2 0 %  of the variance o f  r a ndom var i a b l e  e f fe c t s  r e s pect­

i ve ly . 

Body mea s ureme n t s  made on i d e n t i ca l a n d  fraterna l twi n s  

b y  Kre s s , Hauser a nd Chapman ( 1 9 7 1 a )  w e r e  5 6 -day g a i n s  

i n  h e ight a t  w i ther s ,  depth of  c h e s t , heart 

c i r cumference o f  front cannon , l ength of f ront leg , 

f rom hock s to p i n s , w i d th of  hock s ,  width o f  head and 

o f  head . Al though about 1 2 % of the t w i n  s e t s  

g i r th , 

l ength 

length 

x d ie t  

i nt e r a c t i on s  were s i g n i f i cant , i n  gen e ra l  none of  them 

a ppea red to be an impor tant source of �ar ia t i on . 

K r e s s , E n g l and , H a  u s e r  a nd Chapman ( 1 9 7 1 ) ,  for the same 

a n i ma l s  a s  above , reported the s et X d ie t  i nterac t i on wa s 

s ig n i f i ca nt for feed con sumpt ion and e f f i c i ency between 

2 1 0 a nd 7 0 1  days  o f  a g e  for one or o th e r  t ype of twin . 

T h e  i n te ra c t ion wa s n o t  s igni f i cant for conforma t i on score 

or e s t i ma ted fa t th i ckne s s .  

B u r n s i d e , Batra , MacLeod a nd G r i eve ( 1 9 7 2 ) r eported the 

r a t i o n  x pa i r  i ntera c t i on 

a l l  g rowth tra i t s  s tud i ed 

e f f e c t  was n o n - s i gn i f icant for 

i nc l ud ing h e a r t  g i r th , he ight , 

d r y  m a t t e r  con s umed a nd e s t imated , 

e f f i c i e n c y  of ga i n . 

f e e d  con s umed and 
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Batra , U s borne , G r i ev e  a nd Burn s i d e  ( 1 9 7 3 ) i nve s t i ga ted 

c a r ca s s  tra i t s  on the same H o l s t e i n  f r a t e r n a l  twins reported 

by Bur n s ide et a £  . ( 1 9 7 2 ) . No evi d e n c e  wa s f ou nd f o r  

s igni f i cant ration x 

c a r ca s s  traits  except 

s houl d e r , k idne y s  a nd 

breas t .  

pa i r  intera c t i o n  

percent kidney s ,  

m inor c u t s  and 

for mos t of 

percent f at i n  

bone i n  f l ank 

the 

the 

a nd 

S imi l ar ly , Towner ( 1 9 7 5 )  noted that ne i ther breed x f eed 

or twi n set x feed intera ctions we r e  s ig n i f i cant for ga i n s  

i n  1 0  body mea s urement s  f rom 2 1 0 t o  4 4 9  and f r om 4 4 9  t o  

7 0 1  day s o f  age . 

2 . 3 . 5 . 4  Reproduc t i on , Mi l k  Produc t i o n  a n d  As soci ated Tra i t s  

Reproduc t ive per f ormance o f  cros sbred and straight bred 

beef cattle on s i x  d i f f erent pa s t u r e s  r ang ing f rom nat i v e  

r ange to highl y  i mproved , i r r i gated p a sture wa s s t ud i e d  

b y  Koger , Reyno l d s  e t  a£ . ( 1 9 6 2 ) . A l though h ig h l y  

s igni f i cant breed x lactat ion a nd breed x year i nterac t i on s  

f or percen t  ca lve s weaned were found , they did not ana l y s e  

the breed x pa s t u r e  i nterac tion . 

H owe s , Hentges , W a r n i ck and Cunha ( 1 9 6 3 ) compared H e r e f or d  

a nd B r ahlllan yea r l i n g  hei f e r s  and e i gh t - month ca lve s on tvm 

d ietary regime s - a norm a l  reg ime or o n e  having 5 0 %  bel ow­

n orma l c rude prote i n  content . No breed x feed i ng r e g im e  

i nteract i on wa s f ound i n  the interva l from f i r s t  obs erved 

mat i ng to c a lv i n g , or i n  the number o f  day s f r om c a l v i n g  

t o  f ir st appe a r a n c e  o f  corpora l u t ea i n  the yearl in g  

hei f e r s . Howev e r , the breed X d i e t  i ntera c t i on wa s 

s igni f i cant f or t h e  i nt e rval f r om f i rst obse rved mat i n g  

to ca lving with t h e  you nger he i fer s . 

W i l tbank , Ka s son and I nga l l s ( 1 9 6 9 )  dete rm i ned the a g e  

a nd we ight a t  puberty i n  Hereford , Angu s a n d  cros sbred 

h e i f e r s  which h a d  been on two d i f fe rent feeding regime s 
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f rom wea n i ng to puberty . An i ntera c t io n  for age and we i gh t  

a t  puber ty wa s f ound between l evel o f  nu t r i t ion a nd breed 

o f  he i f e r . 

P ea cock , Koger e t  a £ . ( 1 9 7 1 ) eva l ua te d  reproduct ion o f  

B r a hman , Shortho r n  a nd variou s  cro s s e s  o f  thes e  bre ed s  

o n  pas ture -management s y stems which ma i nt a i ned the cat t l e  

o n  l ow ,  med ium a n d  h i gh nutri t i ona l leve l s . A s i gn i f i c an t  

b re ed o f  c o w  x p a s ture interact ion w a s  f ound for pregna ncy 

a nd wea n i ng r a t e s  but the breed o f  s i re x pasture 

i nt e rac t i on wa s non- s i gn i f i cant . The s i gn i f icant 

i nt e rac t i on wa s a c c ounted for mos t l y by c ros sbred cows 

r e s pond in g  more to i mproved pas ture s than did the purebred 

c ows . 

A f u rther t r i a l  by Peacock , Koger , H odges and K i r k  ( 1 9 7 4 ) 

a l s o  found s i gn i f i ca n t  breed x for a g e  s y s tem i n t e ra c t i o n  

f or wea n i ng rate . 

H e a rn shaw a nd Ba r l ow ( 1 9 8 2 ) measur e d  the performance o f  

p urebred Here ford a nd Here ford - cro s s  cows ma i nta i ned o n  

t h r e e  d i f f e rent pa s t ure cond i t ions by we i ght of  ca l f  weaned 

per cow j o i ned . They found a s i g n i f i ca nt genotype x 

e nv ir onme nt i nterac t i on . 

H o l lowa y  and B u t t s  ( 1 9 8 4 ) found tha t l a rge frame Ang u s  

cows gra z in g  f e s cu e - l e gume pa s ture con s umed more d i g e s t i b l e  

e ne rgy d u r ing the f i r s t  part of  the g ra z i ng sea s on , gave 

m o r e  mi l k  throughout and had f a ster g rowi ng ca lves than 

s ma l l  f rame cows . The oppo s ite tendency wa s noted f o r  

cows gra z ing fe s c ue pas ture . 
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I n  the i r  s tudy of ident i ca l  and f raterna l beef cat t l e  twi n s  

K re s s  e t  af.. ( 1 9 7 1 ) f ound we ight change of  the c ows dur i n g  

t h e  entire f i r s t  and second l a c t a t i on s  w a s  not s i gn i f i cant l y  

i n f l u enced by the s e t  x d ie t  i n t e r a c t i on . However ,  

s ign i f i cant set x d i e t  i ntera ct ion s for we i gh t  change dur ing 

s horter i nterva l s  made r e s u l t s  i n conc lu s i ve . Feed 

c on s umpt i on during t he f i r s t  l a ctation wa:s s i gn i f i ca n t l y  

i nf lu enced by the s e t  x d iet interact ion bu t th e propo r t io n  

o f  t h e  v a r i ance o f  t h e s e  t r a i t s  due t o  t h e  i nteract i o n  

wa s not l arge a n d  chan g e s  i n  rank we r e  not detected . The 

i nteraction wa s not s i gn i f i c a n t  for e i ther of the s e  tra i t s  

i n  th e second lactat i o n . The r e s u l t s  on m i lk and bu tter f a t  

p rodu ct ion i nd icated t h a t  t h e  s et x d i et interact ion wa s 

a s i gni f i cant source of  var i a t i on for the se tra i t s . 

Town e r  ( 1 9 7  5 )  found both the breed x f eed and 

x f e ed interactions i n f l uenced the m i l k  and 

p rodu c t i on of the f i r s t  two l a c ta t i on s  in h i s  

i dent ica l twin bee f  c a t t l e .  

2 . 3 . 5 . 5  Other Tr a i t s  

twin s e t  

butt e r f a t  

s tudy o f  

A nder son ( 1 9  6 0) , wh i l e  compa r i ng Here ford he i f er s  o n  three 

l eve l s  o f  wi nter f e e d i ng , obs e rved a n  i n c r e a s e  i n  the 

probabi l i ty - -of  the development of  c a n c e r  eye wi th a h igh 

l ev e l  o f  nut r i t i on . S i nce eye l id p igmentat i o n  i s  known 

t o  reduce the probab i l i t y of cancer eye , a genotype x lev e l  

o f  nut r i t ion intera c t i o n  i s  l ikely t o  occur through a change 

i n  the t hr e shold l e v e l  of the comb i n a t i o n  of gene t i c  and 

e nv ironmental  facto r s  ( Pani and La s ley , 1 9 7 2 ) . 

H o l l oway ,  But t s  e t  a f. . ( 1 9 8 5 ) detected breed· · · - x pa sture 

type i nteraction s  f o r  average and s e a s ona l pattern s o f  

both dige s t ib i l i ty a n d  intake of  forage gra z ed b y  lact a t i n g  

Angu s , Here ford and Angus x Here ford fema l e s . The primary 

i n t erac t i o n s  i nvol ved the c ro s sbred s . Th e oppo s i t e  

nature of  the i n t e ra c t ions f o r  d i g e s t i b i l i ty and i ntake 
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e f f e c t ive ly counte red each other s o  

type i nt er a c t i on s  we re g enera l ly 

that breed x pa s t ur e  

not importan t  for 

d ig e s t i b l e  DM i n take . I nt e r a c t i o n s  we re important whe n 

i ntake wa s expre s s ed a s  a r a t i o  o f  metabo l i c  we ight . 

I n te r ac t i o n s  w e r e  i mpor tant for d ige s t ibi l i ty dur i ng s e a s on s  

o f  h igh d i ge s t i b i l i t y  a nd for i ntake d u r i ng s ea so n s  o f  

l ow d iges t i b i l i ty .  

2 . 3 . 6  GOATS 

As  w i th rabb i t s , there are few references in the l i te r a t ure 

t o  s t ud i e s  i nvo lv in g  genotype x e nv ironment i ntera c t i on s  

i n  goa t s . 

Louca a nd H a n c o c k  ( 1 9 7 7 ) u t i l i zed data on 1 1 1  twin s e t s  

o f  t h e  Dama s c u s  b re ed of  goa t , f e d  three pe l le ted d i et s  

w i th d i f f e rent prot e i n  conten t s , to eva l uate the impo r t ance 

of  g enotype x envi ronment i ntera c t i on s  for postwe an i ng 

g rowt h . W i th t h e  excep t i on o f  the 1 6 -week we ight ga i n  

i n  un l ik e - s exed t w i n s  the s et x d ie t  i nteract ions were 

not s i gn i f i c a n t  f or growth r a t e s  for 1 6 weeks pos twe a n i ng . 

They conc l uded t h a t  genotype x envi ronment i ntera c t io n s  

f or pos twe a n i ng g rowth in goa t s  we r e  n o t  o f  impor tance . 

2 . 3 . 7  S HEEP 

2 . 3 . 7 . 1  G rowth Cha r a c te r i s t i c s  

K i ng and Young ( 1 9 5 5 )  reported the e f f ec t s  o f  overw i nt e r i ng 

ewe hogget s o f  the B l ackface , Cheviot and Wi l t s h i re bree d s  

under two nut r i t i o n a l  a nd two tempe rature regimes . D i l u t io n  

o f  o a t s  by cha f f  wa s us ed t o  r e s t r i c t  the d iet o f  h a l f  

t h e  hogget s .  N e i t he r  breed x tempe ra ture nor breed x p l a n e  

o f  nut r i t i o n  i nt e r a c t ions we re s i gn i f icant i n  yea r l i n g  

we i gh t . S ke l e t a l  mea s uremen t s , s uch a s  length of  h i nd -
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cannon and t ibia , 

and heart g i r th , 

l ength o f  p e l vi s ,  w i dth o f  h i nd - cannon 

showed s ig n i f i cant breed x p l ane of 

nut r i t i on interaction s  du e to more rapid growth of B l ackface 

sheep o n  the h i gh p l ane of nutr i t i on . K i ng , Wat son and 

Young ( 1 9 5 9 ) suggested the se i ntera c t i o n s  were pos s i b l y  

a t t r i buted t o  the age d i f fe re n c e s  pre sent i n  t h e  sheep . 

Mar s ton , P i e r c e  and C a r t e r  ( unpub . , c it ed by Turner and 

Young , 1 9 6 9 ) examined s t r a i n  x env i r onment interaction 

in  Au s t ra l i a . Two Mer i no s tra i n s  ( strong wool and f ine 

woo l ' were f e d  a t  two nut r i t i on a l  leve l s . The s t rong woo l 

s t ra i n  showed a grea t e r  body we i ght r e s po n s e  to good 

nut r i t i on . 

K i ng , Wat s on and Young ( 1 9 5 9 ) stud ied the d i f ferent i a l  

r e s po n s e  of  l ambs to d i f f e rent p l an e s  of  nut r i t i on . Tw i n  

l ambs of  two breeds and f i ve cro s se s  of  sheep we re wi ntered 

in h i gh-h igh , h igh- low , l ow-h i gh and l ow- low nu t r i t i ona l 

e nv i ronment s and subseque n t l y  brought to· t h e  s ame we i ght 

for s l aughter . I n  body we i gh t  the ma i n  f eature o f  the 

exper iment 

t re a tment s 

wa s the 

a l l  

s howed conf ormi ty 

e nv i ronment . 

s im i l ar i ty of  

the c r o s se s . 

r e s ponse to d i f f erent 

Body mea s ureme n t s  a l s o  

betwe en breeds in r e s po n s e s  t o  

E r c a nbrack a nd P r i c e  ( 1 9 6 9 ) s tud i ed whether t h e  e ff e c t  

o f  ea r l y  we an ing o n  growth r a t e  wa s t h e  same i n  Rambou i l l et , 

Targhee and Columb i a  breed s . Al l l ambs we re reared i n  

the s ame f l ock to a n  average age o f  7 5  d ay s , then ha l f  

were weaned and p l a ced i n  d r y  lot . Among i nbred l ambs 

( 3 3 %  i nbred ) ,  no s ign i f i ca n t  interact ion between breed 

a nd we an i ng t ime wa s obs erved , but there wa s a s i gn i f i cant 

i nteract i on i n  the non - i nbred group where Ta rghe e s  we r e  

s uper i o r  i n  d a i l y  g a i n  a mong l ambs n o t  weaned . Targhee s 

we r e  a l so supe r i or among c er t i f i ed l ambs , but Co lumbia s 

we r e  supe r i or among lambs havi n g  a c c e s s  to pa sture . 
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G l imp ( 1 9 7 1 ) f ound a s i g n i f i cant 

concentrate l ev e l  intera c t i o n  on rate 

lamb g rowth . The t r i a l  wa s d iv ided 

a nd s ix f ee d i ng s chedu l e s  w i th l ambs 

breed X rat ion 

and e f f i c i ency of 

i nto three pe r i od s  

f rom e i ght breed s .  

Suf folk a n d  Hamp s h i re lambs ga i ned f a s te r  when the rat ion 

energy l eve l wa s i nc re a s ed a bove the l eve l provided i n  

the f i r s t  t wo t reatments wh i l e n o  d i f f eren t i a l  r e s ponse 

to energy l e v e l wa s obs erved among other breed s . 

P e t e r s  a nd H e a ne y  ( 1 9 7  4 )  e i t he r  creep fed and reared l amb s 

on the i r  d a m s  o r  reared them a r t i f i c i a l ly w i th a ·l iquid 

plus s o l id d ie t . Al though a s igni f i cant breed x rear i ng 

s y s tem i n t e r ac t i o n  wa s found for we ight from 3 5  to 7 0  days , 

l ambs o n  t h e  two s y s tems o f  r e a r i ng d id not a l ter 

s ig n i f i ca n t ly i n  we ight at 7 0  or 1 4 0 days . 

Hohenboken , 

a nd Boga rt 

c ro s s  among 

environme n t s  

pasture s ) . 

K e nn i ck and Boga r t  ( 1 9 7 4 ) and Hohe nboken , Corum 

( 1 9 7 6 ) reported a s tudy of lambs from a d ia l l e l  

t h r e e  breed s , 

( dr y  l a nd h i l l  

N o  s igni f i cant 

r e p l i ca ted in two management 

pa s ture s and i r r i ga ted va l l ey 

s i re 

s y s tem 

wea n i ng 

i nt e r ac t i o n s  we re found 

o f  

or d a m  breed x management 

for b i r th we ight . For 

we ight the breed 

i nterac t i on wa s s igni f i cant , 

s i re X 

but not 

management 

the breed o f  

s y s tem 

dam x 

manageme n t  s y s t em intera c t i o n . S i re breed x management 

s y s tem i n t e ra c t i o n s  for growth t r a i t s  .we re caused by larger 

breed d i f f e r e nc e s  on h i l l  p a s ture s than on i r r i ga ted 

p a s t u re s . 

Joyce , C l a r k e  � t  a i  . ( 1 9 7 6 ) a nd Joyc e , C larke , MacLean 

a nd Cox ( 1 9 7 6 )  r e ported on a l ong term exper iment invo lving 

four geno type s o f  sheep at three s tock i ng rates ( 2 6 ewe s / ha ,  

2 1  ewe s / ha a nd 1 6 ewe s / ha ) . There wa s no change i n  the 

r e l a t i ve r a nk i ng of genotypes i n  terms of  ewe l i vewe ight . 

Ewe morta l i ty wa s s im i lar for a l l  genotypes a nd a l l  stock ing 

r a t e s . I ncrea s i ng s tocking r a t e s  reduced lamb b i rthwe i gh t  

by f ive p e r c e n t , t he e f f e c t  be i ng more mar ked f o r  mu l t i p l e  
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born l ambs than for s i ng l e  born . Results  of a na l y s e s  o f 

genotype x envi ronment intera c t i on s  have not been pub l i shed . 

Jankows ki , Dawidow i c z  and Roguska ( 1 9 8 3 ) found that f rom 

b irth to s i x  month s of age , P o l i sh Low land ( PL ) ram lambs 

had a h i gher growth rate than Texe l x PL cro s s br e d s  when 

con f i ned and fed concentrate s  and d r i ed gra s s  mea l , but 

had a l owe r growth rate when grazed on pa s ture . The breed 

x env i r onment interact ion wa s s i gni f i cant for growth rate . 

Mor l e y  ( 1 9 5 6 ) exposed a numb e r  of  Au s t r a l ian M e r ino ha l f ­

s ib groups t o  e i ther a h i g h  or l ow p lane o f  nutr i t ion 

f rom three to 1 7  months of  a g e . H e r itabi l i ty , a s  indi cated 

by the w i thin - s i r e  corr e l a t i on , d id not vary w i th p l ane 

of  nutr i t i on .  Genotype x t r eatment intera c t i o n s  were not 

present for s i x -month body we i ght but were large and h ighly 

s igni f i ca n t  for weight at 1 2  or 1 7  month s . 

Stakan , So skin and Vorocenko ( 1 9 6 3 ) found that the 

her itab i l i t ies were lower und e r  poor than good envi ronmenta l 

cond i t i on s . S tud i e s  were c onducted i nvolving two g roup s 

of  l ambs reared on two p la n e s o f  nutri t i on , h ig h  and low ; 

her i t ab i l i t y  e st imates o f  0 . 1 5 a nd 0 . 0 5 r e s pe c t ive l y  wer e  

found f o r  we i gh t . Va r i a t i o n  of  t h i s char a c t e r  wa s l e s s 

i n  h i gh p l ane than in low p l a n e . 

Dunlop ( 1 962 , 1 963 ) and Dunlop and Young ( 1 966 ) presented results of an 

ecperirnemt in which five strains of � A u s t ra l ian Ivle r i n o  were run 

a s  breed ing g roups i n  three woo l -growing reg ions . 

S i g n i f i cant s tr a i n  x l o ca t i on i nteract ions we r e  f ound i n  

mos t  body and wool t ra i t s  9 However, a l though nut r i t i on wa s 

a cont r i bu t ing f a cto� the e nv i r onment d i f feren c e s  in other 

factors s uch a s  humid i t y , r a in fa l l , management e t c  meant 

the importance of  genotype x nut r i t i on intera c t ions could 

not be de term ined . 
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W i l l iarns a nd W i n s ton ( 1 9 6 5 )  f ed three l eve l s  o f  nu trit ion 

( h igh , i n te rmed i a te a nd low ) in three f locks gene t i ca l l y  

d i f ferent i n  woo l  produ c t i o n . They found n o  s i gn if icant 

f lock x l eve l o f  nutri t i on i nt e r a c t i on for adult body we ight . 

O srnan a n d  B r ad ford ( 1 9 6 5 )  s tud ied body we ight s a nd ga i n s  

a s  we l l  a s  a range of f l ee c e  tra i t s  a t  t w o  loc a t ions which 

var i ed m a i n l y  due to n ut r i t i on ( " poor" a nnua l gr as s l and 

or " good " i r r igated c lover and g r a s s  p a s t u re ) . There wa s 

no evidence o f  l a rge genotype x e nvi ronment i nteract ions . 

I n  a f u r t h e r  exper iment O sman a nd Bradf ord ( 1 9 6 7 ) found 

s ig n i f i ca n t  s i re x p l a ne 

postwean i ng average d a i ly 

not for body mea s uremen t s  

carc a s s  we i gh t  in r a m  l ambs . 

o f  nut r i t ion 

g a i n  a nd for 

a nd carca s s  

i nter a c t ions for 

f i na l we ight but 

t r a i t s  except for 

Te s t i ng and eva luat ion of progeny of s i r e s  und e r  d i f ferent 

e nvi ronme n t s  in U S SR were c a r r i ed out by Gol ' t s bla t and 

Buda n s t eY ( 1 9 7 3 ) . Three s i r e  groups tota l l i ng 7 0  young 

P re coce r a m s  were each rea red under d i f ferent s e t s  of 

manageme n t  c o nd i t ions ; group one wa s on pa s t ure , a nd group s 

two and t hr e e  a t  t e s t ing s t a t ions on g roup and i nd ividua l 

f eed i ng r e spec t i ve l y . There were no s ign i f icant g enotype 

x envi ronmen t  i n te ra c t i on s  for growth or f ood c onver s i on , 

a nd the s i re s r a nked i n  the s ame order o n  the three s e t s  

o f  te s t  cond i t i o n s  f o r  the i r  progeny . 

E f f ec t i vene s s  o f  s e l e c t ion o f  s heep of the Kuchugurg breed 

g roup u n d e r  d i f f erent f eed i ng regimes wa s s t ud ied by 

A n f i nogenova ( 1 9 7 0 ) i n  the U S S R . When ewe s  we re f ed a n  

adequate d ie t  or a d i e t  2 3 %  l e s s  than adequa te , t h e  gene t i c  

v a r i a nc e  among t he i r  progeny amounted to 1 2 . 0  a n d  2 9 . 7 % 

r e s pe c t ive l y . The percentage o f  l ambs c la s sed a s  e l i t e  

o r  g r a d e  o n e  r o s e  f rom 4 2  t o  5 1  . 1  f o r  progeny o f  grade 

o ne or g r a d e  two d arns a nd f rom 7 to 4 3 . 2  for progeny o f  

g rade four dams when darns on the i nadequa te d iet were p l a ced 

o n  an adeq u a t e  d i e t . 



6 9  

A nother e x pe r iment o n  the e ff e c t  o f  t ype of s e l e c t i on a nd 

l evel of  n ut r i t i on i n  Sov i e t  Mer i no s heep wa s r eported 

by Burdukovs kaya a nd Tima shev ( 1 9 7 1  ) .  The her i t ab i l i ty 

e st imates of b i r th we i ght i n  two f locks were 0 .  5 8  to 0 .  7 6  

a nd 0 . 5 2 t o  0 . 7 6 respe c t iv e l y  o n  the h igher p la n e  of  

n ut r i t i on . For s heep on lowe r  p l a ne o f  nut r i t i o n  the 

corre spond i ng e s t imates were 0 . 3 4  a nd 0 . 2 3 .  

Due to l ow h e r i tabi l i ty o f  l amb per formance under n a tu ra l 

r e a r i ng , Cameron a nd Smith ( 1 9 8 5 )  a s s e s sed the mer i t  o f  

1 0 0 -day we ight o f  a rt i f i c i a l l y  rea red rams a s  a c r i te r ion 

f or s e l e c t i o n  by s t udy i ng the corr e l a ted r e s po n s e s  i n  the 

per formance o f  natura l ly reared lambs f rom cro s sbred ewe s . 

They found the eo - he r i tabi l i t y  ( rAh1 h 2 ) e s t imat e s  f o r  we i ght , 

i n  the two envi ronments , were s im i l a r  to the h e r i tabi l i ty 

for na tura l rear i ng ,  whi ch sugge s t ed that the a dvantage 

o f  reduc i n g  materna l e f f e c t s  by a r t i f i c i a l  r e a r ing wa s 

o f f set by t he gene t i c  corre l a t i on be i ng marked ly l e s s than 

one . 

La s s l o ,  B r a dford , Tore l l  a nd Kennedy ( 1 9 8 5 a , b )  s e l ec ted 

f or wea n i ng we ight in Ta rghee sheep in two envi ronmen t s . 

Response t o  s e le c t i on wa s e s t imated a s  the d i f fe rence 

between s e l ec ted a nd cont r o l l i ne 

coeff i c i e nt s of adj us ted l in e  mean s  

l inear r egre s s ion 

on y e a r . G e ne t i c  

improvement made on a higher p l a ne o f  nut r i t i o n  wa s expressoo , 

but to a l e s se r  degree , unde r  range cond it io n s . S e l e c t ion 

u nder be t t e r  f eed cond i t i o n s  r e s u l ted in a t  l e a s t  as  much 

i mprovement in g rowth rate i n  a r ange env i ronment a s  d i d  

s e le c t i on under r ange cond i t i on s . 

Fert i l i t y  a nd s urvival d a t a  i nd i ca ted that , under rang e  

cond i t i on s , t h e  l ine se l e ct ed unde r  dJ:ylot c o nd i t i o n s  wa s 

l e s s  f i t  than the l ine s e l e c ted u nder range c o nd i t ions . 

A s  a re s u l t  of  the decre a s e s  i n  lamb survival a nd f e rt i l i ty , 

none o f  t h e  s e le c t ed l in e s  produced more tota l  l amb we ight 

weaned per ewe than the c o n t ro l s , i n  s p i t e  of the 

s igni f i c a n t  d ir e c t  re spon s e  t o  s e l e c t ion . 
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2 . 3 . 7 . 2 C a r c a s s  Char a c te r i s t i c s  

W i t h  one except i o n  ( cannon body we ight ) ,  K i ng e t  a l . ( 1 9 5 9 ) 

f ound no s ig n i f i cant i nt e r a c t ion for c a r c a s s  mea surement s 

i n  a n  e xpe r i ment to s tudy d i f f eren t i a l  respo n s e  o f  lamb s 

a nd va r i ou s  breeds and c r o s s e s  to d i f fere n t  p l a ne s  o f  

nut r i t i on . 

Hohenboke n  e t  a l . ( 1 9 7 6 ) s tud i ed genotype x envi ronment 

i nterac t i on e f f e c t s  on c a rc a s s  mer i t  i n  the i r  exper iment 

w i th l amb s i n  two graz ing management s y s tem s . Breed o f  

s i re x management sys tem i n te r a c t ion wa s h ighl y  s i gn i f i cant 

f or carca s s  w e i gh t  per day o f  age , a nd wa s a l s o  s i gn i f i cant 

f or f i n i s h  s core a nd U S DA qua l i ty grade but no i mportant 

breed rank change s  occurred . No breed of darn x management 

s y s  tern i nteract ions were s ign i f icant . Unde r  irr iga ted 

manageme n t , there wa s l i t t le d i f f erence in s i re breed 

e f f e c t s , wh i l e under h i l l  pas ture management , breed 

d i f f e re n c e s  were ma n i f e s ted . 

Hofrneyr , R e n s bu rg , Kroon a nd O l ivier ( 1 9 7 6 )  i nv e s t i gated 

d i f f e r e n c e s  in food conver s i on e f f i c i ency in l ambs of three 

breed s . O f  1 2 0 lamb s , repre s e n t i ng the Baped i , South 

A fr i c a n  Mer i no a nd S outh A f r i ca n  Mutton Her i no breed s , 

5 6  were s la ug htered at 6 3  days  of age to determi n e  in i t i a l  

body compo s i t i on , wh i l e t he r ema inder we re a l lotted to 

f ive l eve l s  o f  f ee d i n g . There were s ig n i f i ca nt breed x 

f ee d i ng l ev e l  i n te r a c t ions f o r  the e f f i c ienc y o f  e ne rgy 

u t i l i z a t i o n  a nd food conve r s i o n . 

Budan t s eY ( 1 9 7 3 ) ana l y s ed data on ram lamb s , s i r ed by three 

r ams , e i the r group- f a t tened i ndoors or pa stu r e - f attened . 

S i g n i f i ca n t  genotype x nut r i t i on and genotype x envi ronment 

i nterac t i o n s  we re evident for g rowth , food conver s i on , 

s laughter we ight , d re s s i ng pe rcen tage , car c a s s  cornpo s i t ion 

a nd mea t cha r a c te r s . 
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2 . 3 . 7 . 3  Woo l Charac t er i s t i c s  

D a ly and C a r t e r  ( 1 9 5 5 ) ma i n t a i ned ewe s of four breed s 

o n  two nut r i t i ona l regime s  a d  f�R . and progre s s ive l y  

r e s t r i cted , t o  exam i ne f l eece g r owth a nd woo l c omponent s 

( eg .  wa x ,  s u i nt ) product ion . Although they d id not 

s pe c i f i ca l ly s tudy i ntera c t i on s , they conc luded that w i t h  

f ew except i on s , the absolute a n d  r e l a t i ve v a l u e s  o f  the 

character s . m e a sured formed a smoo th s e r ies f rom the f in e  

Mer i no through the Po lwa rth a n d  C o r r i ed a l e  t o  the L i nc o l n  -

e ither i n  a s cending or descend i ng order or s howed l i t t l e  

o r  no d i f f e r e n c e  betwe en the breed s .  The re lat ive po s i t i o n s  

o f  t h e  bree d s were genera l l y ma inta i ned a s  f o od i ntake 

wa s reduced . 

R e s ponses 

exhib i ted 

K i ng a nd 

i n  woo l we i ght a nd s ome of i t s  c omponen t s  

by y oung ewe s of  three breeds wer e  s tu d i ed by 

Young ( 1 9 5 5 ) . S i g n i f i cant breed x n u t r i t i o n  

i nteraction wa s found f o r  c le a n  we i ght of  a l l  f ib r e s  and 

of woo l f ib r e s but not for d e n s i t y ,  a verage l ength of a l l  

f ibres and o f  woo l f ibres , average d iameter a nd average 

l ength o f  f ibres . The i nterac t i o n  in wool p r odu c t i on was 

due to the o u t s ta nd ing abi l i t y  o f  B la ckface t o  i nc r e a s e  

t he s i z e  of f ibre s  i n  the medul la ted fract ion o f  the f l eece . 

N e i ther g r e a s y  woo l we ight n o r  f i br e  leng th s howed any 

c ro s s  x p l a n e  of nu tr i t ion or the twi n  pa i r s  w i th i n  a cro s s  

x p l ane o f  n u t r i t io n  i nter a c t i o n s  when K i ng e. t  a f. ( 1 9 5 9 ) 

exami ned t w i n  l ambs of two breed s a nd f ive c ro s s e s  i n  four 

nut r i tional  environments . 

S ig n i f i c a n t  g e notyp e  x env i ronment i nterac t i o n s  

f or woo l p roduc t i on were f ound by H ohenboken ( 1 9 7 6 ) for 

the s tudy d e t a i l ed by Hohenboke n  e. t  a f  • ( 1 97  6 a , b )  . The 

ewe breed x management s y s tem interact ion wa s expr e s sed 

as grea t e r  breed d i f feren c e s  i n  the more f avourable 

envi ronmen t  for woo l and prod uc t i on than in the l e s s  favour­

able env i r o nm ent . 
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K e l l y ( 1 9 4 9 , 

exper iment in 

8 . 0  lb 2nd 7 .  3 

a nd 1 8 .  4 and 

c i ted by 

whi ch 

lb of  

1 3 .  3 

Chopra , 1 9 7 8 ) c a r r ied out an 

d i f fe rence be tween 

s t rong woo l and fine woo l Me rino s  gave 

woo l  on a 1 l ow p l a ne 1 o f  nutr it ion 

lb on a 1 h i gh p l ane 1 • The i ncrea sed 

the s t ra i n s  cou l d  be a t t r i buted to a 

g reat extent to changes i n  the cro s s  s e c t i ona l area i n  

four nu t r i t iona l env i ronme n t s . 

Genotype x treatment i nt e r a c t ions we re n o t  s i gn i f icant 

for a ny f l eece cha r a c t e r s  s t u d i ed by Mor l e y  ( 1 9 5 6 ) in a n  

exper iment on se lected f l oc k s  o f  Au s t ra l i a n  Mer ino sheep . 

The i n trac l a s s  c orr e l a t i on among ha l f - s i b s  for f leece 

chara c t e r s  w a s  s imi l a r  i n  both p l anes o f  nutr i t i o n . 

W e s t o n  ( 1 9 5 9 ) found tha t h i s  h i gh-produc t i o n  Me r i no group , 

u nder p e n  cond i t ion s , g r ew 2 2 %  more woo l on r e s t r i cted 

i ntak e s  a nd 3 7% more wool o n  

t h e  low - p rodu ct ion grou p .  

ad li £.. i n take s than d id 

S t akan e t  a l. . ( 1 9 6 3 ) obt a i ne d  heritab i l i ty e s t imates of  

f le e c e  we ight a s  0 .  20  a nd 0 . 1  9 i n  the 1 h igh 1 and 1 i ow 1 

p l anes o f  n u t r i t ion r e s pe c t i ve l y . Va r i a t i o n  wa s l e s s  i n  

t he h ig h  p l ane than i n  the low p lane for f l eece we i gh t  

a t  1 5  months  of age . 

W i l l i a m s  and Win ston ( 1 9 6 5 )  exam i ned the relat ive 

e f f i c i e n c i e s  of c onve r s i o n  o f  feed to woo l a t  three leve l s  

o f  nut r i t ion i n  f lo c k s  g e ne t i ca l ly d i f f e r e n t  i n  woo l 

produ c t i o n . F lock x l eve l o f  nutr i t ion i n tera c t ion wa s 

s i gni f i ca n t  for c l ean woo l prod uct ion , though i t  wa s not 

s i gn i f i ca n t  for e f f i c i e n c y . The intera c t ion f o r  wool we igh t  

wa s e v i d e n t  b u t  only wh e n  the nutr i t i ona l d i f f erence s  

became extreme , i e . o n  the low leve l . 



s t a kan ( 1 9 6 6 ) con c l uded tha t 

f a c tors , e sp e c i a l ly l ow p l an e s  

h e r i t ab i l i t y  o f  woo l characte r s . 

7 3  

u n f avourable envi ronmenta l 

o f  nutr it ion , r ed u c e  the 

No s ign i f i ca n t  interactions f o r  e f f i c iency o f  c onver s ion 

of fodder to woo l we re observed by Dun l op and Youn g  ( 1 9 6 6 ) 

when they f ed three s t ra i n s  o f  M e r i no two l eve l s  o f  

nutri tion . T h e y  conc luded t ha t  the e f fe c t  o f  s i re x 

locat ion i nt er a c t i on s  on c l ean woo l  we ight were a t  t ime s 

o f  su f f ic i e n t  m ag n i tude t o  h i nd e r  s e lection , a l though on 

average , t he e x pected ga i n s  wou l d  be reduced by about f ive 

p e r cent by s e l e ct in g  at a d i f f e rent l ocat i on . Woo l a s to n  

( 1 9 8 5 ) noted t h a t  t h e  data s e t s  o f  Dun l op and Young ( 1 9 6 6 ) 

were much s ma l ler than the m i n i mum s i z e  s ugg e s ted by 

Robert son ( 1 9 5 9 ) a nd it cou l d  be s hown tha t even i f  s ir e  

x loca t i on i n te ra c t i ons we re q u i t e  l a r g e  and of  b i o l o g i c a l  

s igni f i ca nc e , o n e  wou ld n o t  h a v e  expec ted t h e  a na l y s e s  

o f  Dunlop a nd Young ( 1 9 6 6 ) t o  have been e f fe c t i v e  i n  

detec t i ng them . 

W i l l i ams ( 1 9 6 6 ) i nve st igated the e f f i ci ency o f  c onver s i o n  

o f  f e e d  t o  woo l dur i ng l im i t ed a nd u n l imi ted f ee d i n g  o f  

t he above f locks s e l ec ted on c lean f leece we i ght . A 

s igni f i ca n t  g enotype x envi ronme n t  i nteract ion wa s f ound 

due to a gr e a t e r  woo l growth r e s po ns e  i n  rams of  the f l oc k  

s e lec ted f o r  h igh c lean f le e c e  w e ight r e l a t i ve t o  t ho s e  

o f  the o t h e r  f l ocks . There w a s  a l so a g enotype x 

e nv ironmen t  i nt er a c t ion for e f f i c iency of conver s io n  a n d  

f or f ibre c ro s s - s e c t i onal area , b u t  n o t  f o r  f ibre l e n g t h . 

Dun lop , Do l l i n g  a nd Carpenter ( 1 9 6 6 )  a l s o  s tu d i ed the 

e f f ic i e n c y  of  conver s i on of food to wool at two nut r i t iona l 

l eve l s  i n  a f ine-woo l , a med i um -woo l and a s t rong-woo l 

s tr a i n  o f  M e r i no . I nterac t i o n s  o f  s trains  a nd nu t r i t i o na l 

l eve l s  wer e  not s igni f i ca n t . I nd ividua l sheep w i th i n  

s trains t e nded t o  rema i n  i n  a s im i l ar order o f  e f f i c i ency 

f rom one n ut r i t iona l l eve l to t h e  othe r , the w i th i n - s tr a i n  

c orre l a t i on between leve l s  be i n g  e s t i ma ted a s  0 . 8 9 . 
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I n  a s tudy by O sman a nd Br adford ( 1 9 6 7 ) g rade Targhee ram 

l ambs a nd we ther l ambs by d i f f erent s i r e s  we re fed a high 

or low e nergy r a t ion f o r  s even week s . Subsequent l y  a l l  

a n ima l s  we re f ed the h i gh energy r a t i on f o r  a nother seven 

week s . S i re x pl ane of nutr i t i on wa s s ign i f i cant for staple 

l ength ( Pe riod one ) in  the wether l ambs a nd c l ean f l eece 

we i gh t  ( Pe r iod two ) i n  the ram lambs . 

Do l l i ng a nd P i pe r  ( 1 9 6 8 ) mea sured c l ean woo l product ion , 

g ro s s  e ne rgy i ntake a nd body we ight of  P epp i n  ewe s f rom 

a r andom s e l e cted f lo c k  and from a f l ock s e l ec te d  for high 

c lean wool we ight on r e s t r i c t ed and u nr e s t r i c ted food 

i ntakes i n  pens but n o  s i gn i f icant g ro u p  x nu tr i t iona l 

l eve l i n t er ac t i on wa s obs e r ved i n  any chara c ter . 

P i pe r  a n d  Do l l i ng ( 1 9 6 9 a ) d e s c r ibed an exper ime n t  in wh i c h  

two g roups of  sheep g e ne t i ca l ly d i f ferent i n  c lean woo l 

produc t io n , a s  u s ed by Do l l i ng a nd P i p e r  ( 1 9 6 8 ) ,  were 

c ompa r e d  und8L a d  fiR.  f e e d i ng of  three d i e t s  d i f fering 

in  c rude prot e i n  content but s imi l a r  i n  g ro s s  e nergy . 

When d i f f erences be twe e n  the s e l ec ted and control group s 

on the h i gh a nd med ium prote i n  d i e t s  we r e  averaged and 

c on t ra s ted w i th the . d i f f e re n c e s  between t hem on the l ow 

p rote i n  d ie t , there were s i gn i f icant g roup x d iet i nter­

a c t io n s  in c lean woo l we ight a nd e f f i c i ency o f  c onversion 

o f  gro s s  ene rgy to wool a nd apprec iable bu t no t s i gn i f icant 

i nterac t i on s  in f ibre number per unit  area o f  s ki n ,  f i bre 

c ro s s - s ec t i onal area a nd s ta p l e  l e ngth . T h e  g roup x d i e t  

i ntera c t i on wa s n o t  s ig ni f i cant for any character when 

the 

wa s 

d i f f e re nce 

c o n t r a s ted 

between g roups on the h i g h  

w i t h  t h e  d i f f e r e nce be twe e n  

pro t e i n  d i e t  

them on the 

med ium prot e i n  d i et . 

I n  a f ur t h e r  expe r ime n t  on the previous s he ep P i pe r  and 

Do l l i ng ( 1 9 6 9b ) c ompa r ed the apparent d i g e s t i ve ab i l i t y  

o f  the t wo groups of  sheep . The order o f  mer i t  o f  the 

g roups d id vary w i th d i et bu t not s u f f i c ie n t ly s o  for the 

g roup x d ie t  intera ct ion to be s i g n i f icant in any i n s tance . 
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G i l e s  ( 1 9 6 8 ) c ompared f l ocks a l so s t u d i ed by Mor l e y  ( 1 9 5 6 ) 

and f ound s ign i f i cant s e l e c t ion f lo c k  x pl ane of nut r i t i o n  

i nt e r a c t i on s  f o r  grea s y  f l eece we ight , s tapl e l ength a nd 

c r imp s pe r inch , but not for c l ea n  f l eece we ight . 

Ham i l ton and L a ng land s ( 1 9 6 9 )  found that the d i f f e r e n ce s 

i n  ef f i c i ency o f  woo l produ c t i o n  between sheep w i th gene t i c  

d i f f e rences i n  woo l p rodu c t i o n  d e c l i n ed when n ut r i en t  

i ntake wa s redu ced . 

Burdukovskaya a nd Tima shev ( 1 9 7 1 a )  f ound the h e r i t ab i l i t y  

o f  wool l ength i n  progeny o f  Sov i e t  Mer ino rams h a v i n g  

l ong woo l wa s 0 . 3 9 to 0 . 5 2 a n d  0 . 1 7 to 0 . 2 5  i n  two f l o c k s  

f ed o n  h igher and lowe r p l a n e s  o f  n ut r i t ion re spec t ive ly . 

For rams w i th woo l of  moderate l en gth , the corr e s pond ing 

h e r i t ab i l i t i e s  were 0 . 3 0 to 0 . 4 5 a n d  0 . 1 3 t o  0 . 2 3 . 

H e r i t ab i l i ty of  f l eece weight i n  the progeny of  ewe s hav i n g  

h i gh f l eece we i gh t  wa s 0 . 5 9 and 0 . 5 2 when the i r  m a t e s  ( ra m s ) 

had high and moderate f l eece we ight re spect ive ly , the f l oc k  

b e i ng kep t  o n  a high p l ane o f  n u t r i t ion . For s he e p  o n  

a l owe r plane o f  nu tr i t ion , the corre spon d i ng her i t ab i l i t ie s  

were 0 . 3 4  a nd 0 . 2 4  ( Burdukov skaya and T i ma shev , 1 9 7 1 b ) . 

S av i l le and Robards ( 1 9 7 2 ) exam i n ed e ff i c i ency of c onve r s i o n  

o f  f ood to w o o l  i n  s e l e c ted a n d  u n s e l e c ted M e r i n o  t ype s 

when fed at a range of  nut r it iona l leve l s . Gro s s  e f f i c i en c y  

decrea s ed s i g n i f i cant l y  w i th e a ch i n c r ea se i n  the l eve l 

o f  n ut r i t i on . The e f f i c i ency d i f fe re n c e s  betwe e n  s e l e cted 

a nd u n s e l e c t e d  sheep i n crea sed , then decrea sed , w i t h  

i nc r e a s ing i n take . H owever ,  t h e  decrease i n  e f f i c i e n c y  

d i f f e rences a t  h ighe r i nt akes d i d  n o t  a ppea r  to i n f l u en c e  

t h e  ranking o f  se lected or un s e l e c t e d  sheep . The y  sugg e s te d  

that t h e  genoty pe x nut r i t i on i nt era c t i on m a y  n o t  o c c u r  

a t  a l l intake s .  
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W i l l i am s  ( 1 9 7 6 ) c o nd u c ted a s tudy on t wo year old Mer ino 

ewe s from the f l eece p l u s  a nd fleece m i n u s  s e l ec t i on f l ocks 

kept on t wo d i e t a r y  t r e a tments ( 6 0 0  o r  1 1 0 0  g / day of 

p e l l e ted l uc erne hay ) . A s ig n i f i c a n t  i nt e r a c t ion be tween 

g e n o t ype a nd d ie t a ry t re a t me n t s  for woo l p roduct ion wa s 

f ou nd . The re s u l t s  we re i n  genera l agre ement wi th Wi l l i ams 

( 1 9 6 6 ) t ha t  the wool produc t i on per un i t  a re a  of  sk i n  and 

woo l prod u c t i on per s heep were grea t e r  in the f lock s e l ec ted 

for h i gh c lean f l ee c e  we ight ; the d i f f e rence between the 

f lo c k s  wa s mor e pronounced as l e v e l  o f  i nt ake of food 

i nc re a s ed . 

Chopra ( 1 9 7 8 ) exami ned s i re x s to c k i ng r a t e  i nterac t i ons 

i n  t h e  New Z ea l and Romney . I n terac t i ons for f l eece 

cha r a c ter i s t i c s t e nd e d  to be sma l l  a nd u n important except 

for cot t i ng grade and sound ne s s  grad e . I n tr a - t rai t gene t i c  

c o r r e l a t i on s  betwe en t he t wo s tock i ng r a t e s  we re c lose 

t o  u n i ty except for y i e l d , greasy co lour g rade a nd scoured 

c o l ou r  grade . 

I n  a r ev i ew of the e f f i c iency of  conve r s i o n  o f  f eed i nto 

woo l , B u t l e r  a nd Maxwe l l  ( 1 9 8 4 ) noted d i f f e rences i n  woo l 

produ c t i o n  a nd e f f i c i e n c y  a r e  gene r a l ly m a i nta ined , a nd 

even i nc re a s ed , a t  i nc r e a s ed leve l s  of  n u t r i t ion . An 

e x c ep t i on may occur a t  very l ow leve l s  of nut r i tion , when 

d i f f e re n c e s  can be d i f f i c u l t  to d e t e c t  ( Wi l l iams and 

W i n s  t on , 1 9 6 5 ; P i per a nd Do l l i ng ,  1 9 6 9 ) . As  the l evel 

of n ut r i t i on i nc r e a s e s , the d i f fe r e n c e s  i n  e f f i c i ency 

betwe e n  genotypes are i nc re a s ed . Th i s  can be i nterpre ted 

a s  a g e no type x e nv ir onme n t  i nt e ract io n  due t o  the great­

er a b i l i ty o f  a n i ma l s  o f  h i gh pot e n t i a l  woo l  produ c t ion 

t o  r e s pond to a g iven c hange i n  feed intake . 
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2 . 3 . 7 . 4  Reprodu c t ive Tr a i t s  

The importance o f  g e notype a nd ma t i n g  sy s t em x envi ronment 

i nteract ions for r ep rodu c t ion tra i t s  i n  ewe s were s tud i ed 

by Hohenboken , Corurn and Boga r t  ( 1 9 7 4 , 1 9 7 6 a ) . S i re breed 

x management inte ra c t i on s  were not s i gn i f icant for fert i l i t y , 

prol i f i c a cy and l amb s urviva l . Darn breed x management 

i nter a c t i on s  i nvo l v i n g  changes i n  rank were found for ewe 

f ert i l i ty and produ ct iv i ty . S i re breed x dam breed x 

management system i n te r a c t i on for t ot a l ewe produ c t i v i t y  

wa s s ig ni f i cant sugges t i ng i nter a c t i on of  mat ing s y s tem 

w i th env i ronment .  

Ewe s o f  two genotype s whi ch d i f f e r ed w i th r e spec t t o  

poten t i a l  ferti l i ty we r e  subj e c t ed t o  three nut r i t i ona l 

r egimes to est ima t e  the impor tance of genotype x environment 

i nter a c t i on for v a r i ous r e produ c t ive t ra i ts by Meyer ( 1 9 7 2 ) . 

The e f f e c t s  of  genotype x env i ronm e n t  intera ction we r e  

o f  l im i ted impo r t a n c e  for mos t tra i t s  m e a sured . I nterac t i o n  

a pproached s i gni f i ca nc e  f o r  pre- f l u s h i ng ovu l a t ion r a t e  

b u t  wa s absent f o r  ovu l a t ion r a t e  mea s u red o n e  cyc le a f te r  

f lu s h in g . No i nt e r a ct i o n  e f f e c t s  w e r e  f ound for o e s t rou s 

cyc l e  l ength o r  l a mb i n g  performa n c e , a l though the breed 

g roups d i f fered in the i n c i dence of s i lent heats  a nd ova 

s uc c e s s  rates o n  the var i ou s  t r e a t m e nt s . Meyer ( 1 9 7 2 )  

c on c luded that genet i c  improvemen t  o r i g i n a t i ng i n  o n e  

nutr i t i on a l  env i r onment i s  l ikely t o  be expr e s sed , a t  l e a s t  

i n  pa r t , in other nut r i t i on a l  env i ronmen t $ . 

Ewe s of  e i ght c r o s sbred group s we r e  m a i nta ined on i r r i ga t e d  

o r  d r y l a nd h i l l p a s tu r e s  b y  Hohenbo k e n  a nd C l arke ( 1 9 8 1 ) .  

Breed x management s y s tem intera c t i o n s  did not a f f ec t  l amb 

surviva l percent a g e s  s igni f i ca n t ly . However , f or numbe r 

o f  lambs born , a s i re breed x management s y s tem intera c t i o n  

wa s i nd icated a t  l a t e r  ages , wh i l e  t h e  dam breed x ma nage­

ment s y s tem i n t e r a c t i on wa s s i gni f i ca n t  and important from 

the t h i rd year onwa rd . Breed x management s y s tem 

inter a c t i on e f f e c t s  were s imi l a r  for number of  lambs we aned . 

Both s ir e  breed a n d  d am breed x mana gement s y s tem i nt e r ­

a c t i o n s  were s i gn i f ican t f o r  longev i t y . 



7 8  

I n  another repor t , C la rke a nd H ohenboken ( 1 9 8 3 ) noted breed 

o f  dam x manageme nt s y s tem i nterac t i on wa s s ign i f icant 

f or ewe we ight a t  mat i ng a nd numbe r of l ambs bo rn , whi l e  

b re ed of  s i re x management s y s t em i ntera c t i on wa s 

s ig n i f i cant f o r  f e rt i l i ty ,  l i t ter we i gh t  i n  Apr i l  a nd a t  

wea n i ng . The s e  r e s u l t s  agree very we l l  with those o f  

H oh enboken and C l a rke ( 1 9 8 1 ) except i n  one i n stance 

b re ed of  dam x management s y s tem i n te ra c t ion for number 

o f  l ambs weaned . I n  t h i s . s tudy i t  wa s not a s ign i f icant 

s o u r c e  o f  v a r i a t i o n , wh i l e i t  was i n  the previ ou s  s tudy . 

Hohenboken e t  a i  ( 1 9 7 6 ) d i d  not f i nd a genotype x 

e nv i ronmen t  interac t i o n s  for l i tter we i gh t  at wea n i ng . 

S aoud and Hohenboken ( 1 9 8 4 ) found t h a t  c ros sbred group 

x managemen t  s y s tem i n t e ract ions genera l ly i n f luenced l i f e ­

t ime i n come f r om l ambs produced a nd f rom orphan s  sold , 

g ro s s  i ncome , t o t a l  cos t and net revenu e pe r ewe . 

H oh enboken ( p e � � . comm .) conduc ted an exper iment to eva luate 

i nd u s try Coopworth , i ndustry Romney a nd Wa ihora Romney 

ewe s ( a  s tr a i n  s e l e ct ed for 1 0  year s f o r  i ncreased ewe 

p rodu c t iv i t y ) i n  a v a r i ety of  nutr i t i o na l a nd management 

t r ea t ment comb i na t ions . Trad i t i ona l c ro s s - c l a s s i f ied 

a n a l y s e s  o f  v a r i ance d id not reveal l a rg e , cons i s tent nor 

e co nomi ca l l y  impo r t a n t  ewe breed x nu t r i t i ona l treatment 

i nt erac t i on s . The concept of  ' breed s e n s i t iv i t y  versus  

s ta b i l i ty ' both on a n  a c ro s s  and a w i th i n  envi ronment ba s i s  

wa s adapted from a p l a n t  breed i ng pe r s pe c t ive . Wa ihora 

Romney ewe s were the mo s t  ' s tabl e ' , w i th i ndustry Romney 

a nd C oopwor th ewe s equa l in the i r  ' se ns i t iv i t y ' .  
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S cott i s h  B l ackface and 
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on three we l l -d e f i ned types o f  

showed that one type ( Lewi s )  wa s 

better o n  r e s eeded p a s ture whereas  the Newton S tewa r t  type 

w a s  better on the h i l l  for m i l k  y i e l d  and for lamb wean i n g  

we i ght . 

Ch'ang ( 1 9 6 3 ) s tud i ed the r e s pon se o f  Romn e y  Mar sh ewe s 

born a s  s in g l e s  or t w i n s  when gra z ed o n  a n  oe s t roge n i c  

r ed c love r sward or o n .  a control p a s t ur e . The genotype 

x p a s ture i ntera c t i on s  we re not s ig ni f i cant for date of 

l ambing , but wer e  s i g n i f i ca n t  for percent barren n e s s  i n  

one year . Among t h e  r e d  c l ov e r  ewe s there wa s a 

d i f f e r e nt i a l  redu c t i o n  i n  f er t i l i ty a c c o rd i n g  to whether 

t he ewe s  were them s e lve s born as s i ng l e s  or as twi n s . 

L a x  and Turner ( 1 9 6 5 ) exami n ed st ra i n  x loca t i o n  and other 

i nt erac t i on s  on survival  rate to wea n i ng of f ive s t ra i n s  

o f  Mer i no lambs at thr e e  loca t i on s . At o n e  of  the loca t i o n s  

( Armida l e ) ,  per forman c e  on n a t i ve a n d  on improved pa s t u r e  

w a s  t es ted . There wa s no s igni f i ca n t  l oc a t i o n  x s t r a i n  

i nt e r a c t i on . 

Dun lop ( 1 9 6 3 ) a l so f ound n o  s i gni f i ca n t  s t r a i n  x l oc a t i o n  

i nt erac t i on e i ther i n  n umber of lambs born or number weaned . 

I n  a f urther report de H a a s  a nd Dun l op ( 1 9 6 9 ) found 

s ig ni f i ca n t  loca t i on x s t r a i n  i nt e r a c t ion s i n  l amb ing 

p e r forman c e  but noted the i n t e r a c t i on s w e r e  not l arge e nough 

to sugg e s t  any marked adap ta t i on o f  s t ra in s  t o  par t i cu la r  

l oc a t i on s . 

G i l e s  ( 1 9 6 8 ) exami n ed the e f f e c t  of  nut r i t io n  from wea n i n g  

t o  1 4  mon t h s  o f  a g e  on lamb produ c t i o n  a n d  po s s ible genotype 

x p l a ne o f  nut r i t i o n  i n te r a c t i o n s  i n  the produc t i o n  

c haracter s of  f iv e  Mer i no sheep f lo cks . There we r e  

s ig ni f i cant p lane o f  nut r i t ion x s e l ec t i on f lock i nt e r ­

a c t ions i n  the pe r c e ntage o f  ewe s pregnant a n d  percentage 

o f  l amb s 

s y s tema t i c  

that s u r v i ved t o  wean i n g . The s e  were not 

in regard t o  the se l e c t i o n  a ppl i e d , and s i n c e  
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the s ub- f l ock number s  we re sma l l , they we re c on s i de red 

t o  be due to cha n c e  e f f e c t s . 

T ie rney ( 1 9 7 6 )  r e po rted stud i e s  o n  g ene t i c  a s pect s o f  

p uberty i n  Mer ino ewe s a t  two d i f f e r e n t  leve l s  o f  nu tr i t ion 

which revea l ed a s ig n i f i cant intera c t ion be twe en s tr a i n  

a nd leve l o f  nutr i t i on for the percentages of  ewe s exh i b i t ­

i ng oe s trus b y  7 a n d  1 5  month s o f  age , re spec t i ve ly .  

Purser ( 1 9 8 0 , c i t ed by S t ea ne , 1 9 8 3 ) reported on the 

r eproduct ive p e r f o rmance of l i n e s  s e l e c ted for c a non bone 

l ength . The re s u l t s  on two f a rms d i f f er ing in envi ronment 

( up l a nd a nd h i l l )  c l ea r l y  s howed on interact ion for number 

o f  lamb s  bo rn and morta l i ty .  

P u r s e r  ( 1 9 8 2 ) s h owed a g e notype x e nv i ronme nt i nteract ion 

by the d i f f e rent corr e l a ted e f fec t s  on l amb produ c t ion 

in t wo e nv i ronme n t s  a f ter s e l e c t ion f or c a non bone length 

i n  S c ot t i sh B la c k f a c e  l ambs . 

2 . 3 . 7 . 5  Othe r  Tr a i t s 

B lood character i s t i c s  were exam ined i n  the s tudy by K i ng 

e t  a i . ( 1 9 5 9 ) , i nvo l v i ng twin lambs of  two breed s and f i ve 

c la s s e s  under f ou r  nu t r i t iona l e nv i ronmen t s . They found 

s igni f i ca nt c ro s s  x 
2 N . P . N .  ( mg / 1 0 0 ) but 

p lane of n ut r i t i on i ntera c t i ons f or 

not for Hb , t o t a l prote i n , a lbum i n /  

g lobu l i n  rat i o ,  s u ga r s , inorga n i c  pho s pha te , se rum a lka l in e  

phospha t a s e . The i r  r e s u l t s  i nd i c a ted a d i f fe rent i a l  

r e s po n s e  of  t he g eno type s to d i f ferent p l a ne s  of nutri t ion 

a nd s o  the ne c e s s i t y  of  u s ing u n i f orm genotypes i n  

n ut r i t i o n a l  exper imenta l de s igns was f e l t  ( Pa n i  and La s l ey , 

1 9 7  2 )  . 

H ohenboken ( 1 9 7 6 ) f ound an important ewe breed x management 

i nterac t i on f o r  t o ta l g ro s s  i nc ome , o n  i rr igated pastures  

S u f fo l k s  a nd Wi l l ame t t e s  were nea r l y  i dent i c a l but on 

h i l l  pa s tu r e s  W i l l a me t t e s  exceeded S u f f o l k s . 
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W i ener ( 1 9 7 9 )  s tud ied the inhe r i tance o f  d ie ta ry copper 

and showed c l ea r breed d i f ferences . The North Rona ldsay 

e a t s s eawe ed i n  its natural envi ronment and i s  a l s o  very 

e f f i c ient in term s of c opper absorpt i on . The We l sh Mounta i n  

i s  al s o  an e f f i c i ent absorber o f  copper wherea s the Scot t i sh 

B l a ck face i s  not . On what i s  r egarded a s  norma l sheep 

d i e t s  the N orth Rona l d s a y  is c le a r l y  d i sadvantaged s i nce 

i t  su f f er s from coppe r poi son i ng . 

Changes i n  coppe r concentrat i on i n  the l i ve r s  of  adu l t  

S c ot t i sh B l a ckface ( B ) , W e l s h  Mount a i n  ( W )  and B x W ewe s 

f ed d i ets c ont a i n ing 4 ,  9 ,  1 7  and 2 9  mg Cu / k g  D . M .  were 

mea su red ove r  a 2 8 -week per i od by Wool l i ams , Sutt l e , Wi ener 

et al.. ( 1 9 8 3 ) . Leve l s  of Cu v a r i ed w i th breed and w i t h  

d i et . B l ackface ewe s retai ned no m o r e  f r om t h e  h i gh e s t  

i ntake of  Cu than t h e y  d id when they received 0 . 5 9 of  the 

amoun t . Th i s  sugges ted a saturat i on o f  the mechani sm of  

a b s or pt ion and thu s a l im i ted capa c i t y  to absorb Cu . 
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- - ,  B l a ck fa ce x We l sh ; , We l s h . ( Wool li ams 
e. t  al.. . ,  1 9 8 3 ) 
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The absence o f  

the bas a l  d ie t  

may re f l e c t  t he 

of  Cu , reduced 

the breed s . 

breed d i f f e rence s d u r i ng period 3 ,  when 

wa s s upplemen ted w i th ammonium mol ybdate , 

fact  tha t Mo , by reduc i ng the ava i l ab i l i t y  

t h e  e f fe c t  o f  d i f ferent i a l  absorpt i on by 

Woo l l iams , W i e ne r , S ut t l e  and F i e ld ( 1 9 8 3 ) i nve s t i ga ted 

the c opper con tent of  woo l in re l a t i on t o  breed and the 

concentra t i o n s  of copper in the l iver and p l a sma . The 

Cu c oncent ra t i on of  the woo l showed an interac t i on be twe e n  

bree9 and d i et . N e i ther t h e  We l s h  n o r  t h e  c ro s s bred s howed 

a pa t tern of woo l  Cu corre s pond i ng to the Cu concentra t i o n s  

o f  the d i et s . 
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The d a t a  s tu d i ed i n  the pre sent i nve s t i ga t i o n  r e s u l ted 

f rom a l ong- t erm experiment i n i t i ated at Ma s sey Un i ver s i ty 

in  1 9 6 6  to detect a nd eva luate the importance of  s i r e  x 

s to c k i n g  rate and s i r e  x year i n tera c t i o n s  i n  cont ro l l ing 

various t ra i t s  i n  New Z e a l a nd Romney shee p . 

The o r i g i n  and ea rl i e r  management o f  the f l ock has been 

d e s c r ibed in other pape r s ( Ra e , 1 9 5 8 ; Ch ' a ng , 1 9 6 7 ) . 

S i n c e  i t s  e stabl i shmen t  i n  1 9 4 4  th i s  f l oc k  h a s  been ma i n ­

t a i ned by a s y stem of random breed i n g  a n d  random se lect ion 

o f  f em a l e  r e p l acemen t s . N o  a rt i f i c i a l  s e l e c t i on h a s  been 

p r a c t i s ed w i t h i n  the f l oc k  i . e .  ewe s we r e  k ept once they 

had entered t he f l ock whe ther ba rren or not unt i l  cu l l i n g  

a t  5 1 / 2 yea r s  o f  a g e . Th i s  wa s the ma i n  f lock u sed f o r  

der iv in g  ear l y  gene t i c  p a r ameter s i n  the New Z e a l a nd sheep 

i nd u s t r y  ( Ra e , 1 9 5 8 ; Ch ' an g , 1 9 6 3 ; Tr i pathy , 1 9 6 6 ; 

Lund i e , 1 9 7 1 ; Ch ' ang a nd Rae , 1 9 7 0 , 1 9 7 2 ) . 

I n  M a r c h  1 9 6 6  the f lock wa s s p l i t  i nto two s ub - f l ock s by 

d iv i d i n g  e a c h  age group a t  r andom . One subf l ock wa s 

a l l oc a t ed to a h igh stock i ng rate farm l e t  ( H SR ) , the othe r 

t o  a c ontro l  s tock ing r ate f a rm l e t  ( C SR ) . Th e gra z ing 

u n i t s  a nd their management have been d e s cr ibed by Sumner 

( 1 9 6 9 ) . A s ummary of  t he i mportant a spec t s  r e l evant t o  

th i s  s t udy are : 
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H SR : Approx ima te ly 2 2 0  m i xe d - age Romney ewe s were gra zed 

on a 1 0 . 1  h a  f a rm l e t . Unt i l  1 9 76 mo s t  of the ewe hogg e t s  

we r e  a l so r e a red on thi s  f a rm l e t , g i v i ng an ove ra l l  s tock i ng 

r a t e  o f  a bo u t  2 6  ewe equ iva l ents per ha . Howeve r  s tock 

per formance wa s v e ry l ow over s ever a l  drought y e a r s  and 

f rom 1 9 7 6  o nwa rd s the ewe hogge t s  were rea red of f the farm­

l e t  d ropp i ng the s to c k i ng rate to about 2 3  ewe equ i va lents  

per ha . 

C SR : 

1 7 .  4 
The s e  m i xed- age ewe s were grazed on a n  a d j o in i ng 

ha a t  a s t ock i ng r a t e  o f  about 1 6  ewe equ i va lents  

per ha . Th i s  f lock wa s s l i gh t l y l a rger but o f  s imi l a r  

age s tructure t o  the H S R  f l ock . 

Rep l a cement hogge t s  t o  enter the s ub f l ocks were s e l ec ted 

at r a ndom f rom t he s tock born a nd bred on the uni t . F rom 

1 9 7 6  s�wa rd s  a l l fema l e  hoggets were reared together . 

Wether l ambs were removed f rom the expe r imental a rea a t  

wea n i ng c �  soon a fter . 

Both f lock s were s e l f  s upport i ng except for rams . Young 

r am s  we re obt a i ned f rom var i ou s  Romney ram -breed ing f locks 

a nd f rom t he Ma s s ey Unive r s i t y  f lock whi ch had subgroups 

s e l e c ted for h igher g r e a sy f l e e c e  we ight , open face s a nd 

a t  r andom . There wa s l i t t l e  l ik e l i hood that i nbreeding 

o c c u r red i n  the f lock . 

The s ame r ams were u s ed f or both u n i t s . Each group o f  

r a m s  were u se d  f o r  two year s , a l l ow i ng i nve s t iga t i on o f  

t he p o s s i b l e  o c cu rrence o f  s i re x y e a r  interact ion . U n t i l 

1 9 7 6  each ram wa s hand mated t o  approxima t e l y  2 2  ewe s i n  

the HSR and t o  2 5  ewe s i n  the CSR . Th e s e  ewe s  were removed 

f rom the i r  f a rm le t  and p l a ced w i th the ram for one day 

a f ter they h a d  been marked by a va sectom i zed ram ha rnes sed 

w i th a ma t i ng c rayo n . S i nc e  1 9 7 6  ma t i ng g roups f rom both 

s to ck i ng r a t e s  have been paddocked together for 51 days , 

each w i t h  a s i ng l e  s i re on one or the othe r uni t .  I n  a l l  

y e a r s  the ewe s  w e r e  randoml y  a l loca ted to each s i re . 
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Al l rou t i n e  f a rm operat ions s uch a s  drenching , crutching 

and shea r i ng were carr ied out a s  near ly a l ike as  pos s ib l e  

on both uni t s . 

3 . 1 . 2  DESCRI PT ION OF THE DATA 

The f ema l e  progeny of the N ew Z ea l and Romney s i r e s  u s ed 

over the per iod 1 9 6 6 - 1 9 8 3  we r e  stud ied . I n i t i a l ly 1 0  s i r e s  

we re u s ed for each two year s i re mat ing pe r i od but i n  1 9 6 6 /  

1 9 6 7  a n d  1 9 7 2 / 1 9 7 3 the l o s s  of s ome r am s  be tween year s 

meant t h e  data f rom the prog eny o f  only 7 s i r e s  were used 

f or a n a l y s e s . Af ter 1 9 7  5 o n l y  5 rams we re u s ed i n  each 

per iod . The data from daug hter s of  s i re s whi ch were not 

u sed i n  both year s were exc luded . 

After b e i ng chosen at r andom f r om the yea r l i n g s  ava i lable 

ewe s r ema ined i n  the ma i n  f lock f or four y e ar s . There 

wa s n o  c u l l i ng over t h e s e  f ou r  y e a r s  but s ome deaths and 

d i sappe arance s occurred . O n l y  those a n ima l s  with f ou r  

yea r s  o f  r e cords as  bree d i ng ewe s together w i th the i r  

yea r l i n g  record we r e  i n c l uded i n  the ewe ana l y s e s .  Th e 

data avai lable we re there fore ba s ed on record s c o l l ec ted 

over s ix two-year s ir e  p e r i od s  

s ir e s  r epre sented ) and s even 

ana l y s e s  ( 4 9 s i re s  repr es en t e d ) .  

f or the ewe a na l y s e s  ( 4 4  

s i re per i od s  for hogget 

Appro x i ma te ly 1 0 0 0  daught e r - d am pa i r s  with c om p l e t e  r ecord 

s e t s  w e r e  ava i lable for daughter-dam regre s s i on ana l y se s . 
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Table 3 . 1 : N umber s  of  records us ed for pate rna l ha l f - s i b 

ana l y s e s  

S i re Y e a r s  s i r e s  No of  
No o f  progeny for 

Group u sed S i r e s  Hogget a na l y s e s  E w e  a na lys e s  
CSR HSR C SR HSR 

One 1 9 6 6 / 1 9 6 7  7 1 7 9  1 2 8  7 4  7 1  

Two 1 9 6 8 / 1 9 6 9  1 0 1 7 1  1 4 9  9 3  9 9  

Three 1 9 7 0 / 1 9 7 1  1 0 1 4 6  1 3 1  9 8  8 9  

Four 1 9 7 2 / 1 9 7 3  7 7 7  9 2  6 2  6 8  

F ive 1 9 7 4 / 1 9 7 5  5 7 1  8 4  5 1  5 0  

S i x 1 9 7 7 / 1 9 7 8  5 1 6 0  1 5 1  7 8  8 6  

S even 1 9 7 9 / 1 9 8 0  5 2 1 0 1 9 5 

1 0 1  4 9 3 0  4 5 6  4 6 3  

1 9 4 4  9 1 9 

( = 3 6 7 6  ewe re cords ) 

Data on the f o l low i ng cha ra c ter i s t i c s  were recorded : 

L i vewe i gh t  ( AWT o r  SWT : k g ) 

The l ivewe i gh t  u s ed i n  t h i s  s tudy wa s the po st - s hear ing 

( sp r i ng ) we i gh t  of hogget s  at 1 4 - 1 5 mon ths of age and the 

p rema t i ng ( Au tumn ) l i vewe ight of ewe s taken ear l y  March . 

I n i t i a l ly m e a s uremen t s  were t aken to the neare s t  pound 

but l a t e r  mea sureme n t s  were recorded to the nearest 0 . 5  kg . 

G r e a s y  f l ee c e  we ight ( GFW : kg ) 

GFW wa s r e corded i mmed i a t e l y  a f ter shea r i ng ( be l l y woo l 

wa s inc l uded ) .  The mea s urement of  GFW repre s ented a growth 

of o n l y  9 - 1 0 months for the hogg e t s  a nd of  1 3  months for 

the two year o l d  ewe s . 
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C l ean f l eece we ight ( CFW : kg ) 

C FW wa s c a l cu lated f rom the grea sy f l eece we ight and y i e ld 

mea sureme nt s .  

C l ean scoured y i e l d  ( Y : % )  

For the c a l cu la t i on of y i e l d  m i d - s ide samp l e s  were removed 

a t  shear i n g  for s cour i ng . The method s have bee n  d e s c r i bed 

by Sumner ( 1 9 6 9 ) .  Y wa s ca l c u la ted as 1 0 0 x c lean we ight / 

g reasy we i ght o f  the samp l e  where the c lean we i gh t  wa s 

obtained a f ter the wool had been i n  a hum i d i ty room a t  

6 %  R H  f or at lea s t  4 8  hou r s . 

Qua l i ty number ( QN )  

QN i s  a v i sua l  appra i s a l  o f  the s pi nnab i l i t y  and hence 

f inene s s  of  woo l . Bradford qua l i ty number s were u s ed ,  

where 4 6 / 4 8 i s  wr i t ten as  4 7 . 

Mean f i br e  d iameter ( MFD : urn ) 
MFD wa s measured on the s c oured mid - s ide 

hogg e t s  1 5 0 f ibres from each s ample wer e  

proj e c t i o n  micros cope and the mean ca l c u l a t ed . 

s amp l e . For 

mea sured by 

Ewe sample s 

were m e a s ur ed by a i r f low . I ncomp l e t e  mea s ur ement o f  MFD 

meant t h i s  tra i t  wa s not ana l y s ed i n  s i re g roup 4 o f  the 

hogget data . 

S tap l e  length ( SL : cm ) 

The length of a g reasy m i d- s id e  s t a p l e  wa s mea su r ed . 

Tota l c r i mp number ( TCN ) 

The number of  c r imps were counted over the who l e  length o f  

a grea s y  mid- s i de stapl e .  
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Cr imp f r equency ( CF : c r imps pe r cm ) 

CF wa s ca l c u l a ted f rom TCN and SL . 

S t a p l e  s t r e ngth ( SST : Newton s / kt ex ) 

The ma x i mum l oa d  be fore break i ng of  5 gre a s y  m i d - s ide 

s ta p l e s  wa s meas ured on a Houn s f i e ld Ten some ter . After 

c a l c u la t i ng the mean thi s wa s correc ted f or the y ie ld and 

conve rted i nto Newton s / k i lotex . 

Cha racte r , l u s t re , t i pp i ne s s ,  c ot t i ng , soundne s s , hand le , 

greasy c o l o u r  and scoured c o l ou r  we re subj e c t i ve ly a s s e s sed 

on the m id - s ide s ampl e s . The s e  were graded on a 1 to 9 

s ca le ,  the s core 9 be ing a l located to the express ion 

c on s i dered most d e s irable a nd 1 to the l ea s t  des i rab le . 

The s y s t em o f  g r a d i ng wa s d e s i gned s o  that theore t i ca l l y 

a norma l d i s t r i bu t i on m i ght be expected but i n  pra c t i c e  

thi s m i gh t  no t have occurred . 

Cha racter ( CHG ) 

C HG r e f l e c t s  the c la r i ty a n d  evenne s s  o f  s t a p l e  c r imp , 

a b s ence o f  tape r i ng t ip a nd medu l la t i on . A s taple w i th 

we l l -d e f i n e d  c r imps wa s g iven a h i g h  score . 

L u s tre ( LUS ) 

LUS grade s were a s s igned w i thout r e ference to f i ne n e s s , 

woo l s  w i t h  a m i rror - l ike re f l e c ta n c e  rece ived highe r grades . 

T i pp i ne s s  ( T I P ) 

T I P  r e f l e c t s  the degree of taper i n g  of  the t i p  w i t h  highly 

g r aded s ta p l e s  be i n g  f l at ( b locky ) at  the t i p . 
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C o t t i ng ( COT ) 

COT wa s a n  e s t ima te of the degree o f  f ibre e n t an g l ement 

o n  the m i d - s id e  pos i t ion . F l ee c e  s amp l e s  that were v e ry 

f ree w i th no b i nd ing be twee n  f i ne s taples  r e c e i ve d  top 

g rade s . 

Soundne s s  ( SOU ) 

A " s tandard" s i zed 

t en s i on . 

break ing . 

Tho s e  w i th 

H and l e  ( HND ) 

sma l l  

h igh 

s t a p l e  

grade s  

wa s tested unde r  hand 

showed l it t l e  s i gn of 

HND wa s 

s creened 

a s s e s sed w i thout regard to QN 1 

f r om the v i ew of t h e  a s s e s sor . 

w i th the s amp l e  

S o f t  wool wa s 

g iven a higher grade . 

G reasy colour ( GCM )  and scoured c o l ou r  ( S CM ) 

The se 1 t ak e n  on the m i d - samp l e  be fore and a f t er s c ou r i ng 1 

r e f l e c ted the amoun t  of d i s co l ou r a t ion . 

Cotted a r e a  ( CAG ) and d i s c o l oured area ( GCF ) g r ad e s  were 

a s s e s sed o n  the f leece a t  the t ime o f  shear i n g . CAG w a s  

depende n t  on t h e  degree and e x tent of ent a n g l ement over 

the who l e  f le ece 1 whi l e  GCF w a s e s t imated m a i n l y  on · the 

ba s i s  of  how far the d i s c o l ou ra t i on extended ove r  the f leece 

w i th ac count taken of  seve r i ty o f  di s c o l ou ra t i on . Mea sure­

ment of CAG a nd GCF wa s d i s cont i nued i n  1 9 7 9 .  

Number of l ambs born � et ewe ma t ed ( NLB ) 

W i t h i n  two days o f  bi rth l ive l ambs were tagg ed a nd the i r  

dams re corded . NLB wa s the n umber of l ive lambs a ewe 

had when the shepherd tagged t hem . No a l l owa n c e  i s  made 
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f or t ho s e  ewe s who c a rr i ed l ambs but which were born dead 

or d i ed s oo n  a f te r  lamb i n g . 

Numbe r of  l ambs weaned per ewe ma ted ( NLW ) 

Numbe r of  l a mb s  weaned pe r ewe i s  a record o f  whether z e ro , 

one or two l ambs born to a ewe were recogn i z ed i n  the flock 

a t  wea n i ng . 

Weight of  l amb we aned ( WLW ) 

At wea n i ng l amb we ight s we re mea sured . 

we ight of  the l amb ( s )  the ewe weaned . 

WLW wa s t he tota l 

W e i gh t  pe r lamb weaned ( WPL ) 

The average w e i ght of each lamb weaned by a ewe . 

As r ep ro du c t ive tra i t s  are part i c u l ar ly s ubj ect to 

e nv i ronme n t a l  varia t i on l i f e t i me per forma n c e  wa s a l s o  

i nve s t i ga te d  a s  tota l number o f  lambs born , t o t a l  number 

o f  l ambs wea ned and t o t a l  we i ght of lambs weaned by a ewe 

i n  the four y e a r s  she wa s i n  the ewe fl ock . 
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Tab l e  3 . 2 :  T ra i t  Abbrevi a t ions 

Tra i t  Abbrevi a t i on 

Wea n i ng we ight WWT 

Livewe i ght - Autumn ALW 

- S p r i ng SLW 

Greasy f l eece we ight GFW 

C l ea n  f l eece we i ght CFW 

Y i e l d  Y 

Qua l i ty number QN 

Mean f ibre d i ameter MFD 

S ta p l e  length SL 

Tota l cr imp n umber TCN 

Cr imp f requ e n c y  CF 

S ta p l e  strength S S T  

Cha racter g r a d e  CHG 

L u s t r e  grade LUS 

T i pp i n e s s  grade TIP 

Tra i t  Abbrevi a t i on 

Cot t in g  grade COT 

Cotted a r ea grade CAG 

Soundn e s s  grade SOU 

Hand l e  grade HND 

Grea s y  c o lour - mid s ide GCM 

Scoured c ol ou r  - m i d s ide SCM 

Di s c o l oured a rea - f l eece GCF 

Number l ambs born 

Number l ambs weaned 

We ight l amb weaned 

We i gh t  p e r  l amb weaned 

% l amb s urvived 

NLB 

NLW 

WLW 

WPL 

LS? 

N ot e : Sub s c r i p t s  a r e  used t o  denote age at which t r a i t  

re f e r s  t o  i e  GFW2 i s  2 yr o l d  f l eece we i g h t  

i s  l u s tregrade of  5 year o l d  
ewes 
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3 . 2  STAT I S T I CAL METHODS 

3 . 2 . 1  LEAST S QUARES ANALYSES AND COMPUTING METHODS 

As the d i s t r ibution of numbers of obs erva t i on s  in subc l a s s e s  

wa s non-orthogona l ,  g e nera l i z ed l e a s t  squares ana ly s e s  

we r e  ca r r ied out . T h e  pr i nc i ples  of l ea s t  squares ana ly s e s  

a nd t h e  d e t a i l ed s teps u s ed i n  the e s t ima t ion proc e s s  have 

been d i s c u s sed by Kempthorne ( 1 9 5 2 )  and Harvey ( 1 9 6 0 ) . 

A g e ne r a l mathema t i ca l  mod e l  can be wr i t t en i n  the mat r i x  

notat io n  as : 

whe r e  X = 

X = 

b = 

e = -

£ = X b + e 

a known ( N  X 1 ) vec tor o f  obs e rva t i ons 

( N  i s  t he t ot a l  numbe r of  obs e rvat i ons ) ;  

a known ( N  X p )  i n c idence mat r i x  

( p  i s  the numbe r of  factor s i n  the mode l )  ; 

an  unknown ( p  X 1 ) vector o f  p arameters to be 

e s t ima ted ; and 

a n  unknown ( N  X 1 ) vector of r a ndom res idua l 

e f fe c t s , a s s umed to be norma l l y  and i ndepend­

ently d i s t r i buted w i th an e xpe c ted va l ue of 

z ero and v a r i a nc e - covariance matr ix of  

! o 2 , where I is  a n  ( N  x N )  iden t i t y  ma tr ix . 

2 
W i t h  var ( � ) equa l to !O  , the appl icat ion o f  ord inary lea s t  

square s  g e ne r a t e s  be s t  l inear unb i a sed e s t imates o f  

e s t imab l e  f un c t i ons o f  b .  L e a s t  s quares e s t imat ion o f  

b i nvo lve s m i n im i z ing t h e  s um o f  the obse rvat ions f rom 

t he i r  e x p e c ted va lu es . H owever , given that s ome ind ivi dua l s  

had a c ommon s i re ( ha l f - s i bs ) a nd some i nd i v idua l s  ( twi n s  

a nd t r i p l e t s ) had both d am and s i re c ommon ( f u l l - s ibs ) , 
2 the va l id i ty o f  the a s s umpt ion var ( e )  = I o  i s  que s t ionab l e  

s ugge s t i n g  u s e  o f  g ener a l i z ed ra ther t han o r d i na ry l e a s t 

square s  e s t imat io n . 
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A s  the equa t i on s  do 

we r e  needed before 

not have fu l l  r ank s ome cons t r a i n t s  

a s o l u t ion cou l d  b e  obta ined . Th e 

con s t ra ints u sed , a l though not the only one s  ava i l ab l e , 

we r e  of  the f o rm I t  . = 0 ,  that i s  the " sum t o  z e ro "  1 
con s t ra ints . 

REG , a 

( G i lmou r , 

genera l i z ed l i near mode l s  computer programme 

1 9 8 5 ) wa s a va i l able for l ea s t  squares a n a l y s e s . 

Other program s w e r e  deve l oped a s  requ i r ed .  

3 . 2 . 2  F I TT ING MODELS TO THE DATA 

P r e l imi nary ana l y s e s  were a imed a t  i dent i fy ing whi ch f i xed 

e f f e c t s  shou ld be i n c luded in the l i nea r  model s appl ied 

t o  the data . I n i t i a l ly , m a i n  e f f e c t s  a nd a l l  f i r s t  a nd 

s econd order i nt e ra c t ions were f i tt ed for f i xed and random 

e f f e c t s , those i ntera c t i on s  con s i s ten t l y  non s i gn i f i c a n t  

a t  t h e  5 %  l ev e l  wer e  t h e n  dropped f rom further ana l y s e s . 

To s impl i fy c om pu t i ng procedu re s gener a l  mode l s  were . 

developed for t r a i t s  i nvolving s im i l a r  s i gn i f i ca n t  f ixed 

e f f e c t s . 

The f i na l u n i v a r i a t e  model to d e sc r i be quant i t a t i v e l y  

mea s ured tra i t s  w a s :  

whe re u 
b .  1 

ba . . + bt . 1 + a t  . 1 l J ·l J 

+ bat . .  1 + wtk l  
+ t r 1 + br . + s + s b . 

l J m 1m n 1 n  

+ st l 
+ e . . k l  n l J mno 

= over a l l  popu l a t i on mean 

= e f f e c t  o f  the i th b i rthyear 

i = 1 , 2 deno t i ng the f i r st or s e cond year 

s i r e  wa s u sed 
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a . J 

r 
m 

= 

= 

= 

= 

ba . .  = 
l. J 

e f f e c t  o f  the j
th 

age of  e w e  

j = 1 , . .  , 4  d e no t i ng the 2
nd , 3 rd , 4

th and 5
th 

yea r s  of age of  a ewe respe c t ive ly 

e f f e c t  o f  the kth c l a s s  of numbe r of  lambs born 

and wea ned 

k = 1 d e n o t e s  0 l ambs born i . e .  dry dry 

k = 2 denotes 1 l amb born but none pre sent at 

wea n i ng 

k = 3 denotes  1 lamb born a nd wea ned 

k = 4 denotes  2 lambs born but none weaned 

k = 5 denotes  2 l ambs born , 1 pre sent a t  

wea n i ng 

k = 6 d e n o t e s  2 lambs born a nd weaned 

( note : t r i p l e t s , a rare o c c u r rence , were 

i n c l uded in twi n  c a t e g or i e s ) 

e f f e c t  of  the l th s tock i ng r a t e  

1 = 1 or  2 d e noting control o r  h i gh s tock i ng 

r a t e s  

e f f e c t  o f  the mth rea r i ng rank o f  t h e  ewe 

m = 1 or 2 ,  s p e c i f y i ng ewe r e a red a s  a s in g l e  

o r  t w i n  
. th . th i n t e ra c t i on be tween l. b i r t h ye a r  and J age 

of ewe 

bt i l  = intera c t i on between i th b i rthyear a nd l th 

stock i ng r a t e  

a t
j l  = i nt e r a c t i o n  between j th age o f  ewe and l

th 

ba t . .  1 =  
l. J 

s tock i ng r a t e  

second ord e r  i n teract ion be tween i th b i rthyear , 

j th age o f  ewe and l th s tock i ng rate 

O t her i n t e r a c t io n s  s im i l a r l y  den o ted 

s n 

s b . 
l. n  

s t l n  

= 

= 

= 

e f f e c t  o f  t h  n s i re 

n = 1 , • .  , 7  for s i re group s 1 a nd 4 

n = 1 , • . , 1 0 for s i re groups 2 a nd 3 

n = 1 I • • I 5 f o r  s i re groups 5 , 6 a nd 7 

i n t e ra c t i o n  o f  
th 

s i re a nd . t h  b i rthyear n l. 

i nterac t i on o f  nth s ire and l t h  s tocking rate 
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e i j k lmno 
= r a ndom error pecul i a r  to the i j k lmnoth 

observa t ion , denot ing t h e  devi a t i on of  the 

obs erva t i on from the expected value under 

t h e  mode l 

A l l  f a c tor s i n  the mode l were con s i de r e d  a s  f i xed e f f e c t s  

ex cept the e .  ' k l  
, s , sb . a nd s t 1 , whi ch are de f i ned a s  1 J  mno n 1 n  � 2 2 2 

random e f f e c t s  w i th z ero mean and var 1 a n c e  oe ' o5
, os b  a n d  

o�t r e s pect ive l y . The e rror i s  f u r t h e r  a s s umed to b e  

n orma l l y  d i str i bu t ed for t h e  pu rpose s  o f  t h e  s igni f i ca n c e  

t e s t i ng . 

The mod e l  d e s c r i b i n g  categor i c a l  t ra i t s  wa s s imi l a r  ex cept 

that i nteractions w i th ewe rear i ng rank and betwee n  number 

o f  l ambs born a n d  weaned w i th s tock ing r a t e  were not 

i ncluded . 

The mod e l  for t h e  reproduc t ive tra i t s  number of  lamb s  bor n  

a nd n umber of  l ambs v1e aned d i d  not i n c l ude ewe rear i n g  

r ank a s  a f i xed e f f e c t  s i nce f i tt in g  th i s  c o u l d  r e s u l t  

i n  removal of s ome o f  the genet i c  v a r i a t i on a s s oc ia t e d  

w i th the trai t s . F o r  we ight of l amb weaned the mod e l  a l s o  

i nc luded whe r e  B = the par t i a l  regre s s i o n  B x  . . 1 1 J  mno 

c oef f i c i en t  of  we ight o n  age a t  wea n i ng a nd x . .  1 1 J  mno = t h e  

a ge a t  weaning ( i n day s ) 

. th . th b '  t h  ewe 1 n  e 1 1 r  yea r , 

born t o  the 0 t h  

th 
on the 1 s tock-

i ng · r a t e , r a i s e d  in  the 

l amb weaned a l s o  i n c l uded 

of  the l amb ( s )  

a t  the j t h  a g e , 
th m rea r i ng c l a s s . W e i gh t  p e r  

f or the number o f  c or r ec t i on 

l ambs a ewe weane d . 

A mode l t o  d e s c r ibe hogget data wa s g enerated i n  the same 

way as  for ewe d a ta but wi thout r ep r oduct ive i n f l uence s . 

The f in a l  mod e l  f o r  hogget tra i t s  wa s :  

+ s tj n  + e i j k l  

�here t e rms are a s  d e s c r i bed prev i ou s l y . 

s + s b . 
n 1 n  
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3 . 2 . 3  PARTI T ION I NG T HE VAR I AT ION 

The ana l y s i s  of va r i ance ( F t e s t ) wi l l  s how whe n s ubcl a s s  

m e a n s  d i f f er s ig ni f i ca n t l y  i n  a s ta t i s t i ca l  sense , but 

w i l l  g ive l imi ted i nf orma t ion on the s i z e of the d i f ference 

when l a rg e  numb e r s  of obse rvations r e s u l t  in many error 

d e g re e s  of freedom , s in c e  very sma l l  d i f ferences in sub c l a s s 

m e a n s  wi l l  then b e  s ta t i s t i c a l l y  s ig n i f i cant. T.o overcome 

t h i s ,  the propor t i on o f  var iance ac coun ted for by each 

f ac tor i n  the f in a l  mod e l  wa s c a l cul a ted from the r andom 

e f f e c t  var iance component s  a nd f i xed e f f e c t  quadra t i c  

c omponen t s . Quadra t i c  components we re e s t i ma ted by treating 

a l l f i xed e f fe c t s  as  random , w i th e s t i mated var i ance 

c omponen t s  approx ima t i n g  the quadra t i c  components . 

V a r i a t i on a ccounted f o r  by e a ch e f f e c t  wa s determi ned a s  

a p e r centage of  o v e ra l l  v a r i ance . 

d u e  to bi r t hyear ( %Vb ) 

q� X 1 0 0 

2 2 2 2 

F o r  examp l e , var i ance 

2 2 2 2 
+ q + qt + q  + qb + . . . .  + w r a 0 + 0 b+ O  t + 0 s s s e 

3 . 2 . 4  LEAST SQUARES E S T I MATES 

L e a s t  s qua r e s  e s t i ma te s  a nd s tandard e r ro r s  of  ma i n  f ixed 

e f f e c t s  a n d  s ig n i f i c a n t  i n teract ions we re compu ted for 
. p?.rlods . . a l l  s � re g roup � f o r  the c omb � ned s tock 1.ng rate a na l y ses . 

M a i n  e f f e c t  es t i ma te s  of  intere st we re p r e s ented , ex c l ud ing 

b i r thyear a s  these were s pe c i f i c  to e a ch s i re group and 

p a r t i cu l a r  year . S i re s  were i gnored t o  obt a i n  e s t i ma te s 

o f  the magn i tude o f  e n v i ronme ntal  e f fec t s . These e s t imate s 

we r e  r eq u i red a s  c o rr e c t i on factors for l a ter a na ly s e s  

a nd to a l low e valu a t i o n  o f  pos s i b l e  s ources of  the 

d i f fe r e n c e s  whi ch l ea d  to l arge between- g roup var ianc e s . 
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3 . 2 . 5  E S T I MATION OF VARI ANCE AND COVAR I ANCE COMPONENTS 

Hender son ' s  method 3 wa s the pre f e r red met hod bec a u s e  

v a r i a n ce a nd covar i a n c e  components  were requ i red f rom a 

m i xed mode l .  The vari ance componen t s  we r e  e s t imated by 

equ a t i ng the redu c t i on s  due to f i t t i n g  submode l s  to the i r  

expe c t a t i o n s  under t h e  fu l l  mod e l  ( Hend e r s on , 1 9 5 3 ; Harvey , 

1 9 6 0 ; Sear l e , 1 9 6 6 ; Cunningham , 1 9 7 0 ) . 

N e g a t ive v a r i ance component e s t ima t e s  were minimi zed s u c h  

t h a t  

m i n  o 2 ( co 2 - ! ) 2 
subj e c t  to o 2

;;; 0 

. 2 > 0 f . 1 1 e  o . = or 1 = , 1 • • • I k 

s i n c e  c a nd f wer e  known . Laws o n  a nd H a n s on ( 1 9 7 4 )  

d e s c r ibed a procedure for solving the con s t ra i n ed m i n im i z a ­

t i on probl em above , w h i c h  i s  d i s cu s s ed b y  Ander s o n  ( 1 9 7 8 ) . 

The v a r i a n ce component est ima t e s  of s i re , si r e  x stock i ng 

r a t e  and s i r e  x year i n teract ion s der ived f rom the ana l y s e s  

i n  c omb i ned s tock i ng rates , w i t h i n  s e par a t e  stocking rat e s  

a n d  w i th i n  age l eve l s we re u s e d  i n  determ i n ing the 

i mportance o f  genet i c  f actor s and genotype by env i ronment 

i nt e r a c t i o n s  on the tra i t s  under inves t i ga t i on .  

A l though not tota l ly of  gene t i c  or i g i n  the s i re x stock i ng 

r a t e  a nd s i re x y e a r  i nterac t i on v a r i a n c e  component s  wer e  

r e fe rred t o  a s  t h e  gen et i c  var iance a s  wel l a s  t h e  s i r e  

v a r i ance . Th i s  prov i ded simp l i c i ty when r e ferr ing to the s e  

s o u r c e s  o f  var i an c e  and enabl ed d i st i n ct i o n  f rom the 

e n v i ronmen t a l source s of var i ance . 

Chopra ( 1 9 7 8 ) used three c r i te r i a  der ived from intra c l a s s  

r e l a t i on s h i p s  betwee n  the var i an c e  components t o  inves t i ga t e  

i mportance of  GEI : 

1 • The r e l a t i ve magnitude o f  the i n t e ra c t i on v a r i a n c e  

c omponents ( in d iv idua l ly or c ombined ) to the t ot a l  

va r i an c e  

i e  2 2 
0 sb 0 st  

cl- 0 2 0 2 2 or 
o ? 2 0 2 0 2 

+ + + 0 +O s b  + + 
s sb s t  e s s t  e 
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2 
a t + S . 

2 .  The propo r t i o n s  which the s i r e  x s tock ing r ate a nd 

s i re x year i n t e r a c t i on var iance components contr ibute 

to the to t a l  gene t i c  var i a n ce 

i e  

2 2 
0 + 0 b + s s 

3 .  A compar i s o n  o f  the r e l a t i ve magni tude of the two p a r t s  

o f  the g e ne t i c  var i ance 

i e  

( or i n  s e p arate stock i ng rate s ) 

I f  the r a t i o  i s  l a r g e , the pe r f o rman c e  of  a genotype wou l d  

b e  l e s s  repea t a b l e  over a l l  env i r onme n t s  and vice ver sa . 

Hende r s on ' s method 2 wa s ut i l i z ed for e s t ima t i ng c ova r i a nc e  

c ompone n t s , a s  c o va r i ances between t ra i t s  w i th d i fferent 

mode l s  m eant precorre c t i on for f i xed e f f e c t s  wa s required . 

Cova r iance c ompo n e n t s  we re determi ned by ut i l i z i ng the 

f ormu la : 

var ( a + b )  = v a r  ( a ) + var ( b ) + 2 cov ( a , b )  

t he refore , 

var ( a + b )  - var ( a )  - var ( b ) cov ( a , b )  = 
2 
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3 . 2 . 6  POOLING OF S IRE GROUP PER IOD ANALY S E S  

I n  t h i s  study , 

group two year 

confounded . I t  

a s  there 

per i o d s , 
wa s thu s 

wa s n o  �on t i n u i  ty 

s i r e  and year 

deci ded t o  carry 

between s ir e  

e f f e c t s  we r e  

o u t  ana ly s i s  

w i th i n  each s i re group pe r i od . 

I n  orde r to poo l the r e s u l t s  of  l ea s t  s qu a r e s  ana ly se s  

over a l l  the s i re g roup p er i od s , the me thod s ugges ted by 

Cunn i ngham ( 1 9 7 0 ) wa s u se d . U s ing th i s  method , the s um s  

o f  squares and degr e e s  o f  f reedom wer e  added t o  obta i n  

overa l l  tota l s . The v a r i a nce c omponent s coe f f i c i ent s were 

obta i ned by averag ing s eparate s i r e  k ' s ,  we i gh t i ng each 

by i t s  corr e s pond ing s i re d egree s .  of  fr eedom . 

3 . 2 . 7  GENETIC AND PHENOTYP I C  PARAMETERS 

U s e  o f  data c or r e c t ed for env i ronmenta l  e f fect s for 

e s t imat ing genet i c  

the h e r i t ab i l i t i e s  

a n d  phenotypi c paramete r s  mea n s  

a nd corr e l a t i o n s  der ived a re 

that 

o n l y  

a pp l i cabl e t o  s i tua t i on s  whe re t h e  data have b e e n  simi l a r l y  

corrected e g . breed ing s cheme s . App l y ing an e s t imate o f  

h e r i t a bi l i t y  der ived f rom data whe r e  a dj u s tment s  had been 

made for non-gene t i c  e f f e c t s  t o  a s i tua t i on where data 

v1e r e  not norma l ly a d j usted wou ld lead t o  i n f l a t ed 

pred i ct io n s  o f  l i ke l y  gen e t i c  progre s s  from s e l e c t i on . 

E s t imates o f  her itabi l i t i es ( h2
) a nd gene t i c  corre l a t i on s  

( r2 ) we re derived for ewe hogge t s , ewe per formance , ewe g 
a verage l i fet ime per formance , w i th i n  e a ch s tocking r a t e  

a nd w i th i n  each a g e  a s  we l l  a s  ove ra l l .  
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3 . 2 . 7 . 1  S t a nd a r d  Errors 

As  t he e s t ima t e s  of  the pa rame ter a r e  a l so u s ed to 

c a l c u l a te the s tandard error , s tandard error e s t imates 

tend to vary i n  magn i tude w i th var i a t i on i n  the parameter 

e s t i ma ted . Th i s  is obs erved w i th low her i tabi l i t i e s  tend i ng 

to have sma l l  s ta ndard errors and h i gh he r i tab i l i t i e s  l a r g e  

s tandard e rror s . 

Henc e current me thod s o f  e s t ima t i ng s tandard erro r s  a r e  

o f t e n  i nadequa t e , r e s u l t i ng i n  b i a s ed e s t imate s . S t andard 

e rror s , where p r e s en t ed , we re c a l c u l a ted for comp l e tene s s  

o n l y . 

W i ckham and M c Ph e r s o n  ( 1 9 8 5 ) noted that genet i c  corre l a t ions 

exhi b i t  a h i gh degree of  variabi l i ty whi ch is  not r e ad i ly 

expl a i na b l e  i n  t erms o f  the pub l i shed s t andard e rror s . 

Heri tabi l i t i e s , phenotypi c  a nd g e ne t i c  

r a t i o s  a nd t h e r e  i s  n o  theore t i c a l  

corre l a t i o n s  

ba s i s  for 

c a l c u l a t ion of the s t a ndard errors of r a t i o s . 

3 . 2 . 7 . 2  Phenotypi c  Corr e l a t ions and Repea t abi l i ty 

a r e  

the 

The phenotyp i c  c o r r e l a t ion between cha r a c t e r s  x a nd y wa s 

d e f i ne d  a s : 

= 
cov PxPy 
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where x and y were recorded on the s ame i nd i v i dua l i n  the 

same or d i f ferent year s . St andard e rror s were not 

pre sen ted . 

Repeatab i l ity i s  o ften c a l cu lated a s  the 

a l a t e r  r ecord ( x )  on an e a r l i e r  record ( y )  

Young , 1 9 6 9 ;  Fa lconer , 1 9 6 0 ) . 

cov ( x , y )  
i . e .  

va r ( y )  

r e g re s s ion o f  

( Turner a nd 

Th i s  a s s ume s tha t , a p a r t  f rom the e f f e c t s  of  natura l 

s e l e c t i o n , the tra i t  h a s  t h e  s ame variance a t  both age s , 

a u se fu l  as sumpt i on for a s i tuat i on such a s  whe r e  s e l e c t i on 

wou l d  l ead to i nva l i d  e s t i ma t e s  of  the l a t e r  var i an c e . 

Howev e r , i f  the tra i t s  w e r e  i n  f a c t  d i f ferent a t  the various 

ages , then th i s  a s sumpt i on i s  inva l i d .  For examp l e , hogget 

f l eece we ight is con s i d e r e d  l ikely to have a d i f ferent 

genet i c  ba s i s  than ewe f l e ece we ight . As  no s y stema t i c  

s e l e c t i o n  ( other than n a t u ra l ) had been car r i ed out o n  

the s h e e p , between age c o r r e l at i on s  were u s e d  t o  e s t imate 

repeatab i l i t i e s  for th i s  study . 
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3 . 2 . 7 . 3  G e ne t i c  Pa ramete rs 

3 . 2 . 7 . 3 . 1  P a t e rn a l  Ha l f - S i b E s t ima t e s  

Mos t of  the pub l i shed e s t im a t e s  obt a i ned b y  the p a terna l 

h a l f - s i b  met hod a re based on a na ly s e s  o f  the s i r e  e f fects 

n e s ted w i th i n  years in a s in g l e  s tocking r a te a nd hence 

wou ld i n c l ud e  t he s i re x yea r i nteraction s  a s  p a r t  of the 

s i r e  ef feet . To s tudy the e f fect s of  the se a sp e c t s  of 

t he norma l method s of obta i n i n g  gene t i c  pa rame t e r s , the 

her i tab i l i ty and gene t i c  corre l a t ion e s t i ma t e s  were obt a i ned 

by both exc lud i ng ( E I )  a nd i nc l ud i ng ( I I )  the s i r e  i nter­

a c t ion term s . 

H e r i tabi l i t y  

H e r i tabi l i t i e s  were e s t imated a s : 

a )  c omb i ne d  s tock i ng rate ana l y ses 

2 0 2 

4 s hE I 
= 

2 2 2 2 
o s + o sb 

+ 0 s t  
+ oe 

( notat i o n  a s  u sed ear l i er i n  a n a l y s e s  o f  var i a nce ) 

a; 2 2 
2 

+ 0 sb 
+ 0 s t h i I 

= 4 2 2 2 2 
o s 

+ 0 sb + 0 s t  
+ oe 

b )  sepa r a t e  s to c k i ng r a t e  ana l y s e s  

2 
2 4 

o s hE I 
= 

2 2 2 
o s 

+ 0 sb + oe 

2 0
2 + 0

2 

4 s s b  hi I 
= 

2 2 
o s + 0 sb + a; 
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S i nce the denom i n a tors o f  the heri tabi l i ty e st im a t e s  i n  

thi s s tudy c on t a ined the i nt e r a ct ion variance c omponen t s , 

the method of e s t ima t i n g  t h e  var i ance of h e r i tabi l it y  

der ived by S w i g e r  .e t  a£ . ( 1 9 6 4 )  wa s inappropri a t e . A l arge­

s ample v a r i ance of her i tabi l i ty u s i ng mean squa r e s  r ather 

than v a r i ance c omponent s ( Kempthorne , 1 9 5 7 ; R a e , pers 

c omm ) wa s adapted to ca l cu la t e  the a pprox ima t e  s ta ndard 

e rror s of  the e s t imated her i ta b i l i t i e s . 

U s ing l ar g e  sampl e  theory , i f  

0 = = .Yi 
z 

where u .  a nd v .  a re cons t a n t s  and A , B , C ,  . . .  etc a r e  mean l. l. 
s quar e s , then l a r ge samp l e  var i a nce o f  8 i s  

v ( 8 )  
2W Cov ( WZ )  w2 

z 3 + � V ( Z )  = 

where v ( W )  2 v ( A )  = u 1 

V ( Z )  
2 

v ( A )  = v 1 

Cov ( WZ )  = u 1 v1 v ( A )  

2 2 + u 2 v ( B )  + u 3 V ( C )  + 

2 2 + v2 v ( B )  + v3 v ( C )  + 

+ u 2 v2 v ( B )  + u3 v3 v ( C )  

. . . 

+ . . . 

i e. for the w i t h i n  s toc k i n g  r a t e  h2E r  case : 

w 

z 

from m e a n  squa re s 

1 k 2  k 2  1 
W = ( k 3 ) M S S  + ( - k 1 k 3 ) M S SB + ( k 1 k 3  - k 3 ) M S E  

1 1 
Z = ( k 3 ) M S S  + ( kf 

k 2  1 1 k 2  
k 1 k 3 ) MSSB + ( 1  - kf- k 3 + k 1 k 3 ) MSE 
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S o  
1 

u 1 = k 3  

1 v 1 = k 3  

A = MS S 

then V ( A )  = 

V ( B )  = 

k 2  
u 2 

= k 1 k 3  

V ( MS S ) 

V ( 1v1S SB ) 

e t c  

k 2  
k 1 k 3  

B = MSSB 

2A2 
= 

k + 2 

2 B 2 
= k + 2  

k2 
u 3 = 

k 1 k 3  
1 
k 3  

C = MSE 

where k = df 

k = df 

1 k2  
k 3  

+ k 1 k 3  

( s ire ) 

( S SB ) 

I nter - t r a i t  Ge net i c  corr e l a t i o n s  

T h e  g enet i c  c o r re l a t ion betwe e n  t h e  t r a i t s  x a nd y wao _ 

e s t imated f rom the s i re and i nteract ion var i ance and 

covar i a nce compon e n t s  a s : 

= 

I I  = 

cov ( S  S ) X y 

cov ( S  S ) + cov ( SB SB ) + ( cov S T  S T  ) X ¥ X y X y 

Ta l l i s  ( 1 9 5 9 ) e s t imated a pproximate s ampl ing e rrors  of  

the gene t i c  c o rr e l a t ion s , but the pres ence of g enot ype 

by e nv i ronmen t  i n te r a c t ions made that method i napp l i cable . 

I n s tead s ta n d a r d  e r ro r s  were e s t i ma ted by the rat i o  method 

(Ra e , 1 9 5 0 ; Reeve , 1 9 5 5 ; Kempthorne , 1 9 5 7 ) f o r  mean 

square s , as for he r i t ab i l i t i e s . 
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I n t ra - t ra i t  Gen e t i c  C or r e l a t i o n s  

Yamada ( 1 9 6 2 ) pres en ted a f ormu l a  to e st imate the g e ne t i c  

c orre l a t i o n s  betwe en per forman c e  i n  two s t o c k i ng r a t e s 

a s  a quant i t a t i ve 

i nterac t i on . 

r g 
= 

expres s i on of s i re- s to c k i n g  r a t e  

where a s 1  and o 5 2 r e f er to gene t i c  s t a ndard dev i a t i o n s  i n  the 

s eparate s tock i ng r a t e s  
2 a nd (J ST the s i re x s tocking r a t e  var i ance i n  the c ombined 

a n a l y s i s .  

S t a ndard e r ro r s  were e s t imated by Rober t son ' s ( 1 9 5 9 ) f ormul a  

" [n t ( 1 - r
2

) + ( 1 -t )  J
2 + r  2

( 1 - t ) 2 
+ r 2

( 1 - t ) 2 

v
'

( r  ) = 
g ( N- 1  ) n2 t 2 

N ( n- 1  ) n 2
t 2 

I f  t i s  

whe r e  N = n umber of  s i r e  groups 

sma l l  

" 

v ( r  ) g 

n = pa i r s  of  obs e rvat i o n s  �armon i c  

mean of numb e r  i n  e a c h  env i r onment ) 

t = 1 /4 h
2

- i nt r ac la s s  corre lat i on of  

comb ined s to c k i ng rates 

and N i s  l arge 

[1 2 1 2 2 + nt ( 1 -r ) + r g = . g 

( N- 1 ) n 2 t 2 

F a l coner ( 1 9 5 2 ) · s tated that t h e  r a t i o  of  the ' c o r r e l a ted 

r e s pons e ' ( 6 ' G1 ) in envi ronmen t 1 t o  the ' d i r e c t  re spon s e ' 

( 6G 1 ) i s  
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where h 2 a nd h 1 a re the square root s o f  the h e r i tab i l i t y  

i n  e nv i ronment 2 a nd r e s pe c t ive l y  a nd rG i s  the i ntra ­

tra i t  g e ne t i c  c orre l a t i on between the two e nv i ronment s .  

An a s s umpt i on o f  equ a l  i ntens i ty of s e lec t i on was made 

in de r i v i ng the equa t ion . F r om the a bove e x pre s s ion i t  

fol lows , t h a t  a n  advantage o f  s e lect i o n  i n  the s e condary 

e nv i ronment wou l d  a cc r u e  o n l y  through an i ncrease of 

her i tab i l i t y . The i n c r e a s e  i n  her i tabi l i t y  wou ld have 

to be gr ea t enough to o f f s e t  the los s of e f f i c ie ncy through 

s e l e c t i o n  be i ng made in one envi ronment tha t ha s not exa c t l y  

the same g e ne t i c  ba s i s  a s  t h e  other e nv i ronment , i . e . , 

h 2 rG mu s t  be grea ter than h 1 • 

Gene t i c  Reg r e s s i o n s  

Gene t i c  r e g re s s ions we re c a l cu la ted s im u l taneous l y  w i th 

ger1 e t i c  c o r re la t i on s . They a re e spec i a l l y  u s e ful i n  

provi d i ng i n forma t ion on the magn itude of  t h e  response 

where c o r r e l a t i o n s  e x i s t . Al s o  if  the e s t imate of the 

gene t i c  v a r i a nc e  of o ne o f  the tra i ts i s  z e ro , mean ing 

r i s  i nd e t e r m i na te , then t h e  g e ne t i c  regre ss i o n  can s t i l l  g 
provi d e  i nforma t i on on the re l a t i on sh i p  between the t ra it s .  

bq X 

bg
y I I  

= 
c ov ( SxS

y ) 

E I  var ( S x ) bgy E I  = 
cov ( s s '  ) X V 
va r ( S  ) y 

c ov ( S S ) + c ov ( SB SB ) + cov ( ST ST ) X y X y X .:t 
v a r ( S  ) + var ( S B ) + va r ( ST ) X X - X  

c ov ( S  S ) + c ov ( SB SB ) + c�v ( ST S T ) 
= ·� x y  x y x y  

var ( S  ) + var ( SB ) + var ( ST ) 
y y y 
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3 . 2 . 7 . 3 . 2  Daughter - Dam Regre s s i on s 

The covar iance betwe e n  parent and of f spr i ng phenotypes 

e s t ima tes h a l f the add i t ive gene t i c variance ( Fa l coner , 

1 9 6 0 ) . Th i s  cova r i ance can be used t o  e s t imate he r i tabi l i t y  

( Lu sh , 1 9 4 0 )  a n d  i s  requ i red f o r  determ i n ing genet i c  

correlat ions ( Ha z e l , 1 9 4 3 ) .  

Lewer ( 1 9 7 8 ) d i s cu s s ed the three method s ava i l ab l e  for 

the e s t imat i on o f  the regre s s i on of o f f spring on parent 

when more than one o f f spr ing may occur pe r parent . 

K empthorne and Tandon ( 1 9 5 3 ) and Bohren , McKean and Yamada 

( 1 9 6 1 ) conc luded tha t , unl e s s  prog eny number s  per parent 

were high , then the regr e s s i on o f  each o f f spring on the 

parent , w i th the paren t s  record repea ted for ea ch add i t i ona l 

progeny , wa s mor e  e f f i c i en t  than the regre s s i on o f  the 

phenotypi c  mean of  a l l  progeny on the paren t s  record and 

at lea s t  a s  e f f i c ient as  the w e i gh t e d  regr e s s ion techn ique . 

S i nce the accuracy o f  an e s t ima t e  i s  d ependent u pon the 

number of obs ervat i o n s  and sma l l  p r ogeny groups woul d  have 

h a d  to be e l i m i na t ed , i t  wa s dec i d e d  to ignore s i r e s  rather 

than c a l c u l a t i n g  the regre s s i on on a n  i ntra - s i r e  ba s i s .  

Turner e t  af . ( 1 9 6 9 ) i n d i c at ed tha t whe n  a l l  s ir e  groups 

are run together and mat i n g  is at random the betwe e n  s i re 

cova r i ance s have zero expe c t a t ion . 

H e r i tabi l i ty 

H e r i tabi l i ty c a n  be e s t ima ted a s  e i ther twice the regre s s i on 

o f  daughte r  on dam , or twi ce the d aughter-dam corr e l a t ion . 

The true e s t imate o f  her i t ab i l i t y  i s  computed when both 

d am and daughte r  are of  the same a g e . Her i tabi l it i e s  we r e  

thus  ca l c u l a t ed w i t h i n  ea ch age pa i r  i e  dam hogge t  record­

d aughter h ogget record , 2 yr d am record 2 y r  d aughter 

r e cord and later combi ned a c ro s s  ages . However each a n ima l 

i n  the pa i r  wi l l  then have been observed i n  d i f f e r e n t  

y e a r s  f o r  w h i c h  t h e r e  i s  no a pp l i ca b l e  correct ion . The 
a n a l y s i s  wa s therefore c a r r i ed ou t o n  the data corrected 
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for ma i n  e nv i ronme nta l e f f e c t s  i n c l ud i n g  y e a r s  a nd i nter­

a c t ions , w i th the correc te d  sums of  squa re s ,  cro s s  produ c t s  

a nd d e g r e e s  o f  f r eedom be ing accumu l a ted a t  t he e nd o f  

e a c h  pa i r  o f  dam and daughter record year s . 

c ov ( P , O ) 
2 

Op 

P = parent 

0 = o f f s pr i n g  

The s ta nd a r d  errors o f  the her i tab i l i t i e s  w e r e  ca l c u l a ted by 

t he m ethod g iven by F a l co n e r  ( 1 9 6 0 ) .  

2 
a ,.  

b 
= 1 

N - 2  

2 
00 ( 2 
Op 

2 S t d  error h = 2 ob 

G e ne t ic Corre l a t io n s  

Comb i n i ng the cova r i a nce s between tra i t s  X a nd Y mea sured 

on both p a r ent a nd o f f spr i ng , forms the ba s i s  f or gene t i c  

corre l a t i on ( Ha z e l ,  1 9 4 3 ) . 

r g 

S t a ndard errors were e s t ima ted by the me thod g iven by Reeve 

( 1 9 5 5 ) 

V ( ) = .l_ [ .l_ ( 1 - r 2 ) 2 +.l_ ( 1 - r 2 ) (- l  rg f 2 g 2 g D 

2 2 
+ ( 1 -V cj ) { k ( 1 -Vp ) 

n c 2 

where C = 

V V __E___g ) + 2 k ( � - �P. ) 2 
c n D c 

n = progeny mea sured i n  e a c h  of  f 

f am i l i e s  
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3 . 2 . 8  CATEGOR I CAL ANALY SES 

Categor i ca l  var i a b l e s  occur when r e spon s e s  are r e c orded 

a ccord i ng to wh i c h  of a sma l l  n umber of c l a s se s the a n i m a l  

f a l l s  i nto r a th e r  than a s  mea surement s o n  a c on t i nuou s 

s c a l e . Some t i m e s  the c a tegor i e s  have a natu r a l order and 

c a n  be regarded as d i f f erent l eve l s  of a s i ng l e  unde r ly ing 

v a r i a b l e  - t h i s i s  a threshold mod e l . When t here i s  no 

n a t u r a l  order the ex trema l mode l appl i e s , it a s s um e s  each 

c a t egory repre s e n t s  a d i f f erent u nd er ly i ng var i a bl e . For 

examp l e , number of  lambs born c a n  be con s i dered an ex tre�a l 

t ra i t , s ince i t  i nvo lves f e rt i l i t y  ( 0  or 1 l ambs ) and 

f e c und i ty ( 1  o r  2 l ambs ) .  

B i nomi a l Tra i t s  

W i t h  b i nomi a l  d at a  t h e  mean i s  r e lated to the v a r i a nc e  

v i o l a t i ng the a s sump t i on s  of  c o n s t ant e rror v a r i an c e  and 

z ero c ova r i a n c e  betwee n  e rror t e rm s , r equi red in l e a s t  

s qu a r es ana l y s e s . 

The method of l e a s t  squares ( a s d e s c r i bed ear l i e r ) i s  s t i l l  

a c onvenient procedure for a na ly s i ng binom i a l t r a i t s  o n  

t he ( 0 , 1  ) s ca l e ; i t  i s  qu i t e  robu s t  t o  depar t u r e s  f rom 

n orma l i ty but , under a m i xed mode l ,  pred i c ted probab i l i t i e s  

a re not con s t r a i ned t o  the i nterva l 0 t o  1 ,  e sp ec ia l ly i f  

c on t i nu ou s  c ovar i a t e s a r e  i n c l ud e d  i n  the mode l .  The 

prob i t  t ra n s f ormat i o n  i s  common l y  u se d  to overcome t h e  

problem b u t  a n  a l te r n a t ive , the l ogi t t rans forma t i on , h a s  

r e c e n t l y · been promot ed be cau s e  i t  i s  " c l o s e l y  s im i la r " 

t o  the probi t and ea s i e r  to compute .  The standard logi s t i c  

d i s tr i but ion ha s mean z e r o , var i a n c e ll2/ 3  a nd known den s i ty 

f un c t i on ( G i lmour , 1 9 8 3 ; G i lmour , Ande r son and R a e , 1 9 8 5 ) . 

The logi  t t r a n s f orma t ion wa s appl i ed t o  reproduc t ive d a t a  

t o  ana l y s e  the bi nomi a l  t r a i t s :  



1 1  0 

had a l a mb or not ( fe r t i l i ty )  

had 1 or  2 lambs - having had a l amb ( fe cu n d i ty ) 

weaned a l amb o r  not - having lambed 

weaned t w i n s  or s i ng l e  - having had tw i n s  

weaned 1 l amb o r  n o t  - having had 1 l amb 

Mu l t i nom i a l  Tra i t s  

When a c at e go r i ca l  t ra i t  i s  d e f i n i t e l y  o r dered , i t  h a s  

been common t o  ana l y s e  c a tegory code s  a s  a cont inuous 

va r i ab l e . As the s ubj e c t i v e l y  graded t ra i t s  in  th i s  study 

we re g enerated to be norma l ly d i s tributed t h i s  wou ld s eem 

adequa te . However e x t r eme grades were r a re l y  u s ed a nd 

i t  wa s more a ppropr i a t e  to cons ider them a s  ex trema l or 

mu l t i p l e  thr e s h o ld t ra i t s . 

Tra i t s  a na l y s e d  a s  mu l t i nomi a l  

i n c l ud e d : 

tra i t s  

s ubj e c t ive l y  a s se s s ed woo l t r a i t s  

i n  t h i s  s tudy 

( CHG , LUS , T I P , COT , CAG , SOU , HND , GCM , GCF , SCM ) 

number o f  l ambs born ( 0 , 1  , 2 )  

n umber o f  l ambs weaned ( 0 , 1 , 2 )  

number o f  l ambs weaned , when the ewe had had twins 

( 0 , 1  , 2 )  

Mod e l s  o f  the s ame gene r a l  f orm a s  tho s e  us e d  in a na ly s i ng 

cont inuous d at a  were f i t ted in order to cons truc t ana l y s e s  

o f  d e v i a n c e . The d e v i a n c e s  a re d i str ibuted a s  Ch i - square 

v a r i a b le s . Te s t s  o f  s i g n i f i cance we re 

the t r a n s formed s c a l e , but f o r  ease o f  

lea s t  s q ua r e s  e s t im a t e s  o f  treatment 

r e t ran s f ormed to the or i g i na l  sca l e . 

pe rf ormed und e r  

i nterpreta t i on , 

e f f e c t s  wer e  
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Her i t a b i l ity e s t i m a t e s  we re d e r i ved from i n tr a - c l a s s  

cor r e l a tion s  obt a i ned by the l og i s t i c  l i near m i xed mode l s  

procedure ( G i lmou r , 1 9 8 3 ; G i lmou r , And e r son and Ra e ,  1 9 8 5 ) .  

The procedure i nv o l ve s  sett ing up m i xed mod e l  equ a t i on s , 

absor b i ng the r andom e f f ects  and obt a i n i ng max imum l i k e ­

l ihood solut i o n s  b y  i t erat ive rewe i ghted l e a s t  s qu a r e s  

ana l y s e s . 

u s ing the 

obta i ned . 

Th e rand om e f f ec t s  we r e  obta i ned by ba ck- s o l u t i o n  

f i n a l  f i xed e·f f e c t s . S t a n d ard error s we r e  n o t  
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C HAPT E R  FOUR 

RESULTS AND D I SCUSS I ON 

4 . 1  E S T I MAT ION OF NON -GENET IC FACTORS 

4 . 1  . 1  PROPORT ION OF VAR IANCE CONTROLLED 

Tab l e  4 . 1  s umma r i z ed the proportion of va r ia nce attr ibutable 

to e a c h  o f  the f a c to r s  in the mode l for each variable i n  

the c omb i ned s tock i ng r a te a ria l y s e s , poo led over the 

d i f f e rent s i re group pe r iods for hogget s and ewe s , respe c t ­

i ve l y . 

I n  both hogget a nd ewe a n a l y s e s  l i vewe i ght , grea sy f l eece 

we ight a nd c lea n woo l  we ight had the h i ghe st pe rcent 

va r i a t ion a c c ounted for by the mode l s ,  w i th only 22 - 2 7 %  

o f  t h e  va r i a t ion not exp l a i ned ( except ewe CFW , e rror = 
3 8 % ) . The mode l a l so contro l l ed a h i gh proportion of 

var i a t io n  for lamb wea n i ng we ight ( Table 4 . 1  . 1  ) .  L i vewe i ght 

a nd f l ee ce we ight m a y  have been more a cc u rate ly measured , 

w i th l e s s  ob s e rver va r i a t i o n  tha n othe � t r a i t s . 

The ewe mode l for a t ra i t  c on s i s tently e xp l a i ned a hi gher 

propo r t ion of the tota l v a r i a t ion t han the hogget mode l .  

Mo s t  hogget mode l s  ex p l a i ned o n l y  1 0  - 2 0 %  o f  the var i a t i on , 

wh i l e the ewe mode l s  e x p l a i ned 4 0  - 6 0 % . 

I n  the ewe a na l y se s  mo re var i a t ion wa s a c counted for by 

the mod e l  f o r  quant i t a t ive l y  mea sured t r a i t s  ( SL ,  TCN , 

Y ,  MF D ,  S ST ) than f o r  a s s e s sed t r a i t s  ( C HG ,  LUS , T I P , COT , 

CAG , H ND , GCM ) . Th i s  t rend wa s not obse rved i n  the hogget 

t ra i t s . 

The r e produc t i ve t ra i t s NLB a nd NLW had a low proport ion 

o f  v a r i a nce contro l l ed by the i r  mode l s . The we ight of 

l amb we aned mode l contro l led only 2 8 %  o f  the var i a t i o n  

but the i nc l u s ion o f  the n umber o f  l ambs meant t h e  mode l  

f o r  we ight per lamb wea ned contro l led 7 1 % o f  the var i a t ion . 



Table 4 .  1 . 1 : 

F a ctor 

Year 

Dam age 

Sex 

1 1  3 

P e r c e n t  of tota l v a r i a n c e  attr ibutable to 

each f actor i n  the c omb i n e d  stocking rate 

ana ly s i s  pool ed from t h e  d i f ferent sire group 

per iod s for weaning we i ght 

1'e.:rcent v a r i a n c e  accounted for 

both sexe s ewe l ambs 

6 . 5  7 . 6  

2 . 7  4 . 0  

2 . 3  na 

B i rth-rea r i ng rank 2 0 . 9  2 2 . 0  

S tocking rate 3 0 . 7  2 8 . 1  

Age weaned 0 .  1 0 .  1 
Year . age na 

Age wean e d  . s r  na 

S r  . dam age 2 . 2  na 

S i re 0 . 8  1 . 3 

S i re . year 0 . 3  0 . 8  

S i re . sr 

E rror 3 3 . 5  3 6 . 1  



Table 4 . 1 . 2 :  Percent o f  t ot a l  v a r i ance a t t r ibutable to each fa ctor i n  the combi ned s tock i ng rate __. 

ana l y s i s  poo l ed from the d i f f e rent s i re group pe r iod s for hogget tra i t s  ""' 

F a c tor SLW GFW CFW y QN MFD SL TCN CF SST 

Yea r  1 9 . 4  3 0 . 7  2 6 . 4  2 . 2  1 0 .  8 4 . 0  - 4 . 5  1 . 7 9 . 6  

Rea r i ng rank 2 . 2  1 • 5 2 . 4  - 2 . 3  - - 9 .  1 9 . 3  

S tock i ng rate 5 2 . 3  3 1  • 9 2 3 . 0  0 . 7  3 .  1 0 . 2  0 . 7  - - 1 • 1 
Age wea ned - - - - - - - 6 . 7  6 . 9  

Year . s r  0 . 5  5 . 2  3 . 8  7 . 9  2 . 9  5 . 0  2 . 6  - - 6 . 3  

S i re 0 . 4  1 • 8 3 . 2  4 . 3  5 . 7  7 . 4  1 0 .  8 9 . 7  8 .  1 3 . 4  

S i re . y r  1 • 4 1 • 5 1 • 7 0 . 5  1 • 9 1 • 6 0 . 2  0 . 8  

S i re . s r  0 . 4  0 . 4  0 . 8  2 . 3  0 . 9  1 • 0 1 • 4 

Error 2 3 . 3  2 7 . 0  3 8 . 7  8 2 . 1 7 4 . 3  8 0 . 5  8 4 . 3  6 8 . 4  7 4 . 0  7 8 . 8  



Table 4 . 1 . 2 :  Con t i nued 

Factor 

Yea r 

Rea r i ng rank 

S tock i n g  rate 

Age weaned 

Year . s r 

S i re 

S i re . yr 

S i r e . s r 

Error 

CHG 

3 . 2  

-

0 .  1 

-

2 . 2  

5 . 4  

1 • 8 

8 7 . 3  

LUS T I P  COT 

2 . 7  0 . 4  1 • 8 

- 4 . 9  -

0 . 2  - 0 . 5  

- 7 . 5  -

2 .  1 - 2 . 9  

5 . 7  3 . 4  5 . 5  

0 . 6  

0 . 9  

8 8 . 4  8 3 . 2  8 9 . 3  

CAG sou HND 

5 . 8  - 3 .  1 

2 . 5  

0 . 3  3 . 0  -

2 . 8  

- 1 5 .  5 0 . 6  

3 . 8  2 . 4  3 . 6  

1 • 0 0 . 8  2 . 7  

1 • 5 

8 3 . 8  7 8 . 3  8 8 . 5  

GCM S CM 

1 • 5 

0 . 9  0 . 9  

3 . 2  5 . 8  

2 . 4  1 • 1 

4 . 3  2 . 2  

3 . 2  1 • 8 

8 4 . 5  8 8 . 2  

GCF 

1 • 0 

5 . 7  

2 . 4  

9 0 . 9  

� 

� 

(J1 



Tab l e  4 . 1 . 3 :  Percent o f  tota l v a r i a n c e  a t t r i butable to each f a c tor in  the combi ned stock i ng rate _. 

_. 

a na l y s i s  poo led f rom the d i f f erent s i re group per i od s for adu l t  tra i t s  0'1 

Factor ALW GFW CFW y QN MFD SL TCN CF S S T  

B i rth y e a r  0 . 7  1 . 5 1 . 3 0 . 3  1 . 2 2 . 4  0 . 4  0 . 9  0 . 7  2 . 2  

Age 5 . 4  2 1  . 9 2 4 . 2  1 1  . 3 8 . 0  4 .  1 3 9 . 4  3 0 . 9  3 . 4  4 . 3  

No l ambs bor n / wea ned 5 . 9  2 . 2  2 . 0  4 . 3  1 . 2 2 . 3  0 . 4  0 . 4  0 . 4  4 . 3  

S tock i ng rate 4 7 . 9  2 5 . 7  2 1  • 9 2 . 3  1 . 3 1 5 . 9  4 . 9  0 . 3  1 • 8 1 7 .  1 

Rea r i ng rank 1 . 1 0 . 8  0 . 7  0 . 2  0 . 6  1 . 7 1 . 2 - 0 . 6  

Age . byr 1 4 . 1  1 1  . 7 1 3 . 0  1 4 . 0  1 1 . 1 1 2 .  6 7 . 2  8 . 8  5 . 0  1 2 .  0 

S tock i ng rate . byr 0 . 3  0 . 3  0 . 2  0 . 6  0 . 7  0 . 4  0 .  1 2 . 0  2 . 0  0 . 4  

S tock i ng rate . age 3 . 1 0 . 7  0 . 4  1 . 2 0 . 4  1 . 1 0 . 2  0 .  1 0 . 5  2 . 7  

Age . byr . s r 1 . 6 0 . 6  0 . 8  1 • 9 0 . 4  - - 0 . 6  1 . 5 6 . 0  

N l bw . s r 1 . 8 0 . 2  0 . 6  1 . 1 - - 0 . 6  - 0 .  1 1 . 9 

S r . rr 1 . 0 0 . 8  1 • 2 2 . 0  2 . 2  - 1 . 4 1 • 5 3 .  1 

Byr . rr 0 . 8  0 . 3  0 . 7  1 . 1 3 . 6  3 . 0  1 . 4 1 . 9 3 . 2  0 . 7  

S i re 0 . 7  2 . 5  2 . 6  1 . 6 3 . 0  5 . 9  2 . 8  2 . 6  3 . 4  0 . 8  

S i re . byr 1 . 0 2 . 0  1 • 6 2 .  1 2 . 6  3 . 3  2 . 0  1 • 3 3 .  1 1 . 3 

S i re . s r 2 . 0  1 . 1 1 . 1 1 . 3 1 . 7 2 . 2  1 . 6 1 • 6 1 . 6 1 . 7 

Error 2 2 . 6  2 7 . 7  2 7 . 7  5 4 . 7  6 2 . 0  4 5 .  1 3 6 . 4  4 7 . 1  6 9 . 6  4 4 . 6  ' 

1 Confounded w i th year o f  record 



Tab l e  4 . 1 . 3 :  Con t i nued 

Factor 

B i rth year 

Age 

No l ambs born / we aned 

S to c k i ng r a t e  

Rea r i n g  rank 

Age . byr 1 

S t c k i ng r a t e . by r  

S t o c k i ng r a t e . age 

Age . by r . s r 

S i r e  

S i re . by r  

S i re . s r 

Error 

CHG LUS 

0 . 7  3 . 4  

1 5 . 4  1 4 . 5  

0 . 9  1 • 1 

0 . 7  1 • 3 

0 . 2  0 . 1 

1 5 .  3 1 4 . 5  

0 . 5  0 .  1 

1 • 9 3 . 0  

3 . 2  5 . 6  

1 • 5 0 . 3  

1 • 6 0 . 9  

0 . 8  0 . 8  

5 7 . 3  5 4 . 4  

T I P  COT CAG 

1 • 4 1 • 8 0 .  1 

1 6 .  9 1 0 .  5 5 .  1 

0 . 4  1 • 0 2 . 7  

0 . 6  0 . 4  3 . 8  

0 .  1 0 . 8  0 . 8  

1 3 .  2 1 7 . 4  3 . 6  

0 . 5  0 . 6  0 .  1 

0 . 6  0 . 9  2 . 4  
- 4 . 6  4 . 7  

3 . 5  1 . 4 4 .  1 

0 . 7  2 . 8  1 . 8 

0 . 6  1 • 2 1 • 9 

6 1  • 5 5 6 . 6  6 8 . 9  

sou HND GCM SCM GCF 

1 • 4 3 . 0  2 . 8  0 . 3  2 . 6  

6 . 0  8 . 0  1 1  • 4 1 1  • 0 5 . 9  

3 . 3  1 • 9 3 . 5  0 . 2  1 . 1 

1 7 . 8  1 • 9 0 . 6  1 • 0 2 . 5  

- 2 . 4  - 0 . 5  0 . 2  

8 . 4  1 2 .  2 8 . 5  1 5 .  1 1 3 .  0 

0 . 2  - 1 • 3 1 • 8 1 . 0 

4 .  1 1 • 8 1 . 2 1 • 7 2 . 2  

7 . 4  2 . 9  6 . 8  1 1  . 2 1 4 .  7 

0 . 6  2 . 9  - 0 .  1 0 . 3  

- 1 • 9 2 . 0  0 . 2  0 . 8  

1 • 1 0 . 4  0 . 2  1 • 4 0 . 3  

4 9 . 7  6 0 . 7  6 1  • 7 5 5 . 5  5 5 . 4  

__. 
-....) 
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Table 4 . 1  . 3 :  Cont i nued 

F a c to r  

B i rth year 

Age o f  ewe 

Stock i ng rate 

Ewe l ivewe i ght 

Age . b  y r  1 

S t ock i ng r a t e . byr 

S tock i ng rate . age 

Age . by r . s r 

S i r e  

S i re . by r  

S i re . s r 

Error 

t-!LB 

0 . 6  

4 . 9  

3 . 3  
-

3 . 3  
-

0 . 3  

2 .  1 

-

2 . 4  

0 . 3  

8 2 . 8  

CO 

NLvl L i fe t ime NLB L i fet ime NU<J 

0 . 8  2 . 7  1 . 9 

4 . 4  na na 

2 . 7  1 5 . 5  8 . 8  

0 . 3  0 .  1 0 .  1 

3 . 3  na na 
- 0 . 4  0 . 3  

0 . 8  na na 

1 . 6 na  na 

- 2 . 4  1 . 4 

1 . 6 

2 . 2  

8 2 . 3  7 8 . 9  8 7 . 5  



Tab l e  4 . 1  . 3 :  Con t i nued 

F a c tor 

B i rth year 

Age o f  ewe 

S t o c k i ng rate 

Ewe l i vewe i ght 

Age at wea n i ng 

No l ambs weaned 

Age . by r  

S tock i ng r a t e . by r  

S t oc king r a t e . age 

Age . by r . s r 

S i re 

S i re . byr 

S i re . sr 

Error 

WLW WPL 

1 . 3 0 . 5  

5 . 7  4 .  1 

8 . 5  1 7 .  3 

1 • 2 -

- -

na 3 4 . 9  

5 . 4  6 . 9  

0 . 4  1 . 6 

0 . 8  2 .  1 

1 . 3 2 . 3  

- 0 . 2  

1 . 3 

2 . 3  1 • 1 

7 1  . 8 2 9 . 0  

L i f e t ime \vLW L i f e time WPL 

1 0 .  8 0 .9 
na na 

6 1  • 8 4� . 6 
0 .  1 

0 .  1 

na  31:;. 3  

na na 

0 . 9  0 .3 

na na 

na na 

1 . 6 

- 2. . 0 

2 4 . 7  1 3 . 9 

....., 

\0 
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The tota l v a r i a t i on expl a i ned by the se mod e l s  i s  higher 

than the v a r i a t ion exp la i n ed by mode l s  used by Lewe r ( 1 9 7 8 ) 

for hi s P e r e nd a l e  ewe ana l y s e s . H i s  mod e l  conta ined s imi lar 

envi ronmenta l e f f e c t s , a l though it  d i d  not i nc lude stock ing 

r a te , but e xp l a i ned only 1 8  2 5 %  of var i a t io n  for MFD 

a nd 3 0  - 4 0 %  f or FWT , a l though h i s  mode l s  for QN , CHG and 

NLW exp l a i n ed s im i l a r  amount s of var i a t i on . There wa s 

s ome var i a t i on i n  the overa l l  percent v a r i a t ion a ccounted 

for by the mod e l  betwe e n  th i s  study a nd those r eported 

by Chopra ( 1 9 7 8 ) , proba b l y  a r i s i ng from d i f ferent e s t ima t i on 

procedure s .  H owever , the magn i tude of importance o f  factors 

in the mode l wa s in agreement . 

A l though the overa l l  mode l  wa s stat i s t i ca l l y s i gn i f i cant 

( P  < 0 . 0 5 )  it cou l d  be seen tha t  the pe rcentage of v a r i a t ion 

contro l l ed by s ome f a ctor s , e spec i a l ly interact i ons , wa s 

l o w .  Some r e s e archers have u s ed grea ter than 2 %  a s  a 

c r i terion f o r  i nd i c a t i ng tha t e f f e c t s  were r e a sonably 

i mportant in a mod e l  ( Ha z e l  and Terri l l ,  1 9 4 5 , 1 9 4 6 ) . 

For mo s t  hog g e t  t ra i t s  year a nd s tock i ng rate a nd the i r  

i nteract i o n  e xp l a i ned t h e  h i gh e s t  proport ion of  v a r i a t i on . 

S im i l a r l y  f o r  ewe t r a i t s , w i th age and i nterac t ions of 

age w i th b i r thyear a nd s to c k i ng rate a l s o  of  importance . 

I n  the ewe m od e l  b i r t h  year wa s r e l a t ive l y  unimportant , 

whi l e  age x b i r thyear i n t e ra c t i on wa s h i gh l y  s ign i f i ca nt . 

Age x b i rthyear wa s comparable to a record year e f fect , 

a l though s ome o t he r componen t s  were i nc luded . 

Rear i ng r a nk h a d  no s i gn i f i cant e f fe c t  on most t r a i t s  i n  

t h e  ewe a n a l y s e s  b u t  w a s  i n c l uded f o r  comp l e teness i n  the 

f i n a l  mode l s . 

S i re a nd s i re i nt e r a c t i o n s  genera l ly 

5 %  of  the t o ta l v a r i a t ion but var i ed 

control led around 

f rom 1 . 4 to 1 0 % . 

The propor t i on wa s low for reproduct ive t ra i t s  ind i ca t i ng 

the impo r t a n c e  o f  c ha nc e  a nd unrecogn i zed e f fects a nd the 

i n f l uence of the ram the ewe wa s mated to as we ], l  as tha t 

o f  the s i re o f  the ewe . 
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S i re x a g e  i ntera c t ions were i nve st i gated but a s  they were 

non- s i gn i f i cant they were not i n c luded in the f i n a l  mod e l . 

4 . 1 . 2  ESTIMATES OF ENV IRONMENTAL EFFECTS 

4 .  1 .  2 . 1  L i  vewe i gh t  

Wean ing we i ght 

The overa l l  mean f or WWT , cor r e c ted to average age at 

weaning ( 9 0 . 3  d a y s ) , wa s 2 2 . 3  k g  whi ch i s  of s im i l a r  

rn a g n i  t u d e  t o  that determi ned i n  o t h e r  s tud i e s  ( C h ' ang and 

Rae , 1 9 6 1 ; Jury , Johnson a nd C l arke , 1 9 7 9 ; Newrnan , 

W i ckharn , R a e  and Ander son , 1 9 8 3 ) .  D i rect compar i son i s  

d i f f i c u l t  a s  age a t  wean i n g  i s  var i a bl e .  

Table 4 . 2 . 1  gives the mean wea n i n g  we ight and l e a s t  squar e s  

e s t ima t e s  o f  the envi ronmenta l e f f e c t s  e stimated for each 

s i re g roup . Both sexe s we r e  i n c l uded , w i th f ema l e s  be ing 

0 .  9 - 1 . 0 k g  l i ghter than we thers i n  h a l f  the s i re groups 

a nd 1 . 4 1 • 6 kg l i ghter in the other group s . Rae ( 1 9 6 1  ) , 

Ta i t  ( 1 9 8 3 ) and N ewrnan et a l . ( 1 9 8 3 ) noted ma l e s  were 1 . 5 kg 

heav i e r  than fema l es . 

Lambs f rom 3 y e a r  old ewe s had the highest wea n i ng we ight 

w i th a s l i ght decrease in WWT o f  l ambs f rom 4 year old 

ewe s and a l a r g e  decrea se for 5 year old ewe o f f spring . 

Most other stud i e s  have found o f f s pr i n g  from 4 year o l d  

ewe s t o  be heav i e s t  ( Newrnan e t  ai . , 1 9 8 3 ) . H oweve r , i n  

t h e  current s tu d y  t h e  age e f f ec t  i s  Ci. ff ected by stocking 

rate and the unu s u a l  trend s ma y be due to the hi gher stock­

ing rate ewe s producing l i gh t e r  l amb s a t  l a t e r  ages than 

the CSR ewe s .  e . g .  in s i r e  group two the ove r a l l  e f fe c t  

o n  l amb WWT o f  a 5 y e a r  o l d  darn i s  - 0 . 4 4 ! 0 . 2 0 k g  but 

the i nt e r a c t i on w i th s tock i ng r a t e  ind i c a t e s  tha t the CSR 



Table 4 . 2 . 1 :  Least squares estimates and standard errors of  envi ronmenta l e f f ects for weaning we ight ( kg )  

Factor 

Age of Dam 

Sex 

2 years 
3 yea rs 
4 years 
5 years 

Fema l e  
Wether 

Birth Rearing Rank 
1 1 
2 1 
2 2 

Stocking rate 
Control 
High 

Age at  Weaning 
( kg/day ) 

Genera l mean 
- corrected to 
average age at  
weaning 

Sire group 1 
1 966 / 1 967 

- 1 . 4 2 ± 0 .  23 
-0 . 1 1 ±0 . 2 1 

1 . 07 ±0 . 2 1 
0 . 46±0 . 2 2 

Sire group 2 
1968/1969 

Sire group 3 
1 9 70/ 1 9 7 1  

- 0 . 56±0 . 1 9 0 . 1 9 ±0 . 2 5 
0 . 56±0 . 19 0 . 64 ±0 . 2 1 
0 . 4 4 ±0 . 1 9 0 . 2 7 ± 0 . 2 2 

-0 . 4 4 ±0 . 20 - 1 . 10±0 . 2 3 

Sire group 4 
1 9 7 2 / 1 9 7 3  

-0 . 38±0 . 27 
1 . 30 ±0 . 26 
0 . 48±0 . 2 5 

- 1 . 40±0 . 26 

Sire group 5 
1 9 7 4 / 1 9 7 5  

Sire group 6 
1 9 7 7 / 1 978 

0 . 91 ±0 . 3 1 -0 . 3 1 ±0 . 2 2 
1 . 38±0 . 29 0 . 05±0 . 2 2 

- 0 . 36±0 . 30 0 . 1 6 ± 0 . 2 2 
- 1 . 9 3±0 . 3 2  0 . 10±0 . 2 2 

Sire group 7 
1 9 7 9 / 1 980 

Sire group 8 
1 9 81 / 1 982 

- 1 . 3 7 ± 0 . 20 - 0 . 84±0 . 2 3 
0 . 79±0 . 1 8 0 . 50±0 . 2 1 
0 . 61 ±0 . 1 8 0 . 3 7 ±0 . 20 

-0 . 0 3 ±0 . 1 8 -0 . 0 3 ±0 . 2 1 

-0 . 8 2 ±0 . 1 2 -0 . 8 3 ±0 . 1 1 -0 . 46± 0 . 1 3  -0 . 4 5 ±0 . 1 5 - 0 . 64±0 . 1 7 -0 . 47 ±0 . 1 3  -0 . 4 7 ±0 . 1 0 0 . 69±0 . 1 2 
0 . 82 ±0 . 1 2  0 . 8 3 ±0 . 1 1 0 . 46±0 . 1 3  0 . 4 5 ±0 . 1 5 0 . 64 ±0 . 1 7  0 . 4 7 ±0 . 1 3 0 . 4 7 ±0 . 1 0 - 0 . 69±0 . 1 2 

2 . 3 7 ±0 . 2 4 
-0 . 00±0 . 40 
- 2 . 3 7 ±0 . 2 3  

2 . 40±0 . 2 1 
-0 . 1 7 ±0 . 3 4 
- 2 . 2 4 ±0 . 2 2 

2 . 09 ± 0 . 30 
0 . 2 5 ±0 . 49 

- 2 . 3 4 ±0 . 3 1 

2 . 02 ± 0 . 28 
0 . 1 0 ±0 . 4 5 

-2 . 1 2 ±0 . 3 4 

1 .  9 5 ± 0 .  36 
0 . 7 7 ± 0 . 59 

- 2 . 7 2 ±0 . 40 

2 . 60±0 . 2 2 
-0 . 08±0 . 36 
- 2 . 5 1 ±0 . 2 3  

2 . 08±0 . 1 8 
0 . 1 8 ±0 . 2 7 

- 2 . 2 7 ±0 . 1 8 

1 . 20 ±0 . 1 4 2 . 4 1 ±0 . 1 5  2 . 7 4 ±0 . 1 6 2 . 1 7 ±0 . 1 7 2 . 4 4 ±0 . 1 9 0 . 97 ±0 . 1 3 2 . 7 9±0 . 1 1  
- 1 . 20±0 . 1 4 - 2 . 4 1 ±0 . 1 5  - 2 . 7 4 ±0 . 1 6 - 2 . 1 7 ±0 . 1 7 - 2 . 4 4 ±0 . 19 -0 . 9 7 ±0 . 1 3 - 2 . 79±0 . 1 1 

0 . 1 1 ±0 . 01 0 . 09±0 . 01 0 . 18±0 . 01 0 . 1 5 ±0 . 01 0 . 1 6±0 . 0 2 0 . 1 9±0 . 01 0 . 1 4 ±0 . 0 1 

2 3 . 2 7 ±0 . 2 2 1 9 . 98±0 . 20 20 . 54±0 . 28 20 . 9 1 ±0 . 2 7 2 4 . 2 1 ±0 . 3 4 2 3 . 5 3 ± 0 . 20 2 1 . 6 2 ± 0 . 16  

2 . 2 2 ±0 . 20 
0 . 2 7 ± 0 . 29 

- 2 . 49±0 . 1 9 

2 . 2 2 ±0 . 1 2  
- 2 . 2 2 - 0 . 1 2 

0 . 1 5 ± 0 . 01 

2 4 . 66±0 . 1 6 

N N 
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e f fect i s  + 1 . 0 4 kg whi l e the HSR e f f e c t  i s  - 1 . 0 4 kg . The 

poor per f orma n c e  o f  o lder ewe s on the HSR wa s proba b l y  

r e l ated t o  teeth we a r  in drought yea r s . 

S t ocking rate wa s the e f f ec t  contro l l i ng mo s t  o f  the 

v a r i a t ion in WWT ( 3 0 % ) . Tab l e  4 . 2 . 1  i nd i ca t e s  tha t the 

h i gh s tock in g  rate l amb s were 1 . 8 t o  5 .  6 kg l i ghter than 

the CSR l ambs a t  wean ing . Joyce , C l a rke , Mac l ean a nd Cox 

( 1 9 7 6 ) found a d i f f erence of 2 . 4  a nd 2 . 8 kg in  WWT between 

l amb s f rom ewe s on h i gh ( 2 6 e / ha )  and med ium ( 2 1 e / ha ) 

compared w i th thos e  f rom a l ow ( 1 6 e / ha ) s tocking r a t e . 

Numerous s tud i e s  

nutr i t ion duri ng 

l a mbs and tha t 

have e s tabl i shed that a low p l a ne o f  

pregnancy r e su l t s  i n  the b i r t h  o f  l i gh t  

l ow level s o f  f eed i ntake between b i r t h  

and 4 months r e s ul t s  i n  a s l owe r growth r a t e  ( S chincke l  

a nd Shor t , 1 9 6 1 ; 

P a ul l ,  1 9 8 4a ) . 

Al lden , 1 9 7 0 ; Langland s , Don a l d  and 

Of the tota l var i a t i on , 2 0 %  wa s cont ro l l ed by b i r th - r e a r i ng 

r ank, w i t h  l ambs born and reared a s  s ing l e s  being 1 • 5 

2 .  5 kg heav i e r  than l ambs born a s  twins and reared a s  

s i ng l e s  and 4 . 2  - 5 . 0  kg heav i e r  than those born and reared 

a s  twins . The reduc t i on i n  body we i gh t  of twi n s  wa s s im i l a r  

t o  those found i n  other s tud i e s  ( Ch 1 a n g  a nd Rae , 1 9 6 1  ; 

Lund i e , 1 9 7 1 ; H i gh t  and Ju ry , 1 9 7 1 ; Baker e t  al . ,  1 9 7 4 ; 

Jury , John son and C l arke , 1 9 7 9 ; Baker e t  a l . ,  1 9 7 4 ; E l l i o tt 

e t  a l . ,  1 9 7 9 ;  Rende l ,  1 9 8 5 ;  Newman e t  a l . ,  1 9 8 3 ) . 

B a rn i c oa t , Logan and Grant ( 1 9 4 9 , c i ted by Ch 1 ang a nd R a e , 

1 9 7 0 ) noted that the e s t imat e s  o f  a g e  of darn and type o f  

b i rth a n d  r e a r i n g  e f f e c t s  a r e  thought to b e  e s sent i a l ly 

r e f l ec t i on s  o f  the magni tude o f  pre-weaning nu t r i t i ona l 

h a nd i cap r e s u l t i n g  f rom a l owe r m i l k  produ c t i on o f  the 

y ounger d arns , or  in the c a s e  of twins , having t o  share 

p r e - na t a l  uter ine env i ronment a n d  p o s t -nata l mi lk supp l y . 

Ch 1 ang a nd R a e  ( 1 9 7 0 )  sug g e s t ed that the e f f e ct o f  be ing 

born or r e a r ed a s  a twi n wa s s uf f i c i ent to t r igger post 

wean ing c ompensa tory growth , where a s  the e f f e c t  o f  be ing 
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born t o  a young darn wa s i n s u f f i ci ent ly severe to i nvoke 

c ompe n s a to ry growth . 

The l in e a r  regres s i on c oe f f i c i ents o f  wea n i ng we ight on 

age at wea n i ng ranged f rom 0 . 0 9 to 0 . 1 9 k g / day , and were 

s imi l a r  t o  those reported prev ious ly ( C la rke a nd Rae , 1 9 7 6 ; 

Jury e. t a £ . ,  1 9 7 9 ; Re nd e l , 1 9 8 5 ; Wewa la , 1 9 8 1 ) .  

E x cept f or s to c k i ng r a t e  x darn age , i ntera c t i on s  were not 

i mpo r t a n t  for weaning we ight . 

Hogget S p r i n g  L i vewe ight 

Table 4 . 2 . 2  g ives the mean spring l ivewe ights of the 

hogge t s . I n  the f i r s t  four s i re group per i od s  the l ea s t  

s qua r e s  e s t imat e s  show there wa s a cons ide r a b l e  s tocking 

rate e f f e c t  on hog g e t  l ivewe ight , with LW depre s sed in 

the HSR g roup . The s e  r e s u l t s  a r e  i n  c lo s e  a greement w i th 

the r e s u l t s  o f  ear l i e r  s t ud i e s  on th i s  f lo c k  by Surnner 

( 1 9 6 9 ) a nd Chopra ( 1 9 7 8 ) . 

I n  e a r l y  spr i n g  the HSR hogget nut r i t ion wa s s evere ly 

r e s t r i c te d  to a l l ow l amb i n g  ewe s more pa s tu re a nd thi s 

trea trnen t  r e ta rded the body g rowth of the hogget s . After 

1 9 7 6  the hog g e t s  we re r emoved f rom the f lo c k s  and run 

togethe r , e f fe c t ive ly r emov i n g  the pra c t i c a l  s tock i ng rate 

e f fe c t  o n  hogget l ivewe ight a nd decre a s i ng the s tocking 

rate i n te ns i ty in the HSR ewe f lock . As a r e s u l t  the 

d i f f e r e n c e  in l i vewe i g h t  be twee n  the s tock i n g  rates i s  

lowe r  i n  the l a s t  three s i re group per i od s , l ower even 

than the d i f ference at wea n i ng s i nce the hogge t s  f rom the 

h i gh s to c k i ng rate have comp e n s a ted to some extent . 

Severa l exper iment s  ( Coop a nd C l arke , 1 9 5 5 ; Dona ld and 

Al ld e n ,  1 9 5 9 ) have observed tha t body we ight d i f f erence s  

betwe e n  we a n i n g  a nd 1 2  months o f  a g e  we r e  e l imina ted 

s ubs equent ly when a l l  a n ima l s  were expo sed to a common 



Table 4 . 2 . 2 :  Least squares estimates and standard errors of  environmen t a l  e f f ects for hogget l i vewe ight ( kg )  

Factor 

StocKing rate 

Control 
High 

Rearing Rank 

Sing l e  
Twin 

Age weaned 
( kg/day ) 

Gener a l  Hea n 
- corrected to 
average age at  
weaning 

Sire group 1 
1966/ 1 967 

4 . 9 3 ±0 . 2 3 
- 4 . 9 3 ±0 . 2 3 

0 . 5 3 ±0 . 2 3 
-0 . 5 3 ±0 . 2 3 

0 . 06±0 . 02 

3 2 . 5 1 ± 2 . 29 

Sire group 2 
1 968/ 1 969 

4 . 7 8±0 . 3 2 
- 4 . 7 8 ±0 . 3 2  

0 . 7 1 ±0 . 3 1  
-o . 7 1 ±0 .  3 1  

0 . 0 3 ±0 . 0 3 

3 3 . 56± 2 . 48 

Sire group 3 
1970/ 1 9 7 1  

2 . 8 9±0 . 2 5 
- 2 . 89 ± 0 . 2 5 

1 . 1  7 ±0 .  30  
- 1 . 1  7±0.  30  

0 . 07 ±0 . 02 

29 . 06 ± 1 . 7 5  

Sire group 4 
1 9 7 2 / 1 9 7 3  

3 . 81 ±0 . 29  
- 3 . 81 ±0 . 29 

0 . 96±0 . 4 2 
- 0 . 96±0 . 4 2 

0 . 1 2 ±0 . 0 2 

3 3 . 60 ± 2 . 07 

Sire group 5 
1 9 7 4 / 1 9 7 5  

1 . 1 0 ±0 . 3 1  
- 1 . 10±0 . 3 1  

-0 . 2 5 ±0 . 4 4 
0 . 2 5 ±0 . 4 4 

0 . 1 2 ±0 . 0 3 

3 4 . 57 ± 3 . 05 

Sire group 6 
1 9 7 7 / 1 9 7 8  

0 . 4 7 ±0 . 24 
-0 . 4 7 ±0 . 2 4 

1 . 06 ± 0 .  2 5  
- 1 . 06±0 . 2 5  

0 . 1 3 ± 0 .  0 2  

3 4 .  6 8 ± 1 . 8 1  

Sire group 7 
1979/ 1 980 

0 . 9 2 ±0 . 2 1  
-0 . 92±0 . 2 1 

0 . 76±0 . 2 1 
- 0 . 76±0 . 2 1 

0 . 09±0 . 02 

38 . 1 1 ± 1 . 87 

_. 

[\.) 
lJl 
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f avour a b l e  e nv i ronme n t . Howeve r , Henderson ( 1 9 5 3 ) observed 

that at 5 2  weeks of a g e , Romne y Marsh sheep which were 

s ubj e c t  to poor n u t r i t i ona l e nv i ronment f rom bi rth to 2 0  

weeks o f  age we re 2 8  l b  ( 1 2 . 4  kg ) l ighter than anima l s  

f avoured by a good n ut r i t i onal  envi ronment dur i ng t h i s 

per i od . Rea rdon a nd Lambourne ( 1 9 6 6 ) found the group 

i n i t i a l l y  on a l ow p l a ne of nutr i t ion made substant i a l  

comp e n s a tory we i gh t  g a i n s  when p laced o n  i mproved pa sture 

a t  n i n e  months of  age . 

The a n i ma l s  rea red a s  s i ng l e s  were hea v i e r  than those reared 

as t w i n s  but a l though 2 2 %  o f  the var i a t ion i n  l amb wean i ng 

we ight wa s a t t r ibutable t o  b i rth-re a r ing rank only 2 . 2 % 

wa s c o n t ro l l ed by th i s  t r a i t  i n  hogge t s . I n  an ear l y  study 

on t h i s  f l ock Ch ' ang a nd Rae ( 1 9 7 0 ) note d  that t ype of 

b i r t h  a nd r ea r i ng s imu l a t e  a r t i f i c i a l ly i mpo s ed leve l s  

o f  n ut r i t iona l treatment s and the i r  e f f e c t s  on po s t -wean i ng 

we ight g a i ns of  the i nd iv i dua l may be interpre ted a s  

mea s ureme n t s  o f  the degree o f  compensatory g rowth . The 

e s t ima t e s  o f  type of b i r t h  a nd rea r i ng e f f e c t  sugges ted 

that a v a r i a b l e  degree o f  pos t-weaning compensatory growth 

over the hogget s t a g e  occu rred i n  the i nd iv i dua l s  bor n  

and r e a r e d  a s  twi n s , i n  contra s t  with those born and reared 

as s i n g l e s  or t w i n s  reared s i n g l y .  A s im i l a r  s i tua t i o n  

wa s found i n  th i s  s t ud y  a s  t h e  d i f ference be t ween l ivewe ight 

o f  hogge t s  rea red as twi ns or s i ng l e s  wa s l owe r than 

d i f f e r e n c e s e x i s t i ng between the rea r i ng r anks i n  wea n i ng 

we ight . 

Betwe en - y e a r  e f f e c t s  a re c a u s e d  by factors such a s  nut r i t io n , 

c l ima t e  a nd managemen t  pecu l i ar to each yea r . Th i s  study 

s ugge s t s  tha t l i  vewe ight was e a s i ly a f f ected by year wi th 

1 9 . 4 % o f  the total var i a t i o n  contro l led . 
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Ewe Autumn L ivewe i gh t  

L i vewe ight s t ended t o  i n crease ove r  the per i od s tud i ed . 

Severa l f a c tor s were probably i nvol ved . P robably the m o s t  

important wa s tha t  from 1 9 6 9 / 1 9 7 0  o nwa rd there were seve r a l 

year s of qu i t e  s evere drought s  w i th t h e  high stock ing group 

rece i v ing part i cu l a r l y  poor 

qual i t y  appeared to improve 

the years s tu d i ed and f rom 

carr i ed on the i ntens ive area 

autumn nut r i t i on . P a s ture 

on the intensive area over 

1 9 7 6  onward the stock u n i t s  

we r e  r e duced . Th e s e  f a c t o r s  

wi l l  have a f f e ct ed a g e  e f f e c t s  a l s o . 

The s e  factors we r e  a l s o  r e f l e cted i n  the s tock i ng r a t e  

e f f e ct s , 

5 and 6 .  

w i th the d i f ference d e c re a s ing 

Stock i n g  rate contro l le d  the 

var i a t ion , exp l a i n i ng 4 7 . 9 % of the t o t a l .  

in s i re 

maj or i ty 

groups 

o f  the 

B i rth year wa s not a n  impor t a n t  s ource of  var i a t i on ; 

however age x b i rthyear , whi ch i n c luded a re cord year 

component ,  wa s s i g n i f i ca n t  ( 4 . 1 % o f  v ar i a t ion con t ro l l ed ) .  

Three or four y e a r  o l d  ewe s ha d t h e  h ighe s t  l i  vewe ight . 

Stocking rate x a g e  interact i on wa s s i gn i f i cant , cont ro l l ing 

3 . 1 % of the v a r i a t ion . Lang l a nd s , Dona ld and Pau l l  ( 1 9 8 4 ) 

found that l iv ewe i ght i n  ear l y  a du l t  l i f e  a nd s ome body 

dime n s ions we r e  reduced by a low p l ane of nut r i t i on ( 2 0  

c f  1 0  sheep / ha ) but the d i f fe ren c e s  dec l i ned w i th t ime 

and were not s i gn i f i c a n t  a f t e r  2 1 I 2 yea r s  i n  ewe s stocked 

as a du l t s  at 1 0 /ha or a f t e r  5 1 I 2 yea r s  i n  ewe s s tocked 

a t  2 0 / ha .  

Repr odu c t ive s t a t u s  of  the ewe s ta t i st i ca l ly contro l l ed 

5 . 9 % o f  the v a r i a t i on . Howeve r , s i n ce ewe l ivewe ight wa s 

taken prema t i ng i t  i s  l i ke ly t h a t  the b i o l ogy o f  the 

r e l a t ionship wa s that the number of lambs born and weaned 

wa s i n f luenced by ewe l i  vewe igh t . Ewes wbich d i d  not bea r  

o r  we an l ambs h a d  the h i ghe s t  l iv ewe ights , f o l l owed by 

thos e  that d i d  not wean l ambs born to them . E s t im a t e s  



Table 4 . 2 . 3 :  Least squares est imates and standard errors of  environmenta l e f fects for ewe li vewe ight ( kg )  
-l. 

N 

Factor 
Sire group 1 Sire group 2 Sire group 3 Sire group 4 Sire group 5 S i re group 6 ()j 

1966/ 1967 1968/1 969 1 97 0 / 1 9 7 1  1 9 7 2 / 1 9 7 3  1 9 7 4 / 1 9 7 5  1 9 7 7 / 1 978 

Age of ewe 
2 year s  - 0 . 70±0 . 3 1 - 2 . 06±0 . 3 7  -0 . 04 ±0 . 38 - 3 . 82±0 . 40 - 2 . 50±0 . 38 - 7 . 8 2 ±0 . 4 3 
3 years 1 .  5 3 ± 0 .  31 0 . 9 3 ±0 . 36 3 . 01 ± 0 . 38 - 1 . 70±0 . 40 4 . 1 4 ±0 . 3 7 1 . 06±0 . 4 2 
4 years 0 . 2 1 ±0 . 31 1 .  84±0 . 36 -0 . 1 3 ±0 .  38 2 . 59±0 . 40 0 . 7 3 ±0 . 38 4 . 6 3 ± 0 . 4 3  
5 yea rs - 1 . 04 ± 0 .  31 - 0 .  7 1 ± 0 .  36 - 2 . 84 ± 0 . 38 2 . 94±0 . 40 - 2 . 3 7 ±0 . 3 8 2 . 1 3 ±0 . 4 3 

No of Lambs 
Born/Weaned 
0 0 3 . 20 ± 1 . 4 4 1 . 88±0 . 80 3 . 1 7 ±0 . 81 2 . 0 1 ± 0 . 7 1  3 . 80 ±0 . 61 4 . 3 2 ± 0 . 65 
1 0 -0 . 0 7 ± 1 . 4 4 0 . 1 9 ±0 . 82 1 . 9 5 ±0 . 82 2 . 5 1 ± 0 . 96 2 . 1 7 ±0 . 69 1 . 8 5 ±0 . 94 
1 1 -0 . 58±1 . 4 1  - 1 . 61 ±0 . 67 - 1 . 5 1 ±0 . 6 7 - 1 . 3 4 ± 0 .  5 3  - 2 . 05 ±0 . 4 2 - 2 . 3 1 ±0 . 49 
2 0 - 1 . 8 5 ±6 . 1 1 3 . 01 ± 1 . 69 - 2 . 78 ± 2 . 6 5  o .  2 4 ± 1 . 85  1 .  3 2 ± 1 . 1 8  3 . 0 3 ± 1 . 30 
2 1 -0 . 64±1 . 1 7 - 3 . 56 ± 2 . 5 3 0 . 1 8 ± 1 . 38 0 . 5 5 ±0 . 92 - 1 . 05 ±0 . 8 5 - 1 . 79±0 . 81  
2 2 - 0 . 0 7 ± 1 . 56 0 . 10±0 . 96 - 1 . 01 ± 1 . 04 - 3 . 97 ±0 . 69 - 4 . 20±0 . 5 4 - 5 . 1 0 ±0 . 54 

Stocking Rate 
Control 6 . 99 ± 1 . 4 1 7 . 07 ±0 . 6 3 6 . 2 1 ±0 . 69 5 . 59±0 . 7 7 3 . 8 2 ±0 . 4 5 4 . 6 2 ± 0 . 38 
High -6 . 99 ± 1 . 4 1 - 7 . 07 ±0 . 6 3 -6 . 2 1 ±0 . 69 - 5 . 59±0 . 7 7 - 3 . 82 ±0 . 4 5 - 4 . 62 ± 0 . 38 

Rearing Rank 
Single 0 . 2 4 ±0 . 1 8 0 . 4 7 ±0 . 2 3 - 0 . 1 0 ±0 . 46 0 . 6 5 ± 0 . 66 0 . 1 9 ±0 . 39 1 . 4 5 ±0 . 2 6 
Twin -0 . 24 ±0 . 1 8 -0 . 4 7 ±0 . 2 3 0 . 10±0 . 46 - 0 . 65±0 . 66 -0 . 1 9 ± 0 . 39 - 1 . 4 5 ± 0 .  26 

Genera l mean 41 . 94±1 . 40 44 . 30±0 . 6 3  46 . 1 0±0 . 7 4  5 0 . 78±0 . 78 5 3 . 1 7 ±0 . 4 5 56 . 6 1 ± 0 . 38 



o f  the e f f ect on ewe l ivewe i ght of bea r i ng twi n s  but wea n i ng 

none had a h i gher s t a ndard error re f l e c t i ng the l ow number 

of ewe s i n  thi s  c l a s s . 

N umber of  l ambs born /weaned x s to c k i n g  rate intera c t i o n  

contro l l ed 1 .  8 %  of  t h e  var i a t ion , r e f l e c t ing the d i f fe r e n t  

e f fect o n  ewe l i vewe ight of the numbe r o f  lambs born /weaned 

in the two stock i n g  ra te s . 

4 . 1  . 2 . 2  Greasy and C l ean F l eece We ight 

The overa l l  averages and lea s t  s q u a r es e s t ima t e s  o f  

envi ronmenta l e f f e c t s  a r e  pre sented i n  tab l e s  4 . 2 . 4  a n d  

4 .  2 .  5 .  The hogge t f l ee c e  we ight s r e pr e s ented t h e  9 - 1 0 

months woo l growth betwe en lamb a nd hogget shea r i ng wh i l e 

the 2 year o l d  ewe f leece repre s e n t ed 1 3  mont h s  growth 

c ompared to 1 2  mon t h s  for the older ewe s . 

H ogget F leece We ight 

In a l l  the s i re g r ou p  per i od s  the CSR anima l s  had h igher 

GFW and CFW than the HSR anima l s , e x c ept sire groups 5 

and 6 ,  when the hogge t s  we re gra z ed together f r om wean i ng 

t i l l  s h ea r i ng a nd there wa s no d i f f e rence in GFW or i n  

CFW . There i s  con s id erable evidence tha t  the fl e e c e  we i gh t  

i s  i nvers e ly 

a pprox imat e l y  

1 9 6 9 ; Joyce 

Short ( 1 9 6 1 ) 

f e ed i n take 

r e l a t ed to the s to c k i ng rate and i s  

proport iona l to herbage i ntake ( Bubl a th , 

e t  a .f. . ,  1 9 7 6 ; Chopr a , 1 9 7 8 ) . S ch incke l and 

and A l lden ( 1 9 7 0 )  f ound tha t  low l eve l s  of  

be tween bi rth and 4 mont h s resu l t ed i n  1 2 %  

l e s s  wool a s  adu l t s , owi ng to a sma l ler f i br e  we ight . 

I n  ea r l y  work on th i s  f lock Sumne r  and W ickham ( 1 9 6 9 ) n o t e d  

t h a t  we igh t s  of  woo l s am p l e s  c l i pped e a ch month ind i ca t e d  

a more marked a nd more prol onged w i n t e r  and e a r l y  spr i n g  



-----

Table 4 . 2 . 4 :  Least squa res e s t imates and standard e rrors of envi ronmenta l e f fects for hogge t  f l c2c� 1. 12 i t;:1 ::.. ( ! �LJ )  

Factor 
Sire group 1 

1966 / 1 967  

GREASY FLEECE WEIGHT ( kg )  

Stocking Rate 

Control 
H igh 

Rearing Rank 

Single 
Twin 

Age Weaned 
( kg/day ) 

Gene ral Mean 
- corrected to 
average age at  
weaning 

CLEAN F LEECE WEIGHT ( kg )  

Stocking Rate 
Control 
H igh 

Rearing Rank 
Single 
Twi n  

Age weaned ( kg/day ) 

Genera l Mean 
- corrected to 
average age at  
weaning 

0 . 3 2 ±0 . 0 3 
-0 . 3 2 ±0 . 0 3 

0 . 02 ±0 . 0 3 
-0 . 02 ±0 . 03 

0 . 01 4 ±0 . 00 3  

3 . 1 6 ±0 . 3 1 

0 . 2 5 ±0 . 0 3 
-0 . 2 5 ±0 . 0 3 

0 . 02 ±0 . 0 3 
-0 . 0 2 ±0 . 0 3 

0 . 01 ±0 . 003  

2 . 4 7 ± 0 . 28 

Sire group 2 
1968/ 1 969 

0 . 54 ±0 . 04 
-0 . 54 ±0 . 04 

0 . 08 ±0 . 04 
-0 . 08 ±0 . 04 

0 . 00 5 ± 0 . 004 

3 . 20 ±0 . 3 2 

0 . 38 ±0 . 0 3 
-0 . 38 ± 0 . 03  

0 . 06 ±0 . 0 3 
-0 . 06 ±0 . 0 3 

0 . 004±0 . 003 

2 . 44 ±0 . 2 4  

S i r e  group 3 
1 970/ 1 9 7 1  

0 . 1 3  ± 0 . 0 3  
-0 . 1 3 ±0 . 0 3 

0 . 04 ± 0 . 04 
- 0 . 04 ± 0 . 04 

0 . 008±0 . 002 

2 . 99 ±0 . 2 2 

0 . 10 ±0 . 0 3 
- 0 . 10  ± 0 . 03 

0 . 0 3 ± 0 . 0 3 
-0 . 0 3 ±0 . 0 3 

0 . 00 7 ± 0 . 00 2  

2 . 29 ± 0 . 19 

Sire group 4 
1 9 7 2 / 1 9 7 3  

0 . 40 ±0 . 04 
-0 . 40 ± 0 . 04 

-0 . 02 ±0 . 06 
0 . 02 ± 0 . 06 

0 . 01 ± 0 . 00 3  

3 . 00 ± 0 . 30 

0 . 3 3  ± 0 . 0 3  
-0 . 3 3 ± 0 . 03  

-0 . 0 2 ± 0 . 05  
0 . 0 2 ±0 . 05 

0 . 009±0 . 00 3  

2 . 40 ±0 . 2 5 

S i re group 5 
1 9 7 4 / 1 9 7 5  

-0 . 00 2 ± 0 . 04 
0 . 00 2 ±0 . 04 

0 . 04 ± 0 . 06 
-0 . 04 ±0 . 06 

0 . 02 ± 0 . 004 

3 . 62 ± 0 . 41  

0 . 02 ± 0 . 0 3 
- 0 . 02 ±0 . 0 3 

-0 . 01 ±0 . 05 
0 . 01 ±0 . 05 

0 . 02 ±0 . 004 

3 . 2 1 ±0 . 3 4 

Sire group 6 
1 9 7 7 / 1 9 7 8  

0 . 02 ± 0 . 03  
-0 . 02 ±0 . 0 3 

0 . 06 ± 0 . 0 3  
-0 . 06 ±0 . 0 3 

0 . 0 1 ± 0 . 00 2  

3 . 07 ±0 . 20 

0 . 009±0 . 02 
- 0 . 009±0 . 02 

0 . 04 ±0 . 0 2 
-0 . 04 ±0 . 02 

0 . 008 ±0 . 002 

2 . 4 2 ±0 . 1 7 

Sire group 7 � 
1 97 9 / 1 980 0 

0 . 1 0 ±0 . 02 
- 0 . 10  ± 0 . 0 2  

0 . 06 ±0 . 0 2 
-0 . 06 ±0 . 02 

0 . 01 ± 0 . 002 

3 . 1 2 ± 0 . 20 

0 . 08 ±0 . 02 
-0 . 08 ±0 . 02 

0 . 04 ± 0 . 02 
- 0 . 04 ±0 . 0 2 

0 . 01 ± 0 . 002 

2 . 60 ±0 . 1 7 
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depr e s s i on o f  wool g rowth on the i n t e n s ively grazed a re a  

( HSR ) • 

Hogget s reared a s  s i n g l e s  had heavier f l eece we i ght s than 

those rea red a s  twin s  in mo s t  s i re group per i od s . The 

d i f ferences  ranged f rom 0 .  4 1 .  6 kg . The se are of  the 

s ame mag n i tud e a s  e s t i m a t e s  obta ined f rom other stud i e s  

( Tr i pa thy , 

C l ar k e  a nd 

1 9 6 6 ; H i g h t  and Jury , 1 9 7 1 ) .  

Carter ( 1 9 7 4 ) o n l y  obt a i ned 

However Baker , 

a d i f ference of  

0 . 1  in  the i r  s tudy on Romney hogget s ,  w h i ch i s  of the same 

order as that e s t imated by Chopra ( 1 9 7 8 ) of  0 . 0 6 and Ta i t  

( 1 9 8 3 ) o f  0 . 0 2 - 0 . 0 9 . I n  Mer i nos the l owered c l ean f le e c e  

we ight i n  t w i n s  wa s ma i n ly d u e  t o  a l ower tota l fol l i c l e  

number ( Tu rner , 1 9 6 1 ; Dun and Grewa l , 1 9 6 3 ) . Th i s  a r o s e  

ma i n l y  f rom a de f i c i en c y  i n  s econdary fol l i c l e s . However ,  

i n  Romney s a l though Sumner and W ickham ( 1 9 7 0 ) ind i c a ted 

a de l ay i ng of  secondary fo l l i c l e  maturat ion among t w i n  

a n ima l s  th i s  d e l a y  w a s only t r an s i en t  for by one year of  

a g e  a s im i l a r  secon d a r y / pr i mary rat i o  wa s obs erved for 

s i ng l e s  and twin s . Hence the d i f f erence in  wool we i ght 

may b e  a t t r i butabl e t o  l ower body s i z e or other f a c t o r s  

l owe r i ng the output p e r  f o l l i c le ( Ryder a n d  Stephen s on , 

1 9 6 8 ) . 

E s t im a t e s  o f  the e f f e c t  of a g e  at wean i n g  are i n  agreemen t  

w i th e s t ima t e s  o f  a ge shorn e f fe c t  o f  other author s .  I n  

t h i s  s tudy the range wa s 0 . 0 0 5  - 0 . 0 2 kg/da y . Hi ght and 

J u ry ( 1 9 7 1 ) obt a i ned e s t ima t e s  of  0 . 0 0 9  and 0 . 0 1 4  kg / d a y , 

wh i l e  Baker e t  a l . ( 1 9 7 4 ) e s t imated 0 . 1  k g / d a y . Ta i t  ( 1 9 8 3 ) 

f i t t e d  d a t e  of birth a nd ca l c u l a ted a - 0 . 0 1 kg /day effec t . 

Y e a r  and stocking r a t e  x year interac t i on s  we r e  s i gn i f i ca n t  

and c on t r i buted 3 0 . 7 % a n d  5 . 2 % o f  the tota l variabi l i t y  

r e s pe c t i v e l y  for GFW a n d  2 6 . 4 % a nd 3 . 8 % f o r  CFW . 
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Ewe F leece We ight 

As wi th the hogge t s, most o f  var i a t i on i n  f l eece we i ght 

i s  due t o  s t o c k i ng rate , the C SR an ima l s  produc i ng 

s i g n i f i c an t l y  mor e  than the HSR a n i ma l s . 

La ng la nd s  e t  a £  . ( 1 9 8 4 ) found that c l ean woo l produc t ion 

of  Mer i no ewe s g r a z ed a t  the h i gh stock i ng rate wa s con s i s t ­

e n t l y  lowe r t h a n  t h a t  o f  s heep a t  t h e  low s tocking r a t e . 

Age a nd a g e  x b i r thyear i ntera c t i o n  we re a l so h i g h l y  

s i gn i f i cant . A l though t h e  2 y e a r  o l d  ewe s appea r  t o  have 

the h i ghes t f l ee c e  we i ght the e a r l i e r  shea r i ng of  hogge t s  

a nd hence l onger per i od of growth of  the 2 year o l d  f le e c e  

would have con t r ibuted to th i s . H ight , Atki nson , S umner 

a nd B i gham ( 1 9 7 6 ) r e por ted that in Romney a nd Border 

L e i ce s ter x Romney ewe s GFW rea ched max ima at 3 yea r s  a nd 

d ec l i ned t he rea f t e r . B i gham , Sumner and Da l ton ( 1 9 7 8 ) 

c on f i rmed thi s  trend for a var i ety of breed s ,  a f t e r  correc t ­

i ng f o r  she a r i n g  i nt erva l i n  t h e  2 -y e a r - o lds . 

A l though the e f f e c t  wa s not cons i s tent , barren ewe s produ c ed 

about 0 . 1  5 kg more greasy woo l than tho se whi ch reared 

l ambs . Th i s  i s  s i m i l a r  to L ewer e t  a £ . ( 1 9 8 3 ) who reported 

barren Perend a l e  ewe s produced about 0 . 1  kg more wool than 

t ho s e  w i th s in g l e s  a nd 0 .  2 kg more than those w i th t w i n  

l ambs . T h e  e f f e c t  o f  reprodu c t ive s ta t u s  o n  c l ean f leece 

we ight is  l e s s  c l e a r , a l though barren ewe s had h i gher CFW 

i n  h a l f  the s i re groups . L a ng l a nd s  et a £ . ( 1 9 8 4 ) found 

that r e a r i ng a l amb reduced Mer i no woo l product i on by 0 . 1  5 

a nd 0 . 0 9  kg a t  the h igh and low s tock i ng rates re s pe c t i ve l y . 



Table 4 . 2 . 5 :  Least squares estimates and standard errors of envi ronmenta l ef fects for ewe greasy f leece weight ( kg )  

Factor 
Sire group 1 Sire group 2 Sire group 3 Sire group 4 S i re group 5 S i re group 6 

1966 / 1 967  1968 / 1 969 1 970/ 1 9 7 1  1 9 7 2 / 1 9 7 3  1 9 7 4 / 1 9 7 5  1 9 7 7 / 1 978 

Age of  ewe 
1 

2 years 0 . 7 7 ±0 . 0 3 0 . 5 2 ± 0 . 04 0 . 66±0 . 04 0 . 29±0 . 04 0 . 8 1 ±0 . 04 0 . 4 4 ±0 . 04 
3 years  0 . 28±0 . 0 3  0 . 0 2 ± 0 . 0 3  0 . 20±0 . 0 4 -0 . 1 1 ± 0 . 04 0 . 0 1 ±0 . 04 -0 . 0 3 ±0,. 04 
4 years - 0 . 2 7 ± 0 . 0 3  - 0 . 08 ±0 . 03 - 0 . 4 1 ±0 . 04 0 . 1 5 ±0 . 04 -0 . 48±0 . 04 - 0 . 1 0 ±0 . 0 4 
5 yea rs  - 0 . 78±0 . 0 3 -0 . 46±0 . 03 -0 . 4 5±0 . 04 -0 . 3 3 ±0 . 04 -0 . 3 5 ± 0 . 04 -0 . 38±0 . 04 

No of Lambs 
Born/Weaned 
0 0 0 . 1 6 ±0 . 1 6 0 . 01 ±0 . 08 -0 . 05 ±0 . 08 0 . 0 4 ±0 . 07 0 . 1 4 ±0 . 06 0 . 16±0 . 05 
1 0 -0 . 09±0 . 1 6 - 0 . 0 5 ±0 . 08 - 0 . 1 4 ± 0 . 08 -0 . 0 3 ±0 . 10 0 . 10±0 . 07 0 . 0 1 ±0 . 08 
1 1 - 0 . 06±0 . 1 5 0 . 0 2 ± 0 . 07 - 0 . 1 9 ±0 . 0 7 0 . 04 ± 0 . 05  0 . 04±0 . 04 0 . 00±0 . 04 
2 0 0 . 01 ±0 . 67 0 . 1 2 ±0 . 1 6 0 . 1 6 ±0 . 2 7  -0 . 26±0 . 1 9 -0 . 1 9 ±0 . 1 2 -0 . 08±0 . 1 1  
2 1 -0 . 0 3 ±0 . 1 3  -0 . 1 7 ±0 . 25 0 . 1 6 ±0 . 1 4  0 . 2 3 ±0 . 09 0 . 05±0 . 09 -0 . 0 1 ±0 . 07 
2 2 0 . 02 ±0 . 1 7  0 . 06±0 . 09 -0 . 06±0 . 1 0 - 0 . 0 3 ±0 . 07 -0 . 0 3 ±0 . 06 -0 . 08 ±0 . 05 

Stocking Rate 
Control 0 . 5 2 ±0 . 1 5 0 . 56±0 . 06 0 . 28±0 . 07 0 . 1 1 ±0 . 08 0 . 16±0 . 0 5 0 . 20±0 . 0 3 
H igh -0 . 5 2 ±0 . 1 5 -0 . 56±0 . 06 - 0 . 28±0 . 07 -0 . 1 1 ±0 . 08 -0 . 16±0 . 05 -0 . 20±0 . 0 3 

Rearing RanJ.;. 
S i ngle -o . o 1 ::o . n2 0 . 00±0 . 0 2 0 . 04 ±0 . 0 5 0 . 01 ±0 . 07 - 0 . 0 2 ± 0 . 04 0 . 1 3 ± 0 . 02 
Twin 0 . 0 1 ±0 . 02 - 0 . 00 ±0 . 02 -0 . 04 ±0 . 05 -0 . 0 1 ±0 . 0 7  0 . 0 2 ±0 . 04 - 0 . 1 3 ±0 . 02 

Genera l mean 3 .  7 1 ±0 . 1 5  3 . 59±0 . 06 3 . 84 ± 0 . 07 4 . 06±0 . 08 4 . 40±0 . 05 4 . 4 4 ±0 . 0 3  

1 represents 1 3  months wool growth 

__. 

w w 



Table 4 . 2 . 5 : 
( continued ) 

Least squares est imates and standard errors of  environmenta l e f fects for ewe clean f l eece we ight ( kg )  

Factor 

Age of ewe 
1 

2 years 
3 years 
4 years 
5 years 

No of  l ambs 
Born/weaned 
0 0 
1 0 
1 1 
2 0 
2 1 
2 2 

Stocking Rate 
Control 
High 

Rearing Rank 
Sing l e  
Twi n 

Genera l Mean 

S i re group 1 
1966 / 1 967  

0 . 64±0 . 0 3 
0 . 20±0 . 0 3 

- 0 . 2 4 ±0 . 0 3 
- 0 . 60±0 . 0 3 

0 . 08±0 . 1 4 
-0 . 0 1 ±0 . 1 4 
-0 . 0 3 ±0 . 1 3 

0 . 0 2 ±0 . 59 
0 . 01 ±0 . 1 2 

-0 . 07 ±0 . 1 5 

0 . 40 ±0 . 1 3  
- 0 . 40±0 . 1 3 

-0 . 0 2 ±0 . 02 
0 . 0 2 ±0 . 0 2 

2 . 7 4 ±0 . 1 3 

S i re group 2 
1 968/ 1 969 

0 . 38±0 . 03 
0 . 08±0 . 0 3 

-0 . 04 ±0 . 03 
-0 . 04 ± 0 . 0 3 

0 . 0 7 ± 0 . 06 
-0 . 04 ± 0 . 07 
-0 . 0 1 ± 0 .  05 

0 . 1 1 ±0 . 1 3 
- 0 . 1 2 ±0 . 20 
-0 . 00 ±0 . 08 

0 . 40±0 . 05 . 
-0 . 40±0 . 0 5 

-0 . 00±0 . 02 
0 . 00±0 . 02 

2 . 7 2 ±0 . 05 

S i re group 3 
1 97 0 / 1 9 7 1  

0 . 6 2 ±0 . 03 
0 . 1 5 ±0 . 0 3 

- 0 . 38±0 . 03 
-0 . 38±0 . 0 3 

0 . 00 ±0 . 07 
-0 . 10±0 . 07 
-0 . 1 7 ±0 . 06 

0 . 1 6 ±0 . 2 2 
0 . 1 1 ±0 . 1 1 

-0 . 00±0 . 09 

0 . 2 2 ±0 . 06 
-0 . 2 2 ±0 . 06 

0 . 0 3 ± 0 . 04 
-0 . 0 3 ± 0 . 04 

2 . 90±0 . 06 

Sire group 4 
1 9 7 2 / 1 9 7 3  

0 . 1 5 ±0 . 04 
- 0 . 08±0 . 04 

0 . 20±0 . 04 
- 0 . 2 7 ±0 . 04 

0 . 06 ±0 . 07 
0 . 0 2 ±0 . 09 

-0 . 02 ±0 . 05 
-0 . 2 2 ±0 . 1 9 

0 . 2 5 ±0 . 09 
- 0 . 08±0 . 07 

0 . 1 8 ±0 . 08 
- 0 . 1 8 ±0 . 08 

0 . 07 ±0 . 07 
-0 . 07 ±0 . 07 

2 . 99±0 . 08 

Sire group 5 
1 9 7 4 / 1 9 7 5  

0 . 7 7 ± 0 . 04 
- 0 . 4 4 ±0 . 04 
- 0 . 4 4 ± 0 . 04 
- 0 . 3 7 ±0 . 05 

0 . 2 7 ±0 . 1 2 
0 . 2 3 ±0 . 1 3 
0 . 05 ±0 . 1 1  

- 0 . 49±0 . 5 3 
0 . 0 5±0 . 1 4 

- 0 . 1 1 ±0 . 1 2 

0 . 2 1 ±0 . 1 2 
-0 . 2 1 ±0 . 1 2 

0 . 01 ±0 . 05 
-0 . 01 ±0 . 05 

3 .  3 3 ± 0 . 1 1  

Sire group 6 
1 9 7 7 / 1 989 

0 . 4 1 ±0 . 0 3 
-0 . 1 1 ±0 . 0 3 
-0 . 1 1 ± 0 . 03  
- 0 . 36±0 . 0 3 

0 . 1 7 ±0 . 0 5 
0 . 01 ±0 . 07 

-0 . 01 ±0 . 04 
0 . 01 ±0 . 1 2 

. - 0 . 06 ±0 . 06 
-0 . 1 2 ±0 . 04 

0 . 1 8 ±0 . 0 3 
- 0 . 18±0 . 0 3 

0 . 08±0 . 02 
-0 . 08±0 . 0 2 

3 . 3 5 ±0 . 0 3 

w 
,.!>. 
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4 . 1  . 2 . 3  C lean S coured Y i e l d  

Hogget C l e a n  S c oured Yie ld 

The mod e l  u sed c on t rol led a l ow propor t ion ( 1 7 .  9 % ) of  the 

tota l var iance in c l ea n  s cou red y i e l d  of hogget s . The 

average y i e ld wa s cons i s tent ly about 7 5 % acros s a l l  s i r e  

groups ( Ta b l e  4 . 2 . 6 ) . 

The s tocking r a t e  e f f e c t s  contro l l ed only 0 . 7 % o f  the 

variat ion . E s t imated stock i n g  r a t e  e f fects  d i f f e r  for 

the v ar ious s i r e  g roup per i ods . Sumner ( 1 9 6 9 )  reported 

h i gher mea n s  for Y i n  the CSR anima l s  group . . Mor l ey ( 1 9 5 6 ) 

a l so obse rved h igher Y i n  t he ' H i gh P l an e ' anima l s  a s  

compared w i th ' Low Pl ane ' a n ima l s r though the d i f f erence 

wa s not s i gn i f i cant . 

Year e f f e c t s  c on t r o l led 2 .  2 %  of  the variat i on , w i t h  year 

x s tock i ng rate intera c t i o n s  contro l l ing 7 . 9 % .  The s e  

e f f e c t s  cou ld be d u e  to d i f f e r e n c e s  i n  r a i n f a l l  a n d  other 

c l imat i c  f a ctors between y e a r s  o r  d i ffering degrees of  

contam i n a t i on w i th mud or d i r t  betwe en yea r s  and s to ck i n g  

rate s . 

Ewe C l ea n  S c oured Y i e ld 

Tabl e 

y i e l d  

7 5 % . 

4 . 2 . 7  shows that , a s  w i th hogget s ,  average f l eece 

in ewe s wa s c on s i stent a c ro s s  s i re group s , at about 

B i rt h  y e a r  wa s un important but age x bi rthyear i n t e r ac t ions 

contro l l ed 1 4 % o f  the tota l v a r i a t i on . Age con t r o l l ed 

1 1 %  but e s t imated e f fe c t s  a ppea red incon s i s t e n t  a cr o s s  

s i re g r o u p  per iod s . 2 -year- o l d s  g enera l ly had t he h i gh e s t  

y ie l d , w i th y i e l d  decre a s i n g  a s  a g e  increa sed i n  mo s t  s i r e  

groups . 



w 
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Table 4 . 2 . 6 :  Least squares est imates and standard errors o f  envi ronmenta l e f fects for hogget c lean scoured yield ( % )  

Factor 

Stocking Rate 

Control 
High 

Rear i ng Rank 

Single 
Twi n 

Age weaned 
( % /day ) 

Genera l Mean 
- corrected to 
average age at 
weaning 

Sire group 1 
1966/ 1967 

-0. 30±0 . 2 5 
0 . 30±0 . 2 5 

0 . 28±0 . 2 5 
- 0 . 28±0 . 2 5 

0 . 06±0 . 0 3 

7 7 . 3 7 ± 2 . 56 

Sire group 2 
1 968/ 1 969 

- 0 . 80±0 . 2 7 
0 . 80±0 . 2 7  

-0 . 2 1 ±0 . 26  
0 . 2 1 ± 0 . 26 

0 . 0 2±0 . 02 

76 . 64 ± 2 . 06 

Sire group 3 
1970/ 1 9 7 1  

- 0 . 20±0 . 3 3  
0 . 20±0 . 3 3 

-0 . 2 3 ± 0 . 38 
0 . 2 3 ±0 . 3 8 

0 . 04 ±0 . 02 

7 7 . 88 ± 2 . 26 

Sire group 4 
1 9 7 2 / 1 9 7 3  

1 .  2 4 ± 0 .  3 7  
- 1 . 2 4 ±0 . 3 7 

- 0 . 2 2 ± 0 . 54 
0 . 2 2 ±0 . 54 

0 . 03 ±0 . 0 3 

7 6 . 66± 2 . 67 

Sire group 5 
1 9 7 4 / 1 9 7 5  

0 . 48±0 . 4 3  
- 0 . 48±0 . 4 3  

- 0 . 98±0 . 60 
0 . 98±0 . 60 

0 . 01 ±0 . 04 

76 . 80±4 . 1 7 

Sire group 6 
1 9 7 7 / 1978 

-0 . 08± 0 . 2 7 
0 . 08 ±0 . 2 7  

- 0 . 2 2 ±0 . 28 
0 . 2 2 ± 0 . 28 

0 . 02 ± 0 . 0 2  

78 . 8 5 ± 2 . 08 

Sire group 7 
1 9 7 9 / 1 980 

0 . 0 3 ±0 . 1 8 
-0. 0 3 ±0 . 1 8 

-0 . 1 7±0 . 1 8 
0 . 1 7 ±0 . 1 8 

0 . 02 ± 0 . 02  

7 7 . 5 3 ± 1 . 62  
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Tabl e  4 . 2 . 7 :  Lea st squares estimates and standard errors of environmental  e f fects for ewe c lean scoured yield ( % )  

Fa ctor 

Age of ewes 
2 years 
3 yea rs 
4 years 
5 years 

No of Lambs 
Born/Weaned 
0 0 
1 0 
1 1 
2 0 
2 1 
2 2 

Stocking Rate 
Control 
H i gh 

Rear ing Rank 
Single 
Twin 

Gene ra l Mean 

Sire group 1 
1 966 / 1 967  

0 . 9 7 ±0 . 30 
-0 . 3 8±0 . 30 
- 0 . 66±0 . 30 

0 . 08 ± 0 . 30 

2 . 1 9 ±0 . 1 2 5  
1 .  49 ± 1 . 2 4  
0 . 90±1 . 2 1 

- 3 . 66 ± 5 . 3 2 
- 0 .  3 8 ± 1 . 1 2 
- o .  5 4 ± 1 . 3 5  

o .  5 5 ± 1 . 2 1  
- 0 . 5 5 ± 1 . 2 1 

- 0 . 2 7 ±0 . 18 
0 . 2 7 ±0 . 1 8 

7 4 . 2 5 ± 1 . 19 

Sire group 2 
1968 / 1 969 

- 0 . 2 4 ±0 . 3 1 
2 . 00±0 . 29 
0 . 67 ±0 . 30 

- 2 . 4 3 ±0 . 29 

0 . 4 5 ±0 . 66 
-0 . 1 4 ±0 . 68 
- 0 . 44±0 . 5 5 

o .  7 3 ± 1 . 39 
0 . 7 2 ± 2 . 07 

- 1 . 3 2 ± 0 . 79 

- 0 . 80±0 . 5 1 
0 . 80±0 . 5 1 

- 0 . 1 6 ±0 . 1 9 
0 . 1 6 ±0 . 1 9 

7 5 . 65±0 . 5 1 

S i re group 3 
1 9 70/ 1 9 7 1  

3 . 3 3 ±0 . 2 5 
0 . 3 3 ±0 . 25 

- 2 . 1 5 ±0 . 25 
- 1 . 5 1 ±0 . 2 5 

0 . 9 3 ±0 . 54 
-0 . 2 3 ±0 . 5 5 
-0 . 7 2 ±0 . 4 5 

1 . 0 7 ± 1 . 7 7  
-0 . 2 2 ±0 . 92 
-0 . 8 2 ± 0 . 70 

0 . 26±0 . 4 6 
-0 . 26±0 . 46 

0 . 0 2 ±0 . 30 
-0 . 0 2 ±0 . 30 

7 5 . 10±0 . 50 

Sire group 4 
1 9 7 2 / 1 9 7 3  

- 2 . 00±0 . 3 4 
-0 . 2 4 ±0 . 3 3 

2 . 1 0 ±0 . 3 3  
0 . 1 4 ±0 . 3 4 

1 .  58±0 . 60 
0 . 4 7 ±0 . 7 8 

- 0 . 1 4 ±0 . 4 4 
1 . 1 4 ± 1 . 54 

- 0 . 38±0 . 7 7 
- 2 . 68±0 . 60 

1 .  99±0 . 68 
- 1 . 99±0 . 68 

1 . 66±0 . 6 1 
- 1 . 66±0 . 6 1 

7 3 . 04 ±0 . 69 

S i re group 5 
1 9 7 4 / 1 9 7 5  

3 . 2 7 ±0 . 44 
0 . 94 ±0 . 4 3 

- 1 . 4 5 ±0 . 4 3 
- 2 . 76±0 . 4 4 

4 . 0 1 ± 1 . 2 1  
3 .  60±1 . 2 7  
0 . 5 7 ± 1 . 10 

- 7 . 99±5 . 1 3 
0 . 2 1 ± 1 . 36 

-0 . 4 0 ± 1 . 2 1 

2 . 66±1 . 1 4 
- 2 .  66±1 . 1 4 

-0 . 3 5 ±0 . 48 
0 . 3 5 ±0 . 48 

7 5 . 40 ± 1 . 1 1 

S i re group 6 
1 9 77 / 1978 

1 .  2 3 ±0 . 2 7  
1 . 01 ± 0 .  2 6  

-0 . 68±0 . 2 7 
- 1 . 5 5 ± 0 . 2 7 

2 . 07 ±0 . 4 3 
-0 . 29± 0 . 58 
-0 . 30±0 . 3 2 

1 . 64 ± 0 . 9 3 
-1 . 2 1 ±0 . 5 1 
- 1 . 9 1 ±0 . 3 5 

0 . 59± 0 . 2 5 
-0 . 59±0 . 2 5 

-0 . 2 3 ±0 . 1 7 
0 . 2 3 ± 0 . 1 7 

7 5 . 47 ±0 . 2 5 

� 

w -...) 
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S t o c k i ng rate wa s i mpor tant,  w i th the con trol stoc k i ng ra te 

hav i ng a s i gn i f i cant l y  h i gher y i e ld , except i n  s i re group 

pe r i od 2 .  Stock i ng r a t e  i ntera c t i ons were unimportant . 

Lang l a nd s e t  aL ( 1 9 8 4 )  f ound no s igni f i c a n t  e f fects of  

s tock i ng rate on y i e ld , but they found y i e ld i ncreased 

w i th age of ewe to 5 .  2 yea r s  and then dec l i ned at the low 

s t oc k i ng rate a l though t h i s trend wa s not observed at the 

h i gh s t o c k i ng rate . 

Reproduc t i v e  status contro l l ed 4 . 3 % of  the v a r i a t i on , with 

ba rren ewe s hav i ng the h ighe s t  y ie ld . Lang lands e t  al . 

( 1 9 8 4 ) howe ver found y i e ld wa s not s ign i f i c a n t l y  af fected 

by whe ther a ewe reared a l amb . 

4 . 1  . 2 . 4 Qua l i ty N umbe r 

Qua l i t y  numbe r i s  a subj e c t i ve a s ses sment of  f i nene s s  ba sed 

on cr imp f r equency and l u s t r e  w i th some i n f luence of  length 

a nd s o f t n e s s  of hand le ( Wi ckham , 1 9 7 1 ; W i ckham and B i gham , 

1 9 7 3 ) . 

Hogget Qua l i ty Number 

I n  the f i r s t  f ive s i re g roup periods , QN wa s h i gher i n  

HSR s he e p . Bub l a th ( 1 9 6 9 )  and Chopra ( 1 9 7 8 ) obtai ned 

s imi l a r  r e s u l t s . Chopra ( 1 9 7 8 ) noted that the softne s s  

of  hand l e  i s  c l o s e ly r e l a ted to t h e  f i nene s s  of  f ibres 

and l onger s ta p l e s  tend to be marked down in QN , probably 

in  the be l i e f  that they mus t  therefore be coar s e r . After 

the manageme nt change there is l i t t l e  d i f f erence between 

the s to c k i n g  ra t e s  i nd ic a t i ng QN is l i t t l e a f fected by 

prev ious n u t r i ti ona l l eve l s . 



Table 4 . 2 . 8 :  Least squares estimates a nd standard errors of  environmenta l e f fects for hogget qua l i ty number ( units ) 

Factor 

Stocki ng rate 

Control 
H igh 

Rearing Ra nk 

Single 
Twi n  

Age weaned 
( units/da y )  

General Mean 
- corrected to 
average age at 
weaning 

Sire group 1 
1966 / 1 96 7  

- 0 . 1 7 ± 0 . 10 
0 . 1 7 ± 0 . 1 0  

0 . 07 ±0 . 1 0 
-0 . 07 ±0 . 10 

-0 . 01 ±0 . 01 

48 . 48±0 . 97 

S i re group 2 
1968 / 1 969 

-0 . 2 3 ±0 . 1 2  
0 . 2 3 ±0 . 1 2  

0 . 18±0 . 1 1  
-0 . 1 8 ±0 . 1 1  

-0 . 01 ±0 . 01 

48 . 56±0 . 9 1 

Sire group 3 
1 9 7 0 / 1 9 7 1  

- o .  5 1 ±0 . 1 4  
o .  5 1 ±0 . 1 4  

0 . 1 2 ± 0 . 1 6  
-0 . 1 2 ±0 . 1 6 

0 . 00±0 . 01 

48 . 64 ±0 . 9 5 

S ire group 4 
1 9 7 2 / 1 9 7 3  

-0 . 04 ±0 . 1 5 
0 . 0 4 ±0 . 1 5  

0 . 5 7 ±0 . 2 1  
- 0 . 5 7 ±0 . 2 1 

0 . 0 2 ±0 . 01 

49 . 50 ± 1 . 05 

Sire group 5 
1 9 7 4 / 1 9 7 5  

-0 . 1 4 ±0 . 16 
0 . 1 4 ±0 . 1 6 

0 . 39±0 . 2 2 
- 0 . 3 9 ±0 . 2 2  

0 . 0 1 ±0 . 02 

49 . 9 9 ± 1 . 5 3 

S i re group 6 
1 9 7 7 / 1 978 

0 . 1 6 ±0 . 1 1  
0 . 16±0 . 1 1  

-0 . 05±0 . 1 2  
0 . 0 5 ±0 . 1 2  

-0 . 02 ± 0 . 0 1 

4 9 . 90±0 . 89 

Sire group 7 
1979/ 1 980 

0 . 06±0 . 1 1  
- 0 . 06±0 . 1 1 

- 0 . 1 2 ±0 . 1 2  
0 . 1 2 ±0 . 1 2  

- 0 . 01 ±0 . 01 

4 9 . 6 9 ± 1 . 02 

--' 

w 
1.0 



Table 4 . 2 . 9 :  Least squares estimates and standard errors of environmental e ffects for ewe qua l ity number ( units ) 
_. 

� 0 
Factor 

S i re group 1 S i re group 2 S i re group 3 S i re group 4 Sire group 5 Si re group 6 
1 966/ 1967  1968/ 1 969 1970/ 1 97 1  1 9 7 2 / 1 9 7 3  1 9 7 4 / 1 9 7 5  1 9 7 7 / 1978 

Age of Ewe 
2 years 0 . 1 8 ±0 . 1 2  0 . 1 0 ±0 . 1 0 - 0 . 99±0 . 1 2 -0 . 30±0 . 1 2  0 . 48 ±0 . 1 4  0 . 2 4 ±0 . 1 2 
3 years 0 . 39±0 . 1 2 -0 . 1 4 ±0 . 09 -0 . 56±0 . 1 2  0 . 5 1 ±0 . 1 2  -0 . 1 5± 0 . 1 4 0 . 1 4 ±0 . 1 2 
4 years - 0 . 1 4 ±0 . 1 2 -0 . 50±0 . 09 0 . 39 ±0 . 1 2  0 . 28±0 . 1 2 0 . 0 2 ±0 . 1 4  0 . 3 4 ±0 . 1 2  
5 years - 0 . 4 4 ±0 . 1 2  0 . 54±0 . 09 1 . 1 6 ±0 . 1 2 -0 . 49±0 . 1 2 -0 . 36±0 . 1 4 - 0 .  7 1 ±0 . 1 2 

No of Lambs 
Born/Weaned 
0 0 0 . 09±0 . 5 1 0 . 1 2 ±0 . 20 0 . 1 0 ±0 . 2 5 - 0 . 4 2 ±0 . 2 1  -0 . 3 7 ± 0 . 39 0 . 08±0 . 1 9 
1 0 0 . 1 4 ±0 . 5 1 0 . 1 8 ± 0 .  2 1  0 . 20±0 . 2 5  0 . 4 3 ±0 . 28 -0 . 02 ± 0 . 4 1 0 . 2 7 ±0 . 26 
1 1 0 . 10±0 . 50 0 . 0 2 ±0 . 1 7  0 . 3 1 ± 0 . 20 0 . 07 ±0 . 1 6 0 . 1 3 ±0 . 36 -0 . 0 3 ±0 . 1 4 
2 0 -1 . 3 5 ± 2 .  20 -0 . 4 3 ±0 . 4 3 0 . 09±0 . 8 1 -0 . 30±0 . 5 5 1 . 04 ± 1 . 66 - 0 . 4 3 ±0 . 4 2 
2 1 0 . 7 3 ± 0 . 4 7 0 . 7 7 ± 0 . 64 -0 . 7 3 ±0 . 4 2 0 . 3 4 ±0 . 2 7 - 0 . 2 3 ±0 . 4 4 0 . 1 4 ±0 . 2 3 
2 2 0 . 29±0 . 56 - 0 . 66±0 . 2 5 0 . 0 3 ±0 . 3 2 - 0 . 1 4 ±0 . 2 1 -0 . 5 5 ± 0 . 39 -0 . 0 3 ±0 . 1 6 

Stocking Rate 
Control -0 . 1 9± 0 . 50 0 . 1 0 ±0 . 1 6 - 0 . 40±0 . 2 1 -0 . 02 ±0 . 2 4 -0 . 1 3±0 . 3 7 -0 . 1 6 ±0 . 1 1 
High 0 . 19±0 . 50 �o . 1 0±0 . 1 6 0 . 40±0 . 2 1 0 . 0 2 ±0 . 24 0 . 1 3 ±0 . 3 7 0 . 1 6 ±0 . 1 1 

Rearing Rank 
Single 0 . 2 4 ± 0 . 07 0 . 1 3 ±0 . 06 -0 . 28±0 . 1 4  0 . 1 3 ± 0 .  2 2  0 . 1 8 ±0 . 1 6 -0 . 01 ±0 . 08 
Twin - 0 . 2 4 ± 0 . 07 - 0 . 1 3 ±0 . 06 0 . 28±0 . 1 4 - 0 . 1 3 ±0 . 2 2  - 0 . 18±0 . 1 6 0 . 0 1 ±0 . 08 

General Mea n 46 . 2 5 ±0 . 49 4 5 . 79±0 . 16 46 . 64 ±0 . 2 3 47 . 97 ±0 . 2 4 4 7 . 4 3 ±0 . 36 4 7 . 54±0 . 1 1 
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A l a rge propo r t i o n  o f  the var i a t i o n  i n  qua l i ty numbe r  wa s 

control led by year . Th i s  may r e f l e c t  the importance o f  

temporary env i r onmental e f f e c t s  such a s  mana g ement 

variat ions , s e a so n  or s imi l a r  fa c tor s . Chopra ( 1 9 7 8 ) n oted 

that part of  the e f f e c t  of year cou l d  be due to var i a t i o n s  

i n  t h e  s ta ndard s of d i f ferent observers dur i ng the y ear s 

under s tudy . Yea r  x stocking r a t e  interact i o n s  we r e  a l so 

impo rtant , con t r o l l i ng 2 . 9 % o f  the v a r i a t ion . 

Hogge t s  reared a s  s i ng les had h i gh e r  QN than those r e a red 

as twi ns bef o r e  the manag ement c hange . Af t e r  1 9 7 6 , when 

the hogget s were run together , the e f f ect of  rea r i n g  rank 

was rever s ed . 

Ewe Qua l i ty N umber 

Average qua l i ty numbe r o f  the ewe s wa s l ov1e r  than that 

o f  the hogge t s  4 6 - 4 81 rather than 4 8 - 5 0 . 

S tocking rate contro l l ed on ly 1 .  3 %  of the total var i a t i o n , 

w i th the e f f e c t  incon s i stent a c r o s s s i r e  groups . S t oc k i ng 

r a t e  intera c t i on s  were a l s o  u nimpor tant s ou r c e s  of  

v a r i a t ion . S umne r  and Wi ckham ( 1 9 6 9 ) , i n  ana l y s e s  o f  QN 

on ewe s of th i s  f lock , reported tha t  the f leeces were j udged 

t o  be coa r s e r  at the high stock i n g  rate . Th i s  wa s perhaps 

due to the wool grown at the h i gh s t oc k i ng rate be i n g  more 

l u s t rou s than that grown at the l o w  s tocking rate ( Chopra , 

1 9 7 8 ) . 

Age e f fec t s  control led 8 . 0 % o f  t he tota l var i a t i o n  but 

age d i f f e r en c e s  were i ncon s i s t e n t  a c ro s s  s i re group per i od s . 

Lewe r et al. . ( 1 9 8 3 ) f ound that 2 a nd 5 year o l d  ewe s were 

mo s t  a f f e c t e d  by year e f fect s . Younger and older sheep 

may be more s e n s i t ive to n u t r i t i ona l stre s s  than those 

of  i ntermed i a t e  ages . In th i s  s tudy stoc k i ng rate x age 

interact i o n  e f f e ct s  we re unimpor ta n t . 
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Age x b i r thyear i ntera c t i on contro l l ed 1 1  . 1 %  of  the tota l 

var i a t i o n  i n  QN , i nd i ca t i ng the importance o f  year- to -year 

var i a t i o n . 

4 . 1  . 2 . 5  Mean F i bre D i am e t e r  

Hogge t  M e a n  F i bre D i ameter 

A l though HSR hogg e t s  h a d  l ower MFD than CSR hoggets in  

the f i r s t two s i re group pe r i od s , there w e re no s i gn i f i ca n t  

d i f f er e n c e s  between s t oc k i ng r a t e s  i n  t h e  other s i re group 

per i od s . Th i s  was r e f l e c ted i n  the poo led a na ly s e s  w i th 

s to c k i ng r a t e  contro l l i ng o n l y  0 . 2 % o f  the overa l l  

v a r i a t i on . I n  h i s  s tudy o n  the ear l i e r  hogget records 

i n  t h i s f l ock Chopra ( 1 9 7 8 ) sugges ted that MFD had decre a s ed 

w i th the i ncreased s to c k i ng r a te but h e  had presented 

r e c o rd s  f rom o n l y  two s i r e  group period s , one in which 

the s t o c k i ng rate e f f e c t  wa s non - s igni f i ca n t . 

There i s  however, cons i de r a b l e  evidence t h a t  MF D tend s  to 

d e cr e a s e  w i th increa sed s t oc k i n g  rate ( Sumner a nd W i ckham , 

1 9 6 9 ; Canon , 1 9 7 2 ; L i p s o n  a nd Bacon-Ha l l , 1 9 7 4 ; Whi t e  

a nd M cConch i e , 1 9 7 6 ) . 

B e twee n  year d i f fe r e n c e s  a nd year x s tock i ng r a t e  inter­

a c t i on s  we re s ig n i f i ca n t , contr i but i ng 4 . 0 % a nd 5 . 0 % of  

the t o t a l var i a t ion re spe c t i ve l y . 



Table 4 . 2 . 10 :  Lea s t  squares est imates and standard errors of environmenta l e f fects for hogget mean fibre 
diameter { � )  

Factor 

Stocking rate 

Control 
High 

Rea ring Rank 

Single 
Twin 

Age weaned 
( � /day ) 

Genera l Mean 
- corrected to 
ave rage age at 
weaning 

Sire group 1 
1966 / 1 967  

0 . 56±0 . 1 7  
- 0 . 56±0 . 1 7 

0 . 1 6 ±0 . 1 7 
- 0 . 1 6 ±0 . 1 7 

0 . 08±0 . 02 

3 5 .  5 5 ± 1 . 7 1  

S i r e  group 2 
1968 / 1 969 

0 . 2 2 ±0 . 1 5 
-0 . 2 2 ±0 . 1 5 

-0 . 28±0 . 1 4 
0 . 28 ±0 . 1 4 

0 . 0 3 ±0 . 0 1 

3 3 . 2 2 ± 1 . 1 3 

Sire group 3 
1970/ 1 9 7 1  

- 0 . 1 2 ±0 . 1 9 
0 . 1 2 ±0 . 1 9 

-0 . 0 3 ±0 . 2 3 
0 . 0 3 ±0 . 2 3 

0 . 05 ±0 . 01 

34 . 78 ± 1 . 34  

S i re group 4 
1 9 7 2 / 1 9 7 3  

S i r e  group 5 
1 9 7 4 / 1 9 7 5  

-0 . 18±0 . 2 2 
0 . 1 8 ±0 . 2 2  

0 . 1 8 ±0 . 3 2 
-0 . 1 8±0 . 32  

0 . 08±0 . 02 

3 3 . 4 4 ± 2 . 21  

S i re group 6 
1 9 7 7 / 1978 

-0 . 1 8 ±0 . 2 2  
0 . 18±0 . 2 2 

-0 . 4 2 ±0 . 1 5 
0 . 4 2 ±0 . 1 5  

0 . 06±0 . 01 

34 . 01 ± 1 . 1 3 

Sire group 7 
1979/1980 

0 . 08 ±0 . 1 2 
- 0 . 08±0 . 1 2 

-0. 3 4 ±0 . 1 2 
0 . 3 4 ±0 . 1 2 

0 . 02 ±0 . 01 

3 2 . 95 ± 1 . 04 

...... 
""" 
w 



Ta bl e 4 . 2 . 1 1 :  Least squares est imates and standard errors of  envi ronmenta l e f fects for ewe mea n f ibre diameter ( U )  

Factor 

Age of Ewe 
2 years 
3 years 
4 years 
5 years 

No of  Lambs 
Born/Weaned 
0 0 
1 0 
1 1 
2 0 
2 1 
2 2 

Stocking Rate 
Control 
H igh 

Rearing Rank 
Single 
Twi n 

Genera l  Mean 

Sire group 1 
1966 / 1 96 7  

0 . 5 2 ±0 . 4 2 
- 0 . 4 5 ±0 . 3 3  

0 . 2 4 ± 0 . 1 8 
- 0 . 3 1 ±0 . 1 8 

- 0 . 50±0 . 84 
-0 . 7 1 ±0 . 84 
-0 . 66±0 . 8 3 

3 . 4 7 ± 3 . 60 
-0 . 4 2 ±0 . 69 
-1 . 1 8± 1 . 00 

0 . 79±0 . 84 
-0 . 79±0 . 84 

- 0 . 06±0 . 1 1 
0 . 06± 0 . 1 1  

3 7 . 3 7 ±0 . 8 2  

Sire group 2 
1968 / 1 969 

- o .  3 1 ± 0 . 1 7  
0 . 8 1 ±0 . 1 6 
0 . 67± 0 . 1 6 

- 1 . 1 7 ±0 . 1 6 

- 0 . 3 4 ±0 . 36 
-0 . 0 2 ±0 . 3 7 

0 . 1 2 ±0 . 30 
0 . 86±0 . 7 7 

- 1 . 1 0 ± 1 . 1 3 
0 . 50±0 . 4 3  

1 .  4 2 ± 0 .  28 
- 1 .  4 2 ± 0 . 28  

- 0 . 59±0 . 1 0 
0 . 59± 0 . 1 0 

3 6 . 40±0 . 28 

S i re group 3 
1 9 70/ 1 97 1  

o .  7 1 ±0 . 1 6  
0 . 29±0 . 1 6 

-0 . 6 3 ±0 . 1 7 
-0 . 38±0 . 1 6 

- 1 . 1 3 ±0 . 3 5 
-0 . 2 4 ±0 . 3 5 
-0 . 4 1 ± 0 . 29  

0 . 9 3 ± 1 . 1 4 
0 . 9 3 ±0 . 60 

-0 . 09:t0 . 46 

0 . 66±0 . 30 
-0 . 66±0 . 30 

-0 . 0 5 ± 0 . 20 
0 . 05 ±0 . 20 

36 . 99±0 . 3 2 

S i re group 4 
1 9 7 2 / 1 9 7 3  

- 0 . 98±0 . 1 6 
0 . 06±0 . 1 6 
1 . 4 1 ±0 . 1 6  

- 0 . 49±0 . 1 6  

0 . 1 9 ±0 . 2 9 
- 0 . 1 8 ±0 . 39 

0 . 3 5 ±0 . 2 1 
- 1 . 01 ±0 .  7 5  

0 . 3 3 ±0 . 3 7 
0 . 3 2 ±0 . 28 

0 . 66±0 . 3 1 
- 0 . 66±0 . 3 1 

0 . 2 5 ±0 . 2 7  
- 0 . 2 5 ±0 . 2 7 

3 5 . 82 ±0 . 3 1 

Sire group 5 
1 9 7 4 / 1 9 7 5  

0 . 47 ±0 . 1 6 
-0 . 28±0 . 1 5  
-0 . 3 5 ±0 . 1 5 

0 . 1 6 ±0 . 1 6 

-0 . 06±0 . 2 5 
0 . 0 3 ± 0 . 28 

- 0 . 2 7 ±0 . 1 7 
- 0 . 2 4 ± 0 . 49 

0 . 08±0 . 3 5 
0 . 46±0 . 2 2 

0 . 09±0 . 1 8 
- 0 . 09±0 . 1 8 

-0 . 4 7 ±0 . 16 
0 . 4 7 ±0 . 1 6 

3 7 . 9 5 ±0 . 1 8 

"'" 
Sire group 6 -"" 

1 9 7 7 / 1 978 

-0 . 4 7 ±0 . 1 6 
0 . 56± 0 . 1 6 
0 . 25±0 . 1 6 

-0 . 3 5 ±0 . 1 6 

0 . 54±0 . 24 
- 0 . 2 4 ± 0 . 36 
-0 . 1 3±0 . 1 9 

0 . 0 3 ± 0 . 49  
-0 . 1 9±0 . 30 
-0 . 01 ±0 . 20 

0 . 26±0 . 1 4 
-0 . 26±0 . 1 4 

-0 . 08±0 . 10 
0 . 08± 0 . 10 

37 . 49 ±0 . 1 4 
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Ewe Mea n  F ibre Diameter 

S tocki ng rate cont r o l l ed the largest amount of var i a t i o n  

i n  ewe MFD , w i th the CSR having a h i gh e r  MFD for a l l  s i re 

g r oup per i od s  al though the d i f ference d e c r eased cons iderab l y  

i n  the l a s t  two s i re g roup per i ods whe r e  the HSR s tock i n g  

i ntens i ty wa s redu ced . Hender son ( 1 9 5 3 ) a nd S c h i n c k e l  and 

S hort ( 1 9 6 1 ) showed t hat the l eve l o f  nut r i t ion of the 

young l amb can a f f ec t  MFD at matur i ty but the nature o f  

t h e  e f f e c t  i s  n o t  s i mpl e . They f ound tha t nut r i t i ona l 

d e pr ivat i o n  dur i ng the prenata l pha s e  wa s a s soc i a ted w i th 

f ewe r ,  coarser and longe r  f ibre s , wherea s l ow nut r i t i ona l 

l ev e l s  dur i ng ear l y  pos t - nata l l i f e  c a u sed f iner f ibre s 

t o  be produced at ma tur i ty . 

A l though reproduc t ive status o f  the ewe s control led 2 .  3 %  

o f  the variat ion 1 tab l e  4 .  2 . 1 1  shows t h a t  the e f f e c t s  were 

i ncons i s tent acro s s  s i re group pe r i od s . However , the b i r t h  

year x n umber l ambs born a n d  weaned i n t e r a c t i on con t ro l l e d  

3 .  0 %  o f  t h e  var i a t i on wh i ch sugge s t s  t h a t  t h e  e f f e c t s  o f  

r eprodu c t ive status vary w i th year . H owever ,  there were 

sma l l  number s in som e  subc l a s s e s . 

B i rthyea r , age a nd age x bi rthyear intera c t i on were 

i mportant e f f e ct s . A l though L ewe r e t  a£ . ( 1 9 8 3 ) f ound 

MFD to be greates t at 4 y ear s of a g e  and the same t r end 

wa s reported by Ro s s  ( 1 9 6 5 ) for a samp l e  of Romney f le e c e s , 

i n  thi s  s tudy r e su l t s  were i n con s i s t e n t , probably due t o  

t h e  e f fe c t s  o f  a g e  x b i r thyear i n t e ra c t i ons a nd the 

c o nfou nd ing w i th r e c ord year . 

MFD wa s one o f  the f ew t ra i t s  i n  w h i c h  r e a r i ng rank o f  

t h e  ewe contro l l e d  a s i g n i f i cant p a r t  of the var i a t i o n  

( 1 .  7 % ) a nd the b i r thyear x rea r i ng rank interact ion wa s 

importa n t . Ewe s r e a r ed a s  tw i n s  t ended to have a h igher 

MFD .  Lewer e t  a .f.. 
had a h i gher MFD 

( 1 9 8 3 ) a l so found that twin-reared ewe s  

tha n s ing l e  ewe s . They sugges ted that 

l ow prena ta l nut r i t i on caused by c ompe t i t i on between l ambs 

may exp l a i n  the d i f f erenc e s  they obs erved . 
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4 . 1  . 2 . 6  S t a p l e  L e ngth 

Hogget S ta p l e  Length 

I n  the poo l ed a na l y s e s  the o n l y  f a c to r s  of  importance i n  

the mode l  f i tted t o  hogget SL wer e  year x s to c k i ng r a t e  

i nteract ions a nd s i r e  e f f ec t s , w i th s i re x year interact io n s  

approaching impo r t an c e . 

Hoggets f rom the HSR had l ower SL t ha n  hoggets on the C SR , 

a s  wa s found by Chopra ( 1 9 7 8 ) . S ta p l e  l ength has been 

observed by var i ou s  workers to d e c r e a s e  wi th i ncrea s ed 

s to c k i ng r a t e  ( Sumner , 

1 9 7  6 )  • As 

1 9 6 9 ; 

noted 

Canon , 1 9 7 2 ; White and 

by Chopra ( 1 9 7 8 ) , bet we e n  McConch i e ,  

s to c k i ng r a t e s  S L  d i f f ered more marked l y  dur i ng the s i re 

group 2 p e r i od whi ch we re s ummer drought year s . A f t e r  

the management change i n  1 9 7 6  when t h e  hoggets were r u n  

t oge ther there wa s no d i f f e rence i n  the S L  o f  the hogget s 

f rom the two stoc k i ng rate s . 

A l though Chopra ( 1 9 7 8 ) f ound that hogg e t s  reared a s  s i ng l e s  

had s l i ghter sho r t e r  SL than those rea red a s  twi n s , the 

e f fe c t  wa s not s ig n i f i ca n t  i n  th i s  study . 

Ewe S t a p l e  Length 

As w i th f le e c e  we i gh t , 2 -year- o l d  ewe s had 1 3  months woo l 

g r owth but even a l l ow i ng for tha t they s t i l l  had the 

g r e a t e s t  s t a p l e  l e ng th . La ngl a nd s  et a f . ( 1 9 8 4 ) in Mer i no s , 

H i ght e t  a f . ( 1 9 7 6 ) i n  Romney s  and B i g ham e t  aL ( 1 9 7 3 ) 1 Lewe r 

e t  a f . ( 1 9 8 3 ) i n  Perenda l e s  reported that staple length 

r ea c he d  a max imum i n  3 year o l d  ewe s .  

S t ap l e  l ength wa s l owe r i n  the h i gh s t oc k i ng ra te ewe.s , 

however t h i s  e f f ec t  wa s reduced o n c e  the h i gh s tock i n g  

r a te wa s lowered . Al though reprod u c t i ve s tatus wa s non 



Table 4 . 2 . 1 2 :  Least squares estima tes and standard errors of environmenta l e f f ects for hogget staple l ength ( cm )  

Factor 

Stocking Rate 

Control 
High 

Rearing Rank 

S i ng l e  
Twin 

Aqe weaned 
( cm/day ) 

Genera l Mean 
- corrected to 
average age at 
weaning 

Sire group 1 
1966/1967 

0 . 3 1 ±0 . 10 
-0 . 3 1 ±0 . 10 

-0 . 1 4 ±0 . 1 0 
0 . 1 4 ±0 . 1 0 

0 . 0 3 ± 0 . 01 

1 4 . 64 ± 1 . 02 

Sire group 2 
1968 / 1 969 

0 . 89±0 . 1 1  
- 0 . 89±0 . 1 1 

0 . 49±0 . 1 2  
- 0 . 49±0 . 1 2  

0 . 01 ±0 . 01 

1 3 . 7 7 ±0 . 96 

S ire group 3 
1 9 7 0 / 1 97 1 

0 . 3 1 ±0 . 1 4  
-0 . 3 1 ±0 . 1 4 

-0 . 1 0 ±0 . 1 6  
0 . 1 0 ±0 . 1 6 

- 0 . 00±0 . 01 

1 3 . 63 ± 0 . 94 

S ire group 4 
1 9 7 2 / 1 9 7 3  

0 . 3 9 ±0 . 1 3  
- 0 . 3 9 ±0 . 1 3  

-0 . 4 2 ±0 . 19 
0 . 4 2 ±0 . 1 9 

0 . 01 ±0 . 0 1 

1 3 . 3 3 ±0 . 9 2 

Sire group 5 
1 9 7 4 / 1 9 7 5  

-0 . 04 ±0 . 1 4  
0 . 04 ±0 . 1 4  

-0 . 5 2 ± 0 . 20 
0 . 5 2 ±0 . 20 

0 . 04±0 . 0 1 

1 4 . 7 3 ± 1 . 40 

S i re group 6 
. 1 9 7 7 / 1 978 

-0 . 1 7 ±0 . 09 
0 . 1 7±0 . 09 

-0 . 3 4 ± 0 . 09 
0 . 3 4 ±0 . 09 

0 . 0 5 ±0 . 008 

1 3 . 2 5 ±0 . 6 7 

Sire group 7 
1979/ 1980 

- 0 . 06±0 . 08 
0 . 06±0 . 08 

-0 . 20±0 . 09 
0 . 20±0 . 09 

-0 . 000 ± 0 . 008 

1 4 . 79±0 . 76 

""' 
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Table 4 . 2 . 1 3 :  Lea st squares estimates and standard errors of envi ronmenta l ef fects for ewe staple l ength ( cm )  

Factor 

Age of Ewe 
2 years 
3 years 
4 yea rs 
5 years 

No of Lambs 
Born/Weaned 
0 0 
1 0 
1 1 
2 0 
2 1 
2 2 

Stocking rate 
Control 
H i gh 

Rea r ing Rank 
Single 
Twin 

General Mean 

Sire group l 
1966 / 1 967 

3 . 1 5 ±0 . 1 1  
0 . 7 1 ±0 . 1 1 

-1 . 1 4 ±0 . 1 1  
-2 . 7 2 ±0 . 1 1  

1 .  29±0 . 52  
0 . 4 4 ± 0 . 52  
0 . 79±0 . 51 

- 2 . 89 ± 2 . 2 2 
-0 . 36±0 . 4 3 

0 . 7 3 ±0 . 5 7 

1 . 46±0 . 51 
-1 . 4b±0 . 5 1 

- 0 . 26±0 . 07 
0 . 26±0 . 07 

1 4 . 4 1 ±0 . 5 1 

S i re group 2 
1968 / 1 969 

2 . 2 4 ±0 . 1 2 
-0 . 1 6 ±0 . 1 1 
-0 . 40±0 . 1 1 
- 1 . 68±0 . 1 1 

0 . 2 3 ±0 . 2 5 
0 . 1 7 ±0 . 2 6 
0 . 1 5 ±0 . 2 1 

- 0 . 36±0 . 54 
- 0 . 59±0 . 30 

0 . 39±0 . 3 1 

0 . 5 3 ± 0 . 20 
- 0 . 5 3 ± 0 . 20 

- 0 . 1 8 ±0 . 07 
0 . 1 8 ± 0 . 07 

1 4 . 68±0 . 20 

Sire group 3 
1970/ 1 9 7 1  

2 . 6 1 ±0 . 1 3 
-0 . 26±0 . 1 3  
- 1 . 3 4 ± 0 . 1 3  
-1 . 0 2 ±0 . 1 3  

0 . 38±0 . 28 
0 . 01 ±0 . 2 8 
0 . 02 ±0 . 2 3 

- 1 . 05±0 . 91 
0 . 6 3 ±0 . 4 7 
0 . 01 ± 0 . 36 

0 . 60±0 . 24 
- 0 . 60±0 . 24 

0 . 2 2 ±0 . 1 6 
- 0 . 2 2 ±0 . 1 6 

1 5 . 2 5 ±0 . 2 5 

S i re group 4 
1 9 7 2 / 1 9 7 3  

1 . 29±0 . 1 2 
0 . 1 1 ±0 . 1 2  

-0 . 2 3 ±0 . 1 2 
- 1 . 1 7 ±0 . 1 2  

0 . 4 2 ±0 . 2 1 
-0 . 06±0 . 29 
-0 . 1 3 ±0 . 1 6 

0 . 1 2 ± 0 . 56 
0 . 1 1 ±0 .  28 

-0 . 46±0 . 2 1 

0 . 00 ±0 . 2 3 
- 0 . 00±0 . 2 3 

- 0 . 04 ±0 . 20 
0 . 04 ± 0 . 20 

1 5 . 98±0 . 2 3 

Sire group 5 
1 9 7 4 / 1 9 7 5  

2 . 7 2 ±0 . 1 2  
-0 . 1 5±0 . 1 1  
- 1 . 04 ±0 . 1 1  
- 1 . 5 3 ±0 . 1 2 

0 . 68±0 . 1 8 
0 . 3 7 ± 0 . 2 1 
0 . 1 0 ±0 . 1 3  

-0 . 70±0 . 36 
-0 . 3 5 ± 0 . 26 
-0 . 1 0 ±0 . 1 7 

0 . 07 ±0 . 1 4 
-0 . 07 ±0 . 1 4 

-0 . 4 4 ±0 . 1 2  
0 . 4 4±0 . 1 2 

1 6 . 90±0 . 1 4 

Sire group 6 
1 9 7 7 / 1978 

2 . 1 5 ±0 . 1 1 
0 . 1 8 ±0 . 10 

-0 . 61 ±0 . 10 
- 1 .  7 2 ± 0 . 1 0  

0 . 26±0 . 1 6 
- 0 . 30±0 . 2 3 
-0 . 1 0 ±0 . 1 2 

0 . 5 2 ±0 . 3 2 
-0 . 04 ±0 . 20 
-0 . 34±0 . 1 3  

0 . 38±0 . 09 
-0 . 38±0 . 09 

0 . 03 ±0 . 06 
-0 . 0 3 ± 0 . 06 

1 6 . 04 ±0 . 09 

..... 
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s ig n i f, i cant , s tocking r a te x reproduc t ive status 

i n t e r a c t ions were importa n t . Th i s  agreed w i th work done 

by L a ng l and s .e. t  a£. ( 1 9 8 4 ) who reported that s t a p l e  l e ngth 

wa s reduced at the high s to c k i n g  rate , the me a n  d i f ference 

betwe e n  stock ing rate s be i n g  0 . 5  a nd 0 . 3  cm f o r  ewe s whi ch 

d i d  and did not rear a l amb respec t ive l y . 

4 . 1 . 2 . 7  Tot a l  Crimp Number 

Hogget Tota l Cr imp Number 

Tab l e  4 . 2 . 1 4 i nd i cated tha t over the f i r s t  four s i re groups , 

p r i o r  t o  management change s , tota l c r imp number wa s 

i n c r e a s i ng , a l though the change wa s not s i gni f i ca n t . 

Stock i ng rate and year x s to c k i ng rate i n t e r a c t ions were 

unimportant . Lea s t  squar e s  e s t imates o f  s tock i n g  rate 

e f f e c t s  ref l e c t  thi s with the standard e r r o r s  gener a l l y  

g r e a t e r  than e s t imated stock ing rate e f fects . 

Age w e aned a s  a l amb appe a r ed to have a s i gn i f i ca n t  ef f e c t , 

contro l l ing 6 .  9 %  o f  the v a r i a t ion . Th i s  e f f e c t  wa s 

d i f f i cu l t  to interpret , sugges t i ng a po s s ib l e  l ink to other 

f a ct o r s  not i n c l uded in the mode l such as l ivewe i gh t  or 

growth rate or con f ound ing o f  f a c tor s . 

A l though found to be non - s i gn i f i ca nt by Chopra ( 1 9 7 8 ) , 

i n  t h i s  s tudy rear i ng r a n k  o f  the hogget s contro l l e d  a 

l ar g e  proport ion o f  the t o t a l var i a t i on ( 9 . 1 % ) . I n i t i a l ly 

hogg e t s  reared a s  s i n g l e s  had a h i gher tota l cr imp number 

than those r eared a s  t w i n s , e x cept i n  s i re group 3 where 

no s i g n i f i ca n t  d i f ferences wa s found . After the hoggets 

were r u n  together no s i g n i f i cant d i f f e ren c e s  we r e  f ound 

be twee n  the rea r i ng rank s . 
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Table 4 . 2 . 1 4 :  Least squares es timates and standa rd errors of environmental e f fects for hogget tota l cr imp number 

Factor 

Stocking rate 

Control 
High 

Rearing R"'nk 

Single 
Twin 

Age weaned 
( TCN /day ) 

Genera l Mean 
- corrected to 
average age at 
weaning 

S i re group 1 
1 966/ 1 9 6 7  

-0 . 01 ±0 . 1 6 
0 . 0 1 ±0 . 1 6 

n . l l ±0 . 1 6 
-0 . 1 1 ±0 . 1 6 

-0 . 00±0 . 0 2 

1 5 . 3 2 ± 1 . 58 

Sire group 2 
1968 / 1 969 

0 . 0 3 ±0 . 1 9 
-0 . 0 3±0 . 1 9  

0 . 2 <; ±0 . 1 8 
-0 . 2 5±0 . 1 8 

- 0 . 005±0 . 02 

1 5 . 54 ± 1 . 4 5 

S ire group 3 
1970/ 1 9 7 1  

- 0 . 58±0 . 2 3  
0 . 58±0 . ? 3 

-0 . 2 2 ±() . 2 5  
0 . 2 2 ±0 . 2 5 

0 . 00 1 ±0 . 0 2 

1 6 . 1 7 ± 1 . 59 

Sire group 4 
1 9 7 2 / 1 9 7 3  

0 . 26±0 . 26 
-0 . 2 6±0 . 26 

0 . 4 5 ±n . 38 
-0 . 4 5 ± 0 . 38 

0 . 0 3 ' 0 . 02 

1 9 .  0 2 ± 1 . 89 

Sire group 5 
1 9 7 4 / 1 9 7 5  

-0 . 20±0 . 29 
0 . 20±0 . 29 

0 . 6 2 ±() . 4 1 
-0 . 6 2 + 0  • .1 1  

0 . 0 2 ±0 . 0 3 

1 8 . 05 ± 2 . 87 

Sire group 6 
1 9 7 7 / 1 978 

0 . 1 9 ±0 . 20 
-0 . 1 9 ±() . 20 

-0 . 1 3 +0 . 2 1 
0 . 1 3 + 0 . 2 1  

-0 . 0 3 ±0 . 02 

1 9 . 6 5 ± 1 . 5 5 

S i re group 7 
1979/ 1980 

-0 . 10±0 . 1 6 
0 . 10±0 . 1 6 

- 0 . 0 5 ±0 . 1 6 
0 . 05±0 . 1 6 

-0 . 0 3±0 . 0 2 

2 0 .  9 2 ± 1 . 45  



Table 4 . 2 . 1 5 :  Least squares estimates and s tandard errors o f  environmenta l e f fects for ewe tota l cr imp number 

Factor 

Age of Ewe 
2 years 
3 years 
4 years 
5 years 

No of  l ambs 
Born /Weaned 
0 0 
1 0 
1 1 
2 0 
2 1 
2 2 

Stocking Ra te 
Control 
High 

Rea ring Rank 
Single 
Twi n  

General Mean 

Sire group 1 
1966 / 1 967 

2 . 80±0 . 10 
0 . 1 0 ± 1 . 7 1  

- 1 . 49±0 . 1 7 
- 1 . 4 1 ±0 . 1 7  

0 . 76±0 . 79 
0 . 5 6 ±0 . 79 
0 . 4 5 ±0 . 7 7 

- 2 . 40 ± 3 . 3 4 
- 0 . 1 4 ± 0 . 64 

0 . 78±0 . 85 

0 . 7 3 ±0 . 7 7 
-0 . 7 3 ±0 . 7 7 

- 0 . 0 4 ±0 . 10 
0 . 04 ±0 . 1 0 

1 3 . 4 5 ±0 . 76 

-

Sire group 2 
1968 / 1 969 

1 . 68 ±0 . 1 7 
-0 . 01 ±0 . 1 7 

0 . 04 ±0 . 1 7 
- 1 . 7 1 ± 0 . 1 7  

-0 . 2 2 ±0 . 3 7 
0 . 07±0 . 3 8 

-0 . 4 5 ±0 . 3 1 
0 . 00±0 . 79 
1 .  5 9 ± 1 . 1 8 

- 1 . 00±0 . 4 5 

0 . 34±0 . 29 
- 0 . 34±0 . 29 

0 . 1 3 ±0 . 1 1 . 
-0 . 1 3 ±0 . 1 1  

1 4 . 5 3 ± 0 . 29 

Sire group 3 
1 9 7 0 / 1 9 7 1  

4 . 1 2 ±0 . 18 
-0 . 39±0 . 1 8 
- 1 . 9 2 ±0 . 1 8 
- 1 . 8 1 ±0 . 1 8 

0 . 1 0 ±0 . 39 
- 0 . 20±0 . 39 

0 . 1 3 ± 0 . 3 2  
o .  7 5 ± 1 .  27  

- 0 . 50±0 . 66 
·-0 . 29±0 . 50 

-0 . 1 7 ±0 . 3 3  
0 . 1 7 ±0 . 3 3 

-0 . 2 4 ± 0 . 2 2 
0 . 2 4 ±0 . 2 2  

1 5 . 06±0 . 36 

Sire Gropp 4 
1 9 7 2 / 1 9 7 3  

2 . 1 4 ±0 . 1 9 
- 0 . 39±0 . 18 
-0 . 7 7 ±0 . 1 8  
- 0 . 98±0 . 1 9 

-0 . 19±0 . 3 4 
0 . 46±0 . 4 6 
0 . 1 1 ± 0 .  2 5  

-0 . 7 2 ±0 . 88 
0 . 59±0 . 4 3 

- 0 . 2 4 ±0 . 3 3  

0 . 18±0 . 3 7 
- 0 . 1 8 ±0 . 3 7 

0 . 20±0 . 3 1  
- 0 . 20±0 . 3 1  

1 5 . 54 ±0 . 3 7 

Sire group 5 
1 9 7 4 / 1 9 7 5  

2 . 40±0 . 1 6 
-0 . 6 1 ±0 . 16 
- 0 . 7 7 ±0 . 1 6 
- 1 . 0 1 ±0 . 1 6 

0 . 5 4 ±0 . 26 
0 . 09±0 . 29 
0 . 2 1 ±0 . 1 8 

- 0 . 1 1 ± 0 .  50 
0 . 09±0 . 36 

-0 . 8 2 ±0 . 2 3 

0 . 03 ±0 . 19 
-0 . 0 3±0 . 1 9 

0 . 3 8 ±0 . 16 
-0 . 38±0 . 1 6 

1 6 . 06± 0 . 1 9 

S i re group 6 
1 9 7 7 / 1 9 78 

3 . 3 3 ±0 . 18 
-0 . 1 0 ±0 . 1 8 
-0 . 49±0 . 1 8 
- 2 . 7 5 ±0 . 1 8 

0 . 2 1 ±0 . 2 7 
-0 . 20±0 . 40 

0 . 26±0 . 2 1 
0 . 5 1 ±0 . 5 5 

- 0 . 48±0 . 3 4 
-0 . 3 1 ±0 . 2 3 

0 . 02 ± 0 . 1 6  
-0 . 0 2 ±0 . 1 6 

0 . 1 2 ±0 . 1 1  
-0 . 1 2 ±0 . 1  

1 7 . 1 6 ±0 . 1 6 

V1 
_. 



1 5 2  

Ewe Tota l Cr imp Number 

Table 1: .  2 .  1 5 i nd i ca t e d  tha t ,  as for hogge t s , the mean for 

ewe TCN wa s i nc r ea s i ng , f rom 1 3 . 4 5 + 0 . 7 6 i n  the f i rs t  

s i re group per i od t o  1 5 . 5 4 
+ 

0 . 3 7  i n  s i re g roup per iod 

4 a nd to 1 7 . 1 6  � 0 . 1 6  i n  s i re group pe r i od 6 .  

S tock i ng r a te a nd stock i ng rate interact ions we re non ­

s ig n i f i c a n t, a s  wa s b i rthyear and reprodu c t i ve s t a tus . 

The f ac to r s  contro l l i ng m o s t  of  the va r i a t i on were age 

( 3 0 . 9 % ) a nd a g e  x bi rthyea r i nterac t ions ( 8 .  8 % ) . A l though 

2 -year - o l d  ewe s had the h i gh e s t  t ot a l  c r imp number i t  

repre sented a longer growth pe r i od . At the othe r age leve l s  

tota l cr imp number decreased as  a g e  increased . 

Chapman a n d  Jack son ( 1 9 7 2 ) a nd Jackson a nd Cha pman ( 1 9 7 5 ) 

s tud ied i rr e gu l a r i ty of  s ta p l e  crimp , common l y  known a s  

1 doggy 1 woo l  o r  1 rough f l ee c e  1, where the c r i mp f requency 

is  marke d l y  reduced . The staple c r i mp abnorma l i ty was 

a s soc i a ted wi th hyperp l a s i a  and cyst format ion in the outer 

root she a t h s  o f  woo l f o l l i c le s  ( Chapma n , Short and Hyland , 

1 9 6 0 ) .  Cr imp abnorma l i t y  i ncreased w i th a ge i . e .  a 

redu c t i o n  i n  tota l cr imp number occurred w i th a ge 1 as  wa s 

found i n  t h i s stud y . 

4 . 1 . 2 . 8  C r i mp Frequency 

Hogget C r i mp Frequency 

Cr imp frequency ana l y s e s  r e s u l t s  were very s imi l a r  to tho s e  

determ i ned f o r  t o t a l  cr imp numbe r . 

S t oc k i ng r a t e  w a s  not s ig n i f i ca n t  i n  the poo l e d  a n a l y s e s  

b u t  tabl e  4 .  2 . 1  7 i nd i c a ted tha t the CSR hogget s h a d  lowe r 

CF than HSR hogget s .  



Table 4 . 2 . 1 6 :  Lea s t  squares estimates and standard error s of environmenta l e f fects for hogget crimp frequency 
( cr imps per i nch ) 

Factor 

Stocking Rate 

Control 

High 

Rea ring Rank 

Single 

Twi n  

Age Weaned 
( c r/ " /day ) 

Gener a l  Mean 
- corrected to 
average age at 
weaning 

S i re group l 
1966 / 1 967  

-0 . 07 ± 0 . 0 3  

0 . 07 ± 0 . 0 3  

0 . 03 ±0 . 03 

-0 . 0 3 ±0 . 0 3 

-0 . 004±0 . 004 

2 . 7 3 ±0 . 3 5 

Sire group 2 
1968/1969 

- 0 . 18  ±0 . 04 

0 . 1 8 ± 0 . 04 

0 . 09 ±0 . 04 

-0 . 09 ±0 . 04 

-0 . 00 3 ±0 . 004 

2 . 91 ±0 . 3 2 

Sire group 3 
1 9 7 0/ 1 9 7 1  

-0 . 1 6 ±0 . 06 

0 . 1 6  ±0 . 06 

0 . 02 ±0 . 07 

-0 . 02 ±0 . 07 

0 . 00 1 ±0 . 005 

3 . 05 ± 0 . 44 

S i re group 4 
1 9 7 2 / 1 9 7 3  

-0 . 05 ±0 . 07 

0 . 0 5 ±0 . 07 

0 . 2 1 ±0 . 1 1 

- 0 . 2 1  ±0 . 1 1 

0 . 00 2 ± 0 . 006 

3 . 59±0 . 5 3 

Sire group 5 
1 9 7 4 / 1 97 5  

-0 . 0 3 ±0 . 06 

0 . 03 ± 0 . 06 

0 . 21 ±0 . 09 

-0 . 21 ±0 . 09 

- 0 . 006±0 . 006 

3 . 10 ±0 . 6 3 

Sire group 6 
1 9 7 7 / 1 9 7 8  

0 . 07 ±0 . 05 

-0 . 07 ±0 . 05 

0 . 08 ±0 . 05 

-0 . 08 ±0 . 05 

- 0 . 010±0 . 005 

3 . 79 ±0 . 40 

S i re group 7 
1 9 7 9 / 1 980 

o . oo ± 0 . 04 

-o . oo ± a . 04 

0 . 04 ± 0 . 04 

-0 . 04 ±0. 04 

-0 . 006±0 . 004 

3 . 59 ± 0 . 34  

_. 
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Table 4 . 2 . 1 7 :  Lea st squares est imates and standard errors of environmental ef fects for ewe crimp frequency 
( crimps per i nch ) 

Factor 

Age of Ewe 
2 years 
3 years 
4 yea rs 
5 years 

No of Lambs 
Born/Weaned 
0 0 
1 0 
1 1 
2 0 
2 1 
2 2 

Stocking Rate 
Control 
High 

Rearing Rank 
Single 
Twi n 

Genera l Mean 

Sire group 1 
1966/1967 

-0 • •  0 1 ±0 . 0 3 
-0 . 1 1 ±0 . 03 
-0 . 1 0±0 . 0 3 

0 . 2 2 ±0 . 0 3 

-0 . 1 1 ±0 . 1 6 
0 . 01 ±0 . 1 6 

-0 . 09±0 . 1 5  
0 . 1 8 ± 0 . 67 
0 . 06±0 . 1 3  

- 0 . 04±0 . 1 7  

-0 . 1 5±0 . 1 5 
0 . 1 5 ±0 . 1 5  

- 0 . 04±0 . 02 
0 . 04 ±0 . 02 

2 . 4 7 ±0 . 1 5  

Sire group 2 
1 968/1969 

-0 . 08±0 . 04 
0 . 01 ±0 . 04 
0 . 08±0 . 04 

-0 . 01 ±0 . 04 

-0 . 1 0 ±0 . 08 
-0 . 02 ±0 . 08 
-0 . 09 ±0 . 07 

0 . 02 ±0 . 1 7 
0 . 40±0 . 2 5 

-0 . 2 1 ± 0 . 10  

-0 . 0 3 ±0 . 06 
0 . 0 3 ± 0 . 06 

0 . 06±0 . 02 
- 0 . 06±0 . 02 

2 . 5 5 ± 0 . 06 

Sire group 3 
1 9 70/ 1 97 1  

0 . 2 3 ±0 . 04 
-0 . 01 ±0 . 04 
-0 . 08 ±0 . 04 
-0 . 1 4 ±0 . 04 

-0 . 05±0 . 08 
- 0 . 0 3 ± 0 . 08 

0 . 02 ±0 . 06 
0 . 3 4 ±0 . 26 
0 . 1 7 ±0 . 1 3  

-0 . 1 0±0 . 10 

- 0 . 1 2 ± 0 . 07 
0 . 1 2 ±0 . 07 

-0 . 08±0 . 04 
0 . 08±0 . 04 

2 . 5 4 ± 0 . 07 

S i re group 4 
1 9 7 2 / 1 9 7 3  

0 . 1 3 ±0 . 04 
- 0 . 08±0 . 04 
- 0 . 09±0 . 04 

0 . 05±0 . 04 

- 0 . 09±0 . 07 
0 . 09±0 . 09 
0 . 04 ±0 . 05 

-0 . 1 3±0 . 1 7  
0 . 05±0 . 08 
0 . 04 ±0 . 06 

0 . 04±0 . 07 
-0 . 04 ±0 . 07 

0 . 04 ±0 . 06 
- 0 . 04 ±0 . 06 

2 . 50±0 . 07 

Sire group 5 
1 9 7 4 / 197 5 

-0 . 05±0 . 0 3 
- 0 . 0 7 ±0 . 0 3 

0 . 04 ±0 . 0 3 
0 . 08±0 . 0 3 

- 0 . 02±0 . 05 
- 0 . 05±0 . 06 

0 . 01 ±0 . 03 
0 . 1 1 ±0 . 1 0 
0 . 0 7 ± 0 . 07 

-0 . 1 2 ±0 . 04 

- 0 . 0 2 ± 0 . 04 
0 . 02±0 . 04 

0 . 1 2 ±0 . 0 3 
- 0 . 1 2 ±0 . 0 3 

2 . 46±0 . 04 

S i re group 6 
1 9 7 7 / 1 9 7 8  

0 . 1 5 ±0 . 04 
-0 . 04 ±0 . 04 

0 . 04 ±0 . 04 
- 0 . 1 6 ±0 . 04 

-0 . 01 ± 0 . 0 5 
0 . 0 1 ±0 . 08 
0 . 06±0 . 04 
0 . 0 3 ±0 . 1 1  

-0 . 09±0 . 07 
0 . 0 1 ±0 . 05 

- 0 . 05±0 . 0 3 
0 . 05±0 . 0 3 

0 . 02 ±0 . 0 2 
-0 . 02 ±0 . 0 2 

2 . 7 4 ± 0 . 0 3 
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A tendency f or CF to i ncrease w i th increa sed stock i n g  rate 

wa s a l so noted by S umner ( 1 9 6 9 ) . An i ncrea se i n  f ibre 

length caused by nutr i t ion cou l d  r e s u l t  in a decrea s e  of  

CF , if  cr imp i s  a per i o d i c  fun c t i on of  time ( Chopra , 1 9 7 8 ) . 

R oba rds e t  af . ( 1 9 7 A ) s tud ied the d i f f erence s i n  i ntake 

of food on c r i mp f requency and ob served no s i gn i f i c a n t  

e f fect . 

Age weaned wa s a g a i n  s i gn i f i c a n t  i n  the poo l ed ana l ys e s  

but the lea s t  squ a r e s  e s t ima tes a n d  s tandard error s sugge s t  

that the regre s s i o n  coe f f i c i en t s  d o  n o t  d i f fer s ign i f i c a n t l y  

from zero . 

Rear ing rank c o n t rol l e d  the s ame amount of var i a t i on and 

f o l l owed the same trend as for tot a l  c r imp number .  

Ewe Cr imp Frequ e n c y  

S t ocking r a t e  

o f  t h e  tota l 

wa s not s i gni f i c a n t , control l i ng o n l y  1 .  8 %  

v a r i a t i o n  i n  the poo l ed ana l y s e s  for th i s  

t r a i t .  A s  f o r  hogget s ,  e s t ima t e s  o f  ewe CF e f fe c t s  showed 

that CSR ewe s t e nded to have a l ower CF than ewe s f rom 

the HSR . S in c e  tota l crimp number wa s con s i stent a c r o s s  

s tock i ng rate s , t h i s  e f fect wa s due t o  the C S R  ewe s having 

longer SL . 

A s  w i th TCN , s tocking rate x b i r thyear 

contro l l ed 2 . 0 % o f  the tota l var i a t i on . 

i nt e r ac t i o n s  

A g e  x bi rthy e a r  i nteract ions c on t r o l led the l a r g e s t  amount 

o f  vari at ion , 5 % ,  w i th age x b i rthyear x s t o c k i ng r a t e  

i nteract ions control l i ng a fu rther 1 .  5 % .  Th i s  cou l d  have 

r e s u l ted from the d i f f e rences in c l i ma t i c  cond i t i on s , such 

as r a i nf a l l i n  part i cu l ar , dur i n g  the years , i n a c cu r a c i e s  

of  measureme nt s  and t echn i c ia n  v a r i a t ion ( Chopra , 1 9 7 8 ) . 
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W i ckham and B i gham ( 1 9 7 3 ) s ugges ted t hat the s taple c r imp 

c a n  be a f f ected by d i s o r i e ntation o f  c r imp-wave s of 

i nd i vi dua l f ibre s whi c h  re s u l t s  from sev e r a l  envi ronmental 

c o nd i t ions s uch a s  weather i n g  and brushing of  f l eece aga inst 

obj e c t s . 

Age e f f e c t s  were i mportant but vari abl e ,  t he 2 year old 

and 5 year old ewe s t e nded to have h igher CF . I n  Me r i nos 

a nd P o l wa r t h s  Mu l laney et af . ( 1 9 7 0 )  f ound that c r imps 

per i nch wa s h i ghe s t  at age three w i th a cont i nued dec l i ne 

f rom 3 t o  8 year s . 

Al though r eproduc t ive s ta tu s  was unimportant , both the 

i n teract ions w i t h  s to c k i ng rate and b i r th year were 

s ig n i f icant . 

4 . 1 . 2 . 9  S t a p l e  S t rength 

Hogget S ta p l e  S t re ng th 

As t a b l e  4 .  2 . 1 8  i nd i c a t e d  s ta p l e  st rength wa s not mea sured 

in hogge ts p r i or to the management c hange except i n  s i re 

group pe r i od 3 .  

0 t o  9 0  N / Ktex . 

F le e c e s  c a n  vary i n  s t a p l e  s t rength f rom 

The mean hogget staple s t rength i n  t h i s  
+ + 

s tudy ra nged f rom 1 5 . 6 6 - 5 . 2 4 to 2 7 . 6 4 - 5 . 2 4 N / Ktex as  
+ + 

compar ed t o  3 2 . 6  0 . 1  3 t o  3 8 . 4  1 . 1  N / Ktex for Romney 

ewe hoggets in the rev i ew by B igham et a£ . ( 1 9 8 3 ) .  

The poo l ed anal y s e s  i n d i c a ted that year , s tock i ng rate , 

year x s tock i ng i n t e ra c t ions and s i re were impo r tant sources 

o f  v a r i a t i o n . However the large standard e r rors a s s oc i a ted 

w i th f i xe d  e f f e c t  e s t i ma t e s  meant mos t  we re not 

s i gn i f i cant l y  d i f f e re n t  f r om z e ro and no t rend s  could be 

obs e r ved . 

and the 

I nverse re l a t i on s h i p s  be tween p a s ture a l lowance 

i n c idence of f leece tende r ne s s  have been 



Tabl e  4 . 2 . 1 8 :  Least squares estimates and standard errors o f  environmenta l e f fects for hogget staple strength ( N/ktex ) 

Factor 

Stocking Rate 

Control 

H igh 

Rear ing Rank 

Single 

Twin 

Age weaned 
( N/ktex/day ) 

General Mean 
- corrected to 
average age at 
weaning 

Sire group 1 
1966/1967 

Sire group 2 
1968/ 1969 

Sire group 3 
1 9 70/ 1 97 1  

0 . 3 2 ±0 . 74 

-0. 3 2 ±0 . 7 4 

0 . 67±0 . 88 

-0 . 67 ±0 . 88 

-0 . 08±0 . 05 

2 3 . 2 5 ± 5 . 10 

Sire group 4 
1 9 7 2 / 1 9 7 3  

S i r e  group 5 
1 9 7 5 / 1 9 7 5  

0 . 1 9±0 . 5 3 

-0 . 1 9±0 . 5 3 

-0 . 62 ±0 . 7 5 

0 . 6 2 !0 . 7 5 

0 . 07 ±0 . 05 

1 5 . 66 ± 5 . 2 4 

Sire group 6 
1 9 7 7 / 1978 

-0 . 4 2 ±0 . 4 7 

0 . 4 2 ±0 . 4 7 

- 0 . 50±0 . 49 

0 . 50±0 . 49 

0 . 1 2 ±0 . 04 

2 1 . 40 ± 3 . 64 

Sire group 7 
1 9 7 9 / 1 980 

- 1 . 1 1 ± 0 .  58 

1 . 1 1 ± 0 .  58 

0 . 00±0 . 59 

-0 . 00±0 . 59 

-0 . 01 ±0 . 06 

2 7 . 6 4 ± 5 . 24 

-" 

(Jl 
-....J 



Table 4 . 2 . 1 9 :  Least squares estimates and standard errors o f  environmenta l e f fects for ewe stapl e strength ( N/ktex ) 

Factor 

Age of Ewe 
2 years 
3 years 
4 years 
5 years 

No of Lambs 
Born/Weaned 
0 0 
1 0 
1 1 
2 . 0 
2 1 
2 2 

Stocking R a t e  
Control 
H igh 

Rea r i ng Rank 
Single 
Twin 

General Mean 

S i re group 1 
1966/1967 

N A  
0 . 56±0 . 60 
2 . 20±0 . 4 7 

- 2 . 7 6 ±0 . 4 7 

5 . 4 2 ± 2 . 82 
4 . 09 ± 2 . 81 
4 . 82 ± 2 . 78 

- 1 5 .  2 4 ± l l  •. 9 1  
-0 . 99±2 . 1 3 

1 .  89± 3 .  28  

3 . 7 3 ± 2 . 8 3 
- 3 .  7 3 ±. 2.. '83 

0 . 1 7 ±0 . 34 
- 0 . 1 7 ±0 . 3 4 

1 0 . 04 ± 2 . 78  

Sire group 2 
1 968/ 1 969 

-6 . 84 ± 1 . 04 
6 . 46±0 . 79 
0 . 50±0 . 4 7 

-0 . 1 3 ±0 . 46 

2 . 70±0 . 98 
0 . 09±0 . 97 
0 . 08 ±0 . 79 

- 1 . 2 8 ± 2 . 1 7 
0 . 81 ± 2 . 82 

- o .  7 6 ± 1 . 20 

3 . 64 ± 0 . 76 
- 3 . 64 ±0 . 76 

0 . 48 ±0 . 28 
-0 . 48±0 . 28 

1 2 . l l ±0 . 76 

.11 

Sire group 3 
1970/ 1 9 7 1  

0 . 1 4 ±0 . 4 2 
2 . 4 5 ±0 . 4 2 

- 1 . 49±0 . 4 2 
- 1 . 1 1 ±0 . 4 2 

5 . 4 8 ±0 . 90 
-0 . 1 3 ±0 . 91 

1 .  5 3 ± 0 .  7 5  
- 4 . 2 1 ± 2 . 9 3 
- o .  7 5 ± 1 . 5 3  
- 1 .  9 3 ± 1 .  2 0  

3 . 2 2±0 . 7 7 
- 3 . 2 2 ±0 . 77 

0 . 00 ±0 . 51 
- 0 . 00 ± 0 . 5 1 

1 3 . 30± 0 . 82 

... it 

Sire group 4 
1 9 7 2 / 1 9 7 3  

- 3 . 96±0 . 4 3 
0 . 94 ±0 . 4 2 
0 . 67 ±0 . 4 2 
2 . 3 5 ±0 . 4 4 

4 . 79±0 . 80 
- 1 . 05 ± 1 . 07 
' 2 . 69±0. . 6 2  
- 2 . 1 7 ± 2 . 30 
- 2 . 02 ± 1 . 0 3 
- 2 . 2 4 ±0 . 78  

0 . 7 8 ±0 . 86 
- 0 . 78±0 . 86 

-0 . 07 ±0 . 7 3  
0 . 07 ±0 . 7 3 

1 4 . 26±0 . 87 

S i re group 5 
1 9 7 4 / 1 9 7 5  

- 2 . 3 5±"0 . 51 
0 . 7 2 ±0 . 50 
1 .  98±0 . 51 

-0 . 3 5 ±0 . 5 1 

3 . 1 5 ±0 . 8 1 
2 . 48±0 . 9 3 
0 . 6 3 ±0 . 56 

- 3 . 04 ± 1 . 59 
- 1 . 1 3 ±1 . 1 7 
- 2 . 09±0 . 7 4 

0 . 76±0 . 60 
-0 . 76±0 . 60 

-0 . 90±0 . 51 
0 . 90±0 . 51 

1 8 . 4 7 ±0 . 60 

S i re group 6 
1 9 7 7 / 1 9 78 

2 . 38±0 . 4 5 
-0 . 8 2 ±0 . 4 4 
- 0 . 1 2 ±0 . 4 4 
- 1 .  4 4 ± 0 .  44 

5 . 94±0 . 68 
- 1 .  28±0 . 99 

2 . 00 ±0 . 5 1 
- 2 . 89 ± 1 . 3 5 
- 1 . 9 2 ±0 . 84 
- 1 . 85±0 . 5 7 

4 . 36±0 . 40 
- 4 . 36±0 . 40 

-0 . 07 ±0 . 2 7 
0 . 07 ±0 . 2 7 

1 3 . 8 1 ± 0 . 40 

U1 CO 
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demons trated for both hoggets and m i xed-age ewe s ( Bi gham 

2-i al . , 1 9 8 3 ) • 

Ewe S t aple S trength 

S t o c k i ng r a t e  wa s the l a rge s t  source of  var i a t ion in the 

ewe s taple s t rength mod e l , w i th HSR ewe s h a v i ng a l owe r 

s t a p l e  strength than CSR ewe s .  In i t i a l  stud i e s  on thi s 

f l ock ( Sumne r  and W i ckham , 1 9 6 9 ) i nd i cated a marked and 

more prolonged winter and e a r l y  spring depre s s i on o f  woo l 

growth on the inten s i v e l y  gra z ed area whi ch wa s a s so c i a ted 

wi th a greater th i n ning of the woo l f ibre s . They a l so 

noted there wa s a t e ndency for the woo l from the in ten s i  ve 

sub- f l ock to be s l igh t ly more tender ( lowe r tens i l e 

s t rength ) , a l though th i s  w a s  on ly a subj e c t ive a s s e ssment . 

Ewe S ST was con s i s ten t l y  lowe r than hogget S S T  e s t imate s . 

B i gh am 2-i a l  . ( 1 9 8 3 ) noted wh i l s t  th i s  may be part ly due 

t o  the hoggets be ing pre ferent i a l l y  fed , hog g e t s  have l e s s  

s e a son a l  v a r i a t i on i n  fibre d iameter than o lder ewe s . 

2 y e a r  o l d  ewe s had the l owe s t  S S T  i n  genera l ,  w i th 3 or 

4 year o l d s  having the highest . I n  B igham 2-i al. ( 1 9 8 3 ) 

two - t ooth ewe s con s i s t e n t l y  showed more f l ee ce tenderne s s  

than old e r  ewe s wh i ch we r e  genera l ly s im i l a r . They 

suggested t h i s  d i f f e r e n c e  may po ss i b l y  be exp l a ined where 

two- t ooth ewe s a r e  a ct i ve l y  growing a nd the demands of 

pregnancy r educe the amount of nut r i en t s  ava i lable for 

woo l growth . 

S t o c k i ng r a te x a g e  i n teract ions were s ig n i f i c ant . The 

g r e a ter d e c l ine in S S T  i n  older ewe s on the HSR wa s pos s i b l y  

a s soc i ated w i th teeth w e a r  a n d  other s t r e s s  f actors having 

a greater e f fect in the HSR . 
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B i rthyear a nd a g e  x bi rthyea r  i n teract ions contro l l ed 2 .  2 %  

a nd 1 2 . 0 %  o f  t h e  tot a l  var i a t i on r e s pe c t i ve l y , i nd i c a t ing 

the importance o f  year - to - y e a r  var i a t ion on ewe s ta p l e  

s trength . 

Ba r r e n  ewe s h a d  the h i ghe s t  S S T , w i th S ST dec l i n i ng a s  

the numbe r o f  l amb s born a nd r ea red i nc reased . A l though 

the sma l l  s ubc l a s s  number mean s  that the e f f e c t  o f  a ewe 

having had t w i n s  a nd l o s t  both had a high standard e rror , 

th i s  category h a d  the l owe s t  S ST . Th i s  may r e f lect the 

poor cond i t ion of the ewe whi ch lead to both e f f e c t s . 

S im i l a r  e f fe c t s  o f  pregnancy a nd l a c ta t i on we r e  r eported 

by B i gham e t . a l . ( 1 9 8 3 ) . 

The s igni f i ca n t  inter a c t ion o f  s tock i ng rate x r e prod uc t i ve 

s ta t u s  i nd i ca te d  that t h i s  e f f e c t  wa s d i f ferent i n  the 

cont r o l  a nd h i gh s to c k i ng r a te s . As expec ted the e f f e c t  

o f  r eproduc t ive s ta t u s  l ed t o  a gr
-
eater redu c t i on i n  S ST 

i n  the HSR t h a n  i n  the CSR a s  number o f  l amb s born a nd 

reared increased . 

4 . 1  . 2 . 1 0 Cha r a c t e r  Grade 

Cha r a c t e r  is an a s se s sment based on s taple c r i mp c l a r i ty 

a nd evenne s s , s t a p l e  f orma t ion , b l ocki ne s s  of the s ta p l e  

t i p and freedom f r om medu l la t ion ( Wi ckham and B i gham , 1 9 7 3 ) .  

Hogge t  Cha r a c t e r  G rade 

As w i th mo s t  of the a s s e s sed t r a i t s  the mode l de s c r i bed 

l e s s  than 2 0 %  of the t ot a l  var i a t ion . 



Table 4 . 2 . 20 :  Lea st squares estimates and sta ndard errors of envi ronmenta l e f f ects for hogget character grade 

Factor 

Stocking Rate 

Control 

H igh 

Rear ing Rank 

Single 

Twin 

Age weaned 
( Units/day ) 

General Mean 
- corrected to 
average age at 
weaning 

Sire group l 
1966 / 1 967  

0 . 02 ±0 . 06 

-0 . 02 ±0 . 06 

0 . 04 ± 0 . 06 

- 0 . 04 ±0 . 06 

0 . 009 ±0 . 00 7  

5 . 00 ±0 . 62 

S i re group 2 
1 968/1969 

0 . 16 ±0.  06 

-0 . 1 6 ±0 . 06 

0 . 2 3 ± 0 . 06 

-0 . 2 3 ±0 . 06 

-0 . 00 3 ± 0 . 006 

5 . 20 ±0 . 48 

S i re group 3 
1970/ 1 9 7 1  

-0 . 1 0 -: ±0 . 06 

0 . 10 ±0 . 06 

0 . 05 ±0 . 07 

-0 . 05 ±0 . 07 

0 . 004 ± 0 . 004 

5 . 5 3 ± 0 . 39 

Sire group 4 
1 9 7 2 / 1 9 7 3  

0 . 31 ±0 . 08 

-0 . 3 1 ±0 . 08 

- 0 . 08 ±O . l l 

0 . 08 ±0 . 1 1 

0 . 00 3 ± 0 . 006 

5 . 70 ± 0 . 5 5  

S i r e  group 5 
1 9 7 4 / 1 9 7 5  

C . 05 ±0 . 07 

-0 . 05 ±0 . 07 

0 . 1 4  ±0 . 1 0 

-0 . 1 4 ± 0 . 10 

- 0 . 007±0 . 008 

5 . 28 ±0 . 7 3 

Sire group 6 
1 9 7 7 / 1 9 7 8  

0 . 00 ±0 . 05 

-0 . 00 ± 0 . 05  

-0 . 06 ±0 . 05 

0 . 06 ±0 . 05 

- 0 . 004 ± 0 . 004 

5 . 1 5 ±0 . 3 7 

Sire group 7 
1979/1 980 

0 . 05 ±0 . 04 

-0 . 05 ±0 . 04 

0 . 04 ±0 . 04 

-0 . 04 ± Q . 04 

0 . 004 ±0 . 004 

5 . 24 ±0 . 33 

-" 

0\ 



Table 4 . 2 . 21 :  Least squares est imates a nd standard errors of environmenta l e f fects for ewe character grade 

Factor 

Age of Ewe 
2 years 
3 years 
4 years 
5 years 

No of lambs 
Born/Weaned 
0 0 
1 0 
1 1 
2 0 
2 1 
2 2 

Stocking Rate 
Control 
H i gh 

Rear ing Rank 
Single 
Twi n 

Gene ra l Mean 

Sire group 1 
1966/1967 

- 0 . 1 0±0 . 05 
0 . 1 1 ±0 . 05 
0 . 29±0 . 0 5 

-0 . 29±0 . 05 

0 . 36±0 . 1 0 
0 . 2 2 ±0 . 1 1  
0 . 1 7 ±0 . 09 

- 1 .  0 3 ±0 .  3 3  
0 . 1 2 ±0 . 1 8 
0 . 1 6±0 . 1 1  

0 . 1 5 ±0 . 0 3 
- O . I o  ±0 . 03 

0 . 0 2 ±0 . 0 3 
-0 . 0 2 ±0 . 03 

4 . 78±0 . 08 

Sire group 2 
1 968/ 1 969 

0 . 65±0 . 05 
0 . 30±0 . 05 
0 . 08±0 . 05 

- 1 . 0 3 ±0 . 05 

-0 . 04 ±0 . 10 
0 . 00±0 . 1 0 

-0 . 1 9 ± 0 . 07 
0 . 2 1 ±0 . 2 2 
0 . 5 3 ±0 . 2 2 

-0 . 5 1 ± 0 . 10 

0 . 06±0 . 03 
- 0 . 06±0 . 0 3  

0 . 04 ±0 . 03 
- 0 . 04±0 . 0 3  

5 . 1 0±0 . 07 

Sire group 3 
1 9 7 0/ 1 9 7 1  

0 . 5 2 ±0 . 06 
-0 . 08±0 . 06 
- 0 . 5 3 ± 0 . 06 

0 . 09 ± 0 . 06 

0 . 1 8± 0 . 1 0  
-0 . 07 ±0 . 1 1  

0 . 04 ±0 . 08 
0 . 1 1 ±0 . 26 

-0 . 1 1 ± 0 . 1 7  
- 0 . 1 4 ±0 . 1 1 

-0 . 08±0 . 04 
0 . 08 ±0 . 04 

0 . 0 3 ±0 . 05 
-0 . 0 3 ±0 . 05 

4 . 60 ± 0 . 07 

S i re group 4 
1 9 7 2 / 197 3 

0 . 00 ±0 . 0 5 
0 . 05±0 . 0 5  
0 . 1 8 ±0 . 0 5 

- 0 . 2 3 ±0 . 05 

0 . 0 3 ± 0 . 09 
0 . 1 9 ±0 . 1 2  
0 . 08±0 . 07 

- 0 . 30±0 . 2 2 
0 . 2 2 ±0 . 1 1  

-0 . 2 1 ±0 .  09 

- 0 . 06±0 . 0 3 
o .  0 6±0 . 03 

0 . 09±0 . 0 5 
-0 . 09 ±0 . 0 5 

4 . 78±0 . 07 

Sire group 5 
1 9 7 4 /197 5 

0 . 39±0 . 05 
0 . 1 9±0 . 05 

-0 . 1 4 ±0 . 05 
-0 . 4 5±0 . 0 5 

0 . 1 6±0 . 07 
-0 . 0 3 ±0 . 09 

0 . 0 3 ±0 . 05 
0 . 08±0 . 1 4 
0 . 04±0 . 10 

- 0 . 28±0 . 07 

- 0 . 0 2 ±0 . 03 
0 . 02±0 . 0 3  

0 . 0 3 ± 0 . 04 
- 0 . 0 3 ± 0 . 04 

4 . 80±0 . 05 

Sire group 6 
1 9 7 7 / 1 9 7 8  

- 0 . 0 5 ±0 . 05 
-0 . 06±0 . 05 
- 0 . 0 1 ± 0 . 05 

0 . 1 1 ±0 . 05 

0 . 00 ± 0 . 07 
- 0 . 2 7 ±0 . 1 1  
- 0 . 08±0 . 05 

0 . 36±0 . 1 4  
0 . 0 3 ±0 . 09 

- 0 . 04 ±0 . 06 

-0 . 06±0 . 0 3 
0 . 0 6±0 . 0 3 

- 0 . 0 3 ±0 . 0 3 
0 . 0 3 ±0 . 0 3 

4 . 88 ± 0 . 04 

0'1 
[\J 
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A l though Chopra found stoc k i n g  rate to be high l y  s i gn i f i cant , 

i n  th i s  s tudy i t  described on l y  0 . 1 %  of the tota l var i ance 

in the poo l ed a na ly s i s .  However , stocking r a t e  wa s a 

s i gn i f i ca n t  e f f e c t  i n  3 of  the s i r e  group pe r i od ana l y ses . 

The l e a s t  square s  e s t imates i n  Tab l e  4 .  2 .  2 0  i n d i c a ted tha t 

CHG wa s lowe r  i n  the HSR s heep . Th i s  agreed w i th r e s u l t s  

r eported b y  Chopra ( 1 9 7 8 ) . 

A stock i n g  rate d i f ference wa s found for s i re group 7 ,  

even though the hoggets were then run togethe r . Ryder 

and S te phenson ( 1 9 6 8 ) poi nted out that CHG seems to become 

worse o n l y  a f t e r  prolonged a n d  severe nutr i t i on a l  s t r e s s . 

I n  th i s  s tudy the nutr i t i ona l s t re s s  on the l ambs i s  not 

s evere but there may have b e e n  some carry over e f f e c t  on 

the HSR hogget s in s i re group 7 .  

Year wa s the mos t  important e f fe c t . Th i s  r e f l ected the 

importance of  c l imat i c  var i a t i on and as " wool chara cter " 

may be i nterpreted d i f fe r e nt ly by d i f feren t observers , 

vari a t i o n s  betwee n  observer s  may have con t r i bu t ed to year­

to-year var i a t i on in th i s  t r a i t .  

Year x s tock i n g  rate i n t e ra c t i ons were s i g n i f i cant , 

i nd i ca t i ng the d i f f erent r e s ponse of the s to ck i ng rate s 

to the y e a r - to-year var i a t io n  i n  c l imate and other factors . 

Ewe Cha r a c t e r  Grade 

S tock i n g  rate wa s a l so non s i gn i f i cant i n  the poo l e d  ana l y s i s  

f o r  ewe CHG . Th i s  con t ra s t s  w i t h  s tud i e s  done b y  Bubl ath 

( 1 9 6 9 ) , Sumner ( 1 9 6 9 ) ,  Lan g l a n d s  a nd Bennett ( 1 9 7 3 ) , Joyce 

.et a l.  • ( 1 9 7 6 ) and Lang l a n d s .et al. • ( 1 9 8 4 ) , in wh i ch 

increa s e d  s t oc k i ng leve l s  l ed to poorer chara c t er , par t l y  

a s  a re s u l t  o f  wool becomi n g  more t i ppy . 
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CHG genera l l y decrea sed s te a d i l y  a nd s i g n i f i ca n t ly w i th 

age . Lewe r et a£ • ( 1 9 8 3 ) s ugges ted th i s  ma y have been 

c aused by l o s s  of c r imp a s so c i ated w i th the deve lopment 

of  c y s t s  on the fo l l i c le s . Th i s  phenomenon ( dogg ine s s ) 

i nc rea s e s  w i th age ( Chapman and Jackson , 1 9 7 2 ) . 

Year e ff e c t s  a c counted for 1 6 % o f  the t ot a l v a r i a t ion i n  

CHG . Y e a r  e f f e c t s  we r e  a l so f ound to b e  s i gn i f i cant by 

Lang la nd s  et a£ . ( 1 9 8 4 ) and by Lewe r ( 1 9 7 8 ) who noted change 

i n  observer s  wa s probab l y  the most important f a c tor but 

c l ima t i c  a n d  nut r i tion a l  d i f f erence s we re probab l y  a l so 

i nvo lved . 

I nteract i o n s  were non s ig n i f i ca nt e x cept age x birth yea r  

x s tock i n g  r a t e . Mos t  i nt e ra c t i ons we re a l so found t o  

b e  non s i g n i f i cant f o r  char a c t e r  by Jackson a nd Roberts 

( 1 9 7 0 ) .  

4 . 1 . 2 . 1 1 L u s t re Grade 

Hogget L u s t r e  Grade 

S tock i ng r a t e , though s i g n i f i c a n t  i n . sever a l  of the separate 

s i re group per i od a na l y se s , c o n t ro l led only 0 .  2 %  of  the 

tota l v ar i a t i on in the poo l ed ana l y s i s .  E s t imated e f fects , 

i n  Tab l e  4 .  2 .  2 2 , were i ncons i s tent . A s im i lar r e s u l t  wa s 

obta i ned by Chopra ( 1 9 7 8 ) . From 1 9 7 6 , when the hogget s 

were r u n  toge ther , the s tock i ng rate e f f e c t s  were reduced 

a nd did no t d i f f e r  s igni f i c a nt l y . 

The year e f f e c t  was s i gni f i c a n t . Va r i a t ions i n  the 

s tandard s o f  s c o r i ng by d i f f e rent observer s  wa s probabl y  

t h e  maj or c a u s e  of  t h i s  ( Chopra , 1 9 7 8 ) .  The year x s t ocking 

rate i n t er a c t i on wa s a l so s i gn i f i c a n t . 



Table 4 . 2 . 2 2 :  Least squares estimates and standard errors of environmenta l e f fects for hogget lustre grade 

Factor 

Stocking Rate 

Control 

High 

Rearing Rank 

Single 

Twin 

Age weaned 
( units/da y )  

General Mean 
- corrected to 
average age a t  
weaning 

Sire group 1 
1968/1967 

0 . 09 ±0 . 06 

-0 . 09 ±0 . 06 

-0 . 03 ± 0 . 06 

0 . 03 ±0 . 06 

0 . 006 ±0 . 006 

5 . 69 ± 0 . 56 

S i re group 2 
1968/1969 

-0 . 1 2  ±0 . 04 

0 . 1 2 ±0 . 04 

0 . 09 ±0 . 04 

-0 . 09 ±0 . 04 

0 . 00 1 ±0 . 004 

5 . 8 5 ±0 . 3 1 

Sire group 3 
1 9 7 0 / 1 9 7 1  

0 . 06 ±0 . 04 

-0 . 06 ±0 . 04 

0 . 04 ± 0 . 05 

-0 . 04 ±0 . 05 

-0 . 00 3 ±0 . 003 

5 . 59 ±0 . 2 7 

Sire group 4 
1 9 7 2 / 1 9 7 3 

- 0 . 07 ± 0 . 07 

0 . 07 ±0 . 07 

-0 . 21 ± 0 . 10  

0 . 2 1 ±0 . 10 

-0 . 006±0 . 005  

5 . 1 2 ± 0 . 49 

Sire group 5 
1 97 4 / 1 97 5  

-0 . 01 ±0 . 08 

0 . 01 ±0 . 08 

-0 . 1 5 ±0 . 1 1 

0 . 1 5 ±0 . 1 1 

0 . 00 4 ± 0 . 008 

6 . 1 3 ±0 . 7 4 

Sire group 6 
1 9 7 7 / 1 9 7 8  

0 . 02 ±0 . 04 

-0 . 02 ± 0 . 04 

-0 . 0 3 ± 0 . 04 

0 . 03 ±0 . 04 

0 . 008±0 . 004 

6 . 39 ±0 . 3 2 

Sire group 7 
1 9 7 9 / 1 980 

-0 . 0 3  ± 0 . 03 

0 . 0 3 ± 0 . 03  

-0 . 05 ± 0 . 03  

0 . 05 ± 0 . 03  

0 . 00 1 ±0 . 00 3  

6 . 7 3  ± 0 . 3 1 

--> 

0'\ Vl 



Tab l e  4 . 2 . 2 3 :  Least squares est imates and standard errors of  environmenta l e f fects for ewe l ustre grade 

Fa ctor 

Age of Ewe 
2 years 
3 years 
4 years 
5 years 

No of  Lambs 
Born/\'lleaned 
0 0 
1 0 
1 1 
2 0 
2 1 
2 2 

Stocking rate 
Control 
H igh 

Rear ing Rank 
Single 
Twi n  

Gene ra l Mea n 

S i re group 1 
1966/1967 

0 . 3 5±0 . 05 
0 . 0 5 ±0 . 05 

-0 . 2 5±0 . 05 
-0 . 1 5 ±0 . 05 

0 . 3 1 ±0 . 09 
0 . 1 4 ±0 . 10 
0 . 1 1 ±0 . 08 

-0 . 5 1 ±0 . 30  
- 0 . 1 0±0 . 1 6 

0 . 04 ±0 . 10 

0 . 06±0 . 03 
-0 . 06±0 . 0 3 

0 . 04 ±0 . 0  
-0 . 04 ±0 . 0 3 

5 . 3 7 ±0 . 07 

Sire group 2 
1968/ 1969 

-0 . 16±0 . 05 
0 . 08 ' 0 . 05 
0 . 4 2 ±0 . 05 

-0 . 3 3 ±0 . 05 

0 . 2 4 ±0 . 09 
0 . 04 ±0 . 09 

-0 . 05±0 . 07 
0 . 48 ±0 . 20 

-0 . 38±0 . 20 
-0 . 3 2 ±0 . 10 

0 . 1 3 ±0 . 03 
-0 . 1 3 ± 0 .  0 3  

0 . 04 ±0 . 0 3 
-0 . 04±0 . 0 3  

5 . 3 5 ±0 . 06 

Sire group 3 
1 970/ 1 9 7 1  

0 . 1 9 ± 0 . 06 
- 0 . 0 3 ±0 . 06 
-0 . 1 8 ± 0 . 06 

0 . 0 2 ±0 . 06 

0 . 0 3 ±0 . 1 0 
-0 . 1 3 ±0 . 1 0 
- 0 . 1 7 ±0 . 07 

0 . 30±0 . 2 5 
0 . 09 ±0 . 1 6 

-0 . 1 1 ±0 . 1 1 

0 . 09±0 . 04 
-0 . 09 ± 0 . 04 

0 . 06±0 . 05 
- 0 . 06±0 . 05 

5 . 5 5 ± 0 . 07 

li;l'� 

S i re group 4 
1 9 7 2 / 197 3 

- 0 . 7 4 ±0 . 05 
- 0 . 3 2 ±0 . 05 

0 . 2 5 ±0 . 05 
0 . 81 ± 0 . 0 5  

. 0 . 2 3 ±0 . 09 
- 0 . 08 ±0 . 1 2  
- 0 . 0 3 ±0 . 07 

0 . 00 ±0 . 2 3 
- 0 . 1 9 ±0 . 1 2  

0 . 07 ±0 . 09 

0 . 1 3 ±0 . 0 3 
-0 . 1 3 ±0 . 0 3 

0 . 0 3 ±0 . 05 
- 0 . 0 3 ±0 . 0 5 

5 . 7 7 ±0 . 07 

S i re group 5 
1 9 7 4 / 1 9 7 5  

-0 . 6 4±0 . 04 
0 . 0 2±0 . 04 
0 . 1 7 ±0 . 04 
0 . 4 5 ±0 . 04 

0 . 1 3 ±0 . 06 
0 . 05±0 . 07 

-0 . 0 1 ±0 . 04 
-0 . 20±0 . l l  

0 . 0 2 ±0 . 08 
0 . 01 ±0 . 05 

0 . 05±0 . 02 
- 0 . 05±0 . 02 

-0 . 0 3 ±0 . 03 
0 . 0 3 ±0 . 0 3 

6 . 7 3 ±0 . 04 

S i re group 6 
1 9 7 7 / 1 9 7 8  

0 . 29±0 . 04 
0 . 2 5 ±0 . 04 
0 . 0 3 ± 0 . 04 

- 0 . 57±0 . 04 

-0 . 01 ±0 . 06 
-0 . 10±0 . 09 
-O . l l ±0 . 04 

0 . 1 3 ±0 . l l  
0 . 1 1 ±0 . 07 

-0 . 0 3 ±0 . 05 

0 . 07 ± 0 . 02 
- 0 . 07 ±0 . 02 

0 . 01 ± 0 . 02 
-0 . 01 ±0 . 0 2 

6 . 80 ±0 . 03 

-> 

0'1 
0'1 



1 6 7  

Ewe Lustre Grade 

Lu s t re g rade wa s high e r  i n  the CSR ewe s  than i n  the HSR 

ewe s , w i th 1 . 3 %  of the tota l va r i a t i on contro l led by s tock­

ing rate . Sumner a nd Wi ckham ( 1 9 6 9 )  noted tha t , a l though 

f l eeces from the intens ive sub- f lock we r e  mea sured f i ner , 

qua l i ty number a ppra i sa l s  ind i cated tha t the f l e e c e s  w e r e  

j udged to be coa rser a t  the h i gh e r  s tocking rate . Th i s  

con t ra d i ction may have been due t o  the woo l  being more 

l u s t rous 
·
at the h i gher s tocking leve l . 

A l though age control led 1 4 . 5 % o f  the var i a t ion , age e f f e ct s , 

i n  Tab le 4 .  2 .  2 3 ,  we re incons i s tent . I n  s i re group per i od s  

a nd 6 LU S d e c rea sed w i th age , but i n  per i od s  4 a nd 5 

i t  i ncreased . 

B i rth year a nd 

3 .  4 a nd 1 4 .  5 %  

age x 
o f  the 

birth 

tota l 

year i nteractions cont r o l led 

var i a t i on respe c t i ve l y . As 

w i th other a s s e s sed tra i t s  observer var i a tion wa s proba b l y  

a n  impor tant s ource of  yea r - to-year var i a t i on .  

4 . 1  . 2 . 1 2  T i p p i n e s s  Grade 

TIP wa s subj e c t ively a s s e s sed , w i th woo l having a r a th e r  

po i n ted ' t i p ' protrud ing beyond the b u l k  of  t h e  s t a p l e  

be i n g  g raded low and wool w i th ' squa r e  t i pped ' s t a pl e s  

get t ing high grades ( Chopra , 1 9 7 8 ) . When i t  i s  p r e s e n t  

th i s  fault becomes m o r e  evident i n  sheep w i th r e l a t i ve l y  

low f ibre number and l i t t l e  y o l k . A t h i n  and ' wi spy ' t i p  

i n  the Mer i n o  c a n  b e  cau sed by poor nutr i t i on f o l l owing 

shear i ng , wherea s t ippine s s  in  Br i t i sh breed s is  d u e  t o  

more r a p i d  g rowth o f  t h e  c oa r s e r  f ibre s  ( Ryder a nd 

S t e phenson , 1 9 6 8 ) . 



1 6 8 

Hogget T i ppine s s  Grade 

A l though rea r i ng rank contro l l ed 4 . 9 % o f  the tot a l  var i a t i on 

i n  t he poo led a n a l y s e s , the lea s t  s quares e s t imates 

pre s e n ted i n  Table 4 . 2 . 2 4 d i d not i nd ic a te a ny cons i s tent 

d i f f e re nce i n  t ip p i ne s s  grade betwee n  hogg e t s  reared a s  

s i ng l e s  or those reared as  twins . 

Age we aned contro l l ed 7 . 5 % of  t he var i a t i o n  w i th ear l i e r  

born hogge t s  having more t i ppy woo l . 

The betwe e n  year e f f e c t  wa s s i gni f i ca n t  but contributed 

o n l y  a neg l ig i ble f ra c t i on o f  the v a r i a t i on in the poo led 

a n l a y se s . ' Year ' d i f f e rence s could a r i se f rom d i f ferences 

i n  the c l ima t i c  c o nd i t ions , espec i a l ly r a i nfa l l ,  a s  T I P  

m a y  b e  a f fe c ted by wet t i ng a n d  dry ing of  the stapl e . S i nce 

th i s  t ra it wa s subj e c t i ve ly graded , vari a t ions i n  scor i ng 

i n  d i f f e rent years or by d i f ferent obs ervers could a l so 

have contr ibuted to the var i a t ion due to th i s  source . 

Ewe T i pp i ne s s  Grade 

B i rt h  yea r , age and b i r t h  yea r x age inter a c t ions expla i ned 

mo s t  of the mode l  var i at ion . TIP dec l i ned w i th increas i ng 

age , 2 o r  3 year old ewe s  show i ng the h i ghe s t  grade s . 

' Year ' e f f e c t s , espe c i a l l y the age x b i rth y e a r  interactions 

wh i c h  i nc lude a 

s ign i f i ca n t . As 

r e c o rd 

noted for 

year componen t , 

hogge ts , y ear l y  

were highly 

v a r i a t ions i n  

c l im at i c  cond i t ions , e s pe c i a l l y  ra i n f a l l ,  o r  var i a t i o n  

i n  the s ubj e c t ive g ra d i ng b y  observer s  cou l d  have resul ted 

in var i a t ion due to th i s  source . 

stocking rate and stocking m.te inter:a.ction effects v:ere non-significant 

i n  the ewe ana l y se s , a s  wa s found in the hogget ana lyse s . 

Thus nut r i t i on wa s not a n  import a n t  f a c tor a f fe c t i n g  



Table 4 . 2 . 24: Lea st squares estimates and standard errors o f  environment a l  e f fects for hogget tippiness grade 

Factor 

Stocking Rate 

Control 

H i gh 

Rearing Rank 

Sing l e  

Twin 

Age weaned 
( units/da y )  

Genera l Mean 
- corrected to 
average age at 
weaning 

Sire group 1 
1966/1 967 

Sire group 2 
1968/1969 

-0 . 09 ±0 . 05 

0 . 09 ±0 . 05 

o . oo ±0 . 05 

-0 . 00 ± 0 . 05 

0 . 00 3 ± 0 . 005 

6 . 4 5 ±0 . 4 2 

Sire group 3 
1 970/1971  

-0 . 24 ±0 . 07 

0 . 2 4 ± 0 . 07 

0 . 01 ±0 . 09 

- 0 . 01 ±0 . 09 

0 . 01 1 ± 0 . 00 5  

5 . 4 2 ±o ·. 5o 

Sire group 4 
1 9 7 2 / 1 9 7 3  

0 . 10 ±0 . 06 

-0 . 10 ±0 . 06 

-0 . 2 2 ± 0 . 09 

0 . 2 2  ±0 . 09 

0 . 01 1 ±0 . 005  

5 . 05 ± 0 . 46 

Sire group 5 
1 9 7 4 / 1 9 7 5  

-0 . 02 ± 0 . 07 

-0 . 02 ± 0 . 07 

0 . 09 ±0 . 1 0 

-0 . 09 ±0 . 10 

- 0 . 004±0 . 007 

5 . 29 ± 0 . 7 1  

Sire group 6 
1 9 7 7 / 1 9 7 8  

-0 . 00 ± 0 . 04 

o . oo ± 0 . 04 

-0 . 01 ± 0 . 04 

0 . 01 ±0 . 04 

0 . 006±0 . 00 4  

4 . 85 ±0 . 3 3 

Sire group 7 
1 9 7 9 / 1 980 

0 . 07 ± 0 . 04 

-0 . 07 ±0 . 04 

0 . 04 ± 0 . 04 

-0 . 04 ± 0 . 04 

0 . 00 1 ± 0 . 004 

5 . 03 ±0 . 3 3 

-> 
m 
1.0 



Table 4 . 2 . 2 5 :  Least squares est imates and s tandard errors o f  environmenta l e f fects for ewe tippines s  grade 

Factor 

Age of  Ewe 
2 years 
3 years 
4 years 
5 years 

No of Lambs 
Born /Weaned 
0 0 
1 0 
1 1 
2 0 
2 1 
2 2 

Stocking Rate 
Control 
H igh 

Rear ing Rank 
Single 
Twin 

General Mean 

Sire group 1 
1966 / 1 967  

0 . 39±0 . 05 
0 . 5 1 ±0 . 05 

-0 . 08±0 . 05 
- 0 . 8 3 ±0 . 05 

0 . 09±0 . 09 
0 . 1 5±0 . 10 
0 . 09±0 . 08 

- 0 . 78±0 . 30 
0 . 28±0 . 1 6 
0 . 1 7 ± 0 . 10 

-0 . 00±0 . 03 
0 . 00±0 . 0 3 

0 . 0 7 ± 0 . 0 3  
- 0 . 0 7 ±0 . 0 3 

5 . 5 3 ±0 . 07 

Sire group 2 
1968/1 969 

0 . 8 2 ±0 . 05 
-0 . 3 1 ±0 . 05 
- 0 . 2 4 ±0 . 05 
-0 . 2 7 ±0 . 05 

0 . 00 ±0 . 09 
-0 . 05±0 . 1 0 
-0 . 1 8 ± 0 . 07 

0 . 3 4 ±0 . 21 
0 . 2 5 ±0 . 2 1 

-0 . 3 7 ±0 . 10 

-0 . 04 ±0 . 0 3 
0 . 04 ±0 . 03 

0 . 01 ±0 . 0 3 
-0 . 01 ±0 . 03 

5 . 3 3 ±0 . 06 

S i re group 3 
1 9 70/ 1 9 7 1  

0 . 04 ± 0 . 05  
0 . 1 6 ± 0 . 05 

- 0 . 07 ± 0 . 05 
-0 . 1 3 ± 0 . 05 

0 . 0 3 ±0 . 1 0 
0 . 05 ±0 . 10 
0 . 05±0 . 10 
0 . 04 ± 0 . 2 4  

-0 . 1 4 ±0 . 1 6 
-0 . 02 ± 0 . 1 0  

0 . 07 ± 0 . 03  
-0 . 07 ± 0 . 03  

-0 . 07 ±0 . 04 
0 . 07 ±0 . 04 

4 . 88 ± 0 . 07 

Si re group 4 
1 9 7 2 / 1 9 7 3  

0 . 38±0 . 0 5  
- 0 . 04 ±0 . 0 5 
- 0 . 08 ±0 . 0 5 
- 0 . 2 6 ±0 . 0 5 

0 . 0 3 ± 0 . 08 
0 . 1 8 ±0 . 1 1  
0 . 05±0 . 06 

-0 . 28±0 . 20 
0 . 2 2 ±0 . 1 0  

- 0 . 20±0 . 08 

0 . 06 ±0 . 0 3 
- 0 . 06±0 . 0 3 

0 . 06±0 . 04 
- 0 . 06±0 . 04 

4 . 8 3 ±0 . 06 

Sire group 5 
1 9 7 4 / 1 9 7 5  

o .  2 1 ±0 . 0 4  
0 . 0 3 ± 0 . 04 

-0 . 07 ±0 . 04 
-0 . 1 7±0 . 04 

0 . 0 5 ±0 . 06 
-0 . 06±0 . 07 

0 . 0 1 ±0 . 04 
- 0 . 0 1 ±0 . 1 2  

0 . 1 6±0 . 09 
-0 . 1 6 ± 0 . 06 

-0 . 04±0 . 02 
0 . 04 ±0 . 02 

0 . 05±0 . 0 3 
-0 . 05±0 . 0 3 

4 . 65±0 . 04 

Sire group 6 
1 9 7 7 / 1 9 7 8  

0 . 0 3 ±0 . 05 
-0 . 05±0 . 05 
- 0 . 08±0 . 0 5 

0 . 1 0 ± 0 . 05 

0 . 0 2 ± 0 . 07 
-0 . 09±0 . 10 
-0 . 1 2 ±0 . 05 

0 . 2 4 ±0 . 1 3  
-0 . 0 2 ±0 . 09 
-0 . 0 2 ±0 . 06 

-0 . 05±0 . 0 3 
0 . 0 5±0 . 0 3  

-0 . 02 ±0 . 03 
0 . 0 2 ± 0 . 03 

4 . 87 ±0 . 04 

__. 

-...J 0 



1 7 1  

t i ppi ne s s  grade i n  th i s  study . Chopra ( 1 9 7 8 ) suggested 

TIP wa s better in the HSR group of  sheep but noted that 

the betwe en stock i ng rate e f f ec t , though s i gn i f i ca n t  

contr ibuted o n l y  a negl i g i b l e  f r a c t ion of the 

v a r i at ion in the poo l ed variance component s  a n a l y se s . 

The unimportance o f  s tock ing rate i n  th i s  s tudy wa s 

supporied by the non - s i gn i f icant stock i ng rate x age 

i nteract ion . If  nu t r i t i on wa s s i gn i f i ca n t  an i nteract ion 

w ou l d  be expected , as due to more rapid t eeth wear and 

h i gher gra z ing pre s s ure older ewe s i n  the h i gh s tocking 

r a te wer e  genera l l y under the grea t e s t  nutr i t i on a l  s t re s s . 

A h ighl y  s i gn i f i ca n t  i n crea s e  i n  rate of wea r  wa s recorded 

by Nolan and B l a ck ( 1 9 7 0 ) for each i nc r ea s e  in s tocking 

r a t e . 

The reproduct ive ra t e  e f fe c t  wa s sma l l bu t t i pp i ne s s  tended 

t o  increa s e  w i th l ambs born . 

4 . 1 . 2 . 1 3 Cott ing Grade 

W i ckham a nd Bigham ( 1 9 7 3 ) a t t r i buted the c o t t i ng of  the 

f l eece m a i n l y  to two event s ;  shedd ing o f  f i ne f i br e s  and 

the migrat ion of  the shed f ibre s  t o  entan g l e  w i th other 

f ibres i n  the f l ee c e . Wett i ng and dry i ng o f  the f l eece 

m a y  a i d  the proce s s .  They noted that c ot t ing i s  s e l dom 

s evere in hogget f le e c e s .  

D i f f erence s i n  COT betwe en stocking r a t e s  wer e  h i gh l y  

s i gn i f i ca n t  i n  t h e  s e parate s ir e  group per iods f or both 

hogget s a nd ewe s but con t ro l l ed on l y  0 . 4 0 . 5 %  of  the 

t ot a l var i a t i on in the combi ned a n a l y se s , w i th rank i n g s  

i ncon s i s tent . Bubl a t h  ( 1 9 6 9 )  a nd Lang l ands a n d  Bennet t  

( 1 9 7 3 )  r e ported t h a t  COT increased w i t h  s tock i ng rate , 

wh i l e  Joyce ( 1 9 6 1  ) obs e rved tha t a l ow pl ane nut r i t i on more 

t h a n  doubled the i nc i dence of  COT . In an ear l i er s tudy 



Table 4 . 2 . 26 :  

Factor 

Stocking Rate 

Control 

H igh 

Rea ring Rank 

Single 

Twin 

Age weaned 
( units/da y )  

Genera l Mean 
- corrected to 
average age at 
weaning 

----------------------------------------------------------------------

Lea st squares estimates and standard errors of environmenta l  e f fects for hogget cotting grade 

Sire group 1 
1966/1967 

-0 . 0 5 ±0 . 04 

0 . 0 5 ±0 . 04 

0 . 05 ±0 . 04 

-0 . 05 ± 0 . 04 

0 . 002 ± 0 . 004 

6 . 89 ±0 . 4 3 

Sire group 2 
1 968/ 1 969 

0 . 0 5 ±0 . 0 3  

- 0 . 05  ±0 . 03 

0 . 0 3 ± 0 . 0 3  

-0 . 03 ±0 . 0 3  

0 . 00 2 ± 0 . 002 

6 � 91 ± 0 . 20 

Sire group 3 
1970/ 1 9 7 1  

-0 . 1 2 ± 0 . 0 3 

0 . 1 2  ± 0 . 0 3  

0 . 02 ± 0 . 0 3  

-0 . 02 ± 0 . 0 3  

0 . 00 5 ± 0 . 002 

6 . 02 ± 0 . 20 

Sire group 4 
1 9 7 2 / 1 9 7 3  

0 . 1 2  ± 0 . 05 

-0 . 1 2 ± 0 . 05 

-0 . 02 ±0 . 07 

0 . 02 ± 0 . 07 

0 . 00 5 ±0 . 004 

6 . 5 3 ± 0 . 36 

Sire group 5 
1 9 7 4 / 1 9 7 5  

-0 . 04 ±0 . 05 

0 . 04 ± 0 . 05  

0 . 1 4 ± 0 . 07 

-0 . 1 4 ± 0 . 07 

- 0 . 000 ± 0 . 005 

6 . 09 ± 0 . 5 2  

Sire group 6 
1 97 7 / 1 9 7 8  

-0 . 01 ± 0 . 04 

0 . 01 ±0 . 04 

- 0 . 04 ± 0 . 04 

0 . 04 ± 0 . 04 

-0 . 004±0 . 003 

6 . 26 ± 0 . 30  

S i re group 6 
1 9 7 9 / 1 980 

- 0 . 01 ±0 . 03 

0 . 01 ±0 . 03 

0 . 01 ±0 . 0 3 

- 0 . 01 ±0 . 03 

-0 . 00 4 ± 0 . 003 

6 . 6 5 ± 0 . 30 

__. 

......j 
N 



Tab l e  4 . 2 . 27 :  Least squares estimates a nd s tandard errors of envi ronmenta l  e f fects for ewe cott ing grade 

Factor 

Age of Ewe 
2 years 
3 years 
4 years 
5 years 

No of Lambs 
Born/Weaned 
0 0 
1 0 
1 1 
2 0 
2 1 
2 2 

Stocking Rate 
Control 
H igh 

Rearing Rank 
Single 
Twi n 

General Mean 

Sire group 1 
1966/1967 

0 . 08±0 . 05 
0 . 7 5 ±0 . 05 
0 . 1 2 ±0 . 05 

-0 . 9 5 ±0 . 05 

0 . 06±0 . 09 
- 0 . 00±0 . 09 

0 . 09±0 . 08 
- 0 . 28±0 . 29 

0 . 1 0 ±0 . 1 6 
0 . 0 3 ±0 . 10 

- 0 . 06±0 . 0 3 
0 . 6  ±0 . 0 3 

0 . 1 1 ±0 .  03  
-0 . 1 1 ±0 . 0 3 

6 . 0 2 ±0 . 0 7 

Sire group 2 
1968 / 1 969 

0 . 54±0 . 05 
-0 . 36±0 . 05 
-0 . 2 3 ±0 . 05 

0 . 05±0 . 05 

- 0 . 04±0 . 08 
- 0 . 06±0 . 09 
-0 . 0 3 ±0 . 06 

0 . 2 5 ±0 . 1 9  
0 . 1 7 ± 0 . 19  

-0 . 29±0 . 09 

-0 . 01 ±0 . 03 
0 . 0 1 ±0 . 0 3 

-0 . 0 1 ±0 . 03 
0 . 0 1 ±0 . 03 

5 . 5 1 ±0 . 06 

Sire group 3 
1 9 70 / 1 9 7 1  

- 0 . 3 7 ± 0 . 06 
0 . 5 2 ± 0 . 06 

- 0 . 05 ± 0 . 06 
-0 . 1 0 ±0 . 06 

0 . 1 7 ±0 . 1 1  
-0 . 09±0 . 1 2 

0 . 0 1 ±0 . 09 
0 . 1 7 ± 0 . 29 
0 . 0 1± 0 . 1 9 

-0 . 2 7 ± 0 . 1 2  

0 . 07 ±0 . 04 
--o .  0 7 ± o .  04 

0 . 06±0 . 05 
-0 . 06 ± 0 . 05 

5 . 3 4 ±0 . 08 

Sire group 4 
1 9 7 2 / 197 3 

-0 . 2 5 ±0 . 0 7 
0 . 0 1 ±0 . 06 
0 . 1 0 ± 0 . 06 
0 . 1 5 ±0 . 0 7 

0 . 5 1 ±0 . 1 1  
- 0 . 09±0 . 1 5  

0 . 08±0 . 08 
-0 . 26±0 . 2 8 
-0 . 01 ±0 . 1 5  
-0 . 2 3 ±0 . 1 1  

0 . 20±0 . 04 
- 0 . 20±0 . 04 

0 . 0 7 ± 0 . 06 
-0 . 07 ±0 . 06 

5 . 3 9 ± 0 . 08 

Sire group 5 
1 9 7 4 / 1 9 7 5  

-0 . 1 7 ±0 . 07 
0 . 1 9±0 . 07 
0 . 1 2 ±0 . 06 

-0 . 1 3 ±0 . 07 

0 . 26±0 . 1 1  
-0 . 09±0 . 1 2  
- 0 . 00±0 . 07 
-0 . 1 1 ±0 . 20 

0 . 0 2 ±0 . 1 5 
- 0 . 09±0 . 09 

-0 . 05±0 . 04 
0 . 05±0 . 04 

0 . 07±0 . 05 
-0 . 07 ±0 . 05 

5 . 69±0 . 07 

Sire group 6 
197 7/ 1978 

-0 . 40±0 . 07 
0 . 16±0 . 07 
0 . 4 2 ±0 . 07 

-0 . 1 9±0 . 07 

0 . 2 7 ±0 . 1 1  
-0 . 1 6 ±0 . 1 6 

0 . 06±0 . 08 
0 . 01 ±0 . 2 1 
0 . 0 2 ±0 . 1 4 

-0 . 20±0 . 09 

-0 . 0 3 ±0 . 04 
0 . 0 3 ± 0 . 04 

-0 . 10 ±0 . 05 
0 . 1 0 ±0 . 05 

5 . 98±0 . 06 

__. 

--..) w 
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on t h i s  f lo c k  S umner 

i n te n s i v e l y  

depr e s s i o n  

t h i n ni ng o f  

cott ing . 

g r a zed 

of  wool 

the woo l  

a nd 

ewe s 

W i ckham ( 1 9 6 9 ) noted t h a t  the 

had a greater w i n t e r  I s p r i ng 

growth , 

f ibre s 

a s so c i a ted w i th a grea ter 

a nd a h i gher i nc i d ence of  

C l ima t i c  d i f fe rences betwe e n  the year s , e s pe c i a l ly the 

r a i n fa l l , c o u l d  be a maj or f a c tor in the s igni f i c a n t  year 

e f f e c t . Joyce ( 1 9 6 1  ) found tha t the i nc idence of COT wa s 

a f f e c ted by s e a son , breed , a g e , r eproduct i ve per formance 

a nd nut r i t i o n . As in other s ubj e c t ive ly g raded t r a i t s , 

the observer v a r i a t ion could a l so have con t r i buted to the 

' ye a r ' e f f e c t  in thi s  tra i t . 

I n  ewe f le e c e s  1 0 . 5 % o f  the t o ta l var i a t i on i n  COT wa s 

contro l led by a g e . 3 year o l d  ewe f leeces were g e ne r a l ly 

l e a s t  cot ted ( h i gh e r  COT grade ) .  

Reproduc t i ve s ta tu s  wa s nons i gn i f i c a n t  i n  the poo led 

a n a l y s i s , a l though t w i n -bear i ng ewe s genera l l y  p roduced 

more cotted f l ee ce s . 

4 . 1 . 2 . 1 4 Cotted Area Grade 

In a l l  f l e e c e s  t he r e  

wool f ibre s but i t  

c a u s e  d i  f f  i c u l  ty i n  

i s  some evidence o f  entanglement o f  

i s · only when i t  i s  severe enough to 

d ivid ing the f le e c e  that a f le ece i s  

g i ven the d e s c r i p t i o n  " cotted " or " mat ted " ( Henderson , 

1 9 6 8 ) . 

CAG wa s more s e vere i n  the HSR f l ee c e s . These r e s u l t s  

a r e  i n  agreemen t  w i th Joyce ( 1 9 6 1  ) ,  Sumner ( 1 9 6 9 ) ,  La n g l and s 

a nd B e nn e t t  ( 1 9 7 3 ) a nd Chopra ( 1 9 7 8 ) .  S umner a nd W i ckham 

( 1 9 6 9 ) observed that i ncreased s t o c k i ng rate tend s to re s u l t  

i n  a g re a t e r  a mp l i tude o f  the s e a s on a l  rhy thm o f  woo l growth 



Table 4 . 2 . 28 :  Lea s t  squares estimates and standard errors of environmental e f fects for hogget cotted a rea grade 

Fa ctor 

Stocking Rate 

Control 

H igh 

Rearing Rank 

Sing l e  

Twin 

Age weaned 
( units/day ) 

Genera l Mean 
- corrected to 
average age at 
weaning 

Sire Group 1 
1966/1967 

0 . 05 ±0 . 04 

-0 . 05 ±0 . 04 

Sire Group 2 
1 968/1969 

o. 28 ±0 . 04 

- 0 . 28±0 . 04 

S i re Group 3 
1 970/1971  

0 . 0 3 ±0 . 0 3 

-0 . 0 3 ± 0 . 03 

Sire Group 4 
1 9 7 2 / 1 9 7 3  

0 . 1 0 ±0 . 04 

-0 . 1 0 ± 0 . 04 

Sire Group 5 
1 9 7 4 / 1 9 7 5  

0 . 06 ±0 . 07 

-0 . 06 ±0 . 07 

Sire Group 6 
1 97 7 / 1 9 7 8  

0 . 0 2 ±0 . 03 

-0 . 02 ±0 . 03 

0 . 01 ± 0 . 04 0 . 00 ±0 . 04 - 0 . 01 ±0 . 04 -0 . 02 ±0 . 06 0 . 1 2 ± 0 . 09 -0 . 06 ±0 . 03 

-0 . 01 ± 0 . 04 -o . oo ±0 . 04 o . o1 ±0 . 04 o . o 2 ±o . o6 -0 . 1 2 ± o . o9 o . o6 ± o . o3  

0 . 00 5 ± 0 . 004 0 . 002±0 . 003 - 0 . 002 ±0 . 00 2  -0 . 00 2 ± 0 . 003 - 0 . 001 ±0 . 007 -0 . 00 3 ±0 . 00 3  

6 . 52 ± 0 . 39 6 . 7 4 ±0 . 30 6 . 8 2 ± 0 . 2 1 6 . 1 5 ± 0 . 28 6 . 3 4 ±0 . 64 6 . 5 4 ±0 . 2 5 

Sire Group 7 
1 9 7 9 / 1 980 

--' 

-..J U1 



Table 4 . 2 . 29 :  Least squares estimates and s tandard errors o f  environmenta l e f fects for ewe cotted a rea grade 

Factor 
S i re group 1 Sire group 2 S i re group 3 S i re group 4 Sire group 5 Sire group 6 

1966/1967 1968/ 1969 1 9 70/ 1 9 7 1  1 9 7 2 / 1 9 7 3  1 9 7 4 / 1 9 7 5  1 9 7 7 / 1 9 7 8  

Age of Ewe 
2 years -0 . 1 4 ±0 . 09 0 . 0 3 ±0 . 06 - 0 . 1 4 ± 0 . 07 0 . 0 3 ±0 . 07 0 . 1 0±0 . 06 
3 years 0 . 1 7± 0 . 07 0 . 2 4 ± 0 . 06 0 . 2 7 ± 0 . 07 0 . 2 5 ±0 . 07 0 . 3 3 ±0 . 06 
4 years 0 . 2 1 ±0 . 07 -0 . 2 5 ± 0 . 06 0 . 28±0 . 07 - 0 . 0 7 ±0 . 06 -0 . 0 4 ±0 . 06 
5 years -0 . 2 3 ±0 . 07 -0 . 0 2 ±0 . 06 - 0 . 4 1 ±0 . 07 - 0 . 2 1 ±0 . 0 7  -0 . 40±0 . 06 

No o f  Lambs 
Born/Weaned 
0 0 0 . 28±0 . 1 4 0 . 1 0 ±0 . 1 1  0 . 3 7 ±0 . 1 2  0 . 5 4 ±0 . 1 2  0 . 3 4 ±0 . 10 
1 0 -0 . 1 0±0 . 1 4 - 0 . 0 1 ±0 . 1 1  -0 . 02 ±0 . 1 2  0 . 08 ' 0 . 1 6 -0 . 04±0 . 1 1 
1 1 -0 . 08±0 . 1 1  -0 . 0 2 ±0 . 08 0 . 0 2 ±0 . 09 0 . 09±0 . 09 -0 . 05±0 . 07 
2 0 -0 . 64 ±0 . 42 0 . 3 4 ±0 . 2 5  '0 . 3 2 ±0 . 30 - 0 . 01 ±0 . 29 -0 . 1 3 ±0 . 19 
2 1 0 . 6 1 ±0 . 25 0 . 06 ± - 0 . 2 5 - 0 . 1 8 ±0 . 20 - 0 . 2 7 ±0 . 1 5  0 . 08±0 . 1 4 
2 2 -0 . 06±0 . 1 4 - 0 . 4 7 ± 0 . 1 2  - o .  51 ±0 . 1 3  - 0 . 4 3 ±0 . 1 1  - 0 . 2 1 ±0 . 09 

Stocking Rate 
Control -0 . 0 1 ±0 . 05 0 .  0 7 ± 0 . 04 0 . 1 6 ± 0 .  04 0 . 3 5 ±0 . 04 -0 . 06±0 . 04 
High 0 . 01 ±0 . 05 - 0 . 0 7 ± 0 . 04 -0 . 1 6 ± 0 . 04 -0 . 3 5 ±0 . 04 0 . 06±0 . 04 

Rea r ing Rank 
Single 0 . 1 7 ±0 . 04 -0 . 02 ± 0 . 04 0 . 04 ±0 . 05  - 0 . 04 ±0 . 06 0 . 1 0±0 . 05 
Twi n -0 . 1 7 ±0 . 04 0 . 02 ±0 . 04 -0 . 04 ±0 . 05  0 . 04 ±0 . 06 -0 . 1 0±0 . 05 

General Mean 6 . 0 5 ±0 . 1 1  5 . 79±0 . 07 5 . 4 7 ± 0 . 09 5 . 36±0 . 08 5 . 1 3 ±0 . 06 

_. 
-..1 
m 



1 77  

a nd f i bre d i ameter wi th the t rough of  the rhy thm occur i n g  

l a te r  i n  t h e  yea r .  Th i s  c a n  r e su l t  i n  increa sed cot t i ng . 

I t  i s  be l i eved that poor feed i n g  or any other s t re s s  wh i ch 

i s  l ikely t o  r e in force or p r o l ong the norma l w i nter 

depr e s s i on wi l l  cau s e  shedd ing o f  more f i bres and ma y re s u l t  

i n  more c ot t i ng . Cot t i ng tend s t o  b e  more s evere o n  the 

r e g i ons having the greatest var i ab i l i ty of  f i br e  d iameter 

( Chopra , 1 9 7 8 ) .  

The year e f f ect wa s h i gh l y  s ig ni f i cant , contro l l i n g  5 .  8 %  

of  the t o t a l  var i a t i o n  i n  hog g e t  CAG and 3 . 6 % i n  ewe CAG . 

However thi s  wa s not a s  h i gh a s  the 3 9 % attr i buted to year 

for hog get CAG by Chopra ( 1 9 7  8 )  • Obs erv�r var i a t i on and 

c l imat i c  cond i t i on s  are l i k e l y  to cont r i bute to th i s  e f f e c t . 

Age contro l l ed 5 . 1 %  o f  the tot a l  var i a t i on in the ewe mod e l . 

Max imum CAG occurred i n  th e 3 year old ewe s . 

Reprodu c t i ve s t a t u s  o f  the ewe s  contro l led 2 . 7 % o f  the 

tota l var i a t i on .  Dry dry ewe s had the highe s t  CAG ( le a s t  

cotted ) , w i th CAG d e c l i n i n g  a s  number o f  l ambs born and 

reared increa sed . 

Stocking r a t e  x a g e  and s t o c k i n g  r a t e  x a g e  x b i rthyear 

i nteract ions con t r o l l i ng s ig n i f i cant amoun t s  of the tota l 

va r i at i o n . 

4 . 1 . 2 . 1 5 Sound ne s s  Grade 

Henderson ( 1 9 6 8 ) 

the d e c re a s e  i n  

f ibre s , s he dd i n g  

of  the f ibre s 

comb ina t ion . 

a t t r i bu ted the u n soundne s s  i n  wool to 

cros s- s e c t i on a l area of  a r eg i on of the 

and the 

the s e  

fundamenta l structura l we akne s s  

e f fect s a c t i ng s in g l y  o r  i n  



1 7 8 

Hogget S oundne s s  Grade 

Stoc k i ng r a t e  contro l l ed 3 . 0 % of  the tota l v a r i a t ion i n  

S OU a nd w a s g enera l ly lower i n  the HSR f l e e ce s . The s e  

resu l t s  a g r ee w i th tho s e  found b y  Bub l a th ( 1 9 6 9 ) , La ng l a nd s  

and B e n n e t t  ( 1 9 7 3 )  and Chopra ( 1 9 7 8 ) . 

Al though Chopra ( 1 9 7 8 ) found that year e f f e c t s  expl a i ned 

1 2 . 8 % of the tota l v a r i a t i on , i nclus i o n  of more data and 

d i f f e re n t  a n a l y s i s  techn iques meant that the year effect 

contro l l ed none of the tot a l  var i a tion i n  comb i ned ana ly s e s  

i n  thi s  study . 

Year x s to c k i ng rate i nt e r ac t i o n s  contro l led 1 5 .  5 %  of the 

tota l v a r i a t ion , i nd i c a t i ng that a l though y e a r  effects  

were n on s i gn i f i cant , w i t h i n  years  the s tocki n g  r a t e s  were 

d i f f e r en t i a l ly i n f luenced . 

Ewe Soundne s s  G r ade 

S tocki ng r a te contro l l ed the l arge s t  

tota l v a r i a t ion , w i th sound ne s s  grade 

stock i ng r a t e  ewe f l ee c e s .  

propo r t i o n  of  

l owe r in  the 

the 

high 

E f f e c t s  of age we re s ig n i f i ca n t , a l though r a nk i ng s  were 

i ncons i s t e n t  ( Ta b l e  4 . 2 . 3 1 ) .  

S i gn i f i c a n t  b i r thyear , age x bi r t h  year a nd age x bi rth year 

x s t o c k i n g  rate i ntera c t io n s  r e f l ected the i mpor t a nce of  

year to y e a r  d i f ference s due to c l ima t i c c o nd i tions , 

para s i t i c  i nf e c t i ons or a n y  o t her sea sona l  v a r i a t ions . 

Va r i a t i on s  i n  the standard s o f  sco r i ng may a l so have 

cont r i bu t e d  to th i s  source of  var i at ion . 



Tabl e  4 . 2 . 30 :  Least squares e s t imates and standard errors o f  environmenta l e f fects for hogget soundness grade 

Factor 

Stocking Rate 

Control 

High 

Rearing Rank 

Single 

Twin 

Age weaned 
( un i t s /day )  

Genera l Mean 
- corrected to 
ave rage age at 
weaning 

Sire group 1 
1 966/ 1 967  

-0 . 3 2 ± 0 . 07 

0 . 3 2  ± 0 . 07 

- 0 . 0 3 ±0 . 07 

0 . 0 3 ±0 . 07 

0 . 01 ± 0 . 007 

7 . 07 ±0 . 67 

Sire group 2 
1968/1969 

v . 3 1  ± 0 . 08 

- 0 . 3 1 ± 0 . 08 

0 . 0 1 ±0 . 08 

-0 . 01 ± 0 . 08 

0 . 0 2 ±0 . 007 

6 . 68 ±0 . 60 

Sire group 3 
1 97 0 / 1 9 7 1  

-0 . 10  ± 0 . 09 

0 . 10 ± 0 . 09 

0 . 06 ±0 . 1 1 

-0 . 06 ±0 . 1 1 

- 0 . 009 ±0 . 00 7  

5 . 91 ± 0 . 6 3 

Sire group 4 
1 9 7 2 / 1 9 7 3  

1 .  2 2  ± 0 . 1  

- 1 . 22 ± 0 . 10  

- 0 . 03 ± 0 . 1 5 

0 . 0 3 ± 0 . 1 5 

0 . 000±0 . 008 

5 . 38 ±0 . 7 2 

Sire group 5 
1 9 7 4 / 1 9 7 5  

-0 . 1 1 ± 0 . 08 

0 . 1 1 ± 0 . 08 

0 . 1 3 ± 0 . 1 1  

-0 . 1 3 ± 0 . 1 1  

-0 . 00 1 ± 0 . 008 

6 . 27 ±0 . 7 6 

Sire group 6 . Sire  group 7 
1 9 7 7 / 1 9 7 8  1979/ 1 980 

0 . 09 ± 0 . 06 -0 . 08 ±0 . 07 

-0 . 09 ± 0 . 06 0 . 08 ± 0 . 07 

0 . 07 ± 0 . 0 7  -0 . 05 ± 0 . 08 

-0 . 07 ± 0 . 07 0 . 05 ±0 . 08 

-0 . 00 3 ± 0 . 006 0 . 0 1 6 ± 0 . 007 

6 . 56 ± 0 . 49 6 . 58 ± 0 . 67 

-> 
-.....1 
\0 



Table 4 . 2 . 3 1 :  Least squares estimates a nd s tandard errors o f  environmenta l e ffects for ewe soundness grade 

Factor 

Age of ewe 
2 years 
3 years 
4 years 
5 years 

No of Lambs 
Born/Weaned 
0 0 
1 0 
1 1 
2 0 
2 1 
2 2 

Stocking Rate 
Control 
High 

Rear ing Rank 
Single 
Twi n  

General Mean 

Sire group 1 
1966 / 1 967  

-0 . 3 1 ±0 . 09 
-0 . 06±0 . 09 
- 0 . 0 4 ±0 . 1 5 

0 . 4 1 ±0 . 1 5  

0 . 7 5 ±0 . 2 7 
0 . 4 5±0 . 28 
0 . 70±0 . 2 5  

- 2 . 5 8 ± 1 . 1 4 
0 . 28±0 . 38 
0 . 39±0 . 30 

0 . 2 7 ±0 . 06 
- 0 . 2 7 ± 0 . 06 

0 . 0 2 ±0 . 06 
-0 . 0 2 ±0 . 06 

4 . 99±0 . 24 

Sire group 2 
1968/1969 

0 . 26±0 . 2 3  
0 . 1 6 ±0 . 18 
0 . 1 2 ±0 . 10 

-0 . 54±0 . 1 0 

0 . 5 2 ±0 . 21 
0 . 1 4 ±0 . 21 
0 . 0 4 ±0 . 1 5 

-0 . 05±0 . 54 
- 0 . 2 5 ±0 . 38 
-0 . 40 ±0 . 2 1 

0 . 5 2 ± 0 . 08 
-0 . 5 2 ±0 . 08 

0 . 0 7 ± 0 . 06 
-0 . 07 ±0 . 06 

5 . 26±0 . 1 5  

Sire group 3 
1 9 70/ 1 9 7 1  

0 . 1 8 ± 0 . 09 
0 . 01 ±0 . 09 

-0 . 50 ± 0 . 09 
o .  3 1 ±0 . 09 

0 . 95 ±0 . 1 7 
- 0 . 1 6 ±0 . 1 7 

0 . 0 3 ±0 . 1 2  
- 0 . 05±0 . 4 2 
-0 . 3 3 ±0 . 27 
-0 . 44 ±0 . 1 8 

0 . 36±0 . 06 
-0 . 3 6 ± 0 . 06 

- 0 . 07 ± 0 . 08 
0 . 07 ±0 . 08 

5 . 3 2 ±0 . 1 2  

S i re g roup 4 
1 9 7 2 / 1 9 7 3  

- 1 . 59±0 . 09 
- 0 . 0 5 ± 0 . 09 

0 . 69 ±0 . 09 
0 . 9 5 ± 0 . 09 

0 . 56 ±0 . 1 6 
0 . 1 9 ±0 . 2 2  
0 . 4 4 ±0 . 1 2  
0 . 5 4 ±0 . 40 

-0 . 3 2 ±0 . 20 
- 0 . 3 2 ±0 . 1 5  

0 . 1 5 ±0 . 06 
- 0 . 1 5 ±0 . 06 

0 . 0 3 ±0 . 08 
- 0 . 0 3 ±0 . 08 

5 . 7 4 ±0 . 1 2  

Sire group 5 
1 9 7 4 / 1 9 7 5  

0 . 1 7± 0 . 09 
0 . 60±0 . 09 

-0 . 1 8± 0 . 09 
-0 . 5 9±0 . 09 

0 . 65 ±0 . 1 5 
0 . 4 1 ±0 . 1 7 
0 . 30±0 . 10 

- 1 .  0 1 ± 0 .  28  
-0 . 26±0 . 2 1 
-0 . 08±0 . 1 3  

0 . 2 7±0 . 05 
-0 . 2 7 ±0 . 05 

- 0 . 20±0 . 08 
0 . 20±0 . 08 

6 . 2 5 ±0 . 10 

Sire group 6 
1 9 7 7 / 1 9 7 8  

-0 . 46±0 . 1 0 
-0 . 01 ±0 . 1 0 

0 . 36±0 . 10 
0 . 1 2 ±0 . 1 0 

0 . 78±0 . 1 5  
0 . 05±0 . 2 3  
0 . 4 2 ±0 . 1 2  

- 0 . 3 7 ±0 . 30 
- 0 . 40±0 . 1 9 
- 0 . 48±0 . 1 3  

1 . 1 8 ±0 . 06 
- 1 . 18±0 . 06 

- 0 . 0 1 ± 0 . 06 
0 . 0 1 ±0 . 06 

4 . 96±0 . 09 

� 
CXl 0 



1 8 1  

W i ckham 

lack of  

( 1 9 6 8 )  examined the v a r i o u s  fa c tors cau s i n g  the 

strength i n  the f i br e s  a nd poi nted out that 

i n c r ea s i ng 

unsoundn e s s . 

s tocking 

Other 

r a t e s  can r e s u l t  in higher l eve l s  of 

d i f f e rence s 

l ambing and 

po s s ib l e  c a u s e s  we re 

in wool growth rate , pregnancy , 

other s t r e s s e s  a c centua t ing the 

sea s ona l e f f e c t . 

s ea s ona l 

l a c ta t i on , 

fundamenta l 

The r e  a ppeared to be l i t t l e  s\ rni \or ity between soundne s s  

grade a nd obj e c t ive l y  mea sured s ta ple strength for the 

hogg et t r a i t s . In the ewe s the tren d  in the mean s  of both 

t r a i t s  wa s to i ncrea s e  a c r o s s  the s i r e  groups a nd then 

drop at the la s t  s ire group . Stock i n g  rate and reprodu c t ive 

status e f f e c t s  were a l so con s i stent a c ro s s  both tra i t s . 

4 . 1  . 2 . 1 6 Hand l e  Grade 

Hogget Hand l e  Grade 

A s  noted by Chopra ( 1 9 7 8 ) , stocking r a t e  e f f e c t s  we r e  sma l l  

and non s igni f i c a n t . HND tended t o  be higher ( so f t e r ) i n  

the �SR woo l s a s  compa red to the CSR . 

Be tween year e f f ec t s  wer e  s i gn i f i ca n t . Chopra ( 1 9 7 8 ) n oted 

tha t s i nce weathering is one of  the ma j or ca u s e s  of ha r s h ­

ne s s , d i f fe r e n c e s  i n  the yea r l y  e nvi ronme n t s  bec a u s e  o f  

c l i ma t i c  cond i t i ons m a y  have contr ibu t ed to th i s  source 

o f  var i at i on . O ther f a c to r s  such a s  var i a t i on s  in  the 

s t a ndard s of s cor ing a nd the subj e c t i ve a s s e s sment of the 

t r a i t  m i ght have a l so contr i buted to the ' year ' e f f e c t . 



Table 4 . 2 . 3 2 :  Least squares estimates and standard errors of  environmenta l e f fects for hogget handle grade 

Factor 

Stocking Rate 

Control 

High 

Rearing Rank 

Single 

Twin 

Age weaned 
( units/day ) 

General Mean 
- corrected tb 
average age at 
weaning 

Sire group 1 
1 966/ 1967 

-0 . 08 ±0 . 06 

0 . 08 ±0 . 06 

-0 . 01 ±0 . 0 5 

0 . 01 ±0 . 0 5 

0 . 003±0 . 006 

6 . 50 ± 0 . 56 

Sire group 2 
1968 / 1 969 

-0 . 01 ± 0 . 0 5 

0 . 01 ±0 . 05 

0 . 1 4  ±0 . 05 

-0 . 1 4 ± 0 . 0 5 

;:;.0 . 006±0 . 00 5  

6 . 29 ± 0 . 3 8  

S i r e  group 3 
1 970/ 1 9 7 1  

0 . 02 ± 0 . 05 

-0 . 02 ± 0 . 05 

0 . 0 3 ± 0 . 06 

-0 . 03 ±0 . 06 

-0 . 00 5 ±0 . 004 

5 . 8 3 ± 0 . 38 

S i re group 4 
1 9 7 2 / 1 9 7 3  

-0 . 1 3  ±0 . 06 

0 . 1 3  ± 0 . 06 

0 . 06 ±0 . 09 

-0 . 06 ± 0 . 09 

-0 . 00 3 ±0 . 005 

6 . 19 ± 0 . 4 4  

S i r e  group 5 
1 9 7 4 / 1 9 7 5  

0 . 01 ±0 . 05 

-0 . 01 ± 0 . 05  

0 . 02 ± 0 . 06 

- 0 . 0 2  ± 0 . 06 

- 0 . 00 1 ±0 . 00 5  

5 . 5 3 ±0 . 4 5 

Sire group 6 
1 9 7 7 / 1 9 7 8  

0 . 0 3 ± 0 . 0 3 

-0 . 0 3  ±0 . 03 

-o . oo ±o . o 3 

o . oo ± 0 . 0 3  

- 0 . 00 3 ± 0 . 003 

5 . 49 ±0 . 2 6 

Sire group 7 
1 9 7 9 / 1 980 

0 . 0 3 ±0 . 0 3 

-0 . 0 3 ± 0 . 0 3  

0 . 03 ±0 . 0 3  

.:..o . o 3 ± 0 . 0 3 

0 . 002 ±0 . 003  

5 . 46 ±0 . 2 3 

(X) ['-) 



Table 4 . 2 . 3 3 :  Least squares e s t imates a nd s tandard errors of environmenta l e f f ects for ewe handle grade 

Factor 

Age of Ewe 
2 years 
3 years 
4 years 
5 years 

No of Lambs 
Born/Weaned 
0 0 
1 0 
1 1 
2 0 
2 1 
2 2 

Stocking Rage 
Control 
H igh 

Rear ing Rank 
Single 
Twi n  

General Mean 

Sire group 1 
1966/1967 

- 0 . 1 1 ±0 . 05 
0 . 3 5 ±0 . 05 
0 . 1 2±0 . 05 

- 0 . 3 6± 0 . 05 

0 . 2 2 ±0 . 10 
0 . 2 3 ±0 . 10 
0 . 1 8 ±0 . 08 

- 0 . 50±0 . 3 1 
-0 . 30±0 . 1 7 

0 . 1 6±0 . 10 

- 0 . 1 8±0 . 0 3 
0 . 1 8 ±0 . 03 

0 . 0 7 ±0 . 0 3 
-0 . 0 7 ±0 . 03 

5 . 8 1 ±0 . 07 

Sire group 2 
1968/1 969 

0 . 4 5 ±0 . 05 
-0 . 1 3 ±0 . 05 
-0 . 0 3 ±0 . 05 
-0 . 29±0 . 05 

0 . 04 ±0 . 09 
0 . 0 2 ±0 . 09 

-0 . 0 2 ±0 . 07 
-0 . 1 4 ±0 . 1 9 

0 . 4 1 ±0 . 20 
-0 . 30±0 . 09 

-0 . 0 7 ±0 . 0 3 
0 . 07 ±0 . 03 

0 . 20±0 . 03 
-0 . 20±0 . 03 

5 . 64 ±0 . 06 

Sire group 3 
19 70/ 1 9 7 1  

0 . 4 5 ± 0 . 05 
- 0 . 1 1 ±0 . 05 
-0 . 29 ± 0 . 05 
-0 . 05 ± 0 . 05 

0 . 1 4 ±0 . 09 
- 0 . 0 2 ±0 . 09 
-0 . 00±0 . 07 

0 . 06±0 . 2 3 
-0 . 04 ±0 . 1 5  
- 0 . 13 ±0 . 1 0 

0 . 04 ± 0 . 0 3 
-0 . 04±0 . 03 

0 . 08±0 . 04 
-0 . 08±0 . 04 

5 . 1 5 ±0 . 06 

S i re group 4 
1 9 7 2 / 1 9 7 3  

-0 . 3 1 ±0 .  0 4  
0 . 09 ± 0 . 04 
0 . 1 9 ±0 . 04 
0 . 0 3 ±0 . 04 

0 . 05 ±0 . 08 
0 . 0 2 ±0 . 1 0 

-0 . 04 ±0 . 06 
0 . 46 ±0 . 1 9 

-0 . 06 ±0 . 1 0 
-0 . 4 3 ±0 . 0 7 

0 . 1 1 ±0 . 0 3 
-0 . 1 1 ±0 .  0 3  

0 . 0 2 ±0 . 04 
-0 . 0 2 ±0 . 04 

5 . 2 5 ±0 . 06 

Sire group 5 
1 9 7 4 / 1 9 7 5  

0 . 0 3 ±0 . 04 
0 . 1 1 ±0 . 04 

-0 . 0 2±0 . 04 
-0 . 1 3 ±0 . 04 

0 . 20±0 . 06 
0 . 06±0 . 07 

-0 . 0 2 ±0 . 04 
0 . 2 7 ±0 . 1 2 

-0 . 1 6±0 . 09 
- 0 . 3 5±0 . 06 

0 . 0 3 ±0 . 0 2 
- 0 . 0 3 ±0 . 02 

0 . 04±0 . 03 
-0 . 04 ±0 . 03 

5 . 1 7 ±0 . 04 

Sire group 6 
1 9 7 7 / 1 9 78 

-0 . 1 3 ±0 . 04 
0 . 05 ±0 . 04 
0 . 18±0 . 04 

-0 . 10±0 . 04 

0 . 1 4 ±0 . 06 
0 . 0 3 ±0 . 09 
0 . 04 ±0 . 05 

-0 . 04 ±0 . 1 2 
0 . 0 2 ±0 . 08 

-0 . 1 9 ±0 . 05 

- 0 . 00±0 . 02 
0 . 00±0 . 02 

0 . 01 ±0 . 03 
-0 . 0 1 ±0 . 03 

5 . 16±0 . 04 

CD w 
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R e a r i ng r a nk e f f e c t s  we re non s i gni f i ca n t , a l though Chopra 

( 1 9 7 8 ) f ound the e f f e c t  wa s highly s i g n i f i cant with s i ng l e ­

born hogge t s  d i s p l a y i n g  h i gher HND than the twi n-borns . 

E we Ha nd l e  Grade 

S to c k i ng r a te had a s ign i f i cant e f f ec t  on hand l e  grade 

of ewe f le e c e s , c o n t ro l l i n g  1 . 9 %  of the tota l var ia t i on . 

Where 

h i gh e r  

t h e r e  w e r e  s ig n i f i cant d i f feren c e s  H S R  f le e c e s  had 

( so f ter ) HND in two s i re group per i ods , a nd lowe r 

HND i n  another s i r e  group pe r i od . 

B i r thyear and age x bi r thyear i n te ra c t i o n  e f fe c t s  con t ro l led 

3 .  0 %  a nd 1 2 .  2%  o f  the total var i a t ion , re spe c t i ve l y . Thu s 

t h e  maj or propo r t i o n  o f  the var ia t ion wa s due to c l i ma t i c  

va r i at ion o r  obs erver d i f ferences betwe e n  the years . 

A g e  e f f e c t s  were s i g n i f i cant but i n c on s i s tent . Lang land s  

� t  a £ . ( 1 9 8 4 ) f ound hand l e  dec l i ned l i ne a r l y  with age .  

R e a r i ng rank wa s s ig n i f i cant i n  thi s mode l , contro l l in g  

2 .  4 %  o f  the t o t a l  v a r i a t i o n . S i ng l e- born ewe s had a lowe r 

h a nd l e  grade than the twi n - born ewe s . 

R e p r oduc t i ve s t a t u s  ef f e c t s  were s i gn i f i cant , wi th 1 . 9 %  

o f  the tot a l  var i a t i o n  exp l a i ned . I n  g e n e r a l  HND decrea s e d  

a s  t h e  numbe r of l ambs b o r n  and weaned i nc r e a s ed . 
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4 . 1 . 2 . 1 7  Greasy M i d s i d e  Colou r Grade 

H ogget Greasy Mid s i d e  Co lour Grade 

GCM wa s better in the HSR woo l . Th i s  wa s in agreement 

w i th f i nd i ng s  by B u b l a t h  ( 1 9 6 9 ) , Sumner ( 1 9 6 9 ) , Lang l and s 

and Bennett ( 1 9 7 3 ) , Joyce et al . ( 1 9 7 6 ) and Chopra ( 1 9 7 8 ) . 

Y e a r  e f f e c t s  were s ig n i f i cant , but not o f  a s  l a r g e  a 

magn i tude a s  determ i ned by Chopra ( 1 9 7 8 ) . Va r i a t i on s  i n  

c l ima t i c  cond i t i on s  a r e  important i n  caus ing year- to-year 

d i f f e renc e s  

t emperature .  

e f fe c t . 

i n  woo l colou r , espec i a l l y  r a i n fa l l  and 

Ob server var i a t i on may a l s o  be a n  important 

Year x s tocking rate interactions were 

contro l l ing 5 . 7 % of the tot a l  var i a t i on . 

Ewe Grea s y  M i d s ide Colour Grade 

s i gni f i cant , 

S t oc k ing rate e f f e c t s  contr o l l ed o n l y  0 . 6 % o f  the t ot a l  

v a r i a t i on . Rank i n g s  were i n con s i s tent betwee n  the two 

s tock ing ra t e s . 

B i r t h  y ear a nd age x birth year i nt e r a c t i o n s  contro l l ed 

2 . 8 % and 8 . 5 % o f  the variat i o n , respect ively . The se equate 

w i th the year e f f ec t s  in hogge t s . 

R e p r oduc t ive s ta tu s  e f fe c t s  were s i gn i f icant . Dry d r y  

ewe s h a d  t h e  whi t e s t  wool , w i th c o l o u r  genera l ly dec l in in g  

a s  number of l ambs born and reared i n c r e a s ed . 

A g e  e f f e c t s  were the most i mpor tant source o f  var i a t i on . 

R ank i ngs var i ed a c ro s s  s i re group per i od s  bu t GCM t ended 

to d ec l i ne w i th i n c r e a s ed age . 



. Table 4 . 2 . 3 4 :  Lea st sq �res est imates and standard errors of  environment a l  e f fects for hogget greasy midsi de colour grade 00 
en 

Factor 

Stocking rate 

Control 

H igh 

Rearing Rank 

Single 

Twi n 

Age weaned 
( units/day ) 

Genera l Mean 
- corrected to 
average age a t  
weaning 

S i re group 1 
1966/1967 

- 0 . 30  ± 0 . 06 

0 . 30 ±0 . 06 

0 . 11 ±0 . 06 

-0 . 1 1 ± 0 . 06 

0 . 01 ± 0 . 006 

6 . 4 1 ± 0 . 56 

S i re group 2 
1 968/ 1 969 

-0 . 2 3 ±0 . 04 

0 . 2 3  ±0 . 04 

-0 . 02 ±0 . 03 

0 . 0 2 ±0 . 03 

-0 . 00 2 ± 0 . 003 

6 . 40 ± 0 . 28  

Sire group 3 
1 9 70/ 1 9 7 1  

- 0 . 06 ± 0 . 0 3  

0 . 06 ±0 . 0 3 

0 . 04 ± 0 . 04 

-0 . 04 ±0 . 04 

0 . 00 1 ±0 . 002 

6 . 10 ± 0 . 2 3 

S i re group 4 
1 9 7 2 / 1 9 7 3  

-o . oo ± 0 . 04 

o . oo ±0 . 04 

0 . 07 ± 0 . 06 

- 0 . 07 ±0 . 06 

0 . 00 3 ± 0 . 003 

6 . 39 ± 0 . 3 2  

Sire group 5 
1 9 7 4 / 1 9 7 5  

-0 . 08 ± 0 . 07 

0 . 08 ±0 . 07 

-0 . 1 5 ± 0 . 1 0  

0 . 1 5 ±0 . 10 

- 0 . 0 0 3 ± 0 . 007 

5 . 79 ±0 . 7 2 

Sire group 6 
1 9 7 7 / 1 97 8  

o . oo ± 0 . 0 3 

-0 . 00 ±0 . 0 3 

0 . 02 ± 0 . 0 3 

- 0 . 02 ± 0 . 03  

0 . 000±0 . 00 3  

5 . 3 3 ± 0 . 26 

Sire group 7 
1 9 7 9 / 1 980 

0 . 04 ± 0 . 03 

-0 . 04 ± 0 . 0 3 

- 0 . 00 ±0 . 0 3 

o . oo ± 0 . 03 

-0 . 00 5 ± 0 . 003 

5 . 3 2 ± 0 . 26  



Tab l e  4 . 2 . 3 5 :  Least squares e s t imates a nd standard errors o f  environmenta l e ffects for ewe grea sy 

Factor 
Sire group 1 Sire group 2 Sire group 3 S i re group 4 Sire group 5 
1 966/1 9 6 7  1968/1969 19 70/ 1 9 7 1  1 9 7 2 / 1 9 7 3  1 9 7 4 / 1 9 7 5  

Age of  Ewe 
2 years -0 . 08±0 . 04 - 0 . 2 1 ±0 . 04 0 . 40±0 . 04 0 . 36±0 . 05 0 . 0 1 ±0 . 04 
3 years 0 . 1 5±0 . 04 -0 . 08±0 . 03 0 . 2 7 ± 0 . 04 0 . 2 8 ±0 . 05 0 . 0 3 ±0 . 04 
4 years -0 . 1 6±0 . 04 0 . 30±0 . 03 -0 . 1 3 ± 0 . 04 -0 . 2 8 ±0 . 05 0 . 06±0 . 04 
5 years 0 . 09±0 . 04 -0 . 0 1 ±0 . 03 - 0 . 5 4 ± 0 . 04 -0 . 3 7 ±0 . 05 -0 . 1 0±0 . 04 

No of  Lambs 
Born /Weaned 
0 0 0 . 06±0 . 08 0 . 10±0 . 06 0 . 2 5 ±0 . 08 0 . 1 4 ±0 . 08 0 . 2 7±0 . 07 
1 0 - 0 . 0 7 ±0 . 08 0 . 05 ± 0 . 07 0 . 0 2 ±0 . 08 0 . 08 ±0 . 1 1  0 . 04±0 . 08 
1 1 - 0 . 0 7 ±0 . 06 - 0 . 00±0 . 05 0 . 0 2 ±0 . 06 - 0 . 08±0 . 06 -0 . 1 9±0 . 05 
2 0 0 . 1 6 ±0 . 24 0 . 03 ±0 . 1 4 0 . 1 7 ±0 . 1 9  0 . 3 7 ±0 . 2 1  0 . 3 8±0 . 1 3 
2 1 -0 . 1 1 ±0 . 1 3  - 0 . 0 7 ±0 . 1 4 - 0 . 26±0 . 1 2 - 0 . 1 2 ±0 . 1 1  -0 . 09±0 . 09 
2 2 0 . 0 2 ±0 . 08 - 0 . 1 1 ±0 . 07 - 0 . 1 9 ±0 . 08 - 0 . 3 9 ±0 . 08 -0 . 4 1 ±0 . 06 

Stocking Rate 
Control -0 . 08±0 . 02 -0 . 01 ±0 . 02 0 . 09 ± 0 . 03 0 . 06 ±0 . 0 3 -0 . 0 1 ±0 . 02 
High 0 . 08±0 . 02 0 . 01 ±0 . 02 - 0 . 09±0 . 03 - 0 . 06±0 . 0 3 0 .  0 1 ± 0 .  0 2  

Rear ing Rank 
Single 0 . 0 2±0 . 02 - 0 . 00±0 . 02 0 . 03 ±0 . 0 3 -0 . 00 ±0 . 04 -0 . 0 2 ± . 0 3  
Twi n -0 . 0 2 ±0 . 02 0 . 00±0 . 02 -0 . 03 ±0 . 03 0 . 00 ±0 . 04 0 . 0 2 ±0 . 03 

Genera l Mean 5 .  7 1 ± 0 .  06 5 . 89±0 . 04 5 . 61 ±0 . 05 5 . 06 ±0 . 06 4 . 70±0 . 04 

mids ide colour grade 

Sire group 6 
197 7 / 19 7 8  

-0 . 20±0 . 05 
-0 . 04 ±0 . 04 

0 . 05±0 . 05 
0 . 1 9 ±0 . 05 

0 . 39±0 . 07 
-0 . 07±0 . 1 0 
-0 . 01 ±0 . 05 

0 . 08±0 . 1 3  
-0 . 1 4 ±0 . 08 
-0 . 2 5 ± 0 . 06 

-0 . 04 ±0 . 03 
0 . 04 ±0 . 0 3 

-0 . 05 ±0 . 03 
0 . 05±0 . 03 

4 . 85±0 . 04 

_. 
()) 
-...) 
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4 . 1  . 2 . 1 8 S c ou re d  M i d s ide Co l our Grade 

Hogget S c oured M i d s ide C o l ou r  G rade 

A s  w i th other s ubj e c t i v e l y  a s s e s sed tra i t s  in the hogget 

the mod e l  f o r  S CM exp l a i ned l i t t le of the tota l v a r i a t i on , 

a c count i ng f o r  o n l y  1 1 . 8 % w i th s i re components con t r i but i ng 

ha l f  the var i a t i on . 

S to c k i ng rate wa s not s i gn i f i ca n t  i n  the c ombi ned ana l y se s , 

expl a i n i ng o n l y  0 . 9 % o f  the var iance . CSR f le e c e s  had 

a lowe r s coured co lour in the f i r s t  three s i re group per i od s  

but a f t e r  t h e  management change i n  1 9 7 6  there wa s no 

d i f f erence betwe en the s to c k i ng r a t e s . 

Year e f f e c t s  e xp l a i ned none o f  the tot a l  varia t i on , but 

year x s tock i n g  interact ions con t r ibuted 5 . 8 % .  

Ewe Scoured M i d s ide Co l our Grade 

S t o c k i ng r a t e  e f fe c t s  contro l l e d  only 1 . 0 %  of the tota l 

v a r i a t ion , a s  wa s f ou nd i n  the hogget s .  HSR f l e ec e s  had 

a h i gher SCM ( wh i t e r ) compared to CSR f l e e ce s .  

Age e f fe c t s  we r e  s i gn i f i ca n t , w i th SCM t e nd i ng to dec l i ne 

a s  ewe a g e  i nc r e a s ed . S tocking rate x age interact ions 

approached s ig n i f i ca n c e , contro l l ing 1 . 7 %  o f  the tota l 

var i a t ion , i nd i c a t i ng the d i f f e r ent i a l  e f f e c t  o f  age i n  

t h e  two s tock i ng r a t e s . 

1 Year 1 e f fe c t s  were the mo s t  impo rtant source o f  v a r i a t ion , 
probab l y  re f l e c t i ng c l ima t i c  and grad i ng var i a t i on . 

Age x b i r thyear x s tock i ng r a t e  i n tera c t ions contro l l e d  

1 1 . 2 % o f  t h e  tota l v ar i a t i on , ind ic a t i ng t h e  d i f f erent 

e f fe c t s  of yea r - to - year var i a t ion on the two s tocking ra t e s . 



4 . 2 . 36 :  Least squares estimates and standard errors of  environmental  e f fects for hogget scoured mids ide colour grade 

Factor 

Stocki ng Rate 

Control 

H igh 

Rearing Rank 

S ingl e  

Twin 

Age weaned 
( Units /day ) 

Genera l Mean 
- corrected to 
average age at 
weaning 

Sire group 1 
1 966/ 1 967  

- 0 . 1 7  ±0 . 04 

0 . 1 7  ± 0 . 04 

-0 . 02 ± 0 . 04 

0 . 02 ±0 . 04 

- 0 . 002 ± 0 . 005 

6 . 20 ± 0 . 4 3  

S ire group 2 
1 968/1 969 

-0 . 09 ± 0 . 04 

0 . 09 ±0 . 04 

-0 . 05 ±0 . 0 3 

. 0 . 05 ± 0 . 0 3  

-0 . 00 2 ± 0 . 003 

6 . 1 3 ±0. 28  

S i re group 3 
1970/ 1 97 1  

-0 . 2 2 ±0 . 04 

0 . 2 2 ±0 . 04 

0 . 05 ± 0 . 05 

-0 . 05 ± 0 . 05  

0 . 008±0 . 00 3  

6 . 1 1 ± 0 . 28 

S ire group 4 
197 2 / 1 9 7 3  

0 . 1 1  ±0 . 07 

- 0 . 1 1  ±0 . 07 

0 . 1 7  ±0 . 1 1 

-0 . 1 7 ±0 . 1 1 

0 . 00 5 ± 0 . 006 

5 . 59 ±0 . 5 2 

Sire group 5 
1 9 7 4 / 1 9 7 5  

0 . 0 2 ± 0 . 06 

-0 . 0 2 ±0 . 06 

0 . 1 2  ±0 . 08 

-0 . 1 2 ± 0 . 08 

- 0 . 000 ± 0 . 006 

5 . 4 5 ± 0 . 56 

Sire group 6 
1 9 7 7 / 1 9 7 8  

0 . 0 2 ±0 . 03 

-0 . 02 ± 0 . 03 

0 . 03 ± 0 . 0 3 

-0 . 0 3 ± 0 . 03  

-0 . 00 1 ± 0 . 003 

5 . 1 2 ±0 . 26 

S i re group 7 
1 9 7 9 / 1 980 

0 . 0 3 ±0 . 0 3 

-0 . 03 ±0 . 0 3 

0 . 03 ± 0 . 03 

-0 . 0 3 ±0 . 0 3  

0 . 00 2 ± 0 . 003 

5 . 07 ± 0 . 28  

CO \.0 
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Table 4 . 2 . 37 :  Least squares e s t imates and s tandard errors of e nv ironmenta l e f fects for ewe scoured mids ide col our grade 

Factor 

Age of Ewe 
2 years 
3 years 
4 years 
5 years 

No of Lambs 
Born/Weaned 
0 0 
1 0 
1 1 
2 0 
2 1 
2 2 

Stocking Rate 
Control 
H igh 

Rea ring Rank 
Single 
Twin 

Genera l Mean 

Sire group 1 
1966 / 1 967  

0 . 5 2 ± 0 . 04 
- 0 . 1 8±0 . 04 
-0. 5 1 ±0 . 04 

0 . 1 7 ±0 . 04 

- 0 . 04 ±0 . 07 
-0 . 0 3 ± 0 . 07 

0 . 08±0 . 06 
0 . 0 3 ±0 . 2 2  

-0 . 1 1 ±0 . 1 2  
0 . 07 ±0 . 07 

-0 . 04 ±0 . 02 
0 . 04±0 . 02 

-0 . 00±0 . 02 
0 . 00 ±0 . 02 

5 . 48±0 . 05 

S ire group 2 
1 968/1 969 

-0 . 1 8±0 . 04 
- 0 . 09 ±0 . 04 

0 . 36±0 . 04 
-0 . 09±0 . 04 

-0 . 1 1 ±'0 . 08 
-0 . 06±0 . 08 
-0 . 0 7 ±0 . 06 
-0 . 08 ±0 . 1 7  

0 . 3 5 ±0 . 1 7  
-0 . 0 2 ± 0 . 08 

-0 . 04 ±0 . 0 3 
0 . 04±0 . 0 3 

0 . 08±0 . 0 3  
-0 . 08±0 . 0 3 

5 . 59±0 . 05 

Sire group 3 
1970/ 1 9 7 1  

0 . 4 7 ± 0 . 04 
0 . 1 6 ± 0 . 04 

-0 . 30±0 . 04 
- 0 . 3 3 ± 0 . 04 

O . Ol:t0 . 08 
0 . 0 3 ±0 . 08 

-0 . 02 ±0 . 06 
0 . 2 4 ±0 . 20 

-0 . 15±0 . 1 3  
-0 . 1 1 ±0 . 08 

-0 . 02 ±0 . 03 
0 . 0 2 ±0 . 03 . 

-0 . 04 ±0 . 04 
0 . 04±0 . 04 

5 . 4 1 ±0 . 06 

h 

S i re group 4 
1 9 7 2 / 1 9 7 3  

0 . 1 0± 0 . 04 
0 . 1 1 ± 0 . 04 

-0 . 01 ±0 . 04 
- 0 . 1 9 ± 0 . 04 

-0 . 09 ± 0 . 08 
-0 . 02 ±0 . 10 

0 . 01 ±0 . 06 
-0 . 01 ± 0 . 1 9 

0 . 06±0 . 10 
0 . 06±0 . 07 

-0 . 08±0 . 0 3  
0 . 08±0 . 0 3 

-0 . 0 3 ± 0 . 04 
0 . 0 3 ±0 . 04 

5 . 06±0 . 06 

Sire group 5 
1 9 7 4 / 1 9 7 5  

- 0 . 1 4 ±0 . 04 
-0 . 1 5 ±0 . 04 

0 . 1 5 ±0 . 04 
0 . 1 3 ±0 . 04 

- 0 . 0 5 ± 0 . 07 
- 0 . 1 9 ± 0 . 08 
-0 . 00±0 . 0 5 

0 . 1 5 ±0 . 1 3 
0 . 1 2 ±0 . 10 

- 0 . 0 3 ± 0 . 04 

-0 . 0 3 ±0 . 03 
0 . 1 0 ±0 . 0 3 

0 . 05±0 . 0 3 
- 0 . 05±0 . 0 3 

4 . 89±0 . 04 

S i re group 6 
1 9 7 7 / 1 9 7 8  

-0 . 01 ±0 . 09 
0 . 2 4 ±0 . 10 
0 . 30±0 . 06 

-0 . 5 3 ±0 . 1 9  

-0 . 1 9 ± 0 . 08 
- 0 . 0 5 ±0 . 1 1  

0 . 06±0 . 06 
-0 . 01 ±0 . 1 5 

0 . 1 2 ±0 . 09 
0 . 0 7 ±0 . 06 

-0 . 1 6± 0 . 05  
0 . 16±0 . 05 

-0 . 08±0 . 0 3  
0 . 0 3 ±0 . 0 3 

4 . 7 2 ±0 . 09 



4 . 1  . 2 . 1 9 Greasy F l ee c e  Colour Grade 

1 9 1  

E f f e c t s  o f  s igni f i c ance i n  d i s c o l oured area grade c lo s e ly 

p a ra l l e l  tho s e  o f  greasy c o l ou r  o f  m i d s ide samp le s , ex cept 

y ear e f f e c t s  on GCF i n  the hogget mod e l  whi ch are non­

s i gn i f icant . 

The e s ti ma ted e f f e c t s  for each s i r e  group per i od are 

p r e sented 

the CSR 

i n  Tabl e 4 . 2 . 3 8 and 4 . 2 . 3 9 .  

i n  the hogget f l eeces a nd i n  

GCF wa s bet te r  i n  

the f i r s t  two ewe 

s i re group per i od s . After the stoc k i ng rate d e c re a s e  i n  

1 9 7 6  and the rear i n g  o f  the hogget s a s  one mob there wa s 

n o  d i f f erence between s tock ing rate s i n  the GCF o f  the 

h ogget f le e c e s  and a maj or d rop in magni tude of s tocking 

rate e f f e c t s  in ewe f l eece GCF . Wi c kham and B i gham ( 1 9 7 3 ) 

s uggested that the veTy h i gh s tock i ng rate appeared to 

r e s u l t  in i n crea s e d  d i s co l ou r a t ion perhaps a s  a re s u l t  

o f  incre a s ed d ir t  contam i n a t i o n  o r  s l owe r d r y i n g  o f  more 

c otted woo l . 

A g e  e f f e c t s  were h ighl y  s ig n i f i c an t  i n  the ewe a na l y se s , 

c on t ro l l i ng 5 . 9 % o f  the tot a l  var i a t ion i n  the poo l ed 

a n a l y ses . The max imum GCF o c c u r red a t  3 or 4 y ear s o f  

a g e . 
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Table 4 . 2 . 38 :  Lea st squares estimates and standard errors of environmenta l e f fects for hogget greasy f l eece col our grade � � 
� 

Factor 

Stocking rate 

Control 

H igh 

Rear ing Rank 

Sing l e  

Twin 

Age weaned 
( units/day ) 

Genera l Mean 
- Corrected to 
average age at 
wean ing 

Sire group 1 
1966 / 1 967  

- 0 . 02 ± 0 . 04 

0 . 02 ± 0 . 04 

-0 . 1 2 ± 0 . 04 

0 . 1 2  ±0 . 04 

0 . 00 1 ± 0 . 004 

6 . 68 ±0 . 3 4 

Sire group 2 
1 968/ 1 969 

0 . 06 ±0 . 05 

- 0 . 06 ± 0 . 0 5 

-0 . 04 ±0 . 04 

0 . 04 ±0 . 04 

0 . 000 ± 0 . 004 

6 . 37 ±0 . 3 5 

Sire group 3 
19 70/ 1 9 7 1  

0 . 09 ± 0 . 04 

- 0 . 09 ±0 . 04 

- 0 . 04 ± 0 . 0 5 

0 . 04 ±0 . 05 

0 . 000 ± 0 . 003 

6 . 28 ± 0 . 28  

S i re group 4 
1 9 7 2 / 1 9 7 3  

0 . 1 5  ±0 . 05 

-0 . 1 5 ± 0 . 0 5  

0 . 03 ±0 . 08 

-0 . 03 ± 0 . 08 

-0 . 00 5 ±0 . 004 

5 . 28 ± 0 . 38 

Sire group 5 
1 9 7 4 / 1 9 7 5  

-0 . 0 3  ±0 . 07 

0 . 0 3 ± 0 . 07 

0 . 04 ± 0 . 1 0  

-0 . 04 ±0 . 10 

-0 . 00 5 ± 0 . 007 

5 . 7 2 ± 0 . 6 7  

Sire group 6 
1 9 7 7 / 1 9 7 8  

0 . 05 ± 0 . 05 

-0 . 05 ± 0 . 05 

- 0 . 06 ± 0 . 0 5 

0 . 06 ± 0 . 0 5 

-0 . 008±0 . 004 

6 . 04 ±0 . 3 5 

S i re group 7 
1 9 7 9 / 1 980 



Table 4 . 2 . 39 :  

Factor 

Age of  Ewe 
2 years 
3 years 
4 years 
5 years 

No of  Lambs 
Born/Weaned 
0 0 
1 0 
1 1 
2 0 
2 1 
2 2 

Stocking Rate 
Control 
H igh 

Rearing Rank 
Single 
Twi n  

Genera l Mean 

Least squares estimates and standard errors of environmental e f fects for ewe greasy f l eece 

Sire group 1 Sire group 2 Sire group 3 Sire group 4 Sire group 5 
1966/1967 1 968/ 1 969 1970/1971  1 9 7 2 / 1 9 7 3  1 97 4 / 1 9 7 5  

- 0 . 2 1 ±0 . 07 -0 . 05 ±0 . 0 5 -0 . 01 ± 0 . 05 0 . 1 2 ±0 . 05 0 . 10±0 . 04 
- 0 . 1 4 ±0 . 05 0 . 3 9±0 . 04 0 . 09 ±0 . 05 0 . 19±0 . 05 0 . 18±0 . 04 

0 . 1 2 ±0 . 05 -0 . 1 2 ±0 . 04 0 . 30±0 . 05 -0 . 10±0 . 05 - 0 . 09±0 . 04 
0 . 2 4 ±0 . 05 - 0 . 2 2 ± 0 . 04 -0 . 38±0 . 05 - 0 . 20±0 . 05 - 0 . 19±0 . 04 

- 0 . 05 ±0 . 10 0 . 1 2 ±0 . 08 0 . 05±0 . 09 0 . 0 3 ± 0 . 09 0 . 1 7 ±0 . 06 
- 0 . 06±0 . 1 0 0 . 06±0 . 08 0 . 1 7 ±0 . 10 0 . 00 ± 0 . 1 3  0 . 00 ±0 . 07 
-0 . 1 2 ±0 . 08 - 0 . 0 3 ±0 . 06 0 . 0 2 ± 0 . 07 0 . 0 2 ± 0 . 07 -0 . 08±0 . 04 

0 . 1 9±0 . 30 0 . 2 2 ±0 . 1 8 0 . 18±0 . 2 3  0 . 1 7 ±0 . 2 3  0 . 09 ±0 . 1 2  
0 . 10±0 . 18 - 0 . 1 9 ±0 . 18 - 0 . 1 8 ±0 . 1 5 0 . 0 1 ± 0 . 1 2  0 . 0 2 ± 0 . 09 

-0 . 07 ±0 . 1 0  - 0 . 1 8±0 . 09 -0 . 2 4 ±0 . 1 0 - 0 . 2 4 ±0 . 09 - 0 . 2 2 ±0 . 06 

- 0 . 2 4 ±0 . 0 3 - 0 . 1 5±0 . 0 3 0 . 03 ±0 . 03 0 . 1 3 ±0 . 03 0 . 04 ±0 . 0 2 
0 . 2 4 ±0 . 03 0 . 1 5± 0 . 0 3  -0 . 0 3 ±0 . 03 -0 . 1 3 ±0 . 03 -0 . 04 ±0 . 0 2 

0 . 06±0 . 03 -0 . 04 ±0 . 03 0 . 0 1 ± 0 . 04 -0 . 09 ±0 . 05 0 . 0 2 ±0 . 0 3 
- 0 . 06 ±0 . 03 0 . 0 4 ±0 . 0 3 -0 . 0 1 ±0 . 04 0 . 09 ±0 . 05 -0 . 02 ±0 . 0 3 

6 . 3 2 ±0 . 08 5 . 90±0 . 05 5 . 4 7 ±0 . 07 5 . 3 4 ± 0 . 07 4 . 9 3 ±0 . 04 

colour grade 

Sire gr9up 6 
1 9 7 7 / 1978 

� 

� w 



1 9 4  

4 . 1 . 2 . 2 0 Number o f  Lambs B o r n  Per Ewe Mated 

Tab l e  4 . 2 . 4 0 i nd i c a ted tha t prior to the management change 

i n  1 9 7 6  the a verage number of lambs born . wa s  1 . 0 0 - 1 . 0 1 . 

A f t e r  1 9 7 6  the average n umbe r of lambs b o r n  i ncrea sed to 

1 . 0 8  - 1 . 2 7 . 

S t oc k i ng rate e f f e c t s  we r e  s i g n i f ican t , c on t r ibut ing 3 .  3 %  

o f  t h e  t o t a l  var i a t i o n . The HSR ewe s h a d  a low number 

o f  l ambs born per ewe l ambing as compa red w i th the CSR 

ewe s , a l t hough th i s  d i f f e r e n ce decrea sed i n  ma gni tude af ter 

1 9 7 6 . La n g l and s et aL . ( 1 9 8 4 b )  a l so noted that the s tock i ng 

r a t e  at which the sheep gra z ed as adu l t s  had a maj or ef f e c t  

o n  n umber of l ambs born pe r e w e  lambing . 

There wa s a n  incre a s e  i n  n umber of lambs born w i th age 

u nt i l 4 o r  5 yea r s  of age or pos s i bly l a ter . The s ame 

t rend wa s f ound in an e a r l y  s tudy of t h e s e  ewe s ( Ch ' ang 

a nd R a e , 1 9 7 0 ) .  R e s u l t s  f rom the study of Langland s  

e t  a f . ( 1 9 8 4 b )  on Me r i no ewe s i nd icated that peak fert i l i ty 

a p pe ared t o  be reached at t he 6 th l ambi n g  o r  7 years of 

a g e . Da l ton a nd Rae ( 1 9 7 8 ) conc luded tha t peak f e r t i l i ty 

appeared to be rea ched around 5 years of a g e  w i th a dec l ine 

therea f te r . A s im i l a r  t re n d  has bee n  not ed by H ight a nd 

Jury ( 1 9 7 0 ) a nd Lund ie ( 1 9 7 1 ) .  Coop ( 1 9 6 2 )  suggested that 

the i nc r e a s e  in reproduct i v e  

f rom the grea ter l i vewe ight 

a nd J u ry ( 1 9 7 3 ) found that 

a t tr i buted to we ight a lo n e . 

performance w i th age r e s u l ted 

of the o lder ewe s , but H ight 

age dif fe renc e s  could not be 

I n  t h i s  s tudy l i vewe ight wa s not a s i g n i f i c ant e f fect . 

H owe v e r , s ome of the ewe l i vewe i ght e f f e c t s  may have been 

r emoved i n  the s tock i n g  rate e f fect s i n c e  one s tock ing 

r a te i s  hea v i er than t he other ( Tab l e  4 .  2 .  3 )  • S i m i l a r l y , 

a s  l i vewe i ght trend s p a r a l l e led age e f f e c t s  s ome o f  the 

v a r i a t ion due to l i vewe ight may have been r emoved in the 

age e f f e ct s . 



Table 4 . 2 . 40 :  Lea st squares estimates and standard errors of environmenta l e f fects for number of  lambs born 

Factor 

Age of Ewe 
2 years 
3 years 
4 years 
5 years 

Stocking Rate 
Control 
High 

Ewe Livewe ight 
( NLB/kg ) 

General Mean 
- corrected 
to average 
ewe l ivewe ight 

lh t#e-+ if'- OWQ. l.w· 
f 

. 

rf-:7-c.-��v)e J-p(,_..(t 
, qro9 ' I �tf i ' - . 

/J. ', 1-l ( 
/ 

IJ 'J 

Sire group 1 
1966/1967 

-0 . 06 ' 0 . 04 
0 . 06±0 . 04 
0 . 0 2 ±0 . 04 

- 0 . 0 1 ±0 . 04 

0 . 2 3 ±0 . 0 3 
- 0 . 2 3 ±0 . 0 3 

- 0 . 0 2 ± 0 . 00 

1 . 00 ±0 . 02 

..... 7· IX/ 

· 0  

I I O'J· 
g I 

S i re group 2 
1 968/1969 

- 0 . 2 1 ±0 . 03 
0 . 08±0 . 03 
0 . 1 1 ±0 . 03 
0 . 0 2 ± 0 . 03 

0 . 1 6±0 . 03 
- 0 . 16±0 . 0 3 

- 0 . 01 ±0 . 00 

1 . 00 ±0 . 02 

- / ' O t 

O · o0 .  

J ,  o 0  

O ·  0 1  

Sire group 3 
1970/1971  

-0 . 1 0 ±0 . 0 3 
0 . 04 ±0 . 03 
0 . 04 ±0 . 03 
0 . 02±0 . 03 

0 . 1 8±0 . 02 
- 0 . 1 8±0 . 0 2 

- 0 . 0 1 ±0 . 00 

1 . 01 ±0 . 02 

0 1. 1 

C · I 'l 

I I I :J, . 

(, . s  1} 

Sire group 4 
1 9 7 2 / 1 9 7 3  

-0 . 3 1 ± 0 . 04 
- 0 . 0 5 ± 0 . 04 

0 . 1 3 ± 0 . 04 
o.  2 3± 0 .  04 

0 . 1 5 ± 0 . 0 3  
-0 . 1 5 ±0 . 03 

- 0 . 0 1 ±0 . 00 

1 . 10±0 . 0 2 

$ ·  � 

0 . 0 °7 . 

I · I 7)· 
I · C; 

Si re group 5 
1 9 7 4 / 1 9 7 5  

-0 . 2 1±0 . 05 
-0 . 01 ±0 . 05 

0 . 0 7 ±0 . 05 
0 . 1 4 ±0 . 05 

0 . 1 1 ±0 . 03 
-0 . 1 1 ±0 . 0 3 

- 0 . 0 2 ± 0 . 00 

1 . 08 ±0 . 03 

� 3 . 8 z.. 

o · o 3>  

I - 1 1 
" !)  

Sire gr�up 6 
1 9 7 7 / 1 9 78 

- 0 . 4 3 ±0 . 05 
- 0 . 01±0 . 04 

0 . 2 5 ±0 . 05 
0 . 19±0 . 04 

0 . 1 4 ± 0 . 03 
- 0 . 1 4 ±0 . 0 3 

- 0 . 0 3 ±0 . 00 

1 . 2 7 ±0 . 02 

- c, . 6 ?  

_..,. p PI 
I - 16 

1 · z g 

-" 
\.0 
lJ1 
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Table 4 . 2 . 4 1 :  Least squares estimates and standard errors of  environmenta l e f fects for l i fetime number of  lambs born 

Factor 

Stocking Rate 

Control 
High 

Hogget l iveweight 
( NLB/kg ) 

Average l iveweight 
( NLB/kg ) 

Genera l Mean 
- corrected 
to average 
ewe l i vewe i ght 

S i re group 1 
1 066/ 1967 

0 . 36±0 . 1 8 
- 0 . 36±0 . 1 8  

0 . 1 2 ±0 . 0 3 

-0 . 02 ±0 . 01 

3 . 96 ±0 . 09 

Sire group 2 
1 9 68 / 1 969 

0 . 1 6 ±0 . 1 4 
-0 . 1 6 ±0 . 1 4 

0 . 09 ± 0 . 02 

-0 . 01 ±0 . 01 

3 . 88 ± 0 . 09 

Sire group 3 
1 9 7 0 / 1 9 7 1  

0 . 38±0 . 1 4 
- 0 . 38±0 . 1 4 

0 . 1 6 ±0 . 0 3 

-0 . 02 ±0 . 01 

4 . 04±0 . 09 

S i re group 4 
1 9 7 2 / 1 9 7 3  

0 . 1 8 ±0 . 1 8 
-0 . 1 8 ±0 . 18 

0 . 1 0 ± 0 . 04 

-0 . 01 ±0 . 01 

4 . 36±0 . 1 2 

Sire group 5 
1 9 7 4 / 1 9 7 5  

0 . 4 1 ±0 . 1 8  
-0 . 4 1 ±0 . 1 8 

0 . 1 5 ±0 . 05 

-0 . 0 3 ±0 . 01 

4 . 3 3 ±0 . 1 4 

S i re group 6 
1 9 7 7 / 1 9 7 8  

0 . 84 ±0 . 1 7  
-0 . 84 ±0 . 1 7  

0 . 20±0 . 04 

-0 . 04±0 . 0 1 

5 . 08 ±0 . 1 2  



1 9 7  1 9 7 

' Ye a r ' e f f e c t s  re f l e c t  a nnua l d i f f erenc e s  i n  var i ou s  a spec t s  

o f  management and c l imate, wh i ch a f f ec t  ovu l a t i on rate , 

f e rt i l i sat ion , embryo and pre-nata l lamb surviva l . 

Ch ' ang and Rae ( 1 9 7 0 ) f ound tha t the e ff e c t s  o f  t ype o f  

bi rth and rear ing o n  f er t i l i ty we r e  con s i s tent a n d  ind icated 

that the twi n s , on average , were more f er t i l e  than the 

s i ng l e s . The e st ima t e s  showed that the va l u e  of add i t ive 

gene t i c  v a r i ance o f  f e r t i l i ty wa s undere s t imated by u s ing 

the data adj u s ted for d i f f erence , among othe r s , i n  type 

of b i r t h  and rear i n g . The i r  re s u l t s  imp l i ed that the 

e s t imate s o f  the e f fe c t s  of type of b i r t h  and rearing on 

a ewe ' s  f ert i l i ty c on t a i n  a gene t i c  component in add i t i on 

t o  the env i r onment a l  d i f f erence betwe e n  t h o s e  born and 

r eared a s  s in g l e s  or twi n s . They conc l uded i t  wou ld there­

f ore appear reasona b l e  tha t adj u stment s hou l d  not be made 

for th i s  e f f e c t  as wa s done in th i s  study . 

L i fe t ime Number of Lambs Born 

Due to the large chanc e  e l ement in whether a ewe bea r s  

0 , 1 or 2 l ambs a y e a r , t h e  number of l ambs born over the 

ewe ' s l i f e t ime wa s c a l cu l ated . The mod e l  d e s c r i bed o n l y  

a l i tt l e  m o r e  var i at i on than the number of lambs born mode l ,  

2 1 . 1 % compared to 1 7 . 2 % .  

A s  ewe s wer e  not c u l l ed once they entered a s ub- f lock , 

p er s i s t e n t l y  dry ewe s we re reta ined w h i ch wou ld not be 

the case in most f l ocks . The l i f e t i m e  n umber o f  l ambs 

born per ewe ranged f rom 0 to 8 ,  w i th mo s t  produ c ing 3 -

5 l ambs . 

Mean l i f e t ime number o f  lambs bor n  fo l l owed the same trend s 

a s  number of lambs born , w i th an incre a s e  a f t e r  the stock i ng 

r a t e  decrease in 1 9 7 6 . 



1 9 8 

S tock i ng r a t e  e f f e c t s  i ncreased , r a ther than decre a s ed 

a s  for numbe r of l ambs born , i n  the l a s t  two s i re group 

per i od s . Coop a nd C lark ( 1 9 5 5 )  f ound l i f e t ime reprodu c t ive 

r a te appeared t o  be adve r s e l y  a f f ec ted by low-p l a ne leve l s  

o f  nu t r i t ion a t  rear i ng even when ewe s we re then g i ven 

, a h i gh p l a ne o f  nut r i t ion for the r e s t  o f  the i r  l i ves . 

I ncrea s ed ba r r enne s s  and decreased twi nning rate s we r e  

obse rved . 

4 . 1  . 2 . 2 1 Number o f  Lambs Weaned per Ewe Mated 

Average numbe r o f  l ambs weaned a r e  presented i n  Tab l e  

4 . 2 . 4 2 .  Trend s a r e  s i m i l a r  to number o f  l ambs born , except 

for a l arge drop i n  average number of lamb s weaned in s i r e  

g roup 5 .  

S tocking rate e f f e c t s  were s igni f i cant . The CSR ewe s weaned 

0 . 2 6  - 0 . 4 2  more l ambs per ewe l amb i ng than the HSR ewe s . 

The magni tude o f  t he s to ck i ng rate d i f ferences dec l i ne d  

a f ter t he s tock i n g  rate decrea s e  b u t  we re s t i l l  h i g h l y  

s ign i f i cant . 

G e nera l l y a g e  e f f e c t s  were max imum a t  4 year s o f  age , a s  

w a s  f ound by H ight and Jury ( 1 9 7 0 ) ,  and Lund ie ( 1 9 7 1 ) f o r  

New Z e a la nd Romney ewe s and b y  R e nde l ( 1 9 8 5 ) for Coopworth 

ewe s . 

' Ye a r ' e f f e c t s  were s igni f i cant , r e f lect ing annua l 

d i f ferences i n  c l imate , management , r a i nf a l l ,  e t c  wh i c h  

a f fe c t  pos t - na t a l l amb s urviva l . 



Table 4 . 2 . 4 2 :  Least squares estimates and standard errors of  environmental e f fects for number of l ambs weaned 

Factor 

Age of Ewe 
2 years 
3 years 
4 years 
5 years 

S tocking Ra te 
Control 
H igh 

Ewe Liveweight 
( NLB/kg ) 

General Mean 
- corrected to 
average ewe . 
l i vewei ght 

Sire group 1 
1966/1967 

- 0 . 07 ±0 . 04 
0 . 1 2 ±0 . 04 
0 . 0 2 ± 0 . 04 

-0 . 08 ±0 . 04 

o .  2 1 ± 0 .  04 
-0 . 21 ±0 . 04 

- 0 . 0 1 ±0 . 00 

0 . 94 ±0 . 04 

S ire group 2 
1968/1969 

- 0 . 28±0 . 04 
0 . 1 1 ± 0 . 03  
0 . 1 4 ± 0 . 04 
0 . 02 ±0 . 03 

0 . 20±0 . 03 
- 0 . 20±0 . 0 3 

- 0 . 0 2 ±0 . 00 

0 . 88±0 . 0 3 

S ire group 3 
1 9 7 0 / 1 9 7 1  

-0 . 1 1 ±0 . 04 
0 . 02±0 . 04 
0 . 1 3 ±0 . 04 

-0 . 04 ±0 . 04 

0 . 20±0 . 03 
- 0 . 20±0 . 03 

- 0 . 0 2 ±0 . 00 

0 . 87±0 . 0 3 

Sire group 4 
197 2 / 1 9 7 3  

- 0 . 30±0 . 05 
-0 . 06 ± 0 . 04 

0 . 09±0 . 05 
0 . 2 7 ± 0 . 04 

0 . 1 9 ±0 . 03 
-0 . 19 ±0 . 0 3 

-0 . 03 ±0 . 00 

0 . 99±0 . 03 

Sire group 5 
1 97 4 / 1 9 7 5  

- 0 . 1 8 ± 0 . 05 
- 0 . 02±0 . 06 

0 . 06±0 . 05 
0 . 10±0 . 06 

0 . 1 3 ±0 .  03  
-0 . 1 3 ±0 . 0 3 

'"0 . 03 ±0 . 00 

0 . 87 ±0 . 04 

Sire group 6 
1 9 7 7 / 1978 

- 0 . 48±0. 06 
0 . 06±0 . 05 
0 . 3 1 ±0 . 05 
0 . 1 1 ± 0 . 05 

0 . 1 6 ±0 . 03 
-0 . 16±0 . 03 

- 0 . 04±0 . 00 

1 . 04 ±0 . 0 3 

-" 

1.0 1.0 



N 
0 0 

Tab le 4 . 2 . 4 3 :  Lea st squares estimates and standard errors of envi ronmental e f fects for l i fetime numbers of lambs weaned 

Factor 

Stocking rate 

Control 

H igh 

Hogget l i veweight 
( NLB/kg ) 

Average l iveweight 
( NLB/kg ) 

Genera l Mea n 
- corrected to 
a ve rage ewe 
l i vewe ight 

Sire group l 
1966 / 1 967  

0 . 3 7 ±0 . 2 2  

- 0 . 3 7 ±0 . 2 2  

0 . 1 3 ± 0 . 0 3  

-0 . 02 ±0 . 01 

3 . 2 5 ±0 . 1 1  

S i re group 2 
1 968/ 1 969 

0 . 1 3 ±0 . 1 5 

-0 . 1 3 ±0 . 1 5  

0 . 1 3 ±0 . 0 2 

-0 . 0 2 ±0 . 01 

3 . 1 5 ±0 . 09 

Sire group 3 
1 9 7 0/ 1 9 7 1  

0 . 46 ±0 . 1 4 

- 0 . 46±0 . 1 4  

0 . 16±0 . 03 

-0 . 0 2 ±0 . 01 

3 . 3 5 ± 0 . 09 

S i re group 4 
1 9 7 2 / 1 97 3  

0 . 2 2 ± 0 . 1 7  

- 0 . 2 2 ± 0 . 1 7  

0 . 1 1 ±0 .  04 

-0 . 02 ±0 . 01 

3 . 80± 0 . 1 1  

S i re group 5 
1 9 7 4 / 1 9 7 5  

0 . 4 1 ±0 . 1 7  

-0 . 4 1 ±0 . 1 7 

0 . 20±0 . 0 5 

-0 . 0 3 ±0 . 01 

3 . 68±0 . 1 3  

I 

Sire group 6 
1 9 7 7 / 1 9 7 8  

0 . 76±0 . 1 6 

-0 . 76±0 . 1 6 

0 . 1 8±0 . 0 3 

-0 . 04 ±0 . 0 1 

4 . 3 2 ±0 . 1 1  



L i fetime Number of Lambs Weaned 

U t i l i s i n g  t he l i f e t ime numbe r 

d ecrea s e  i n  the proport i on o f  

by the mod e l  ( Ta b l e  4 . 1  . 3 ) . 

of l a mbs we aned 

tota l vari a t i on 

2 0 1  

l ed to a 

expla ined 

The l i f e t ime numbe r of l ambs weaned per ewe ranged between 

0 and 7 in a l l  s i r e  groups . 

4 . 1 . 2 . 2 2 We ight o f  Lamb Weaned Per Ewe 

Mean v a l u e s  for we ight o f  l amb weaned are pre s ented i n  

Table 4 . 2 . 4 4 .  There wa s a n  i ncrea s e  i n  the average w e i ght 

o f  l amb weaned per ewe over the f i r s t  thre e  s i re g roup 

period s , w h i ch wa s not due to an increas ing number of l ambs 

weaned ( Table 4 . 2 . 4 2 ) . As  n umbe r of l ambs we a ned had 

decreased over the s e  pe r i od s the i ncreased l amb we ight 

w a s  due t o  a greater we i ght per l amb weaned , as wa s shown 

i n  Tab l e  4 . 2 . 4 6 .  

A f ter the s tock ing rate decrea s e  i n  the HSR the mean we ight 

o f  l amb weaned i ncrea sed , ex cept in s i re group per i od 5 

which re f l e c ted the low NLB a nd NLW i n  tha t per i od . 

S tock i ng r a t e  e f f r:c t s  we re h i gh l y  s i g n i f icant , contro l l ing 

8 .  5% of the tot a l  var i at i o n . Ewe s o f  the HSR wea ned 7 .  2 -

1 1 . 6 kg l e s s of l amb a s  compa r e d  to the CSR , w i th no change 

i n  magni tude a f t e r  1 9 7 6 . 

' Year ' e f f ects were s i gn i f i c a n t  r e f lecting the e f f e c t s  

o f  year - to- year v a r i a t ions i n  c l imate , r a i n fa l l ,  nut r i t i on , 

e t c  whi ch a f fect the ewe1s a b i l ity to provide m i lk for the 



2 0 2  

l amb a nd w h i ch i n f l uence the 

s upply wa s a f f e ct ed then i t  

HSR wou l d  be mo s t  a f f e c ted . 

e x tent w i th a g e  x bi r thyear 

1 . 3 %  of the var i a t i o n . 

l amb's growth rat e . I f  feed 

wou ld be expected that the 

Th i s  i s  i nd ica ted to some 

x s tocking rate contro l l ing 

Age e f fe c t s  we re a l so h i g h l y  s i gn i f i c an t . Thr e e  or four 

year o ld ewe s weaned the h ighe s t  we i gh t  o f  l amb s weaned 

i n  mos t  s i r e  groups . Th i s  wa s a func t ion of both higher 

number o f  l amb s weaned a nd o f  a greater we ight p e r  l amb 

weaned . R ende l ( 1 9 8 5 ) f ound the 4 year o ld ewe s had the 

greate s t  WLW but the mature age group i n  that study i n c luded 

very o ld ewe s  w h i c h  were pa s t  the i r  peak product i o n . Lund i e  

( 1 9 7 1  ) a nd Da l t o n  a nd Rae ( 1 9 7  8 )  found the p e a k  o ccurred 

at a l a t e r  age . 

Ewe l i vewe i gh t  contr ibuted o n l y  1 . 2 %  o f  the tota l var iation 

but may h a ve been part i a l l y  removed by s tock i ng rate or 

age e f f e c t s . The e s t im a t e s  of l i vewe ight e f fec t s  i nd i ca t e  

a cons i s t e n t  n e ga t i ve i nf l uence , which i nc reas ed when the 

h i gh stock i ng rate pre s s ur e  wa s reduced . 

Age o f  lambs at we aning d i d  not contr ibute to the variation 

in  the combi ned ana l y s e s  but wa s s i gni f i cant in the separate 

s i re g roup a n a l y s e s . E s t ima t e s  in Tab le 4 . 2 . 4 4 we r e  

cons i s te n t  a l though i n  s i re g roup pe r i od 5 t h e r e  wa s a 

d e crea s e  i n  the regr e s s i on c oe f f i c ient . 



Table 4 . 2 . 44 :  Lea s t  squares e stimates and s tandard errors of environmenta l e f fects for we ight of  lamb weaned ( kg )  

Factor 

Age of Ewe 
2 years 
3 years 
4 years 
5 years 

Stocki ng rate 
Control 
High 

Ewe l i vewe ight 
( WLW/kg ) 

Age lambs at wean 
( WLW/da y )  

Age weaned . sr 
( WLW/day ) )  
CSR 
HSR 

Age wea ned . age 
( WLW/day ) 
2 years 
3 years 
4 years 
5 years 

Genera l Mean 
- corrected to average 

S i re group 1 
1 966/1967 

- 1 .  9 2 ± 0 .  96 
5 .  7 2 ±0 . 86 

- 2 . 6 3±0 . 94 
- 1 . 1 7 ±0 . 87 

5 . 4 5 ±0 . 84 
- 5 . 45±0 . 84 

- 0 . 2 4 ±0 . 09 

0 . 20±0 . 0 5  

0 . 05 ±0 . 05 
- 0 . 0 5 ±0 . 05 

- 0 . 58±0 . 08 
- 0 . 07 ±0 . 08 

0 . 54±0 . 09 
0 . 1 1 ±0 . 08 

1 7 . 8 7 ±0 . 89 

ewe l iveweight and ave rage 
age of lambs a t  weaning 

S i re group 2 
1 968/ 1 969 

-6 . 2 8 ±0 . 7 4 
2 . 68±0 . 7 3 
3 . 3 3 ±0 . 7 5 
0 . 2 7 ±0 . 7 5 

4 . 26±0 . 6 2 
- 4 . 26±0 . 62 

-0 . 1 9 ±0 . 07 

0 . 2 3 ± 0 . 04 

0 . 1 3 ±0 . 04 
-0 . 1 3 ±0 . 04 

- 0 . 09±0 . 07 
0 . 04 ±0 . 07 

- 0 . 08±0 . 08 
0 . 1 2 ±0 . 08 

1 8 . 90±0 . 6 3 

Sire group 3 
1970/ 1 9 7 1  

-4 . 5 5 ±0 . 83 
1 . 69 ±0 . 84 
4 . 3 1 ±0 . 85 

- 1 . 44 ±0 . 88 

5 . 3 2 ± 0 . 64 
- 5 . 3 2 ±0 . 64 

- 0 . 3 7 ± 0 . 07 

0 . 2 1 ±0 . 05 

- 0 . 0 3 ±0 . 05 
0 . 0 3 ± 0 . 05 

- 0 . 36±0 . 08 
0 . 1 1 ±0 . 09 
0 . 1 2 ±0 . 09 
0 . 1 3 ±0 . 08 

20 . 66±0 . 67 

Sire group 4 
1 9 7 2 / 1 9 7 3  

- 5 . 99 ± 1 . 1 7 
-1 . 3 7 ± 1 . 1 2  

2 . 4 3 ± 1 . 1 2 
4 . 9 3 ± 1 . 1 1  

4 . 94 ±0 . 7 7 
-4 . 94 ±0 . 7 7 

- 0 . 5 4 ±0 . 1 0 

0 . 2 2 ± 0 . 06 

0 . 09±0 . 06 
-0 . 09±0 . 06 

-0 . 07 ±0 . 1 1  
0 . 09 ±0 . 1 1  
0 . 2 5 ±0 . 1 1  

- 0 . 2 7 ± 0 . 1 0  

24 . 9 7 ±0 . 80 

Sire group 5 
1 9 7 4 / 1 9 7 5  

- 3 . 09 ± 1 . 2 6  
2 .  26± 1 .  3 8  
o .  98± 1 .  2 2  

- 0 . 1 5 ± 1 . 3 5  

3 . 61 ±0 . 8 1  
- 3 . 61 ±0 . 8 1 

- 0 . 60±0 . 1 1  

0 . 1 9 ±0 . 08 

- 0 . 0 4 ±0 . 08 
0 . 04 ±0 . 08 

0 . 05 ±0 . 1 4  
-0 . 07 ±0 . 1 5  
-0 . 07 ±0 . 1 4 

0 . 09±0 . 1 3  

2 0 . 3 3 ± 0 . 8 4 

Sire group 6 
1 9 7 7 / 1978 

- 1 2 .  9 3 ± 1 . 36 
1 .  4 5 ± 1 . 07 
8 .  4 4 ± 1 . 1 0  
3 . 0 3 ± 1 . 08 

5 . 78±0 . 66 
- 5 . 7 8 ± 0 . 66 

- 0 . 7 5 ± 0 . 08 

0 . 2 7 ± 0 . 07 

0 . 04±0 . 07 
-0 . 04 ±0 . 07 

0 . 16±0 . 1 1  
- 0 . 04±0 . 1 1  
- 0 . 1 9 ± 0 . 1 1  

0 . 07 ±0 . 1 4  

24 . 36±0 . 76 

N 0 w 



Tabl e 4 . 2 . 4 5 :  Lea st squares estima tes and standard errors of envi ronmenta l e f fects for l i fetime weight of 
N 0 

lamb weaned ( kg )  � 

Factor 
S i re group 1 S i re group 2 Sire group 3 Sire group 4 Sire group 5 Sire group 6 

1966 / 1 9 6 7  1968/1969 1 9 7 0 / 1 9 7 1  1 9 7 2 / 1 9 7 3  1 9 7 4 / 1 9 7 5  1 9 7 7 / 1 978 

Stocking rate 
Control 4 . 29 ± 2 . 28 2 .  6 9 ± 1 . 48 6 . 6 2 ± 1 . 78  3 . 92 ± 2 . 06 5 . 08 ± 2 . 1 7 1 1 . 1 6 ± 2 . 1 5 
H igh - 4 . 2 9 ± 2 . 28 - 2 . 69 ± 1 . 48 -6 . 6 2 ± 1 . 7 8  - 3 . 92 ± 2 . 06 - 5 . 08 ± 2 . 1 7 - l l . 1 6 ± 2 . 1 5 

Hogget liveweight 0 . 01 ±0 . 3 5  0 . 2 5 ±0 . 2 5 0 . 8 7 ± 0 . 4 1 0 . 56±0 . 4 8 1 .  36±0 . 6 1 1 . 1 6 ± 0 .  46 
( WLW/kg ) 

Average ewe l ivewe ight 0 . 16±0 . 08 0 . 2 1 ±0 . 0 5 0 . 09±0 . 07 0 . 1 0 ±0 . 08 O . Ol ±O . l l  -0 . 1 2 ±0 . 08 
( WLW/kg ) 

Ave rage age of  l ambs 
at wean 0 . 28±0 . 0 1 0 . 2 7 ±0 . 01 o .  28±0 . 01 0 . 3 3 ±0 . 02 o .  30±0 . 02 0 . 3 2 ± 0 . 02 
( WLW/day ) 

Age Wea n . SR 
( WLW/day )  
CSR 0 . 05±0 . 01 0 . 0 3 ± 0 . 01 0 . 04±0 . 01 0 . 04 ±0 . 02 0 . 00 ±0 . 0 1 0 . 0 3 ± 0 . 0 2 
HSR -0 . 05 ± 0 . 01 -0 . 0 3 ± 0 . 01 - 0 . 04±0 . 01 -0 . 04 ±0 . 02 -0 . 00 ±0 . 01 -0 . 0 3±0 . 02 

Genera l Mean 69 . 7 5 ± 1 . 1 1 7 2 . 48±0 . 91 80 . 0 2 ± 1 . 1 5  97 . 2 2 ± 1 . 3 7  8 5 .  7 1 ± 1 . 66 99 . l l ± l .  4 7 
- corrected to average 
ewe l i vewe ight and 
average age of  lamb at 
weaning 
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Li f e t ime We igh t  of Lamb Weaned 

Trend s were s im i l a r  f o r  l i f e t ime we ight of l amb weaned 

a s  for we ight o f  l amb weaned . The ex c ep t i on wa s l ivewe i gh t  

e f fe c t s . 

Unl ike i n  the i nd ividu a l  record s , the average l ivewe i ght 

of the ewe ove r  her l i fet ime wa s pos i t ively r e l a t ed to 

l i f e t ime WLW and the l i f e t ime we i ght of l amb weaned 

increa sed a s  the average ewe l ivewe i ght increa s ed . A f t e r  

the management charige i n  1 9 7 6  t h e  l ivewe ight e f f e c t  w a s  

i n s i gn i f i cant . 

4 . 1  . 2 . 2 3 We i gh t  P e r  Lamb Weaned 

Lea s t  s quare s  e s t imates 

envi ronmenta l e f f e c t s  f o r  

pre s ented in Tab l e  4 . 2 . 4 6 .  

and s t andard 

we i gh t  per 

errors o f  

lamb weaned 

the 

a r e  

The number o f  l ambs reared by a ewe ha s a l a rg e  i n f l u en c e  

on t h e  we ight o f  l amb weaned b y  a ewe . Lamb s tha t were 

reared as  twi n s  we re 3 . 8  - 6 . 2  kg l i ghter than tho s e  reared 

as s in g l e s . 

We ight per l amb weaned increased be f o r e  1 9 7 6 , but the mean 

we ight per l amb weaned wa s the same for s i re group per i od s  

4 - 6 .  



N 
0 

Table 4 . 2 . 46 :  Least squa res estimates and standard errors o f  environmenta l e f fects for weight per lamb weaned ( kg )  0'1 

Factor 
Sire group 1 Sire group 2 Sire group 3 S i re group 4 Sire group 5 Sire group 6 

1 966/ 1967 1968 / 1 969 1 9 7 0/ 1 9 7 1  1 9 7 2 / 1 9 7 3  1 9 7 4 / 1 9 7 5  1 9 7 7 / 1 9 7 8  

Age of Ewe 
2 years 1 .  29±0 . 4 3  -0 . 69±0 . 3 2  - 1 . 09±0 . 3 2 0 . 30±0 . 4 5 1 . 01 ±0 . 3 5 - 3 . 5 7 ± 0 . 36 
3 years 1 . 4 7 ±0 . 3 4 0 . 6 2 ±0 . 27 o .  7 1 ± 0 .  30 0 . 5 7 ± 0 . 49 1 . 46±0 . 3 7 0 . 3 5 ±0 . 28 
4 years - 1 . 09±0 . 4 4 0 . 28±0 . 2 7 1 . 09 ±0 . 2 8 -0 . 38±0 . 4 4 - 0 . 5 1 ±0 . 3 2 2 . 3 7 ± 0 . 30 
5 years - 1 . 66 ± 0 .  38 -0 . 2 2 ±0 . 2 7 -0 . 70±0 . 29 -0 . 49 ±0 . 38 - 1 . 96 ±0 . 36 0 . 8 5± 0 . 31  

Stocking Rate 
Contro l 1 . 80 ±0 . 3 5 0 . 85±0 . 2 5 1 .  56±0 . 2 3  0 . 59±0 . 2 3  o .  5 1 ± 0 .  2 4  2 . 3 5 ±0 . 20 
High - 1 . 80±0 . 3 5  - 0 . 8 5 ±0 . 2 5  - 1 .  56±0 . 2 3  -0 . 5 9 ±0 . 2 3 -0 . 51 ±0 . 24 - 2 . 3 5 ±0 . 20 

Ewe l iveweight 0 . 1 2 ±0 . 04 0 . 20±0 . 0 3 0 . 1 0±0 . 0 3  0 . 1 4 ±0 . 0 3 0 . 1 2 ±0 . 0 3  0 . 0 3 ±0 . 02 
( WPL/kg ) 

Age of  lamb at wean 0 . 1 3 ±0 . 04 0 . 1 4 ±0 . 01 0 . 1 4 ±0 . 02 0 . 1 6 ±0 . 0 2 0 . 1 6 ±0 . 02 0 . 16±0 . 0 2 
( WPL/da y )  

Age weaned . age 
( WPL/day ) 
2 years - 0 . 1 0 ±0 . 0 3 0 . 01 ±0 . 02 0 . 03 ±0 . 0 3 -0 . 02 ±0 . 0 3 - 0 . 0 3 ±0 . 0 3  - 0 . 0 2 ± 0 . 0 3 
3 yea rs 0 . 04 ±0 . 0 3  0 . 01 ±0 . 02 0 . 03 ±0 . 0 3 -0 . 04 ± 0 . 03 0 . 04 ±0 . 04 - 0 . 05±0 . 0 3 
4 years 0 . 06±0 . 04 0 . 04 ±0 . 02 -0 . 05 ±0 . 03 0 . 0 2 ± 0 . 0 3 - 0 . 0 3 ±0 . 03 0 . 0 4 ±0 . 0 3 
5 years -0 . 01 ± 0 . 0 3  -0 . 06±0 . 02 -0 . 01 ±0 . 0 3  0 . 04 ±0 . 03 0 . 02 ±0 . 0 3 0 . 04±0 . 04 

No l ambs reared 
Sing l e  2 . 64 ±0 . 30 3 . 1 3 ± 0 . 26  2 . 8 3 ±0 . 2 5 2 . 1 3 ±0 . 2 5 1 .  9 2 ± 0 . 2 3  2 . 3 5 ± 0 . 1 7  
Twin - 2 . 64 ±0 . 30 - 3 . 1 3± 0 . 26  - 2 . 8 3 ±0 . 2 5 - 2 . 1 3 ±0 . 2 5 - 1 . 9 2 ±0 . 2 3  -2 . 3 5 ±0 . 1 7  

General Mean 19 . 46±0 . 3 3  1 9 . 8 7 ± 0 . 2 5  2 2 . 1 7±0 . 2 7 2 3 . 1 1 ±0 . 30 2 3 . 0 2 ±0 . 2 3 2 3 . 2 1 ± 0 . 18 
- corrected to average 
ewe l i vewe ight and 
average age of l amb at 
weaning 
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4 . 1  . 2 . 24 Lamb Su rviva l 

The mode l f i t ted to lamb surviva l  p e r centage ac counted 

f or l i t t l e  o f  the t o t a l  variat ion . I n  5 of the separate 

s i re g roup pe r i od a na l y s e s  l e s s  than 5 %  of the var i a t i on 

wa s expla ined by the mode l . The l e a s t  squares e s t i ma t e s  

a n d  a s soci ated s ta ndard errors of the main envi ronmenta l 

e f f e c t s  are pre sented i n  Table 4 . 2 . 4 7 .  

I n  the f i r s t  two s i re groups pe r i od s  the h i gh s tock i ng 

rate ewe s had s i gn i f i ca n t l y  lowe r lamb s ur viva l pe rcentage s ,  

however i n  s i r e  g roup per iod 3 there was no d i f f e r e n c e  

be twe e n  the s t oc k i ng r a t e s . A f t e r  t he s tocking r a t e  

decrea se there were n o  s i gn i f i cant d i fferences be twe e n  

the s tock ing, rat e s , though t h e  h i gh s tocking rate tended 

to have the be t t e r  s u rvival percen t a g e . The r eve r s a l  o f  

s tock i ng rate e f f e c t s o n  l amb s urv i val wa s proba b l y  

a t tr ibutable i n  p a r t  to t h e  e f f e c t s  o f  natural s e l e c t i o n  

o c curr i n g  a t  the h i gh stock i ng ra te . C o o p  a n d  C lark ( 1 9 5 5 ) 

noted that lamb m o rt a l i t y  wa s s l i gh t l y  inc reased by l ow­

p l ane rear i ng n u t r i t i on leve l s  b u t  th i s  wa s not 

s t a t i s t i ca l l y  s i g n i f i cant . Lang l and s e t  ai • ( 1 9 8 4 b )  

r e ported that a pproximate l y  1 0  more l ambs s urvived I 1 0 0 

l ambs born at the l ow than at the h i gh s tock ing r a t e , 

the d i f ference w a s  s i gni f i cant at the f i r st th ree and s i xth 

l amb i ng s . 

R ear ing rank e f f e c t s  we re non - s i g n i f i cant , however a s  

f o r  s tocking rate , t h e  e f fect wa s reve r s ed a f t er the f i r s t  

2 s i re group pe r i od s . I n i t i a l l y  ewe s r eared a s  t w i n s  had 

a l ower o f f s pr i n g  s u rv i v a l  rate but i n  l a ter s i re group 

pe riods the s e  ewe s had the higher of f s pr i ng surv iva l rate . 

Age e f fe c t s  we re i n cons i s tent , 

which mean t f ew d i f f erence s 

w i th l a rge s tandard e r r o r s  

be twe e n  a g e  l eve l s  w e r e  

s i gn i f i cant . B i r t h  y e a r  e f fec t s , a g e  x bi rthyea r , stock i n g  

rate x birthye a r  a nd a g e  x bi rthyear x s tock i ng r a t e  

i nte ra ct ions we re non s igni f i ca nt f o r  th i s  tr a i t . 



Table 4 . 2 . 4 7 :  Lea st squa res est imates and standard errors of  environmenta l e f f ects for lamb survival percentage ['..\ 
0 
CX> 

Factor 
S i re group 1 S i re group 2 S i re group 3 Sire group 4 S i re group 5 Sire group 6 

1 966/1 967 1 968/ 1969 1 9 7 0/ 1 9 7 1  1 9 7 2 / 1 9 7 3  1 9 7 4 / 1 9 7 5  1 9 7 7 / 1 9 7 8  

Age of Ewe 
2 years 0 . 19 ± 2 . 8 5 - 8 . 44 ± 2 . 54 - 3 . 36± 2 . 4 7 4 . 5 7 ± 2 . 40 1 .  4 3 ± 3 . 27 -1 . 20 ± 2 . 3 4 
3 years 1 0 . 6 5 ± 2 . 7 8 3 . 50 ± 2 . 38 -4 . 4 3 ± 2 . 4 2 -0 . 6 3 ± 2 . 30 - 1 . 09± 3 . 1 5 3 . 1 2 ± 2 . 2 7 
4 yea rs - 2 . 0 5 ± 2 . 86 2 . 80 ± 2 . 3 4 7 . 57 ± 2 . 39 - 1 . 88 ± 2 .  30  - 1 . 51±3  . o s 3 . 7 1 ± 2 . 2 2  
5 years - 8 . 7 9 ± 2 . 8 3 2 . 1 5 ± 2 . 40 0 . 2 2 ±0 . 4 2 - 2 . 06 ± 2 . 3 2 1 . 1 7 ± 3 . 06 - 5 . 6 3 ± 2 . 2 7 

Stocking Rate 
Control 4 . 09 ± 1 . 6 3  3 . 1 3 ± 1 . 46 - o . 7 4 ± 1 .  54 - 1 . 04 ± 1 . 4 5 - 1 . 04 ± 1 . 89 - 1 . 30 ± 1 . 34 
H igh - 4 . 09 ± 1 . 6 3  - 3 . 1 3 ± 1 . 46 o .  7 4 ± 1 . 54  1 .  04 ± 1 . 45  1 . 04 ± 1 . 89 1 .  30±1 . 34 

Rea ring Rank 
Sing l e  2 .  7 1 ± 1 . 6 7 2 .  7 7 ± 1 . 50 - 2 .  7 2 ± 1 . 96 - 1 . 6 5 ± 2 . 04 - 2 . 88 ± 2 . 4 5 1 .  0 4 ± 1 . 41  
Twin - 2 .  7 1 ± 1 . 67 - 2 . 78 ± 1 . 50 2 .  7 2 ± 1 . 96 1 . 65 ± 2 . 04 2 . 88 ± 2 . 4 5 - 1 . 04 ± 1 . 4 1 

General Mean 81 . 92 ± 1 . 6 5 81 . 9 2 ± 1 . 4 4  8 5 .  2 5 ± 1 . 7 4  89 . 9 7 ± 1 . 9 5  8 7 . 5 4 ± 2 . 36 8 5 . 3 4 ± 1 . 3 3 
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4 . 2  GENOTYPE X ENVIRONMENT INTERACTIONS AND I NTRA- TRA I T  

GENETIC CORRELATI ONS 

Th e v a r i a n c e  compone n t s  e s t im a t e s  for s i re , s i r e  x b i r t h ­

year interact ions , s i re x s t ocking rate intera c t ions and 

e r r o r  are pres ented in t a b l e  4 . 3 .  

A s  noted i n  the method s s e c t i on the r e l a t ive magni tud e s  

o f  t h e  s i r e  x stoc k i ng rate a nd s i r e  x y e a r  or b i r t h  year 

v a r i ance c omponent s  to the tota l var i ance and gene t i c  

v a r i ance were computed t o  a s s e s s  the impor ta n c e  o f  genotype 

x envi ronment inter ac t i on s  in the t ra i t s  under i nve s t ­

i gat ion . 

I ntra - tra i t  genet i c  corre l a t i o n  e s t imates a nd a s soc i a ted 

s tandard e rror s are pre sented in table 4 . 4 .  The gene t i c  

c o rr e l a t i o n s  o f  each t r a i t  between the two stock ing rat e s  

wa s a mea sure of the pract i c a l  importance of  s i re x s tock­

ing ra te in teract i o n s  in s e l e c t i on . Where s i r e  x s tock ing 

r a t e  i n te r a c t ions a r e  non- s i g n i f i c a n t , 

c o r r e l a t i o n s  are expec ted t o  be 0 .  9 

a n  i nt r a - tra i t  gene t i c  corr e l a t i o n  

genotype x envi ronme n t a l  i ntera c t i on 

d e v i a t e s  lrom 1 . 0 .  Robe r t s on ( 1 9 5 9 ) 

intr a - tra i t  genet i c  

o r  greater . Hence 

i nd i ca t e s  grea t e r  

the f urther i t  

sugg e s ted that a n  

e s t i ma t e  o f  r around 0 . 6  wou l d  b e  o f  con sequen ce i n  
g 

s e l e ct ion . 
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Table 4 .  3 :  P o o l ed e s t ima t e s  o f  s i r e , s i re x year , s i r e  x 

s to c k i ng rate and error var i ance components i n  

t h e  hogget combi ned sto c k i ng rate ana lys i s  

Tra it 

WWT 

- both sexe s 

- ewe lamb s 

LW 

GFW 

CFW 

y 
QN 

MFD 

SL 

TCN 

CF 

S S T  

CHG 

LUS 

T I P  

COT 

CAG 

sou 
HND 

GCM 

SCM 

GCF 

0 . 2 5 2  

0 . 3 3 9  

0 . 2 9 3 

0 . 0 1 5 

0 . 0 1 3  

0 . 8 7 6  

0 . 2 6 6  

0 .  5 4 1  

0 . 3 2 9  

1 • 1 8 6  

0 . 0 5 6  

4 .  1 6 7  

0 . 0 4 4 

0 . 0 3 3  

0 . 0 2 7  

0 .  0 2 1  

0 . 0 1 5  

0 . 0 4 6 

0 . 0 1 9  

0 . 0 1 1 

0 . 0 0 5  

0 . 0 1 2 

0
2 

s i re x year 

0 . 1 0 5 

0 . 2 1 4 

0 . 9 2 2  

0 . 0 1 3  

0 . 0 0 7  

0 . 1 0 4 

0 . 1 3 5 

0 . 0 4 8  

0 . 0 2 6  

0 . 9 0 2  

0 . 0 0 5  

0 . 0 0 4  

0 . 0 1 6  

0 . 0 1 4 

0 . 0 2 0  

0 . 0 1 0 

0
2 

s ire x s r  

0 . 2 6 7  

0 . 0 0 3  

0 . 0 0 3  

0 . 4 7 5  

0 . 0 4 2  

0 . 0 7 5  

0 .  1 6 7 

0 . 0 1 5  

0 . 0 0 5  

0 . 0 0 8  

0 . 0 1 5  

0 . 0 0 8  

0
2 

e r ror 

1 0 . 4 8 3  

9 . 2 8 2  

1 5 . 3 6 6 

0 . 2 2 9  

0 . 1 5 5 

1 6 . 9 0 5  

3 . 4 8 1  

5 . 8 5 3  

2 . 5 7 8  

8 . 3 8 3  

0 . 5 1 2  

9 5 . 8 1 7 

0 . 7 1 5  

0 .  5 1  6 

0 . 6 5 8  

0 .  3 1  2 

0 . 3 3 2  

1 . 4 8  6 

0 . 4 6 3  

0 . 3 9 2  

0 . 3 9 7  

0 . 4 5 0  
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Ta ble 4 .  3 :  Pooled e s t ima te s of s i r e , s i re x year , s i re x 

s t o c k i ng rate and er ror var i ance componen t s  i n  

t h e  hogget con t r o l  s tock i n g  rate ana l y s i s .  

Tr a i t  

WWT 

- both sexe s 

- ewe lambs 

LW 

GFW 

CFW 

y 
QN 

MFD 

SL 

TCN 

CF 

S S T  

CHG 

LU S 

T I P  

COT 

CAG 
sou 
HND 

GCM 

SCM 

GCF 

2 
0 

S l re 

0 . 2 7 2  

0 . 4 6 3  

0 . 7 9 6  

0 . 0 2 7  

0 . 0 2 4  

1 • 3 4 7 

0 . 2 9 4 

0 .  7 5 1  

0 . 2 5 6  

1 . 2 3 1  

0 . 0 4 7  

1 • 8 0 0  

0 . 0 4 5  

0 . 0 4 7  

0 . 0 1 9  

0 . 0 2 1  

0 . 0 0 8  

0 . 0 2 0  

0 . 0 1 4  

0 . 0 4 5  

0 . 0 1 5  

0 . 0 0 8  

2 
s ir e  3t year 

0 . 2 1 9  

0 . 0 3 3  

1 • 4 2 2  

0 . 0 0 1  

0 . 3 7 2  

0 . 0 4 3  

0 . 1  8 2  

0 . 0 2 3  

0 . 0 0 9  

0 . 0 0 8  

0 . 0 1 5 

0 . 0 9 3  

0 . 0 4 7  

0 . 0 0 6  

0 . 0 1 1  

2 
er�or 

1 0 . 3 7 8  

9 . 2 9 0  

1 7 . 2 1 3  

0 . 2 7 6  

0 . 1 8 3 

1 6 . 4 2 7  

3 . 3 0 3  

6 . 1 7 2 

2 . 7 1 5 

8 . 1 4 7 

0 . 4 9 4  

8 1 . 7 4 3  

0 . 7 0 6  

0 . 5 0 6  

0 . 7 0 3  

0 . 3 3 1  

0 . 2 9 9  

1 . 5 9 2  

0 . 4 6 1  

0 . 4 4 5  

0 . 3 8 8  

0 . 4 1 8  
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Tabl e  4 . 3 :  Poo l ed e s t imates o f  s i re ,  s i re x y ea r , s i re 

x s tock ing rate a nd error var iance c ompone nt s 

i n  the hogget high s tocking ra te ana l y s i s . 

Tra i t  

WWT 

- both s exe s 

- ewe lambs 

LW 

GFW 

CFW 

y 
QN 

HF D 

SL 

TCN 

CF 

S S T  

CHG 

LUS 

T I P  

COT 

CAG 

sou 
HND 

GCM 

SCM 

GCF 

0 . 1 5 3 

0 . 0 9 0  

0 . 1 7 6 

0 . 0 1 8  

0 . 0 1 0  

1 . 4 5 8  

0 . 3 2 1  

0 . 4 3 3  

0 . 3 9 2  

1 . 3 0 2 

0 . 0 6 2  

4 . 9 0 7  

0 . 0 5 3  

0 . 0 2 9  

0 . 0 3 4  

0 . 0 1 5  

0 . 0 1 5  

0 . 0 1 8 

0 . 0 3 5  

0 . 0 2 4  

0 . 0 0 4  

0 . 0 0 8  

0
2 

s ire x year 

0 . 0 8 9  

0 . 6 5 9 

0 .  0 1 1 

0 . 0 0 9  

0 . 0 0 3  

0 . 0 5 6 

4 . 0 7 6  

0 . 0 0 8  

0 . 0 0 4  

0 . 0 3 8  

0 . 0 0 2  

0 . 0 1 0 

0 .  0 2 1  

0
2 

e rror 

1 0 . 0 6 0  

8 . 7 1 5  

1 3 . 2 1 9  

0 .  1 8 1  

0 . 1 2 5 

1 7 . 6 9 3  

3 . 6 8 0  

5 . 3 0 9  

2 . 4 4 7  

8 . 5 3 7  

0 . 5 3 2  

1 1 0 . 7 3 1  

0 . 7 0 4  

0 . 5 2 7  

0 . 6 7 0  

0 . 3 5 3  

0 . 3 6 8  

1 . 3 3 7 

0 . 4 5 0 

0 . 3 4 2  

0 . 4 0 5  

0 . 4 9 2  



Table 4 . 3 :  

Tra i t  

LW 

GFW 

CFW 

y 
QN 

MFD 

SL 

TCN 

CF 

SST 

CHG 

LU S 

T I P  

COT 

CAG 

sou 
HND 

GCM 

SCM 

GCF 

NLB 

NLW 

WLW 

WPL 

LS 

LNLB 

LNLW 

LWLW 

2 1 3 

Pool ed e s t ima te s o f  s i r e , s i re X year , s ir e  x 

stoc k i ng rate and error variance c omponents 

i n  the ewe combi ned stock i ng rate ana l y s i s . 

0 2 
0

2 

s i r e  s i r e  x byr 

0 . 9 0 0  1 . 3 6 1  

0 . 0 2 6  0 . 0 2 0  

0 . 0 1 8 0 .  0 1 1 

0 . 4 8 5  0 . 6 4 1  

0 . 1 1 7 0 .  1 0 1  

0 . 6 6 3  0 . 3 6 6  

0 . 2 2 7  0 . 1 6 0 

0 . 3 7 0  0 . 1 7 9  

0 . 0 1 3  0 . 0 1 2  

0 . 8 5 9  1 . 3 1  4 

0 . 0 1 7 0 . 0 1 8  

0 . 0 0 4  0 . 0 0 9  

0 .  0 3 1  0 . 0 0 6  

0 . 0 2 2  0 . 0 4 3  

0 . 0 5 6  0 . 0 2 5  

0 . 0 2 4  

0 . 0 2 3  0 . 0 1 6  

0 . 0 1 4  

0 . 0 0 2  

0 . 0 0 3  0 . 0 0 8  

0 . 0 0 8  

0 . 0 0 6  

2 . 6 6 3  

0 . 1  0 1  

2 . 6 1 0  1 6 . 9 7 6  

0 .  0 1 1 

0 . 0 5 3  

7 . 1 1 8 

0 2 

s i re x s r  

2 . 7 3 4  

0 .  0 1 1 

0 . 0 0 8  

0 . 4 0 1  

0 . 0 6 7  

0 . 2 5 0  

0 .  1 2 7 

0 . 2 3 3  

0 . 0 0 6  

1 . 7 8 0  

0 . 0 0 9  

0 . 0 0 8  

0 . 0 0 6  

0 .  0 1  8 

0 . 0 2 6  

0 . 0 4 9  

0 . 0 0 3  

0 . 0 0 1  

0 .  0 1 1 

0 . 0 0 3  

0 . 0 0 1  

0 . 0 0 8  

4 . 7 5 0  

0 . 4 4 7  

2 a 
e r ror 

3 0 . 4 9 0  

0 . 2 8 3  

0 . 1  9 5 

1 6 . 7 6 1  

2 . 4 2 8  

5 .  0 1  8 

2 . 8 9 7  

6 . 6 7 5  

0 . 2 7 4  

4 5 . 8 8 5  

0 . 6 4 5  

0 . 5 4 3  

0 . 5 4 8  

0 . 8 6 9  

0 . 9 3 9  

2 . 1 0 6 

0 . 4 9 8  

0 . 4 1 3 

0 . 4 2 5  

0 . 5 5 4  

0 . 2 7 4  

0 . 3 0 1  

1 4 5 . 0 0 2  

1 2 . 1 2 6 

1 1 2 3 . 6 0 5  

1 . 6 6  0 

1 • 7 3 6 

2 2 2 . 1 2 7 



2 1 4 

Tabl e 4 . 3 :  Poo l ed e s t im a t e s  of  s i re , s i re x yea r ,  s ire x 

s to c k i ng r a t e  and error var i ance c omponents i n  

the ewe c o n t r o l  s tocking rate a na l y s i s . 

T r a i t  

LW 

GFW 

CFW 

y 
QN 

MFD 

SL 

TCN 

CF 

S S T  

CHG 

LUS 

T I P  

COT 

CAG 

sou 
HND 

GCM 

SCM 

GCF 

NLB 

NLW 

WLW 

WPL 

LS 

LNLB 

LNLW 

LWLW 

4 . 6 4 2  

0 . 0 2 9  

0 . 0 2 7  

0 . 6 4 2  

0 .  1 8 8  

0 . 9 7 8  

0 . 3 2 8  

0 . 4 9 3  

0 . 0 1 3 

3 . 2 3 3  

0 . 0 1 5  

0 . 0 1 7 

0 .  0 4 1  

0 . 0 3 6  

0 .  0 5 1  

0 . 0 5 7  

0 . 0 2 8  

0 . 0 0 1  

0 . 0 0 9  

0 . 0 0 1  

0 . 0 0 9  

1 • 0 3 8  

2 . 4 0 7  

0 . 0 2 8  

0 . 0 8 5  

5 . 1 8 0 

0
2 

s i re x byr 

2 . 8 7 3  

0 . 0 4 7  

0 . 0 2 2  

1 • 1 0 6  

0 . 1 5 2 

0 . 7 2 8  

0 . 1 8 2 

0 . 5 8 0  

0 . 0 2 3  

1 • 8 3  2 

0 . 0 4 6  

0 . 0 1 6 

0 . 0 0 8  

0 . 0 3 9  

0 . 0 7 9  

0 . 0 4 0  

0 .  0 1  5 

0 . 0 2 2  

0 . 0 0 9  

0 . 0 1 9  

0 . 0 2 4  

0 . 0 1 7  

0 . 9 8 1  

3 5 . 1 5 1 

0 . 0 6 6  

0 . 0 1 4  

0
2 

error 

3 1 . 1 3 5 

0 . 2 9 1  

0 . 2 0 4  

1 6 . 1 4 7 

2 . 6 3 5  

0 . 4 6 7  

2 . 8 0 6  

6 . 5 8 0  

0 . 2 6 0  

5 0 . 7 2 0  

0 . 6 8 4  

0 . 5 4 4  

0 . 5 9 6  

0 . 8 4 3  

0 . 9 6 7  

2 . 0 0 8  

0 . 4 9 1  

0 .  4 1  5 

0 . 4 4 0  

0 . 5 2 3  

0 . 2 9 7  

0 . 3 2 9  

5 8 . 1 2 2 

3 5 . 0 7 1  

1 0 3 2 . 1 2 7 

1 • 6 5 7  

1 • 7 3 7 

3 1 8 . 6 5 2  



2 1 5 

Table 4 .  3 :  P o o l ed e s tima t e s  of s i re 1 s i re x year 1 s i r e  x 

s to c k i ng rate and error variance c om ponent s 

i n  the ewe high stock i n g  rate ana l y s i s . 

Tra i t  

LW 

GFW 

CFW 

y 
QN 

MF D 

SL 

TCN 

CF 

SST 

CHG 

LUS 

T I P  

COT 

CAG 

sou 
HND 

GCM 

SCM 

GCF 

NLB 

NLW 

WLW 

WPL 

LS 

LNLB 

LNLW 

LWLW 

2 a 
s i r e  

1 . 7 1  7 

0 . 0 3 2  

0 . 0 1 9  

0 . 8 4 4  

0 . 1 0 4 

0 . 6 0 6  

0 . 3 5 6  

0 . 4 5 1  

0 . 0 1 7  

1 . 5 6 0  

0 . 0 2 5  

0 . 0 2 4  

0 . 0 1 4 

0 . 0 7 1  

0 . 0 3 4  

0 . 0 2 1  

0 . 0 0 5  

0 . 0 0 8  

0 .  0 0 1  

0 . 2 9 7  

2 a 
s i re x byr 

2 . 2 1 5 

0 . 0 2 1  

0 . 0 1 6 

0 . 6 5 8 

0 . 1 7 9 

0 . 4 9 4  

0 . 2 0 3  

0 . 3 5 9  

0 . 0 2 1  

1 • 3 2 2  

0 . 0 1 4 

0 . 0 1 3 

0 .  0 1 1 

0 . 0 9 6  

0 . 0 4 4  

0 . 0 7 0  

0 . 0 2 9  

0 . 0 0 7  

0 . 0 0 2  

0 . 0 2 5  

0 . 0 0 3  

0 . 0 0 9  

0 . 4 8 6  

0 .  1 0 1  

2 4 . 5 4 3  

1 • 9 9 4 

2 a 
error 

2 8 . 5 6 8  

0 . 2 6 2  

0 . 1 7 8 

1 7 . 1 5 4 

2 . 1 8 0 

5 . 1 3 6 

2 . 9 4 6  

6 .  5 1  3 

0 . 2 7 9  

4 0 . 7 7 7  

0 . 5 9 9  

0 . 5 3 6  

0 . 5 0 0  

0 . 8 8 1  

0 . 8 8 5  

2 . 1 5 0 

0 . 5 0 1  

0 . 4 0 2  

0 . 4 0 8  

0 . 5 7 0  

0 . 2 4 1  

0 . 2 7 0  

2 6 . 5 9 4  

9 . 8 3 5  

1 2 0 2 . 4 5 6  

1 . 2 8 2  

1 . 5 0 1  

1 3 0 . 1 4 3  



2 1 6 

Tabl e 4 . 3 :  Pooled e s t ima t e s  of  sire , s i r e  x yea r , s ire x 

s tock i ng r a t e  and e rror var i an c e  components 

T ra i t 

LW 

GFW 

CFW 

y 
QN 

MF D 

S L  

TCN 

CF 

S S T  

C HG 

L U S  

T I P  

COT 

CAG 

sou 
HND 

GCM 

S CM 

GCF 

NLB 

NLW 

WLW 

WPL 

LS 

in the two year old ewe combi ned s tocking rate 

a n a l y s i s . 

0 . 6 9 4  

0 . 0 1 8  

0 . 0 1 7 

0 .  0 7 1  

0 . 0 9 9  

0 . 8 9 5  

0 . 3 1 0 

1 . 0 0 3  

0 . 0 2 0  

0 . 0 3 8 

0 . 0 1 5 

0 . 0 4 4  

0 . 0 2 0  

0 . 0 0 6 

0 . 0 1 4 

0 . 0 0 3  

0 .  0 1 1 

0 . 0 7 9  

0 . 0 1 5 

2 
0 

s i re x yr 

0 . 9 8 5  

0 . 0 2 7  

0 .  0 2 1  

0 . 9 2 7  

0 . 1 2 6 

0 . 0 1 4  

0 . 2 7 7  

0 . 0 1 3  

0 . 0 1 8 

0 . 0 3 6  

0 .  0 2 1  

0 . 0 1 6 

0 . 0 0 4  

0 . 0 1 2  

0 . 0 0 9  

0 . 2 6 9  

3 9 . 8 4 1  

0
2 

s i r e  x s r  

1 • 1 3 6 

0 . 0 1 5 

0 . 0 0 7  

0 . 5 6 0  

0 . 0 6 3  

0 . 0 5 0  

0 . 0 6 7  

0 . 8 7 0  

0 . 0 0 7  

0 . 0 0 1  

0 . 0 2 5  

0 . 0 2 7  

0 . 0 0 8  

0 . 0 1 0  

0
2 

error 

2 4 . 8 7 5  

0 . 3 1 8  

0 . 2 2 3  

1 4 . 9 6 8  

2 . 0 6 6  

5 . 2 0 6  

3 . 2 7 8  

8 . 4 9 4  

0 . 2 5 7  

4 5 . 5 3 7  

0 . 5 3 2  

0 . 5 5 3  

0 . 4 9 1  

0 .  8 1  9 

1 • 0 5  7 

1 . 8 4 2  

0 . 4 9 4  

0 . 4 0 9  

0 . 3 7 0  

0 . 6 4 6  

0 . 2 5 3  

0 . 2 6 6  

0 . 5 0 1  2 6 . 8 3 3  

0 . 4 9 3  1 0 . 3 9 2  

1 2 8 6 . 0 9 4  



2 1 7 

Tabl e 4 . 3 :  Pool ed e st imates of  s i re , s i re x yea r , s ir e  x 

s to c k i ng r a t e  and error vari ance componen t s  

Tra it 

LW 

GFW 

- CFvl 

y 
QN 

fJJFD 

SL 

TCN 

CF 

S S T  

CHG 

LUS 

T I P  

COT 

CAG 

sou 
HND 

GCM 

S CM 

GCF 

NLB 

N LW 

WLW 

WPL 

L S  

i n  t h e  three year o l d  ewe combined s to c k i n g  

r a t e  ana ly s i s .  

02 0 2 2 2 
0 0 

s i re s i re x yr s i re x s r  error 

1 . 7 1 1 0 . 5 2 9  0 . 7 7 1  3 1 . 1 7 2 

0 . 0 2 3  0 . 0 1 6  0 . 3 0 2  

0 . 0 1 7 0 . 0 0 8  0 . 0 0 2  0 . 2 1 6  

0 . 8 0 7  0 . 3 3 7  1 6 . 2 7 3  

0 . 1 5 9 2 . 6 2 7  

0 .  5 3 1  0 . 2 0 6  0 . 0 3 6  5 . 3 6 9  

0 .  1 9 1  0 . 0 6 6  0 . 0 3 9  2 . 6 2 4  

0 . 3 2 9  0 . 0 3 2  6 . 7 3 8  

0 . 0 2 0  0 . 2 8 0  

1 . 0 7  5 4 8 . 8 1 5 

0 . 0 1 5 0 . 0 2 3  0 . 6 7 9  

0 . 0 0 6  0 . 0 1 0  0 . 5 0 8  

0 . 0 3 0  0 . 5 7 4  

0 . 0 3 0  0 . 0 0 5  0 . 8 3 7  

0 . 0 4 7  0 . 8 4 6  

0 . 0 8 7  0 . 0 3 7  1 • 9 4  9 

0 .  0 3 1  0 . 0 0 3  0 . 0 1 0  0 . 4 9 7  

0 . 0 1 0  0 . 4 3 0  

0 . 0 0 3  0 . 0 0 5  0 . 4 3 5  

0 . 0 0 2  0 . 0 0 5  0 . 0 0 6  0 . 5 5 3  

0 . 2 6 4  

0 . 0 0 3  0_ . 2 8 5  

1 . 0 7  8 3 4 . 6 8 2  

0 . 9 0 6  1 2 . 7 5 1  

6 . 2 4 7  1 0 1 0 . 7 6 6  



2 1 8 

T a b l e  4 . 3 :  Poo l ed e s t ima t e s  o f  s i re , s i re X year , s i r e  x 

s to c k i ng r a t e  a nd error v a r i ance c omponents 

in the four year o l d  ewe c omb i ned s tock ing 

rate ana l y s i s . 

Tra i t  0
2 0

2 
0

2 
.0 2 

s i r e  s i re x y r  s i re x s r  e r ror 

LW 1 • 7 3 3  2 . 3 4 5  3 4 . 3 8 3  

G FW 0 . 0 3 7  0 . 2 8 0  

C FW 0 . 0 2 1  0 . 1 8 9 

y 0 . 8 0 8  0 .  5 6 1  1 6 .  9 7  8 

QN 0 . 1  8 1  0 . 0 4 6  2 . 8 9 3  

MFD 0 . 8 3 5  0 .  0 0 1  5 .  6 1  4 

S L  0 . 4 4 3 0 . 0 6 9  0 . 0 0 8  3 . 0 9 5  

TCN 0 . 2 5 4  6 . 5 3 6  

CF 0 .  0 2 1  0 .  0 0 1  0 .  3 1  0 

S ST 2 . 2 9 8  4 2 . 9 9 6  

C HG 0 . 0 2 0  0 . 0 4 4  0 . 6 5 9  

LUS 0 . 0 2 0  0 . 5 5 7  

T I P  0 . 0 4 6 0 . 5 3 8  

COT 0 . 0 0 7  0 .  0 5 1  0 . 0 4 5  0 . 8 8 6  

CAG 0 . 0 7 5  0 . 0 0 4  0 . 9 5 1  

s ou 2 . 2 2 6  

HND 0 . 0 2 4  0 . 0 2 3  0 . 4 7 8  

G CM 0 . 0 1 8 0 . 0 1 0  0 . 3 8 0  

S CM 0 . 0 0 4  0 . 4 3 0  

GCF 0 . 0 2 7  0 . 4 9 7  

NLB 0 .  0 0 1  0 . 0 0 3  0 . 2 6 3  

NLW 0 . 0 0 8  0 .  3 1  3 

WLW 0 .  1 4 1  2 . 6 4 5  4 9 . 5 2 5  

WPL 0 . 2 1 9 1 3 . 4 6 1  

L S  1 8 . 4 2 9  9 9 2 . 4 3 5  



2 1 9 

Tabl e 4 . 3 :  Pooled e s t i ma t e s  of s i re , s i r e  x yea r , s ir e  x 

s tock i ng r a t e  and error variance componen t s  

Tra i t  

LW 

GFW 

CFW 

y 
QN 

MFD 

SL 

TCN 

CF 

SST 

CHG 

LUS 

T I P  

COT 

CAG 

sou 
HND 

GCM 

S CM 

GCF 

NLB 

N LW 

W LW 

WPL 

L S  

i n  the f iv e  year o l d  ewe c ombi ned s tocking r a t e  

a n a ly s i s . 

2 a 
s 1 r e  

2 .  1 9 2  

0 . 0 3 9  

0 . 0 2 4  

0 .  2 6 1  

0 . 0 7 7  

0 . 7 3 9  

0 . 2 7 5  

0 . 3 7 4  

0 . 0 0 4  

2 . 7 0 5  

0 . 0 2 1  

0 . 0 0 4  

0 . 0 1 6 

0 .  0 2 1  

0 . 0 8 5  

0 . 0 0 9  

0 . 0 2 3  

0 . 0 0 4  

0 . 0 9 5 

2 a 
s i re x y r  

0 . 3 5 8  

0 . 0 2 4  

0 . 0 6 6  

0 . 1 1 8 

0 . 0 0 7  

0 . 2 8 4  

0 . 0 5 2  

0 . 0 2 6  

0 .  0 1 1 

0 . 0 0 8  

0 .  0 1 1 

0 . 0 0 4  

0 . 0 0 3  

3 3 . 9 9 5  

2 a 
s i r e  x s r  

0 . 8 6 8  

0 . 0 0 2  

0 . 0 0 1  

0 .  0 1  7 

0 . 0 1 2  

0 . 0 0 7  

0 . 0 0 4  

0 . 0 3 0  

0 . 0 0 3  

0 . 0 0 3  

0 . 5 1 6 

7 . 5 2 1  

2 a 
error 

3 7 . 1 7 3  

0 . 2 7 7  

0 .  1 8 1  

1 9 . 9 8 0  

2 . 5 1 3  

5 . 5 5 1  

3 . 0 7 5  

6 . 2 7 8  

0 . 3 0 8  

4 7 . 1 6 0  

0 . 7 1 9  

0 . 5 6 9  

0 . 6 2 2  

0 . 9 6 1  

0 .  9 8 1  

2 . 5 8 1  

0 . 5 5 0  

0 . 4 2 4  

0 . 4 7 4  

0 . 5 3 6  

0 . 3 1 9  

0 . 3 6 4  

5 2 . 4 3 4  

1 1 . 4 4 9  

1 2 0 8 . 2 1 7 



Table 4 . 4 :  Intra - tra i t  gene t i c  corr e l a t i on s  a nd s tandard errors  o f  t ra i t s  i n  two stocking 

r a t e s  for hogge t s .  

Tra i t  r g S E  T ra i t  r S E  

LWT 0 .  5 1  0 . 0 4 CHG 0 . 7 1 0 . 0 3 

GFW 0 . 8 4  0 . 0 2 LUS 0 . 8 9 0 . 0 3 

CFW 0 . 8 9 0 . 0 2 T I P  1 . 0 4 0 . 0 5 

y 0 . 5 7 0 . 1 7  COT 1 . 0 1  0 . 0 5 

QN 0 . 8 5  0 . 0 3  CAG 1 . 0 4  0 . 0 5  

MFD 0 . 9 0 0 . 0 2 sou 1 . 0 0  0 . 0 9 

SL 1 . 0 2  0 . 0 2 HND 0 . 7 3 0 . 0 3 

TCN 0 . 8 7 0 .  0 1  GCM 0 . 2 1 0 . 0 8 

CF 1 .  0 1  0 .  0 1  SCM 0 .  1 4 0 . 0 9 

S ST 1 . 1 0 0 .  1 2 GCF 1 . 0 0  0 . 2 9 

N 
N 0 



Tab l e  4 o 4 : I n tr a - t r a i t  genet i c  corr e l a t ions and s ta ndard error s o f  tra i t s  i n  two s tock i ng 

r a t e s  f or ewes 

Tra i t  r g S E  

LWT - O o 2 4 O o 0 3 

GFW O o 6 5 O o 0 1 

CFW O o65 O o 0 1 

y O o 4 2 O o 0 4 

QN O o 5 8 O o 0 2 

MFD O o 7 0 O o 0 1 

SL  O o 5 6 O o 0 2 

TCN O o 5 2 O o 0 2 

CF O o 6 3 O o 0 2 

S S T  - O o 0 2 O o 0 5 

Tra i t  

CHG 

LUS 

T I P  

COT 

CAG 

sou 
HND 

GCM 

S CI-1 

GCF 

r 

O o 6 0 

O o O O 

O o 8 5 

O o 4 6 

O o 6 3 

- 0  0 0 1  

O o 8 9 

1 0 8 9  

- 1  0 0 0  

O o 3 8 

S E  

O o 0 3 

O o 0 7 

O o 0 2 

O o 0 4 

O o 0 2  

0 0 1 1  

0 0 0 1  

0 0 1 4 

O o 0 6 

0 0 1 4 

N 
N 



2 2 2  

4 . 2 . 1  L IVEWE IGHT 

Wean ing We ight 

S i re and s ir e  i nterac t i on s  contro l led l i t t le of the to ta l 

var i a t io n  i n  the we a n i ng we i gh t  model ( Table 4 . 1 ) ,  

re f l ec t i ng the g reater importance of the darn on lamb we i gh t  

to we ani ng a s  compared to t h e  s i re of  t h e  lamb . 

The s ir e  x year i nteract i o n  var ianc e components accounted 

for only 2 .  2 %  of the tota l var i a n c e  ( 1 .  0% for both sexe s 

comb ined ) .  S i re x s to ck i ng r a te i n teractions d i d  n o t  

expl a i n  any o f  t h e  va r i a t i on i n  t h e  model a nd ac counted 

for none of the tot a l  va r i ance . S i re x year i ntera c t i o n s  

we re un impo r t a n t  i n  t h e  s epa rate s tocking rates a l so . 

Thus random i n t e r a c t ions were no t important for th i s  tra i t . 

The l ow propo r t ion o f  tota l v a r i a nc e  a c counted f or by 

s i re wa s ref l e c ted in the he r i ta b i l i ty e st imates c a l cu l a t e d  

b y  the E I  me thod , e s pe c i a l ly i n  t h e  H SR ( s ire onl y 1 .  0 %  

o f  total var i a nc e ) .  

Hogget L i vewe i gh t  

S i re and s i re s to c k i ng rate i nt erac t i on e f fe c t s  wer e  o f  

l i t t le i mpo r t a n c e  i n  the hogge t  l ivewe i ght mod e l  ( ta b l e  

4 . 1  ) ,  a nd a l t hough Mor l ey ( 1 9 5 6 ) reported h ig h l y  

s i gn i f icant s i r e  x nut r i t ion i nt era c t i on s  f o r  1 2  a nd 1 7  

months body we i gh t , the d i f ference be twe en the p lanes  

o f  nu tr i t ion in  h i s  exper iment wa s more extreme than 

u s ua l l y  found . 

S i re x year i n te ra c t io n s  c on t r i buted 1 .  4 %  of the tota l 

mode l  var iabi l i ty .  Rae ( 1 9 5 8 ) d i scus s ed pos s ib l e  c a u s e s  

o f  s i re x y e a r  i nt e r a c t i on s . Other researche rs f ound 

s i re x year i ntera c t ions to 

negl i g ible s o u r c e  o f  var i a t i on 

be a non s ign i f icant o r  

i n  hoggets ( Ch ' ang , 1 9 6 7 ; 



K ing a n d  Young , 

1 9 5 8 ) . Chopra 

1 9 5 5 ) 

( 1 9 7 8 ) 

s i gn i f i cant s i r e  X 

and i n  

noted 

year 

adu l t s  ( Du n l op , 1 9 6 3 ;  

that even though 

i nteract ion s c ou l d  

2 2 3  

Rae , 

sma l l , 

have 

con s iderable s e l e c t ion imp l i c a t i on s . 

S i re x y ear 

of t h e  t o t a l  

i ntera c t i o n s  c ontr ibuted 5 .  5 ,  7 .  3 a nd 4 .  7 %  

var iance i n  the combined , c on t r o l  and h igh 

stocki n g  ra t e s  r e spe c t i v e l y  and 6 2 . 2 ,  6 4 . 1  a n d  7 8 . 9 % of 

the g en e t ic var iance . 

account ed for 1 . 6 %  of  

the g en e t i c  vari ance 

ana l y s e s . 

S i re x s tocking rate i nt e r a c t i o n s  

the tota l variance a nd 1 8 .  0 %  o f  

i n  the comb ined s to c k i ng rate 

The r a t i o  o f  s i re x s to c k i ng rate a nd s i re x year 

i n t e r a c t i on s  to the between s i re var iance s wa s 4 � 1 , 

ind i c a t i ng the importance o f  the GxE intera c t i on s  i n  th i s  

tra i t . Most var i a t i on wa s a t t r i butabl e to s i r e  x year 

i n te r a c t i on s , w i th the r a t i o  of  s ire x yea r t o  between 

sire v a r  ian c e s  b e i ng 3 .  4 ,  1 • 8 and 3 .  7 i n  t h e  combi ned , 

con t r o l  and h i gh stock i n g  r a t e s  re spective ly . 

The i nt r a - t ra i t  gene t i c  c o r re l a t i on for hog g e t  l ivewe i gh t  

wa s 0 .  5 1  
+ 

0 .  0 4 , support i n g  t h e  observat ion that t h e  s i r e  

x s to c k i ng rate i ntera c t i on s , though sma l l , we r e  r e a l . 

The p re s ence of  the s i r e  x year a nd sire x s tocking rate 

i n t e r a c t ion s i n  SLW , w i l l  have impl icat ions in commerc i a l  

bree d i n g . Chopra ( 1 9 7 8 ) obta i ned a s im i l a r  e s t i ma t e  for 

the i n t r a- tra i t  gene t i c  cor r e l a t i on , 0 . 5 8 ! 0 . 2 0 . 

Ewe L i vewe ight 

S i re and s i r e  i ntera c t i on s control led l i tt l e  of the tota l 

va r i a t ion expla i ned by the mod e l  for ewe l i vewe ight . 

Howeve r ,  u n l ike hogge t s  where s i r e  x year i nt erac t i on s  

c o n t ro l l ed the mos t o f  the three s ou r c e s  o f  var i a t i on , 

i n  the ewe analyses  s i r e  x s tock ing rate i nt e r a c t i o n s  

w e r e  mos t  important ( ta b l e  4 . 1  ) .  
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I n  the poo l ed d a ta ana l y s i s  s i re X birth year a nd s ire 

X s tock i n g  rate i n te ra c t io n s  contributed 3 . 8  a nd 7 . 7 % 

of  t he t o t a l  va r i a nce a nd a c counted for 2 7 . 2  a nd 5 4 . 7 % 

of  t he g e n e t i c  vari ance . S i re X b i r th year i nt er a c t i ons 

contr i buted 7 . 4  a nd 6 . 8 % o f  the total var i ance a nd 3 8 . 2  

and 5 6 . 3 % o f  the genet i c  va r i ance in the contro l and high 

s tocki ng r a t e s  r e s pe c t ive l y . The e f fe c t s  of s ire x bi rth-

year 

than 

i nt e r a c t i o n s  were g r e a t e r  

i n  t h e  c o n t r o l  s to c k i n g  

i n  t h e  high s to c k i n g  rate 

rate . The s e  observa t i ons 

were suppo r t e d  by the re l a t i ve magni tudes of the two parts 

o f  the gene t i c  va r i ance , the r a t i o  wa s 4 . 6  in the combined 

s tock i ng r a t e  a nd 0 .  6 and 1 .  3 i n  the control a nd h igh 

s tock i ng r a t e s . 

S i mi l a r  tr e n d s  were obs e rved i n  the separate age ana l y ses . 

E f fe c t s  o f  s i re x year i nt e r a c t ions d ec l i ned , w i th 3 5 . 0  

a nd 1 7 .  6 %  o f  the gene t i c  v a r i ance due to s i re x year 

i n te ra c t i o n s  at 2 and 3 year s  of age a nd none at 4 and 

5 yea r s  o f  age . S i re x s tock i ng rate i n t e r a c t ions 

cont r i bu t e d  4 . 1 , 2 . 3 ,  6 . 1  a nd 2 . 2 % of the tota l v a r i a nce 

a nd accoun t e d  for 4 0 . 4 ,  2 5 . 6 ,  5 7 . 5  and 2 8 . 4 % o f  the genet i c  

v a r i an ce i n  the re spective age c la s s e s . 

The e s t imated i ntra- t ra i t  gene t ic corr e l at ion wa s - 0 . 2 4 
+ 
- 0 . 0 3 .  T h i s  imp l ied tha t  the genes contro l l i ng l ivewe i ght 

i n  one o f  t h e  s tock i ng rate s had the oppo s i t e  e ff e c t  i n  

the o t h e r  s t oc k i ng rate . S im i l ar e f f e c t s  were observed 

by Fa lconer ( 1 9 6 0 )  i n  h i s  exper iment on se lect i o n  of mice 

f or g rowth o n  h igh and low p l a n e s  of  nu tr i t ion . However , 

i t  imp l i e s  t ha t  i f , i n  t h i s  flock , s i re s  were s e l ec ted 

a t  a s tock i n g  ra te othe r than that in which the i r  progeny 

we re to p e r f orm then s e l e c t i o n  of  the ' wo r s t ' s i r e s  would 

be requi red to obta i n  any gene t i c  improvemen t  in l ivewe i ght 

i n  the other e nv i ronment . 
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4 . 2 . 2 GREASY AND CLEAN FLEECE WEIGHT 

B e ca use c l ea n  f l ee c e  we ight wa s der i ved from gre a s y  f l e ec e  

we ight a n d  y i eld s ome a s so c i a t i on w i th t h e s e  t ra i t s  v1a s  

expected . CFW var i a nce componen t s  we re found t o  be c l o s e  

to tho se for GFW ( see T a b l e  4 .  3 )  such tha t t r e n d s  and 

conc l u s i on s  a re a pp l i cab l e  t o  both t r a i t s . 

we i ght i n  g enera l  wi l l  be d i s c u s s ed , 

important dev i a t i o n s  occur . 

Hogget F l e e c e  We i g h t  

Hence f l eece 

except i f  any 

In the c ombi ned s tocking r a t e  ana ly s i s ,  s i r e  x s tocking 

rate i n tera c t io n s  contr i buted onl y  1 . 2 %  t o  the total 

variance and 9 .  7%  to the genet i c  va r i ance . 

( Morley , 1 9 5 6 ;  R a e , 1 9 5 8 ; K ing e t  a l.  • 

1 9 6 2 ; O sm a n  a nd Bradford , 1 9 6 5 ;  Carter 

Other stud i e s  

1 9 5 9 ;  Dun l op , 

et a£ !  1 9 7 1 a )  

have a l s o noted tha t genotype x n ut r i t i o n  i nt e r a c t i on s  

a r e  o f  l i t t l e  importance i n  GFW . 

S i re x y e a r  

5 . 0  a n d  3 . 9 % 

i n t eractions w e r e  s i gn i f i cant , c on t r ibuting 

o f  the t o t a l v a r i ance and 4 1  . 9 and 3 0 .  4 %  

o f  the g e n e t i c  v ar i ance i n  GFW and CFW re spec t ive l y  i n  

the c omb i n e d  d a t a  analy s i s . I n  the control stock i n g  rate 

s i re x year i n t e ra c t ions we r e  non s i gn i f i c a n t  bu t in the 

h i gh s tock i ng r a te they c on t r ibuted s im i l ar amou n t s  to 

in the comb ined data ana l y s i s . S uch intera c t ions however , 

were non- s i gn i f i c a n t  for GFW i n  the stud i e s  by R a e  ( 1 9 5 8 ) 

and Dun l op ( 1 9 6 2 ) .  

The i n t ra - t ra i t  gene t i c  corre l at io n s  ca l cu la t e d  we r e  0 . 8 4 � 
0 . 0 2 f o r  G FW a n d  0 . 8 9  + 

0 . 0 2 f o r  CFW . A s  the s i re x 

s tocki ng i n tera c t ions were n o n s i gn i f i cant i n  the c ombi ned 

data ana ly s i s , the high va l u e s  for the intra - t ra i t  gene t i c  

corre l a t i o n  i nd i cated tha t t h e  s i r e  x n utr--i t i o n  i nter­

a c t i o n s  would h ave l i t t l e  e f fe c t  on hogg et GFW and CFW 

s e l e c t i o n . 
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Ewe F l e e c e  Weight 

As  f ou nd by other r e s earchers a nd as noted f or hogget 

f l ee c e  we ight s i re x s tocking rate i n t e r a c t ions wer e  

nons i g n i f i ca nt for GFW a nd CFW . The s am e  occurred i n  

the s ep a r a t e  a g e  a na l y s e s , w i th s ir e  x s tocking r a t e  

i ntera c t i on s  contr i bu t i n g  only 4 .  0 %  o f  t h e  tota l varianc e  

i n  GFW a nd 2 .  6 %  i n  CFW f o r  a g e  2 ewe s a n d  z ero or l e s s  

than 1 %  f o r  the older a g e s . 

S i re x b i rth year i nt e r a c t i on s  cont r i buted 5 . 9 % ( 4 . 7 % )  

and 3 5 . 1 % ( 2 9 . 7 % )  o f  the tota l and gene t i c  variance s 

re spec t i ve ly f o r  GFW ( CFW ) i n  the combi ned data analys is . 

P ropor t io ns o f  v a r i ance were s im i l a r  i n  the HSR but twi ce 

as l a rg e  i n  the CSR . I n  the sepa rate age a na ly s e s  

impo r t a n c e  o f  s i r e  x y e a r  i nteractions d ec l i ned f o r  GFW 

f rom 7 . 1 % of the tota l v a r i ance i n  a ge 2 ,  4 .  7 %  i n  age 

3 to n i l a t  4 a nd 5 yea r s  of  a g e . S imi l a r  trends occurred 

for CFW . 

For many o f  the tra i t s s i re x envi ronment i nteraction s  

d ec l ined i n  s ig n i f i ca n c e  a s  a g e  i n c re a sed . Pos s i ble 

explana t io n s  of  thi s i nc l ude a dec l ine in the i n f l uence 

of  b i r t h  y e a r  a s  the ewe become s older or, as the year 

i ntera c t i o n  wa s s o l e l y  due to the record y e a r  component 

in the s e pa ra te age a na l y s e s , the o lder ewe s may be l e s s  

sens i t i v e  t o  yea r - to-y e a r  var i a t ions . 

Es t ima ted i nt r a - tr a i t  gene t i c  corre l a t i o n s  for GFW 

CFW we r e  0 . 6 5 � 0 . 0 1  a nd 0 . 6 5  � 0 . 0 1 , re s pe c t i v e l y . 

and 

Thu s 

the gene s c o n t ro l l i ng f l e e c e  w e i ght i n  the con t r o l  s tocking 

rate have a d i f f erent e f f e c t  i n  pa rt in the h i gh s tocking 

r a te . 
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4 .  2 .  3 CLEAN SCOURE� YI ELD 

Hogget Clean S c oured Y i e l d  

A s  noted b y  Chopra ( 1 9 7 8 ) s i r e  x year interac t i on s  we r e  

sma l l  and f ormed l e s s  than 1 %  o f  the tot a l  var i an c e  i n  

any of the hogget analy s e s . 

I n  the comb i n ed data a n a ly s i s  s i r e  x s to c k i n g  r a t e  

cont r i buted 2 .  6 %  of  the tot a l  v a r iance and a cc ou n t e d  f o r  

3 2 . 6 % o f  the gene t i c  var i a nc e . S i m i lar r e s u l t s  we r e  

obta i ned b y  Chopra ( 1 9 7 8 ) . Mor l ey ( 1 9 5 6 ) reported tha t 

s i re x nut r i t i on intera ct ions were non- s i gn i f i ca n t  i n  

y i e l d  data . A l though the i n t e r a c t ion te rm wa s not large , 

Dunl op ( 1 9 6 2 ) obs erved s i gn i f i cant s tra i n  x env i ronillent 

i ntera ct ions . 

The e s t ima ted i nt ra - tra i t  genet i c  corre l a t ion wa s 0 . 5 7 
+ - 0 . 1 7 .  

Ewe C l ea n  S c ou red Y i e l d  

S i re x envi r onment intera c t i o n s  wer e  impor t a n t  s ou rc e s  

of  var i a t i on in ewe y i e l d  a n a l y s e s . S i r e  x b i r t hy e a r  

a nd s ir e  x s tocking r a t e  i n te r a ct ions cont r o l l e d  3 . 5 % 

and 2 . 2 % o f  the t o t a l  and 4 2 . 0 % and 2 6 . 3 % of  the gene t i c  

var i an c e s  r e s pe c t ively i n  the combi ned data ana l y s i s . 

S i re x b i r thyear inter a c t i on s  c ontr o l led 6 . 2 % and 6 3 . 3 % 

of  the tota l and gene t i c  va r i an ces i n  the CSR a n d  3 .  5 %  

and 4 3 . 8 % i n  the HSR . 

The r a t i o  o f  the s ir e  i n t e r a ct i o n s  t o  betwe e n  s i r e  

var i an c e s  wa s 2 . 1  in  t h e  poo l ed d a t a  ana ly s i s i nd i ca t ing 

that the s ir e  x env i r onment i nt era c t i ons we r e  i mpor t a n t  

sources o f  var i a t i on in th i s  tra i t . However ,  i n  t h e  

separate a g e s  the ra t i o  d e c re a s ed from 2 0 . 9  i n  t h e  2 y e a r  

o l d s  to 0 . 4 ,  0 . 7  a nd 1 . 3 i n  the o l der ages . 
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I n  the separate age ana l y s e s  the importance of i nterac t i on s  

d e c l ined a s  a ge i ncrea s ed . S i re x s toc k i ng rate i nter­

a c t i o n s  contr ibuted no va r i a nc e  at 4 and 5 years of a g e  

a nd s i r e  x y e a r  intera c t i o n s  we re l e s s  important at older 

a g e s  a l s o .  

The e s t ima ted i n t ra - t r a i t  gene t i c  corre l a t ion wa s 0 . 4 2 
+ - 0 . 0 4 .  

4 .  2 .  4 QUALITY NUMBZR 

Hogget Qua l i ty Number 

In the hogget ana l y s e s  s i r e  x year a nd s i re x s tock ing 

r a t e  i nterac t i on s  were n on s i g n i f icant , w i th s i re x year 

i nt e r a c t i o n s  contro l l i ng z e ro var i a nc e  i n  a l l  ana l y s e s  

and s i r e  x s tocking r a t e  i n tera c t i o n s  con t ro l l ing > 1 . 1 % 

of  the t o t a l  var i a nc e  i n  the combi ned d a t a  analy s i s . 

Othe r r e s earchers have a l so found tha t  s i r e  x environment 

i nt e r a c t ions we re nons i gn i f i ca nt ( Ra e , 

Bradford , 1 9 6 5 ) or  n eg l i g i b l e  ( Du n l op , 

var i a t i o n  i n  qua l i ty number .  

1 9 5 8 ;  

1 9 6 2 ) 

O sma n and 

sources of 

The i n tr a - t r a i t  g e ne t i c  correlat i o n  betwe e n  the two 

s to c k i ng r a t e s  wa s 0 . 8 5  : 0 . 0 3 .  

The l a c k  o f  s i r e  x e nv i ronment i nterac t i ons and h i gh i ntra­

tra i t  g e ne t i c  corre l a t i on i nd i c a ted tha t genotype xenvi ronment 
i n t e r a c t ions were not impor t a n t  for y QN in th i s  f lock . 

ho'J'Jr<..t 

Ewe Qua l i t y  Number 

In the c ombi ned data and s eparate s tocking r a t e  ana ly s e s  

s i re x b i r t h  year a nd s i r e  x s tock i ng r a t e  i nterac tions 

we re s ig n i f i ca n t . S i re x b i r thyear contro l led 3 . 7 ,  5 . 1  

a nd 7 . 3 % o f  the tota l v a r ia n c e  and 3 5 . 4 ,  4 4 . 7  a nd 6 3 . 3 %  

o f  the g en e t i c  var i a n ce i n  the combi ned , con t ro l  and h i gh 



2 2 9  

stocking rates respect ive ly . S i r e  x stocking r a t e  

interact ions we re l e s s  important , con t ro l l i n g  2 . 5 % o f  

the tota l and 2 3 . 5 % o f  the gene t i c  var iance in the comb i ned 

data ana lysi s .  

In the sepa r a t e  

cont r o l l ed p a r t  of  

a g e  ana l y s e s  s i re 

the tota l var i at ion 

x s tocki ng 

( 2 .  7 % ) i n  

r a t e  

the 2 

year old ewe s o n l y . S i re x year i n t e r a c t ion s cont r i bu ted 

5 . 4 ,  0 . 0 ,  1 . 5 and 0 . 9 % a t  2 ,  3 ,  4 and 5 year s o f  a g e . 

Hence s ire x env i r onment i n t er a c t i on s  were present a t  

2 y e a r s  of a g e  but were neg l i g i b l e  a t  later ages . The 

ra t i o  of s ir e  i nteract ion t o  betwe en s ire v a r i a n c e  wa s 

1 . 9 i n  the 2 y e a r  old ewe ana ly s i s . 

The intra- t r a i t  gene t i c  corre l a t i o n  e s t imate wa s 0 . 5 8 � 
0 . 0 2 ,  s igni f i c a n t ly l ower than i n  the hogget ana l y s e s  

+ ( 0 . 8 5 - 0 . 0 3 ) . 

4 . 2 . 5  MEAN F I BRE D I AMETE� 

Hogget Mean F i br� D i ameter 

When f i t t i ng mode l s  t o  hogget MFD there wa s m uc h  

unexpl a i ned var i at ion , t h e  mode l  a c c ount ing for on l y  1 9 . 5 % 

( Ta b l e  4 . 1 ) .  S i re a cc ounted f o r  the large s t  propo r t i on 

of  var i at ion i n  the mod e l  ( 7 .  4 % )  , w i th s ir e  interac t i on s  

con t r i bu t i n g  a further 2 . 9 % .  Du n l op ( 1 9 6 2 )  reported 

s i gn i f i cant s t r a in x l ocat i on i nt e ra c t ions , of  mod e r a t e  

s i z e , i n  MFD . F lo c k s  x l ev e l  o f  nut r i t i on i nt e r ac t i on s  

were found t o  be s i gn i f i ca n t  f o r  f ibre cros s - s e c t i ona l 

a r e a  by Wi l l i a m s  ( 1 9 6 6 ) . K i ng and Young ( 1 9 5 5 ) , howe v e r , 

d i d  not obs erve any s i gn i f i ca n t  breed x nut r i t ion i nt er ­

a c t i on s  f o r  f i br e  d i ameter . 

S i re x year i n tera c t ions contr i bu t ed 2 .  0 %  o f  the t o ta l 

va r i ance and 1 8 . 0 % o f  the genet i c  v a r i a nce in the c ombi ned 

data ana l y s e s . S i re x s to c k i n g  rate i ntera c t i on s  
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c o n t r i buted 1 . 1 a nd 1 0 . 0 % of  the tota l  and gene t i c  

v a r i ance s . I n  t h e  s eparate stock i ng r a t e s  s ire x year 

i n te ract i o n s  contr i bu t ed 5 . 1  a nd 1 . 0 %  o f  the tota l var i ance 

a nd a ccounted for 3 3 . 1  a nd 1 1 . 5 % o f  the gene t i c  var i a nce 

in  the C SR a nd H SR r e s pe c t ive l y . 

The r a t i o  o f  s i r e  i n teract ions to between s i re var i a nce 

c omponent s  wa s l e s s  than 0 . 5  i n  a l l  hogget MFD ana l y ses , 

demons tra t ing that the s e  i nteract ions w e re not important 

in this t ra i t . S im i l a r l y , the e s t i ma ted intra- t r a i t  
+ 

g e ne t i c  c o r r e l a t i o n  wa s h i gh ( 0 . 9 0 0 . 0 2 ) . Th i s  wa s 
+ comparab le t o  the e s t ima te by Chopra ( 1 9 7 8 ) of  0 .  9 3  

0 . 0 9 .  

Ewe Mean F ibre D iame t e r  

S i re x b i rth year a n d  s i re 

contro l l ed 5 .  8 a nd 4 .  0 %  of 

x sto c k i n g  rate i nterac t i ons 

the tota l variance and 2 8 . 6  

and 1 9 . 5 % o f  the gen e t i c  var ia nce i n  the comb i ned stock ing 

r a t e  ana l y s i s . S i re x year i nterac t i on s  control l ed 3 3 . 5  

and 7 . 9 % o f  the tota l var i ance i n  CSR a n d  HSR re spec t i v e ly 

and 4 2 .  7 a nd 4 4 .  9 %  o f  the gene t i c  v a r i ance . The ratio 

o f  s i re i nterac t i on t o  between s ir e  vari ance thus 

a pproa ched 1 . 0 i n  the comb i ned and sepa rate stocking rate 

a n a l y s e s , s u ch that GxE i ntera c t ions cou ld be of importance 

i n  genet i c  parame t e r s for ewe MFD .  

I n  s eparate age a n a l y s e s  i nterac t i on s  we re of 

i mportance , contro l l i ng l e s s  tha n  1 . 0 %  of  the 

v a r i ance ( ex cept s i r e  x year i n  3 y e a r  o ld ewe s 

c o n t r o l led 3 . 4 % o f  tota l var iance ) .  

l e s s  

total 

wh ich 

The intra - t ra i t  gene t i c  cor r e l a tion be t we e n  the two stock­

i ng rates wa s e s t i mated as 0 . 7 0 
+ 

0 . 0 1 . Th i s  wa s 

s i g n i f ican t l y  l owe r than for hogge t s . I t  should be no ted 

that the hogget mea s u reme n t s  were by the proj e c t i on m i c ro­

s cope and o n l y  a s ma l l  n umber of f ibre s were mea s ured 
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for e a ch s amp l e  ( 1 5 0 )  wh i l e the ewe mea surements wer e  

b y  a i r f l ow .  I t  i s  u n l ikely that th i s  would have inf luen ced 

the re l a t ive s i z e s  of  the i n t r a - tra i t  genet i c  corre la t i on s  

but i t  m a y  have been a f a ctor i n  the h i gh unexp l a i ned 

var i a t i o n  i n  the hogget mode l .  

4 . 2 . 6  STAPLE LENG TH 

Hogget S t a p l e  Length 

When f i t t i n g  mod e l s  to hogget s t a p l e  length data it wa s 

obse rved that s i r e  x s tock ing r a t e  and s i re x y e a r  

i n tera ct ions were nons i g n i f i cant . T h i s  wa s conf i rmed 

w i th s i re x s t ock i ng rate intera c t i ons c ontr ibut ing not h i n g  

to t h e  tota l v a r i a nce , whi le s i r e  x year i ntera c t i o n s  

a ccounted f o r  o n l y  1 .  6 %  o f  t h e  tota l v a r i an ce i n  t h e  

comb ined d a t a  a n a l y s i s  a nd 1 • 4 a n d  0 .  0% i n  t h e  c o n t r o l  

and h i gh stock i n g  r a tes . 

The s e  re s u l t s  a r e  i n  agreemen t  wi t h  other stud i e s . Mor l ey 

( 1 9 5 6 ) reported non - s i gn i f i ca n t  s i re x nutr i t i o n  

interact ions f o r  S L , wh i l e  K i ng a n d  Young ( 1 9 5 5 ) a n d  K in g  

e t  a f. . ( 1 9 5 9 ) r e por ted s imi l a r  r e s u l t s  for average f i bre 

le ngth . Du n l op ( 1 9 6 2 ) i nd i ca ted sma l l  sign i f i cant s t r a i n  

x loca t i on inter a c t i on s , however t h e  i ntera ct ions ac counted 
.. 

for only a mi nor ( l e s s  than 1 % )  f ra c t i on of the va r i a t i on . 

S i re x year i nteract ions we r e  f ound to control l i t t l e  

o f  the var i a t i on i n  th i s  tra i t  by Rae ( 1 9 5 8 ) , Du n l op ( 1 9 6 2 )  

and Ch opra ( 1 9 7 8 ) . 

The i ntra- tra i t  g e ne t i c  corr e l a t i o n  e s tima te for s ta p l e  

le ngth i n  hog g e t s  i n  t h i s  s tudy wa s 1 . 0 2  :!: 0 . 0 2 .  Thu s , 

a s  genotype x e nvi ronment i n t e ra c t i ons are o f  no impor t a n c e  

i n  t h i s  t ra i t  and t h e  i n t ra t r a i  t geneti c corre l a t i on i s  

equa l to 1 .  0 ,  s e l e c t i on for SL i n  one environment wi l l  

be equa l ly e f f e c t i ve i n  chang i n g  pe r forma nce i n  anothe r 

envi ronment a nd maximum progre s s  . would be made i n  the 

envi ronment demo n s t r a t i n g  the grea t e s t  her it abi l i ty . 
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Ewe S t ap l e  Length 

S i re x bi rth year i n te r a c t ions we re s ig n i f i ca nt for ewe 

s ta p l e  l ength i n  the c ombi ned dat a , C SR and HSR anal y s e s  

c o nt r i buting 4 .  7 ,  5 .  5 a nd 5 .  8 %  o f  the tota l variance , 

and 3 1 . 1 , 3 5 . 7  a nd 3 6 . 3 % o f  the gen e t i c  var i a nce , respe c t ­

i ve l y .  I n  t he s eparate a g e  a na l y s e s  s i re x b i r th y e a r  

i n t e ra c t ions w e r e  l e s s  important , con t ro l l ing a n  i ncrea s i n g  

percentage of  t h e  tot a l  va r i ance w i th i n c reas ing age ( 0 . 4 ,  

2 . 2 ,  1 . 9 a nd 3 . 4  for 2 ,  3 ,  4 a nd 5 year o l d  ewe ana l y ses ) .  

S i re x s t oc k i ng r a te i n teract ions c o n t ro l l ed 3 .  7 %  of  the 

tota l v a r i a n c e  a nd 2 4 . 7 % of the g e ne t i c  variance i n  the 

c omb i ned data a n a l y s i s , but l e s s  than 2 %  i n  the s epara t e  

a g e  ana l yses . 

Except i n  the c omb ined data a n a l y s i s  the r a t i o  o f  the 

s i re i n tera c t i o n  t o  the be twe e n  s i re vari ance s was l e s s  

-than 1 .  0 ,  i n  the combi ned a na l y s i s  the r a t i o  was 1 .  3 .  

The es t i ma te o f  the i n t ra - tr a i t  gene t i c  corre l at ion betwe e n  

the two s to c k i n g  r a t e s  wa s 0 . 5 6 + 0 . 0 2 ,  s i g n i f icant l y  

l owe r t han f o r  t h e  hogget ana lys i s . The intra- tra i t  

g e ne t i c  corr e l a t i o n  i nd ic a ted that the s i re x s tocking 

r a te i n t e ra c t i ons , w h i l e  sma l l , were o f  importance . 

4 . 2 . 7  TOTAL CR I MP NUMBER 

Hogget To t a l  Cr imp Numbe r 

S i re x 

2 %  of  

I n  the 

e nv i ronment i n teract ions c o nt r i buted l e s s tha n 

t he t o t a l  v a r i a nce i n  a l l t he hogget a n a l y se s . 

comb i ned d a t a  a na lys i s  s i re x s tocking rate 

i ntera ct ions a c counted for 1 2 . 1 % of t he gene t i c  var i ance , 
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wh i l e  s ir e  x year i nt e r a c t i o n s  contr ibuted only 1 . 9 % .  

I n  the CSR s i re x y e a r  interact ions a c counted f or 1 2 .  9 %  

o f  the gene t i c  var i ance , but we r e  not present i n  the HSR . 

The i ntra - c l a s s  genet i c  corr e l a t i on e s t ima te wa s 0 . 8 7 
+ 0 .  0 1 . Thus i n  gene r a l s i r e  x envi ronment i nt e r a c t i o n s  

were unimportant i n  h ogget tota l c rimp n umber i n  t h i s 

f l ock . 

Ewe Tota l Cr imp Numbe r  

S i re x s tocking r a t e  i n t era c t i on s  cont r i buted a s i gn i f i ca n t  

proport i on of  the var i a n ce i n  t h e  comb ined data , a ccount ing 

for 3 . 1 % o f  the t o ta l va r ia nc e  a nd 2 9 . 8 % of the gene t i c  

v a r i ance . In  the s eparate age ana ly s e s  however , the s i r e  

x s tock i n g  rate i n t e r a ct ions d id n o t  a c count f or any of  

the vari ance . 

S im i l a r l y , s i re x b i r thyear i n teract ions contr i buted 2 .  4 %  

o f  the t o t a l  var i a n c e  i n  t h e  combined data a n a l y s i s  a nd 

7 .  6 and 4 .  9 %  in the C SR a nd HSR , but none were present 

i n  the separate a g e  a na l y se s . S i re x b i r th year 

i n te ract i ons a ccount ed for 2 2 . 9 ,  5 4 . 1  and 4 4 . 3 %  of  the 

g e n e t i c  va r i an ce i n  the comb i ned , con t r o l  and h i gh s tock ing 

r a t e s  re spective l y . 

The est ima ted i nt ra - c l a s s genet i c  corre l a t i o n  wa s 0 . 5 2 ! 

0 .  0 2 . Th i s  wa s l ower than the hogget i n tr a - t r a i t  

corr e l a t i on for TCN ( 0 . 8 7 ! 0 . 0 1 ) .  
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4 . 2 . 8  CR I MP FREQUENCY 

Hogget C r i mp F requen cy 

No s i re x s tock ing rate or s i r e  x year inter a c t i on s  were 

pres ent in th i s  tra i t . Mor l ey ( 1 9 5 6 ) a nd Du n l op ( 1 9 6 2 ) 

a l so reported such i ntera c t i on s  to be o f  no con s equence 

i n  th i s  tra i t . 

The i ntra - t ra i t  g e ne t i c  corre l a t i on wa s e s t ima ted a s  1 .  0 1  
+ - 0 .  0 1  . Hence , as for SL and TCN , genotype x e n  vi ronmen t 

i n teract ions a r e  not pre s ent for CF i n  hogge t s  i n  th i s  f lock . 

Ewe Cr imp Frequency 

S i re X bi r t h  year i n tera c t i on s  a ccounted for 3 . 9 ' 7 . 8  

a nd 6 . 6 % o f  t h e  tota l vari ance and 3 8 .  7 '  6 3 . 9  a nd 5 5 . 3 % 

o f  the g e ne t i c  v a r i a n c e  i n  the combi ned data , control 

a nd h i gh s tock i n g  ra t e s  re spec tive l y . 

S i re x s to c k i ng ra te i ntera c t i on s  contr ibuted 2 . 0 % o f  

t h e  tota l va r i an c e  a n d  1 9 . 4 % o f  the gene t i c  va ri ance . 

S i re x envi ronment i nt e r a c t i on s  were not present i n  the 

s eparate a g e  a na ly s e s , except for 2 . 2 % of  the tota l 

v a r i a t ion c o nt r i buted by s i re x b i r th year i ntera c t ions 

in  the 5 y e a r  old ewe a n a l y s i s . 

The i ntra - tra i t  g e ne t i c  cor re l a t i on wa s e s t ima t ed as 0 .  6 3 
+ - 0 . 0 2 .  

4 . 2 . 9  STAPLE STRENGTH 

Hogget S t a p l e  S t rength 

S i re x s tock i ng rate i nter a c t i on s  were non- s i gn if i cant 

f o r  s t aple s t rength i n  hogget s ,  con t r i but i ng nothing to 

the to ta l va r i a nc e . 
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S i re x year in tera ct ions a c counted for on ly 0 .  9 %  of  the 

tota l variance , 

va r i an ce . Th i s  

whi ch equ a t ed t o  1 7 . 8 % o f  the gene t i c  

wa s due t o  the pr e s ence o f  s i r e  x year 

i n t e r a ct ions i n  the HSR , c ontr o l l ing 3 .  4%  o f  the tota 1 
variance . S i re x year i n t erac t i on s  we re not pr e sent i n  

the CSR . 

Th e i nt r a - t ra i t  gene t i c  c o r r e l a t i on wa s e st ima ted a s  1 . 1 0  

! 0 . 1 2 .  W i th the low impor tance of genotype x envi ronmen t 

interact ions and the h i g h  i ntra - t ra i t  genet i c  cor r e l at ion , 
s e l e c t i o n  for hogget s t a p l e  s t rength wou l d  be most 

e f fect ive when c a r r i ed ou t in the s t ocking r a te wi th the 

h i gh e s t  heri tabi li ty ( HSR ) • G a i n s  made in one s tocking 

rate wou ld st i l l  be pr e s e n t  i n  the other s t ock i ng rate . 

Ewe S t a p l e  St rengt h 

S i re x birth year i n t e r a c t i o n s  control led 2 . 6 % of  the 

tota l v a r i at i on in the c ombi ned data ana l y s i s ,  3 . 3  and 

3 .  0% in the CSR and HSR r e s pe c t i  v e }y , bu t l e s s  than 1 %  

i n  th e sepa rate a g e  a n a l y s e s . Wh ere s i gn i f icant,  s i r e  

x b i r t h  y e a r  i ntera c t i on s  control led about 3 3 - 4 6 % of  the 

gene t i c  va r i ance . 

S i re x stock ing rate i n t e ract i ons contro l l ed 3 .  6 %  of  the 

tota l variance and 4 5 . 0 % of  the g enet i c  v a r i a n ce i n  the 

comb in ed data anal y s i s  b u t  we r e  non s i gn i f i c ant in the 

s e pa ra t e  age ana l y s e s . 

The i n tra- tra i t  genet i c  c orre l a t i on wa s e s t ima ted a s  
+ - 0 . 0 2 - 0 . 0 5 .  

Th e r e f ore , in  th i s  t r a i t  the pr e s en ce o f  genotype x 
envi ronmen t int e r a c t i o n s  a nd very l ow intra - t ra i t  gene t i c  

corr e l a t i on and l ow he r i tabi l i t i e s  mea ns tha t l i t t l e  

prog re s s  wou ld r e s u l t  f r om ind.i-rec+ se l e ct ion . 
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4 . 2 . 1 0  C HARACTER GRADE 

Hogget Chara c t e r  Grade 

S i re x year i nt e r a c t i o n s  con t r i buted noth i ng to the to ta l 

v a r i ance i n  the combined d a t a  ana l y s i s . In  the s eparate 

s tocki ng r a t e s  they contr ibuted 3 . 0  a nd 1 . 0 %  of the tota l 

v a r i ance i n  the CSR a nd HSR r e s pe c t i ve ly , accoun t i ng for 

3 3 . 8  a nd 1 3 . 1 %  of  the g e ne t i c  va r i ance . R a e  ( 1 9 5 8 ) 

r e po rt ed s i g n i f i cant s i r e  x year i ntera c t ions i n  thi s 

t ra i t ;  howev e r  Dun lop ( 1 9 6  2 )  reported that s i r e  x year 

i ntera c t i o n s  a ccounted f or a neg l i g i b l e  per c entage of  

the tota l va r i a t ion . 

I n  the c omb ined data a na ly s e s  s i r e  x sto c k i ng rate 

i nt e ra c t i o n s  c o n t r i buted 1 . 9 % to the total v a r i ance , 

a c co un t i ng f o r  2 5 . 4 % o f  the g e ne t i c  va r i ance . 

The i nt r a - t r a i t  gene t i c  c o r r e lat ion be tween 

s tocki ng r a t e s  was e s t imated to be 0 . 7 1 � 0 . 0 3 . 

Ewe Char a c t e r  Grade 

the two 

S i re x bi r t h  year in tera c t io n s  accounted for 2 . 6  a nd 4 0 . 9 % 

o f  the t o t a l and gene t i c  v a r iance r e spec t i ve l y  i n  the 

comb i ned d a ta a n a l y s i s , 6 . 2 a nd 7 5 . 4 % i n  the CSR a nd 2 . 2  

a nd 3 5 . 9 % i n  the HSR . 

I n  the c o n t r o l  s tock i ng ra te the presence o f  h ighly 

s ign i f i c a n t  s i re x birth year i n teract ions , w i th the ratio 

o f  s i re i nt e r a c t i on to betwe e n  s i re var iance b e i ng 3 . 1  , 

would mean that the rank i ng o f  s ir e s  would cha n g e  a cr o s s  

y e ar s . 

S i re x s to c k i ng rate i n t er a c t i o n s  we re l e s s  i mportant 

c o nt r i bu t i ng 1 .  3 %  of  the tota l vari ance and 2 0 . 5 % o f  the 

g e ne t i c  var i a n c e  in the comb ined data ana ly s i s . 
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I n  the s eparate age a n a l y s e s  genotype x environment 

i n tera ct i o n s  d i d  not cont r i bu te t o  the tota l v a r i ance , 

w i th the 

i n  the 3 

e x cept ions of  s i re x s tocking rate 

year o l d  ewe ana l y s i s  ( a ccounted 

i nt er a c t i on s  

f or 3 . 2 % of 

the t ot a l  var iance ) and 

4 year o ld ewe a n a ly s i s  

variance ) . 

s i r e  x year intera c t i o n s  i n  the 

( ac counted for 6 . 1 % of the to t a l  

The e s t i ma ted i ntra- tra i t  genet i c  corr e l a t i o n  wa s 0 . 6 0 
+ - 0 . 0 3 .  

4 . 2 . 1 1 LUSTRE GRADE 

Hogget L u s tr e  Grade 

S i re x y e a r  i n te ract ions w e r e  not pre sent i n  the hogget 

l u s tre grade a na ly se s . S i re x s tocking ra te i n t era c t i on s  

contr i bu t e d  l e s s  than 1 %  o f  the tota l var i a t io n  i n  the 

comb i n e d  s tock i n g  ra te a n a l y s i s .  

The i n t r a - tra i t  gene t i c c or r e l a t i on e s t imate wa s 0 . 8 9  
+ - 0 .  0 3 .  Thus GxE inter a c t i o n s  were un important i n  hogget 

lustre grade . 

Ewe Lu s tr e  Grade 

Un l i ke in the hogget s ,  genotype x e nv i ronmen t  i n t erac t i on s  

were impor tant i n  ewe l u s t r e  gra d e  ana ly se s . S i re x bi rth 

year a n d  s i re x stock i n g  r a te inter a c t i on s  c on t r o l led 

1 .  6 a n d  1 .  4%  o f  the t o t a l v a r i a nce and 4 2 . 9  and 3 8 . 1 % 

of t h e  gene t i c  varianc e , r e s pe c t ively i n  t h e  combined 

age a n a ly s i s . The rat i o  of s i re intera c t i o n s  to betwe en­

s i re v a r i a nce wa s 4 .  2 5 , r e f l e c t i n g  the impo r t a n ce o f  GxE 

inte r a c t i o n s  in ewe lus t re g r a de . 
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S i re x b i r th year intera c t io n s  contr i buted 2 .  8 and 2 .  4 %  

o f  the tota l var iance i n  the CSR and HSR , respective l y , 

a c coun t i ng for 4 8 . 5  a nd 1 0 0 . 0 % o f  the gene t i c  var i a nce . 

I n  t he s eparate age a n a l y s e s  the impor tance 

year i nt e r a c t i on s  dec l i ned as age i nc re a s ed 

0 a nd 0 %  o f  the total  v a r i a n c e  contro l l ed i n  

o f  s i re x 
( 2 . 3 , 1 . 9 ,  

consecut ive 

a g e  c l a s s e s ) .  S i re x s t o c k i ng rate intera c t i on s  a c counted 

for 1 . 2 a nd 2 . 9  of the to ta l va ri ance i n  the 2 a nd 5 year 

o l d  ewe a n a l y s e s  re s pec t i ve l y . 

The i nt r a - tra i t  gene t i c  

s tocki ng r a t e s  wa s 0 . 0 0 
+ 

correlat ion betwe e n  the 

0 . 0 7 .  S e l e c tion r e sponse 

two 

i n  

one e n v i ronment wou ld there fore carry n o  advantage i n  

the oth e r  environment .  

4 . 2 . 1 2 T I PP INES S  GRADE 

Hogget T i pp i ne s s  Grade 

G e notype x e nv i ronment i nt e r a c tions were non- s i gn i f i cant 

for hogget t i ppine s s  grade . S i re x s to c k i ng rate 

i nt e ra ct i o n  a c c ounted for none of the total  v a r i ance and 

s i re x y e a r  i n te r a c t i o n s  c o n t r ibuted l e s s  than 1 .  5% i n  

any o f  the ana l y se s . 

The i n t ra - t ra i t  gene t i c  c o r r e l a ti on wa s e s t imated as  1 .  0 4  
+ - 0 . 0 5 .  

Ewe T i pp i ne s s  Grade 

S i re x b i r t h  year i ntera c t ions cont r i bu ted 1 .  0 ,  1 .  2 and 

2 . 1 % of t he tota l var i ance i n  the poo l ed d a ta , CSR a nd 

HSR a na ly se s , a c coun t i ng f o r  1 4 . 0 ,  1 6 . 3  a nd 3 1 . 4 % of the 

gene t i c  v a r i a n c e  respec t i ve ly . S i re x s tock i ng rate 
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i nteract i o n s  were nonsigni f i ca n t , contr ibut i n g  o n l y  1 %  

t o  the tot a l  variance , i n  the poo l e d  ana lyse s . 

I n  the s eparate age ana l y s e s  s i r e  X stock i ng r a t e  

i nteract i o n s  cont r i buted l e s s  t h an 0 . 5 % except i n  the 

5 year o ld ewe a na ly s i s  whe r e  they a ccounted f o r  1 . 8 %  

o f  the tota l var i ance . S i r e  X year i nt e r a c t i o n s  

contr i bu t ed to the 2 year old ewe ana l y s i s  onl y , account i n g  

f o r  3 .  4 %  o f  t h e  t o t a l  var i a n c e  a nd 5 2 . 9 % o f  t he g e ne t i c  

vari ance . 

The e s t i ma t ed i ntra- tra i t  gene t i c  corre l a t i o n  betwe en 
+ 

the two e n v i ronme n t s  wa s 0 . 8 5 - 0 . 0 2 .  As s i r e  x s tock i n g  

r a t e  and s ir e  x b i rth y e a r  i n t e ra c t i on s  were genera l ly 

non s ign i f i ca n t  and the i n t r a - t r a i t  genet i c  corre l at i o n  

i s  h igh i t  c an be concluded t h a t  G xE interac t i on s  a r e  

n o t  important f o r  th i s  tra i t  i n  th i s  f l ock . 

4 . 2 . 1 3 COTT ING GRADE 

Hogget Cot t i ng Grade 

Genotype x envi ronment i n t er a c t i on s  contr i bu ted none of  

the var i a n c e  in  the combined data and high s to ck i n g  r a t e  

ana l y s e s . I n  the C SR s i re x y e a r  i n t e raction s con t r i bu ted 

2 .  2 %  of the tota l vari ance , a cc oun t i n g  for 2 7 . 5 % of the 

gene t i c  var i an ce . 

The i ntra - t r a i t  gene t i c  c o rr e l a t ion estimate wa s 1 . 0 1  
+ 

0 . 0 5 .  H e n c e  g e notype x env i ronment i nt er a c t i on s  a r e  

un important f o r  hogget cot t i n g  g ra de i n  th i s  f l o ck . 
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Ewe C o t t i n g  G rade 

S i re x 

amoun t s 

a na l y s e s , 

v a r i a n c e  

b i r t h  year i n t e r a c t ions 

t o  t he var ia t i on in ewe 

a c count i ng f o r  

a nd more t h a n  

greater 

4 5 . 0 % of 

con t r i buted s ign if i ca n t  

c o t t i n g  grade i n  mos t  

than 4 %  o f  the t o ta l 

the g e ne t i c  va r i ance , 

except i n  the 3 year o l d  ewe ana lys i s . 

S i r e  x s tock i ng r a t e  i n te r a c t ions contro l l ed 1 .  9 %  of the 

tota l v a r i a nc e  and 2 1  . 7%  o f  the gene t i c  var i ance i n  the 

poo l ed ana l y s i s . They were not s i gn i f ic a n t  in the f i rs t  

two a g e  c l a s se s , c o n tr o l l ed 4 .  6 %  o f  the t o t a l  var i a nce 

in  the 4 year old ewe s and only 0 . 7 % of  the tota l var iance 

in  the l a s t  age c l a s s .  

The r a t i o  o f  s i re i ntera c t i on s  to betwe e n  s i re variance 

wa s h i gh f or mos t a n a l y s e s , be ing 2 .  8 ,  1 . 1 a nd 6 .  9 i n  

the poo l e d  d a ta , C SR a nd HSR re spec t ive l y  a nd 0 . 8 ,  0 . 2 ,  

1 3 . 7  a nd 2 . 8  i n  the respec t ive age c l a s s e s . 

The e s t imated i nt ra - tra i t  g e ne t i c  corre l a t ion wa s 0 . 4 6  :! 
0 . 0 4 .  Th i s  wa s s i g n i f i c an t ly lowe r than the e s t imate 

f o r  hogg e t  COT ( 1 . 0 1 ! 0 . 0 5 ) . The low i nt r a - t ra i t  gene t i c  

c o rr e l a t io n  e s tima te a n d  h i gh var iance r a t i o s  r e f lec ted 

the i mpor ta n c e  o f  genotype x envi ronmen t  i nterac t io n s  

i n  t hi s  tra i t  in thi s  f l oc k . 

4 . 2 . 1 4 COTTED AREA GRADE 

H ogg e t  Cotted Area Grade 

S i re x year i ntera c t i o n s  contr ibuted o n l y  1 . 1 %  o f  the 

tota l v a r i a n c e  i n  the poo l e d  analy s i s . I n  the s eparate 

s tock i ng r a te s 

i n  t h e  H SR a nd 

s i re x year i nterac t i on s  were not pre s e n t  

contr ibuted 4 .  7 %  of  the t o t a l  var iance 

in  the C SR , ac coun t i ng for 6 5 . 2 % o f  the gene t i c  var i ance . 
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No s i re x s to c k i n g  r a t e  intera c t i on s  we re pre sent i n  the 

poo l ed ana ly s i s . 

Th e i ntratra i t  gene t i c  corre l a t i on for hogget CAG wa s 

e s t i ma ted as 1 . 0 4  � 0 . 0 5 .  A l though there wa s a s i gn i f i ca n t  

s i re x y e a r  i n teract i on i n  t h e  CSR, heri tabi l i ty e s t i ma t e s  

by the E I  and I I  methods ( Ta b l e  4 . 5 )  were not s ign i f i ca n tl y  

d i f f erent a n d  w i t h  the other i n t e r a c t i ons be ing unimpo r t a n t  

and t h e  h i gh i ntra - tr a i t  genet i c  correl at ion i t  w a s  

con c l uded t h a t  GxE i ntera c t i o n s  a r e  n o t  impor t a n t  f o r  

hogget cotted area grade in th i s  f l oc k . 

Ewe Cotted Area Grade 

S i re x birth y e a r  i ntera c t i o n s  c o n t r i buted 2 .  4 ,  

4 .  4 %  o f  the tota l v a r i ance i n  t h e  poo led , CSR 

r e spective l y , a cc ount i ng for 2 3 . 4 ,  6 0 . 8  a nd 

7 .  2 a n d  

and H SR 

3 8 . 3 % of 

gene t i c  vari a n c e  r es p e c t i ve l y . I n  the s epa r a t e  a g e  

ana l y s e s  s i r e  x y e a r  inte r a c t i o n s  c ontro l l ed 1 . 9 ,  0 ,  0 .  4 

a nd 2 . 4 % o f  the tota l var i an c e  i n  re s pe c t ive age c l a s s e s . 

S i re x stock i n g  r a t e  inter a c t i o n s  contribu t ed 2 . 5  and 

2 4 . 3 %  of  the total  a nd gene t i c  v a r i ance r e s pe c t i v e l y  i n  

the poo led a n a l y s i s . I n  the s epa r a te age ana l y s e s  s i r e  

x s tocking ra t e  int e r a c t i o n s  c on t r ibuted 2 . 2 %  o f  the tota l 

var i an ce i n  the 2 year o l d  ewe a n a l y s i s but l e s s  t h a n  

0 . 5 % i n  the o l d e r  ewe ana l y s e s . 

The i ntra - tra i t  gene t i c  corre l a t i on wa s e s t ima t e d  a s  
+ 0 . 6 3 - 0 . 0 2 .  
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4 . 2 . 1 5  S OUNDNESS GRADE 

\-\og9et 5oundl)e.<oS Y,'l-a.de. 
N o  s i re x s to c k i ng r a t e  i nteractions we re pre se nt i n  the 

c omb i n ed data a na l y s i s . S i re x yea r i n teract ions were 

n o n - s i gn i f i ca n t  in the comb ined d a t a  a n a l y s i s , but 

cont r i bu te d  5 . 5  a nd 2 . 7 % of the tot a l  v a r i a nc e , account ing 

for 8 2 . 3  a nd 6 7 . 8 % of the genet i c  v a r i ance , i n  the CSR 

a nd HSR r e spec t i ve ly .  

Dun l op ( 1 9 6 2 ) reported that s trai n x l o c a t i on and s t r a i n  

x y e a r  i nt e r a c t i o n s  w e r e  n o t  s i gn i f i c a n t  f o r  s oundne s s , 

a s  found i n  the comb i ned data ana l y s i s  i n  th i s  study . 

The e s t ima te of  the i n tr a - tra i t  gene t i c  corre l a t ion be twe en 

the two s t oc k i ng r a t es wa s  1 . 0 0  : 0 . 0 9 .  

Ewe Soundn e s s Grade 

In the combi ned data a na l y s i s  s i re x bi r thyear i ntera c t i ons 

we re u n impor t an t . S i re x s tock i ng rate i nterac t i ons 

c o nt r i buted 2 . 2 % of  t he tota l varianc e , a ccount ing for 

6 7 . 1 % of the gene t i c  var ia nc e . 

I n  the s eparate s tock i ng rate a na l y s es s ire x bi rth year 

i nt e r a c t i o n s  contr ibuted 1 . 9 and 3 . 1 % o f  the tota l 

v a r i a n c e , a c coun t i ng f or 4 1  . 2 and 6 7 . 4 %  of  the gene t i c  

var i a n c e , i n  the C SR a nd H S R  r e s pect ive l y . 

S i re x y e a r  intera c t i o n s  d i d  not contr ibut e  to the var i a nce 

i n  t h e  s eparate age a n a l y s e s . S i re x s tock i ng rate 

i n te ra ct i o n s  we re o n l y  pre s en t  i n  the f i r s t  2 age c l a s s e s , 

cont r i bu t i ng 1 . 4 a nd 1 . 8 %  o f  the tot a l va r i ance . Al though 

c o n t ro l l i n g  a low per c e ntage of the t o ta l v a r i a nce the 

s i re x s to c k i ng r a t e  i nterac t i on s  a ccounted f or a l a rge 

propor t i o n  ( 8 1 . 8 % )  o f  the gene t i c  v a r i a n c e  in  the 2 yea r 

o l d  ewe a na ly s i s .  I t  wa s l e s s  important i n  the 3 year 

old ewe a n a l y s i s ,  a cc ou n t i ng f or 2 9 . 8 % o f  the gene t i c  

v a r i a n c e . 
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The i n t r a - t ra i t  g ene t i c  c or r e l a t i on wa s e s t imated a s  

Th i s  imp l i ed that the gene s contro l l i n g  - 0 . 0 1 
+ 

0 0 1 1  0 

s oundne s s  i n  one s to ck i n g  rate had no i n f l uence i n  the 

other stock i ng rat e . 

4 . 2 . 1 6  HANDLE GRADE 

H ogget Handle Grade 

S i re x s tock i n g  rate i nt e r a c t i on s  in the combined d a t a  

a n a l y s i s  w e r e  non- s i gn i f i cant , con t r o l l ing o n l y  1 . 6 % o f  

t h e  tota l va r i ance . S i re x y e a r  inter a c t i on s  wer e  

s i gn i f i c a n t  in t h e  comb i ned and CSR ana l y se s , con t r ibut i n g  

2 . 8  a n d  9 . 0 % o f  t h e  tot a l  variance a nd 3 4 . 1  a n d  7 7 . 0 % 

o f  the g e ne t i c  v a r i a n c e , r e s pe c t i ve l y . I n  the H SR , s ir e  

x year i nt eract i on s  only accounted f o r  0 .  4 %  o f  the t o ta l 

var i ance . Dun l op ( 1 9 6 2 ) repor ted that s t r a i n  x l oc a t i o n  

i nteract ions w e r e  a neg l ig i b l e  sou r c e  of  var i at io n  f o r  

th i s  t ra i t . 

The i nt r a - t ra i t  gene t i c  corre l a t i on e s t i ma te wa s 0 . 7 3 
+ - 0 . 0 3 .  

Ewe Hand le Grade 

S i re x 

i n  t h i s 

i n  t h e  

s tock i n g  rate i nt e r a c t i on s w e r e  non- s i gn i f i ca n t  

tra i t , contro l l i n g  0 . 6 % o f  the tota l var i a n c e  

poo led data a na ly s i s . T h e  only other s tock i n g  

rate i n teract ion , i n  the s e cond age c l a s s ,  contro l led o n l y  

1 . 8 %  o f  the tota l var i an c e  and wa s a l so non - s i gn i f i c a n t . 

S i re x bi rth year inte r a ct i o n s  we re i mportant , cont ro l l i n g  

3 . 0 ,  2 . 8  and 5 . 3 % o f  the tota l var i ance i n  the poo l ed , 

CSR and HSR a n a l y s e s  r e s pe c t ive l y , a c coun t i ng for 3 8 . 1  , 

3 4 . 9  and 5 8 . 0 %  o f  the gene t i c  v a r i an c e . I n  the s ep a r a t e  
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a g e  

0 . 6 ,  

ana l y s e s  s i re x year interact i o n s  contr ibuted 3 . 1 , 

4 .  4 a nd 1 .  9 %  o f  the tota l var ia nc e  i n  the four a g e  

c l a s s e s  re spec t i ve l y . 

The r a t i o  o f  s ir e  i nteract ions to betwe en s i re v a r i a n c e s  

wa s 0 .  8 ,  0 . 5 4 a nd 1 . 2 i n  the poo l ed data , CSR and HSR 

r e spec t i ve l y . The i n t r a - t r a i t  genet i c  corre l a tion be twe e n  

the two s to c k i n g  r a t e s  e s t im a t ed 0 . 8 9 + 
0 .  0 1  . wa s a s  

The pa terna l ha l f - s ib e s t imates o f  h er i ta b i l i t y  ca l cula ted 

by the EI a nd I I  methods we re not s i g n i f i cant ly d i f ferent 

( Ta b l e  4 . 5 )  a nd a s  s i re x s tocking rate i ntera c t i ons we re 

n o n s i g n i f i ca n t  and s i r e  x bi rth year i n t er a c t i ons gene ra l l y 

u n important i t  c o u l d  be conc luded that genotype x 

envi ronmen t  i nt e r a c t i o n s  were not v e ry i mportant for ewe 

h a nd l e  grade i n  th i s  f lock . 

4 . 2 . 1 7  GREASY MIDS IDE COLOUR GRADE 

Hogget G r e a s y  M i d s ide C o lour Grade 

S i re x s tock i n g  r a t e  i nterac t i ons con t ro l l ed 3 .  4 a nd 3 2 . 6 % 

o f  t he t o t a l  a nd gene t i c  vari ance i n  t he comb i ned data 

a n a l y s i s . S i re x year i n te ra c t ions we r e  s igni f i cant i n  

t h e  combi ned data a na ly s i s , contr ibut i ng 4 . 6 % o f  the tota l 

v a r i ance and 4 3 . 5 % o f  the gene t i c  va r i an c e , but we re l e s s  

i mpor t a n t  i n , t h e  s epa rate s tock i ng rate a n a l y s e s , 

c o n t r i bu t i ng 1 .  2 a nd 2 .  7 %  of  the t o t a l  var i a nce i n  the 

CSR and H SR re s pec t i ve ly . 

D u n l op ( 1 9 6 2 ) r e po rt ed that s i re x year i n tera c t ions we r e  

n o n - s i g n i f icant i n  t h i s  tra i t . H e  not e d  tha t though s t ra i n  

x s t a t i o� i nt e r a c t i o n s  were s igni f i ca nt , the average 

s i z e  o f  the i n t e ra c t io n  term wa s smal l .  

T h e  i nt r a - t ra i t  g e ne t i c  correlation wa s e s t imated a s  0 .  2 1  :!: 
0 .  0 8 . There fore g e n e s  contro l l i ng GCM i n  one s tocking 

r a te in t he hogg e t s  in this f lock d i d  not have the s ame 

e f fe c t  in  the other s t o c k i ng rat e .  
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Ewe Greasy M id s ide C o l ou r  Grade 

S i re x s tocking r a t e  i nteract ions we r e  un i mportant . In 

the pooled data ana ly s i s  s i r e  x s to ck i n g  rate i nteract i on s  

cont r i buted 0 . 2 % o f  t h e  tot a l  var ianc e , a r e su l t  of  the 

p r e s ence of  an inter ac t i on i n  the 4 year old ewe ana ly s i s  

where i t  c on trol led 2 .  5 %  o f  the tota 1 var i a n c e . N o  s i r e  

x s tock i ng r a t e  i ntera c t i on s  we r e  pre s en t  i n  t h e  other 

age ana l y s e s . 

S i re x b i rth year i nt e r a c t ions con t r i bu t ed 3 .  3 ,  5 .  0 and 

1 . 7 %  of t he tot a l  var i an c e , a c count i ng for 9 3 . 3 ,  9 5 . 7  

and 5 8 . 3 % of  the g ene t i c  variance i n  the p ooled data , 

CSR and H SR ana l y se s  r e s pe c t ive l y . I n  the s eparate age 

a n a l y ses s ir e  x year i nteract ions control l ed 1 . 0 ,  2 . 3 ,  

4 . 4  and 1 . 8 %  of the tot a l  variance re spe c t i ve l y . Because 

s i re v a r i a nce wa s absent or of  very l mv magn i tude and 

s i re x s tocking r a t e  i nt e r a c t i o n s  

the s i re x bi rth y e a r  i n teractions 

the gene t i c  va riance . 

wer e  non s i gn i f icant 

contr ibuted mo st of  

Th e low s i r e  var i a n c e  e s t i mate s , 0 . 0 0 0 , 0 . 0 0 1  and 0 . 0 0 5  

i n  the poo l ed data , C SR and H SR r e s pe ct ive l y , contr ibut i n g  

o n l y  0 .  0 ,  0 .  2 and 1 .  2 %  o f  t h e  tot a l  va r i ance , r e s u l te d  

i n  an e s t imated i n t r a - tra i t  gene t i c  corre l a t ion e s t imate 
+ 

o f  · 1 . 8 9 - 0 . 1 4 .  

4 . 2 . 1 8  SCOURED M I D S IDE COLOUR GRADE 

Hogget S c oured M id s id e  C o l ou r  Grade 

S i re x s tocking r a t e  i n tera c t i on s  contr i bu t ed 1 . 9 a n d  

3 4 . 8 % o f  the tot a l  a nd g e net i c  v a r i a n ce i n  t h e  c ombined 

d a ta ana l y s i s . S i r e  x y e a r  i ntera c t i on s  contr ibuted 2 .  4 

and 4 3 . 5 % of  the t o t a l  a nd gene t i c  v a r i ance . I n  the 

s epa rate stock ing rate ana lyse s s i re x y e a r  i nterac t i on s  

contri bu ted 2 . 7  and 4 . 9 % of the tota l v a r i ance i n  the 
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CSR a nd HSR r e s p e c t i ve ly ,  a ccoun t i ng for 4 2 . 3  and 8 4 . 0 % 

of  the genet i c  v a r i a nc e . 

The r a t i o  o f  s i re i ntera c t i on s  t o  betwe en s i re var i a n c e s  

wa s 3 . 6 , 0 . 7  a nd 5 . 2 5 i n  the comb i ned , H S R  a nd CSR 

respec t i ve l y . 

The e s t i ma t e d  i nt r a - tra i t  g e ne t i c  corr e l a t i o n  wa s 0 . 1 4 
+ 0 . 0 9 .  Cho p r a  ( 1 9 7 8 ) obt a i ned a n  e s t imate o f  0 . 5 7 + 

0 .  3 7 .  The r a t i o  o f  vari ance c ompone n t s  and l ow i nt r a ­

t ra i t  g e ne t i c  c o r r e l a t ion i nd i ca ted t h e  importance o f  

genotype x e nv i ronment i nteract ions on hogget s coured 

m i d s ide colour . 

Ewe S c ou red M id s i d e  Co lour Grade 

S i re x b i r t h  y e a r  i nteract ions cont r i buted less than 2 .  0 %  

of  the t o t a l  v a r i ance i n  a na l y s e s  of  ewe SCM . S i re x 

s tock i ng r a t e  i nt er a c t i on s  contr ibuted 2 .  5 %  of  the tota l 

vari ance , a c c ou n t i ng for 8 4 . 6 % of  the gene t i c  v a r i ance , 

i n  the poo l ed d a t a  a na l y s i s . I n  the sepa rate a ge ana l y s e s  

s i re x s tocki ng r a t e  i nterac t ions control led 2 . 1 , 0 . 0  

a nd 6 %  o f  the tota l vari ance i n  the r e s pect ive age 

c l a s s e s . 

Al though s i re i nt e r a c t i on s  wer e  not s igni f i cant i n  t e rm s  

of  t h e  tota l va r i ance , t h e  l ow s i re va r i a nces res u l ted 

i n  interac t i on s  c o n t ro l l ing mo s t  of  the gene t i c  va r i ance . 

The i nt r a - t r a i t  g ene t i c  corre l a t i o n  wa s e s t imated a s  

- 1 . 0 0 � 0 . 0 6 .  T h i s  re s u l ted from the l a ck o f  s i re var i a n c e .  
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4 . 2 . 1 9 GREASY FLEECE COLOUR GRADE 

Hogg e t  Greasy F l e e ce C o l our Grade 

No genotype x environment inter a c t i on s  we re pre sent i n  

th i s  trait . The intra- tra it gene t i c  corr e l a t ion wa s 

e s t imated as 1 . 0 0  ::!: 0 . 2 9 .  

Ewe Grea sy F l e e c e  Colour Grade 

Genotype X envi ronment intera ct ions were of  l i t t l e  

importan ce i n  the ewe GCF ana l y s e s . S i re x s tocking rate 

interact ions control led o n l y  0 . 5 % of  the tot a l  variance 

i n  the poo l ed analys i s . The 1 . 1 %  of  the tota l variance 

contro l l ed i n  the 3 year old ewe ana l y s i s  wa s the only 

s i r e  x stock i ng rate i nt e r a c t i on present i n  the separate 

age an a l y s e s .  

S i re x birth year i n t e ra c t i on s contr i bu ted 1 . 4 ,  3 .  5 and 

4 .  2 %  o f  the total var i a n c e  in the pooled , CSR and H SR 

ana l y s e s  respect ive l y . Le s s  than 2 %  o f  the tota l var i ance 

wa s cont r i buted by sire x year interactions  in the separ a t e  

a g e  ana l ys e s . 

Lack o f  s i r e  variance meant that the s i r e  x envi ronment 

i n t e ra c t i ons a ccount ed f or mos t of the gene t i c  variance 

when present . I n  th e poo led a na ly s e s  s ir e  x envi ronment 

i n t e r a c t ions ac counted f or 7 8 . 5 %  o f  the gen e t i c  vari ance , 

w i th 1 0 0 . 0 and 9 6 . 2 % of  the g ene t i c  v a r i a n c e  c ont r o l led 

i n  the CSR a nd H SR r e s pe c t ive l y . 

The i n tra t r a i t  

0 . 0 2 .  

gene t i c  corr e l a t i on e s t i ma t e  wa s 0 . 6 3 
+ 
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4 . 2 . 2 0 NUMBER OF LAMBS BORN AND WEANED 

S i re exp l a i ned none of the total var i a t ion in the mod e l s  

f i tted for numbe r o f  lambs born and number of  lambs weaned 

( Table 4 . 1  ) , hence s i re i nterac t i on s  cont ro l l ed a l l  the 

gene t i c  

none o f  

variance . The s i re var i a n c e  a l so ac coun ted 

stocking rate 

for 

a nd the var i a n c e  i n  t h e  separate 

s eparate age a n a l y s e s , ex cept i n  the contro l s t oc k i ng 

rate where i t  s t i l l  exp l a i ned l i t t le of  the var i a nce ( 3 %  

o f  the total and 4 %  o f  the gene t i c  variance f or NLB and 

2 .  5% o f  the tota l and 3 4 . 6 % of  the gene t i c  variance for 

NLW ) . 

S i re interactions were a l so unimpor tant , genera l l y expl a i n ­

i ng l e s s  than 5 %  of  t h e  tota l var i a t i on . T h e  grea t e s t  

amount o f  va r i a t i on wa s e x p l a i ned 

they a c counted f o r  7 .  5 a nd 7 .  3 %  

for NLB a nd NLW r e s pe c t i ve l y . 

i n  the CSR mod e l  where 

of the tota l va r i a nc e  

Low or z e ro v a l u e s  f o r  s i re and 

componen t s  r e s u l t ed in meani ng l e s s  

corre l a t i o n  va l u e s  for reproduc t ive 

not pre sented . 

i nteract ion var i a nc e  

i ntra - tra i t  gene t i c  

t r a i t s  s o  the se were 

Li fet ime Number o f  Lambs Born and Weaned 

No s i r e  i ntera c t i o n s  we re i dent i f i a b l e  in the ewe combi ned 

or h igh s tock i ng rate a n a l y s e s  f o r  l i fe t ime number of 

lambs born . In the contro l s tock i ng rate s i re x bi rthyear 

accounted for 3 . 8 % o f  the tot a l  var i a nc e . 

S i m i l a r  trend s occurred for l i f e t ime numbe r of  l ambs 

weaned . S i re x b i r thyear interac t i o n s  were non s ign i f i cant , 

account i ng for 0 ,  0 .  8 a nd 0 %  o f  the total variance i n  

the combi ned , control and high stoc k i ng rate s  respe c t i ve l y . 

No s ir e  x s tocki ng rate i nterac t i o n s  we re present i n  the 

combi ned stocki ng rate ana l y s es . 
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S i re x b i rth year i ntera c t i on s control l ed 1 .  8 ,  1 .  6 and 

1 .  8% of  the tota l variance i n  the combi ned , control a nd 

h i gh s tocking r a t e s  r e s pe c t i ve ly . I n  the s epa rate age 

a na ly s e s s i re x year i ntera c t ions were present i n  the 

two year o l d  ewe ana ly s i s  on l y , where i t  on ly contro l l ed 

1 . 0 %  o f  the tot a l  var iance . 

S i re x s tocking intera c t ions contro l l ed 3 . 1 % o f  the tota l 

var iance i n  the combi ned stock ing rate a na l y s i s  and 1 .  8 ,  

3 . 0 ,  5 . 1  a nd 0 %  of  the tot a l  variance i n  t he separate 

age ana l y se s .  

Li fet ime We ight o f  Lamb Weaned 

As f or we i ght o f  lamb weaned , s i r e  and s i re intera c t i on s  

were general ly unimportant a s  sources  o f  var i a nc e  in l i f e­

t ime we ight of lamb weaned mod e l s . 

S i re X bi rthyear intera c t i o n s were present o n l y  i n  the 

con t r o l  s tock i n g  rate ana l y s i s , where it  accounted for 

only 1 • 6 %  of the tota l var i ance . S i re X s tocki ng rate 

intera c t i on s  contr o l l ed 1 • 5 %  of  the tot a l  var i a nc e  i n  

the combi ned stocking rate ana l y s i s . 

4 . 2 . 2 2 WE IGHT PER LAMB WEANED 

S i r e  x bi rthyear intera c t i o n s  we r e  non - s igni f i cant sou r c e s  

of  v a r i ance for we i gh t  per lamb weaned , o c c u r r i ng only 

i n  the h i gh s tock ing rate whe r e  it accoun ted for 1 .  0 %  

o f  the total va r i ance . 



2 5 0  

S ir e  x s tocking rate i n t e ra c t i on s  cont rol led 3 .  5 %  o f  the 

tot a l  v a r i a nce i n  the combi ned ana lys i s , which co rresponded 

to 8 1  . 6 %  o f  the �ene:\:ic var i an c e . 

4 . 2 . 2 3 LAMB SURV IVAL 

S i r e  a nd s i re i nteract i o n s  were non- s ign i f i ca n t  in the 

l amb s urviva l a na l y se s , demon s tra t i ng the i mportance of 

env i ronme n t a l  e f f e c t s  on th i s  t ra i t . 

S i r e  x year i nt e r a c t i o n s  contro l led 1 - 3 %  o f  t he t o t a l  

var i a t i on i n  the a na l y se s . S i re x s t o ck ing rate 

i nt er a c t i o n s  a c counted for none o f  the var i a t i on except 

in t he 5 year o ld ewe a n a l y s e s  whe re it wa s s t i l l  non­

s i g n i f i ca n t , con t r i bu t i ng 0 . 6 % of the tot a l  var i ance . 

As the s i re variance e s t ima t e s  were so low the interact ions , 

a l t hough non s i gn i f ic an t , contro l l ed 7 7 - 1 0 0 %  of the gene t i c  

var i a nc e . 
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4 ; 2 . 2 4 EFFECT OF THE HSR MANAGEMENT CHANGE 

A f t e r  1 9 7 6  hoggets from the HSR treatment were no longer 

gra z ed on the same block as the ewe s but were removed 

t o  graze w i t h  the CSR hogget s .  Th i s  wou ld have el iminated 

the stocki ng rate d i f f e rence for t h i s  per i od of  time unt i l  

they were returned t o  the H SR a s  ewe s . However there 

wou l d  s t i l l  have been a carryover e f fect f rom the l amb 

s tock i ng rate env i ronment so tha t some d i f f erences wou l d  

s t i l l b e  expected i n  t h e  hogget s .  From t h e  e s t ima t e s  

of  envi ronmenta l e f f e c t s  i n  Tab l e  4 .  2 i t  cou l d  b e  seen 

t h a t  the s tocking r a t e s  e f f e c t s  gene r a l ly d im i n i shed i n  

s i r e  groups 6 and 7 ,  when the hogge t s  we re gra z ed togeth e r . 

The t ra i t s  most obv ious ly a f f e c ted we re LW , GFW , CFW , 

Y ,  SL , LUS , COT , SOU , SCM . 

To quan t i fy the e f fe c t  the management change had on the 

H S R  hogg e t s  the var i a nce component s  we re ca l c u l a ted be fore 

and a fter the change in the HSR . As  shown i n  table 4 . 5  

the change i n  the H SR hogget management d id not a f f e c t  

m o s t  tra i t s . The s e  c a n  be compared 

the comb i n ed ana l y se s  ( Ta b l e  4 .  3 )  • 

were s i gn i f i cant chang e s  i n c lud e d  QN , 

H e r i tabi l i t y  e s t ima t e s  of t r a i t s  were 

to the v a lu e s  f o r  

Tra i t s  where there 

TCN , CF a nd LUS . 

redu ced a f ter the 

manag ement change ( Ta b l e  4 . 5 . 2 ) . H owever a s  the se were 

o n l y  ba sed on two s i regroup per iods the 

s t a nd ard e rror s meant the se d i f ferences 

not s igni f i ca nt . 

r e s u l t an t  l arge 

were gener a l l y  

A l though there wa s a s l ight redu c t i o n  i n  the high stock ing 

r a t e  ewe inten s i ty the ef fect wa s l e s s  than i n  the hogge t s  

s o  ewe d a t a  wa s not s ubd ivi ded . 
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Tab l e  4 . 5 . 1 : Poo l ed e s t ima t e s  of var i ance components of 

hogget HSR tra i t s  be fore and a f ter the HSR 

ma nagement c ha nge 

TRA IT 2 s i re 0
2 s i r e  2 

0 x year 0 error 

be fore a f ter before a f t e r  before a f ter 

LW 0 . 0 9 3  0 .  2 9 1  0 . 6 7 4  0 . 8 9 1  1 1 . 2 1 5  1 5 . 3 7 5  

GFW 0 . 0 2 4  0 . 0 0 9  0 . 0 0 9  0 . 0 1 6 0 . 1 7 6 0 . 1 8 7 

CFW 0 . 0 1 2 0 . 0 0 8  0 . 0 0 9  0 . 0 0 9  0 .  1 1  9 0 .  1 3 1  

y 1 . 6 2 0  1 . 1 1  9 1 9 . 2 4 8  1 5 . 9 7 3  

QN 0 . 4 3 7  0 . 1 0 2 0 .  1 2 0  2 . 7 8 5  4 . 6 2 6  

MFD 0 . 5 1 6  0 . 2 6 0  0 . 2 3 1  5 . 6 0 6  5 . 0 2 5  

SL 0 . 4 8 3  0 . 2 5 1  2 . 4 9 7  2 . 3 8 7  

TCN 1 . 5 5  5 0 . 8 5 2  0 . 3 1 4  6 . 3 8 4  1 0 . 6 1 1  

CF 0 . 0 8 7  0 . 0 2 9  0 . 0 0 5  0 .  4 1  6 0 . 6 4 9  

SST na 3 . 3 7 7  na 5 . 7 6 8  na 1 1 1 . 1 6 9 

CHG 0 . 0 6 2  0 . 0 3 8  0 . 0 1 0 0 . 8 0 3  0 . 5 9 7  

LUS 0 .  0 5 1  0 . 5 3 4  0 . 5 1 7  

T I P  0 . 0 4 5  0 . 0 1 4 0 . 0 0 5  0 . 8 1 5  0 .  5 5 1  

COT 0 . 0 1 3 0 . 0 1 4 0 . 0 1 0 0 .  3 1 1 0 . 3 9 7  

CAG 0 .  0 1  9 0 . 0 2 2  0 . 3 3 6  0 . 4 2 7  

sou 0 . 0 3 3  0 . 0 0 4  0 . 0 9 9  1 . 2 0 1  1 • 4 8 3  

HND 0 . 0 4 9  0 . 0 0 4  0 . 0 0 4  0 . 6 1 4  0 .  2 7 1  

GCM 0 . 0 3 7  0 . 0 0 2  0 . 0 2 9  0 . 3 1 6  0 . 3 6 9  

SCM 0 . 0 0 4  0 . 0 0 3  0 . 0 2 6  0 . 0 0 9  0 . 4 3 9  0 . 3 6 8  

GCF 0 .  0 1 1 0 . 0 1 2  0 . 4 2 9  0 . 6 1 4  
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Tab l e  4 . 5 . 2 :  H e r i tabi l i t y  e s t imat e s  and s tandard errors of 

hogget HSR t r a i t s  before and a f t e r  the H SR 

management change 

TRA I T  

before a f t e r  be fore a f ter 

LW 0 . 0 3 ± 0 .  1 4 0 . 0 7 ± 0 . 1 7  0 . 2 6 ± 0 .  1 4 0 . 2 9 ± 0 . 1 6  

GFW 0 . 4 6 ± 0 . 2 0 0 .  1 6 ± 0 .  2 1  0 . 6 3 ± 0 .  1 9 0 . 4 7 ± 0 .  1 9 

CFW 0 . 3 4 ± 0 . 2 0 0 . 2 1 ± 0 .  2 1  0 . 6 0 ± 0 . 1 8  0 . 4 5 ± 0 .  1 9 

y 0 .  3 1  ± 0 .  1 5 0 . 2 6 ± 0 . 1 7  0 .  3 1  ± 0 .  1 5 0 . 2 6 ± 0 . 1 6  

QN 0 . 5 2 ± 0 . 2 0 0 . 0 9 ± 0 .  1 2 0 . 6 7 ± 0 . 2 0 0 . 0 9 ± 0 . 1 2  

I•lFD 0 . 3 4 ± 0 .  1 7 0 .  1 9 ± 0 .  1 9 0 . 3 4 ± 0 .  1 7 0 . 3 6 ± 0 .  1 8 

SL 0 . 6 5 ± 0 . 2 0 0 . 3 8 ± 0 . 2 0 0 . 6 5 ± 0 . 2 0 0 . 3 8 ± 0 . 2 0 

TCN 0 . 7 5 ± 0 . 2 4 0 . 3 0 ± 0 .  1 8 0 .  9 1  ± 0 . 2 3 0 . 3 0 ± 0 .  1 7 

CF 0 . 6 9 ± 0 . 2 2 0 .  1 7 ± 0 .  1 4 0 . 7 3 ± 0 . 2 2 0 .  1 7 ± 0 .  1 4 

SST 0 .  1 1  ± 0 . 1 7  0 . 3 0 ± 0 .  1 6 

CHG 0 . 2 8 ± 0 .  1 6 0 . 2 4 ± 0 .  1 6 0 . 3 3 ± 0 . 1  5 0 . 2 4 ± 0 .  1 6 

LUS 0 . 3 5 ± 0 .  1 6 0 . 0 0 ± 0 .  1 0 0 . 3 5 ± 0 .  1 6 0 . 0 0 ± 0 . 0 9 

T I P  0 .  2 1  ± 0 .  1 6 0 .  1 0 ± 0 . 1 2  0 . 2 3 ± 0 . 1  6 0 .  1 0 ± 0 .  1 2 

COT 0 .  1 6 ± 0 . 1 3  0 .  1 3 ± 0 .  1 5 0 .  1 6 ± 0 .  1 3 0 . 2 2 ± 0 .  1 5 

CAG 0 .  2 1  ± 0 .  1 4 0 . 0 0 ± 0 .  1 8 0 . 2 1 ± 0 .  1 4 0 . 2 0 ± 0 .  1 7 

sou 0 .  1 1  ± 0 .  1 2 0 . 0 0 ± 0 .  1 6 0 .  1 2 ± 0 .  1 2 0 . 2 5 ± 0 .  1 5 

HND 0 . 2 9 ± 0 .  1 5 0 . 0 6 ± 0 .  1 2 0 . 2 9 ± 0 .  1 5 0 .  1 1  ± 0 .  1 2 

GCM 0 . 4 2 ± 0 .  1 7 0 . 0 2 ± 0 .  1 8 0 . 4 2 ± 0 .  1 7 0 . 3 2 ± 0 .  1 6 

SCM 0 . 0 4 ± 0 .  1 4 0 . 0 4 ± 0 .  1 3 0 . 2 5 ± 0 .  1 4 0 .  1 3 ± 0 .  1 2 

GCF 0 .  1 0 ± 0 .  1 2 . 0 . 0 0 ± 0 .  1 5 0 .  1 0 ± 0 .  1 2 0 . 0 8 ± 0 .  1 4 
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4 . 3  HER I TAB I L ITY E S T I MATES 

The he r i tabi l i ty e s t imates obta i ned f rom daughter - d am 

regr e s s i on a na l y s i s  a nd f rom s i re i ntra - c la s s  corre l a t ion 

are pr e s ented w i th s t a nd ard errors in Ta b l e  4 . 6 .  E s tima t e s  

we re ca l cu l a ted f rom t h e  combined d a t a  ( a cros s bo th s tock­

ing ra te s )  and wi thi n each stock ing rate . 

Two me thod s were u s ed t o  e s t imate he r i tabi l ity by s i re 

i n t r a - c l a s s  corr e l a t i o n , one i n c l ud i ng ( I I )  and the other 

om i t t i ng ( E I )  i ntera c t ion v a r i ance c ompone nt s i n  the 

nume rator of the h e r i tabi l i ty expr e s s i on . Chopra ( 1 9 7 8 )  

a s s e s s ed the s i gn i f i ca n c e  o f  d i f f e r e n c e s  between · the 

v a r i ou s  he r i tabi l i ty e s t ima t e s by ca l cu l a t ing the sta nd ard 

e r r o r  o f  the d i f f e r e n c e  and exami n i ng t he change i n  the 

e s t i ma t e s  i n  t e rms o f  that s ta ndard e rror . 

Compar i s on o f  h e r i t a b i l i ty e s tima t e s  obt a i ned i n  t h i s  

s t udy w i th tho se ob ta i ned f r om othe r s tu d i e s  may be 

d i f f i c u l t  a s  d i f f e r e n t  mode l s  are f requ e n t l y  u s ed . Mos t  

s t ud i e s  a re c a r r ied o u t  o n  a s ing l e  s t o c k i n g  rate , w i t h i n  

y e a r  ba s i s  s o  that e s t i ma t e s  o f  her i t ab i l i t y  a r e  s imi lar 

t o  those i nc lud ing s i re i ntera ctions i n  th i s  study . When 

i n t e r a c t ions a r e  i mportant sources of v a r i ance , s e l e c t ion 

r e s pon s e s  c a l c u l a ted f r om these types o f  e s tima t e s  may 

be h igher than the r e s po n s e s  l ik e l y  to be a c h i eved i n  

p r a c t i s e . 

Daught e r - d am ( DD )  r e gr e s s i on e s t i ma te s  o f  heritab i l ity 

shou ld be r e l a t i v e l y  free of genotype x year ef fect s ( Rae , 

1 9 5 8 ) . Hence th ey wou ld be expected to be lower than pat e r na l  

ha l f - s i b ( PHS ) I I  e s t ima t e s , but h i gher than the E I  

e s t i ma t e s  a s  they s t i l l  conta i n  t h e  s tocki ng r a te 

i n te ra c t ion . H oweve r the da ughter - dam e s t imates may be 

b i a s ed upwa rd by ma terna l e f f e c t s  ( Ch ' ang a nd Rae , 1 9 7 0 , 
1 9 7 2 ) . 



TABLE 4 . 6 : H e r i tabi l i ty e s t im a t e s  a nd s t a ndard errors o f  var i ou s  t r a i t s  

TRAIT Dtr -Dam Regress ion ± Std Err S i re I ntraclass  Corr elation* ± Std Err 

LW wea ning 

SLW
1 

ALW
2 

ALW
3 

ALW
4 

ALW
5 

ALW
2 - 5  

Combined 

0 . 0 7 ± 0 . 09 

0 . 3 4 ± 0 . 07 

0 . 3 7  ± 0 . 08 

0 . 3 9 ± 0 . 09 

0 . 4 5 ± 0 . 08 

0 . 5 4 ± 0 . 08 

CSR 

0 . 1 0 ± 0 . 1 3  

0 . 1 4 ± 0 . 1 2 

0 . 30 ± 0 . 1 0 

0 . 3 6 ± 0 . 1 2 

0 . 40 ± 0 . 1 3  

0 . 4 3 ± 0 . 1 2  

* Upper Va l ue - s i re interactions not inc l uded 

Lower Va l ue· - i nteractions inc luded 

HSR 

0 . 0 5 ± 0 . 1 3 

0 . 65 ± 0 . 10 

0 . 4 7 ± 0 . 1 1  

0 . 47 ± 0 . 1 2 

0 . 50 ± 0 . 1 2  

0 . 68 ± 0 . 1 1  

Combined SR 

0 . 1 4 ± 0 . 1 1  
0 . 2 2 ± 0 . 1 1  

0 . 07 ± 0 . 09 
0 . 3 5 ± 0 . 08 

0 . 10 ± 0 . 1 3  
0 . 4 1 ± 0 . 1 3  

0 . 20 ± 0 . 1 3  
0 . 3 5 ± 0 . 1 3  

0 . 1 4 ± 0 . 1 3  
0 . 39 ± 0 . 1 3  

0 . 2 2  ± 0 . 1 2  
0 . 30 ± 0 . 1 2  

0 . 1 0 ± 0 . 1 0 
0 . 56 ± 0 . 09 

CSR HSR 

0 . 1 9 ± 0 . 1 7  
0 . 04 ± 0 . 1 5  

0 . 20 ± 0 . 1 7  

0 . 1 6 ± 0 . 1 3  0 . 0 5 ± 0 . 1 1  
0 . 46 ± 0 . 1 2 0 . 2 4 ± 0 . 1 0 

0 . 4 1 ± 0 . 1 9 
0 . 3 2 ± 0 . 1 8 
0 . 3 4 ± 0 . 1 8 

0 . 56 ± 0 . 2 1 0 . 1 6 ± 0 . 1 6 

0 . 5 2 ± 0 . 20 0 . 28 ± 0 . 18 

0 . 4 6 ± 0 . 20 0 . 1 5 ± 0 . 1 6 

0 . 48 ± 0 . 1 5  0 . 2 1  ± 0 . 1 1  
0 . 7 8 ± 0 . 1 4 0 . 4 8 ± 0 . 1 0 

N (J1 (J1 



TABLE 4 . 6 :  CONTI NUED 

Dt r -Dam Regress ion ± Std Err 
TRAI T  

GFW 
1 

GFW
2 

GFW
3 

GFW 
4 

GFW
5 

GFW
2 _ 5 

CFW
1 

CFW
2 

CFW
3 

CFW
4 

CFW
5 

CFW
2 _5 

Combined 

0 . 0 7 ± 0 . 06 

0 . 5 7 ± 0 . 07 

0 . 6 2 ± 0 . 07 

0 . 5 4 ± 0 . 07 

0 . 49 ± 0 . 07 

0 . 5 1 ± 0 . 0 7 

0 . 1 4 ± 0 . 07 

0 . 3 1  ± 0 . 2 2 

0 . 4 3 ± 0 . 28 

0 . 32  ± 0 . 2 7 

0 . 2 1 ± 0 . 3 1 

o . oo ± 0 . 1 7 

CSR HSR 

o . oo ± 0 . 08 0 . 46 ± 0 . 1 1 

0 . 5 7 ± 0 . 1 1 0 . 62 ± 0 . 10 

0 . 70 ± 0 . 1 0 0 . 55 ± 0 . 1 0 

0 . 70 ± 0 . 1 1 0 . 38 ± 0 . 1 0 

0 . 68 ± 0 . 1 1 0 . 3 4 ± 0 . 1 1 

0 . 6 2 ± 0 . 1 0 0 . 4 3 ± 0 . 09 

0 . 1 0 ± 0 . 08 0 . 2 5 ± 0 . 1 3 

0 . 1 4 ± 0 . 27 0 . 4 7 ± 0 . 40 

0 . 96 ± 0 . 36 0 . 09 ± 0 . 4 5 

0 . 7 3 ± 0 . 30 0 . 00 ± 0 . 46 

0 . 3 3 ± 0 . 4 3 0 . 1 1 ± 0 . 4 7 

o . oo ± 0 . 2 1 0 . 00 ± 0 . 29 

Sire Intraclass  Correlation* ± Std Err 

Combi ned SR 

0 . 2 3  ± 0 . 1 1 
0 . 4 8 ± 0 . 10 

0 . 1 9 ± 0 . 1 6 
0 . 64 ± 0 . 1 5 

0 . 26 ± 0 . 1 4  
0 . 4 6 ± 0 . 1 4 

0 . 4 7 ± 0 . 1 5  

0 . 49 ± 0 . 1 5 
0 . 5 1 ± 0 . 1 5 

0 . 30 ± 0 . 1 2  
0 . 67 ± 0 . 1 1 

0 . 29 ± 0 . 1 1 
0 . 5 1 ± 0 . 1 0 

0 . 2 5 ± 0 . 1 7 
0 . 67 ± 0 . 1 5  

0 . 28 ± 0 . 1 4 
0 . 44 ± 0 . 1 4 

0 . 40 ± 0 . 1 4 
0 . 4 1 ± 0 . 1 4 

0 . 4 7 ± 0 . 1 5 

0 . 3 2 ± 0 . 1 2 
0 . 65 ± 0 . 1 1  

CSR 

0 . 36 ± 0 . 1 2 

0 . 1 4 ± 0 . 2 2 
0 . 62 ± 0 . 20 

0 . 20 ± 0 . 2 1 
0 . 5 2 ± 0 . 20 

0 . 50 ± 0 . 20 

0 . 4 7 ± 0 . 2 2 
0 . 60 ± 0 . 2 1 

0 . 3 1 ± 0 . 16 
0 . 82 ± 0 . 1 3 

0 . 47 ± 0 . 1 3  

0 . 1 6 ± 0 . 2 3 
0 . 64 ± 0 . 2 1 

0 . 36 ± 0 . 2 1  
0 . 50 ± 0 . 20 

0 . 50 ± 0 . 20 

0 . 50 ± 0 . 20 

0 . 4 2 ± 0 . 1 5 
0 . 7 8 ± 0 . 1 4 

HSR 

0 . 3 4 ± 0 . 1 5 
0 . 5 6 ± 0 . 1 4 

0 . 57 ± 0 . 2 3 
o .  7 4  ± 0 . 2 2 

0 . 3 8 ± 0 . 19 

0 . 40 ± 0 . 19 

0 . 5 1 ± 0 . 2 0 

0 . 41 ± 0 . 1 4 
0 . 68 ± 0 . 1 3 

0 . 29 ± 0 . 1 5 
0 . 5 3 ± 0 . 1 4 

0 . 4 7 ± 0 . 2 4 
0 . 79 ± 0 . 2 2 

0 . 3 8 ± 0 . 1 9 

0 . 29 ± 0 . 1 8 

0 . 4 3 ± 0 . 20 

0 . 36 ± 0 . 1 4  
0 . 66 ± 0 . 1 2 

I\_\ 
Ul 
(J'\ 



TABLE 4 . 6 :  CONTINUED 

D tr-Dam Regress ion ± Std Err 

TRAIT 

y
l 

y
2 

y
3 

y
4 

y
5 

y
2 - 5  

QN
1 

QN
2 

QN
3 

QN
4 

QN
5 

QN
2 - 5  

Combined 

0 . 3 1  ± 0 . 07 

0 . 40 ± 0 . 07 

0 . 4 2 ± 0 . 07 

0 . 3 7 ± 0 . 07 

0 . 2 1 ± 0 . 0 7 

0 . 6 2 ± 0 . 06 

0 . 4 8 ± 0 . 07 

0 . 4 1 ± 0 . 07 

0 . 4 4 ± 0 . 08 

0 . 48 ± 0 . 08 

0 . 20 ± 0 . 06 

0 . 5 1 ± 0 . 06 

CSR HSR 

0 . 29 ± 0 . 1 2 0 . 3 4 ± 0 . 10 

0 . 44 ± 0 . 1 0 0 . 38 ± 0 . 1 2 

0 . 3 2 ± 0 . 09 0 . 5 7 ± 0 . 1 1 

0 . 40 ± 0 . 1 0 0 . 3 3 ± 0 . 1 1  

0 . 38 ± 0 . 1 2  0 . 1 2  ± 0 . 10 

0 . 6 1 ± 0 . 08 0 . 6 2 ± 0 . 09 

0 . 5 4 ± 0 . 1 0 0 . 39 ± 0 . 1 0 

0 . 4 2 ± 0 . 10 0 . 36 ± 0 . 09 

0 . 48 ± 0 . 1 0 0 . 4 3 ± 0 . 1 2  

0 . 4 3 ± 0 . 1 1 0 . 49 ± 0 . 1 1  

0 . 4 4 ± 0 . 1 2  0 . 09 ± 0 . 07 

0 . 56 ± 0 . 09 0 . 4 1 ± 0 . 09 

Sire I ntraclass Corre lation* ± S td Err 

Combined SR 

0 . 1 9 ± 0 . 09 
0 . 3 2 ± 0 . 08 

0 . 0 2 ± 0 . 1 3  
0 . 3 8 ± 0 . 1 2 

0 . 1 9  ± 0 . 1 2 
0 . 26 ± 0 . 1 2 

0 . 18 ± 0 . 1 2 
0 . 30 ± 0 . 1 2  

0 . 05 ± 0 . 10 
0 . 1 2 ± 0 . 1 0 

0 . 1 1 ± 0 . 07 
0 . 3 3 ± 0 . 06 

0 . 28 ± 0 . 10 
0 . 3 3 ± 0 . 09 

0 . 1 7  ± 0 . 1 4 
0 . 49 ± 0 . 1 3 

0 . 2 3 ± 0 . 1 2  

0 . 2 3 ± 0 . 29 
0 . 29 ± 0 . 1 2 

0 . 1 2 ± 0 . 1 1  
0 . 1 5 ± 0 . 1 1 

0 . 1 7 ± 0 . 08 
0 . 4 2 ± 0 . 07 

CSR 

o. 30  ± 0 . 1 1 

0 . 06 ± 0 . 20 
0 . 3 9 ± 0 . 19 

0 . 2 5  ± 0 . 1 8 
0 . 26 ± 0 . 1 8 

0 . 1 3 ± 0 . 1 8 
0 . 26 ± 0 . 1 8 

0 . 04 ± 0 . 1 5 

0 . 1 4 ± 0 . 1 0 
0 . 39 ± 0 . 09 

0 . 3 3 ± 0 . 1 1  

0 . 3 6 ± 0 . 2 3  
0 . 70 ± 0 . 2 1 

0 . 1 3 ± 0 . 1 6 

0 . 1 2 ± 0 . 1 7  
0 . 2 3 ± 0 . 18 

0 . 03 ± 0 . 1 5 

0 . 2 5 ± 0 . 1 1 
0 . 46 ± 0 . 10 

HSR 

0 . 30 ± 0 . 1 2  

0 . 27 ± 0 . 1 9 
0 . 3 5 ± 0 . 18 

0 . 28 ± 0 . 1 8 

0 . 1 6 ± 0 . 16 
0 . 1 8 ± 0 . 1 7  

o . oo ± 0 . 1 5  
0 . 04 ± 0 . 16 

0 . 1 8 ± 0 . 09 
0 . 3 2 ± 0 . 08 

0 . 3 2 ± 0 . 1 2  

0 . 1 3 ± 0 . 1 8 
0 . 3 1 ± 0 . 1 8 

0 . 2 3 ± 0 . 1 7  

0 . 1 6 ± 0 . 1 6 

0 . 05 ± 0 . 1 7  
0 . 2 1 ± 0 . 1 7  

0 . 1 7  ± 0 . 1 1  
0 . 50 ± 0 . 1 0 

"·' 
(Jl 
-....) 



TABLE 4 . 6 :  CONTINUED 

Dt�-Dam Regres s i on ± Std Err 

TRAIT 

MFD
1 

MFD
2 

MFD
3 

MFD
4 

MFD
5 

MFD
2 _ 5 

SL
1 

SL
2 

SL
3 

SL
4 

SL
5 

SL
2 - 5  

Combined 

0 . 4 4 ± 0 . 1 0 

0 . 7 6 ± 0 . 07 

0 . 59 ± 0 . 08 

0 . 6 5 ± 0 . 07 

0 . 50 ± 0 . 07 

0 . 38 ± 0 . 04 

0 . 5 1 ± 0 . 07 

0 . 4 9 ± 0 . 07 

0 . 5 3  ± 0 . 07 

0 . 38 ± 0 . 07 

0 . 39 ± 0 . 07 

0 . 1 4 ± 0 . 0 3 

CSR HSR 

0 . 54 ± 0 . 1 5 0 . 26 ± 0 . 1 5 

0 . 96 ± 0 . 10 0 . 50 ± O . l l 

0 . 5 3 ± O . l l 0 . 6 5 ± 0 . 1 2  

0 . 7 5 ± 0 . 10 0 . 56 ± O . l l 

0 . 58 ± 0 . 10 0 . 4 5 ± 0 . 10 

0 . 36 ± 0 . 06 0 . 38 ± 0 . 07 

0 . 49 ± 0 . 10 0 . 5 7 ± 0 . 10 

0 . 4 2 ± 0 . 1 0 0 . 5 4 ± 0 . 09 

0 . 5 7 ± O . l l 0 . 5 2 ± 0 . 1 0 

0 . 3 7  ± 0 . 10 0 . 4 0 ± 0 . 09 

0 . 5 3 ± 0 . 10 0 . 3 2 ± 0 . 1 0 

O . l l ± 0 . 05 0 . 1 9 ± 0 . 0 5 

Sire I ntraclass Correla tion* ± S td Err 

Combined SR 

0 . 3 3 ± O . l l 
0 . 46 ± O . l l 

0 . 58 ± 0 . 1 8  
0 . 61 ± 0 . 18 

0 . 3 5 ± 0 . 16 
0 . 50 ± 0 . 1 6 

0 . 5 2 ± 0 . 1 5 

0 . 47 ± 0 . 1 5  
0 . 5 1 ± 0 . 1 5 

0 . 4 2 ± 0 . 1 4  
0 . 81 ± 0 . 1 2  

0 . 4 5 ± 0 . 1 2  
0 . 5 1 ± O . l l 
0 . 34 ± 0 . 1 4 
0 . 4 3 ± 0 . 1 4 

0 . 26 ± 0 . 1 4 
0 . 4 1 ± 0 . 1 3 

0 . 49 ± 0 . 1 6 
0 . 58 ± 0 . 1 6 

0 . 3 2 ± 0 . 1 4 
0 . 4 5 ± 0 . 1 4  

0 . 2 7 ± O . l l 
0 . 60 ± 0 . 1 0 

CSR 

0 . 4 1 ± 0 . 1 6 
0 . 62 ± 0 . 1 5 

0 . 7 1 ± 0 . 2 5 
0 . 7 5 ± 0 . 2 5 

0 . 50 ± 0 . 26 
0 . 7 7 ± 0 . 24 

0 . 5 3 ± 0 . 2 3 

0 . 4 2 ± 0 . 2 1 

0 . 61 ± 0 . 20 
1 . 07 ± 0 . 16 

0 . 34 ± 0 . 1 2 
0 . 40 ± 0 . 1 2  

0 . 26 ± 0 . 1 7 

0 . 30 ± 0 . 1 8 

0 . 5 7 ± 0 . 2 2 
0 . 6 3 ± 0 . 2 2 

0 . 3 3 ± 0 . 1 9 

0 . 40 ± 0 . 1 3 
0 . 6 2 ± 0 . 1 2  

HSR 

0 . 30 ± 0 . 1 3 
0 . 3 4 ± 0 . 1 3  

0 . 46 ± 0 . 2 1 

0 . 2 7 ± 0 . 19 

0 . 37 ± 0 . 1 9 

0 . 39 ± 0 . 1 9 

0 . 3 9 ± 0 . 1 5 
0 . 7 1 ± 0 . 1 3 

0 . 5 5 ± 0 . 1 5 

0 . 5 5 ± 0 . 2 1 

0 . 4 4 ± 0 . 1 9 

0 . 46 ± 0 . 20 

0 . 1 7 ± 0 . 2 1 
0 . 51 ± 0 . 1 9 

0 . 4 1 ± 0 . 1 3 
0 . 64 ± 0 . 1 2 

N Ul CO 



TABLE 4 . 6 :  CONTINUED 

Dtr -Dam Regres s ion ± Std Err 

TRAIT 

TCN
1 

TCN
2 

TCN
3 

TCN
4 

TCN
5 

TCN
2

_
5 

CF
1 

CF
2 

CF
3 

CF
4 

CF
5 

CF
2 - 5  

Combined 

0 . 50 ± 0 . 08 

0 . 5 1 ± 0 . 0 7 

0 . 59 ± 0 . 0 7 

0 . 56 ± 0 . 08 

0 . 2 8 ± 0 . 08 

0 . 1 3 ± 0 . 05 

0 . 5 9 ± 0 . 08 

0 . 60 ± 0 . 0 7 

0 . 6 5 ± 0 . 07 

0 . 5 3 ± 0 . 07 

0 . 38 ± 0 . 07 

0 . 6 3 ± 0 . 07 

CSR HSR 

0 . 5 5 ± 0 . 1 3  0 . 50 ± 0 . 1 1  

0 . 48 ± 0 . 1 1 0 . 5 5 ± 0 . 10  

0 . 66 ± 0 . 09 0 . 51 ± 0 . 1 1  

0 . 5 2 ± 0 . 1 1  0 . 56 ± 0 . 1 2  

0 . 50 ± 0 . 1 2 0 . 1 1 ± 0 . 10 

0 . 05 ± 0 . 07 0 . 1 9 ± 0 . 08 

0 . 54 ± 0 . 1 3  0 . 66 ± 0 . 1 2 

0 . 6 3 ± 0 . 10 0 . 5 7  ± 0 . 09 

0 . 7 3 ± 0 . 10 0 . 56 ± 0 . 1 1 

0 . 49 ± 0 . 10 0 . 5 4 ± 0 . 10 

0 . 60 ± 0 . 1 1 0 . 2 1 ± 0 . 1 0 

0 . 7 1 ± 0 . 1 1 0 . 60 ± 0 . 10 

Sire I ntra class  Correla tion* ± Std Err 

Combined SR 

0 . 49 ± 0 . 1 3  
0 . 56 ± 0 . 1 2  

0 . 4 2 ± 0 . 1 4 

0 . 1 9 ± 0 . 1 1 
0 . 20 ± 0 . 1 1 

0 . 1 5 ± 0 . 10 

0 . 2 3  ± 0 . 1 2  

0 . 20 ± 0 . 08 
0 . 4 2 ± 0 . 08 

0 . 39 ± 0 . 10 
0 . 40 ± 0 . 1 0 

0 . 29 ± 0 . 1 2  

0 . 2 7  ± 0 . 1 2  

0 . 2 5 ± 0 . 1 2  
0 . 26 ± 0 . 1 2  

0 . 05 ± 0 . 1 0 
0 . 1 4 ± 0 . 1 0 

0 . 1 7  ± 0 . 08 
0 . 4 2 ± 0 . 08 

CSR 

0 . 5 1 ± 0 . 1 5  
0 . 59 ± 0 . 1 5  

0 . 4 8 ± 0 . 20 

o . oo ± 0 . 16 
0 . 1 1 ± 0 . 1 6 

0 . 2 1 ± 0 . 1 7  

0 . 26 ± 0 . 20 
0 . 4 3 ± 0 . 1 9 

0 . 26 ± 0 . 1 2 
0 . 56 ± 0 . 1 1 

0 . 3 5 ± 0 . 1 2 

0 . 3 8  ± 0 . 1 9 
0 . 40 ± 0 . 1 9 

o . oo ± 0 . 1 6 
0 . 09 ± 0 . 1 6 

0 . 2 1 ± 0 . 1 7  

0 . 05 ± 0 . 1 5 

0 . 1 8 ± 0 . 1 1  
0 . 4 9 ± 0 . 10 

HSR 

0 . 5 3 ± 0 . 1 5 

0 . 29  ± 0 . 1 8 

0 . 3 7 ± 0 . 19 

0 . 10 ± 0 . 1 5  

0 . 04 ± 0 . 1 5 

0 . 2 5 ± 0 . 1 1 
0 . 4 4 ± 0 . 10 

0 . 4 2 ± 0 . 1 3  

0 . 1 6 ± 0 . 1 6 

0 . 46 ± 0 . 20 

0 . 2 4 ± 0 . 1 7 

o . oo ± 0 . 1 5 

0 . 2 1 ± 0 . 1 1 
0 . 4 8 ± 0 . 1 0 

f-._, 
(J1 
1.0 



TABLE 4 . 6 :  CONTINUED 

Dtr -Dam Regress ion ± S td Err 

TRAIT 

SST
1 

SST
2 

SST
3 

SST
4 

SST
5 

SST
2_ 5 

CHG
1 

CHG
2 

CHG
3 

CHG
4 

CHG
5 

CHG
2 _5 

Combined 

0 . 0 3 ± 0 . 0 2 

0 . 3 9 ± 0 . 09 

0 . 4 3 ± 0 . 08 

0 . 40 ± 0 . 07 

0 . 38 ± 0 . 09 

0 . 2 3 ± 0 . 04 

0 . 2 2  ± 0 . 07 

0 . 1 3 ± 0 . 07 

0 . 1 5  ± 0 . 0 7 

0 . 10 ± 0 . 07 

0 . 1 3 ± 0 . 08 

0 . 4 7 ± 0 . 07 

CSR 

0 . 0 3 ± 0 . 0 3 

0 . 4 1 ± 0 . 1 4 

0 . 39 ± 0 . 1 3 

0 . 5 1 ± 0 . 1 1  

0 . 58 ± 0 . 1 3 

0 . 2 2 ± 0 . 06 

0 . 2 1 ± 0 . 1 0 

0 . 2 1 ± 0 . 10 

0 . 07 ± 0 . 1 1 

0 . 0 3 ± 0 . 1 0 

0 . 1 3 ± 0 . 10 

0 . 30 ± 0 . 09 

HSR 

0 . 0 3 ± 0 . 02 

0 . 3 5  ± 0 . 1 2 

0 . 4 7 ± 0 . 1 2  

0 . 24 ± 0 . 09 

0 . 1 5  ± 0 . 1 2 

0 . 26 ± 0 . 06 

0 . 29 ± 0 . 10 

0 . 0 5 ± 0 . 09 

0 . 26 ± 0 . 1 0 

0 . 18 ± 0 . 1 0 

0 . 1 6 ± 0 . 1 2  

0 . 64 ± 0 . 1 1 

Sire I nt raclass  Correlation* ± Std Err 

Combined SR 

0 . 1 7  ± 0 . 09 
0 . 2 0 ± 0 . 09 

o . oo ± 0 . 1 2 
0 . 1 0 ± 0 . 1 2 

0 . 09 ± 0 . 1 2 

0 . 20 ± 0 . 1 1  

0 . 2 2 ± 0 . 1 2  
0 . 2 4 ± 0 . 1 2 

0 . 07 ± 0 . 07 
0 . 3 2 ± 0 . 06 

0 . 2 3 ± 0 . 09 
0 . 3 1 ± 0 . 08 

0 . 2 7 ± 0 . 1 2 

0 . 09 ± 0 . 1 1 
0 . 2 1 ± 0 . 1 1  

0 . 1 1 ± 0 . 1 3  
0 . 3 5 ± 0 . 1 2 

0 . 1 1 ± 0 . 10 
0 . 1 2 ± 0 . 1 0 

0 . 10 ± 0 . 06 
0 . 2 6 ± 0 . 06 

CSR 

0 . 09 ± 0 . 10 

0 . 2 3 ± 0 . 1 9 
0 . 2 5 ± 0 . 20 

o . oo ± 0 . 1 8 

0 . 02 ± 0 . 16 

0 . 01 ± 0 . 16 

0 . 2 3 ± 0 . 10 
0 . 36 ± 0 . 09 

0 . 2 3 ± 0 . 1 2 
0 . 3 5 ± 0 . 1 1 

0 . 3 2 ± 0 . 1 8 
0 . 3 3 ± 0 . 1 9 

0 . 1 8 ± 0 . 1 7 
0 . 2 3 ± 0 . 1 7  

o . oo ± 0 . 19 
0 . 3 4 ± 0 . 1 8 

0 . 20 ± 0 . 1 7 

0 . 08 ± 0 . 08 
0 . 3 2 ± 0 . 08 

HSR 

0 . 1 6 ± 0 . 1 5 
0 . 30 ± 0 . 1 4 

0 . 04 ± 0 . 1 9 

0 . 1 6 ± 0 . 2 1 

0 . 00 ± 0 . 1 5  

0 . 1 6 ± 0 . 1 7 

0 . 1 4 ± 0 . 08 
0 . 26 ± 0 . 08 

0 . 28 ± 0 . 1 2 
0 . 3 2 ± 0 . 1 2  

0 . 1 4 ± 0 . 1 6 

0 . 1 4 ± 0 . 1 8 
0 . 30 ± 0 . 1 8 

0 . 00 ± 0 . 1 9 
0 . 3 7 ± 0 . 1 8 

0 . 01 ± 0 . 1 4 

0 . 1 6 ± 0 . 07 
0 . 2 5 ± 0 . 07 

N 
m 
0 



TABLE 4 . 6 :  CONTINUED 

u tr-Dam Regres s ion ± Std Err 

TRA IT 

LUS
1 

LUS
2 

LUS
3 

LUS
4 

LUS S 

LUS
2 _5 

TIP
1 

T I P
2 

T I P
3 

TIP
4 

TIP S 

TIP
2 _ 5 

Combined 

0 . 24 ± 0 . 07 

0 . 1 4 ± 0 . 06 

0 . 0 5 ± 0 . 07 

0 . 0 5 ± 0 . 06 

0 . 26 ± 0 . 07 

0 . 3 5 ± 0 . 08 

0 . 26 ± 0 . 08 

0 . 3 3 ± 0 . 06 

0 . 3 2 ± 0 . 07 

0 . 2 7 ± 0 . 0 7 

0 . 1 8 ± 0 . 07 

0 . 3 4 ± 0 . 06 

CSR 

0 . 20 ± 0 . 1 1 

0 . 1 5 ± 0 . 09 

0 . 00 ± 0 . 10 

0 . 1 5 ± 0 . 09 

o .  26 ±. 0 . 10 

0 . 2 3 ± 0 . 10 

0 . 2 3 ± 0 . 1 2  

0 . 4 7 ± 0 . 09 

0 . 36 ± 0 . 1 0 

0 . 2 3 ± 0 . 1 1 

0 . 30 ± 0 . 1 1 

0 . 39 ± 0 . 09 

HSR 

0 . 28 ± 0 . 1 1  

0 . 09 ± 0 . 08 

0 . 19 ± 0 . 10 

0 . 00 ± 0 . 1 0 

0 . 2 5 ± 0 . 09 

0 . 50 ± 0 . 1 2 

0 . 26 ± 0 . 1 0 

0 . 19 ± 0 . 10 

0 . 3 1 ± 0 . 1 1 

0 . 30 ± 0 . 1 0 

o . oo ± 0 . 1 0 

0 . 29 ± 0 . 08 

Sire I ntraclass  Correlation* ± Std Err 

Combined SR 

0 . 24 ± 0 . 08 
0 . 2 7 ± 0 . 08 

0 . 00 ± 0 . 10 
0 . 1 4 ± 0 . 10 

o . o s ± 0 . 10 
0 . 1 2 ± 0 . 10 

0 . 1 4 ± 0 . 1 0 

0 . 0 3 ± 0 . 10 
0 . 1 4 ± 0 . 1 4 

0 . 03 ± 0 . 04 
0 . 1 4 ± 0 . 04 

0 . 1 6 ± 0 . 07 
0 . 19 ± 0 . 07 

0 . 1 1 ± 0 . 1 1 
0 . 26 ± 0 . 1 1 

0 . 20 ± 0 . 1 1 

0 . 3 2 ± 0 . 1 2 

0 . 1 0 ± 0 . 10 
0 . 1 7 ± 0 . 1 7 

0 . 2 1 ± 0 . 07 
0 . 29 ± 0 . 07 

CSR 

0 . 3 4 ± 0 . 1 2 

0 . 00 ± 0 . 2 3 
0 . 65 ± 0 . 20 

0 . 1 2  ± 0 . 1 6 

0 . 1 7  ± 0 . 1 7 
0 . 2 2  ± 0 . 1 7  

0 . 1 0 ± 0 . 1 8 
0 . 2 9 ± 0 . 1 8 

0 . 1 2 ± 0 . 07 
0 . 2 2  ± 0 . 07 

0 . 10 ± 0 . 09 
0 . 1 5 ± 0 . 09 

0 . 26 ± 0 . 1 7 
0 . 28 ± 0 . 18 

0 . 06 ± 0 . 1 5 

0 . 3 2 ± 0 . 18 

0 . 1 9 ± 0 . 1 7  

0 . 2 5 ± 0 . 08 
0 . 30 ± 0 . 08 

HSR 

0 . 21 ± 0 . 10 

0 . 00 ± 0 . 1 5  
0 . 1 0 ± 0 . 1 6 

0 . 00 ± 0 . 1 7 
0 . 2 3 ± 0 . 1 7 

o . o o ± 0 . 1 4 

0 . 07 ± 0 . 1 5  

o . oo ± o . o s 
0 . 09 ± 0 . 0 5 

0 . 19 ± 0 . 1 1  
0 . 2 1 ± 0 . 1 1 

0 . 1 8 ± 0 . 1 6 

0 . 1 8 ± 0 . 1 6 

0 . 1 7 ± 0 . 16 

o . o s ± 0 . 1 5  

0 . 1 8 ± 0 . 08 
0 . 2 6 ± 0 . 07 

N 0'1 



TABLE 4 . 6 :  CONTI NUED 

Dtr -Dam REgre s s ion ± Std Err 

TRAIT 

COT
1 

COT
2 

COT
3 

COT
4 

COT S 

COT
2 _5 

CAG
1 

CAG
2 

CAG
3 

CAG
4 

CAG
5 

CAG
2 _5 

Combined 

0 . 2 3  ± 0 . 07 

0 . 50 ± 0 . 09 

0 . 4 5 ± 0 . 09 

0 . 4 1 ± 0 . 09 

0 . 2 3 ± 0 . 09 

0 . 1 4 ± 0 . 04 

0 . 06 ± 0 . 08 

0 . 3 5 ± 0 . 1 0 

0 . 2 0 ± 0 . 10 

0 . 28 ± 0 . 1 0 

0 . 1 0 ± 0 . 10 

0 . 1 0 ± o . o s 

CSR HSR 

0 . 04 ± 0 . 1 1 0 . 40 ± 0 . 1 1 

0 . 50 ± 0 . 1 4 0 . 50 ± 0 . 1 1 

0 . 26 ± 0 . 1 2  0 . 6 3 ± 0 . 1 4 

0 . 4 3 ± 0 . 1 3 0 . 3 9  ± 0 . 1 3 

0 . 06 ± 0 . 1 2 0 . 4 1 ± 0 . 1 4 

0 . 1 2 ± 0 . 05 0 . 1 8 ± 0 . 06 

0 . 1 4 ± 0 . 1 3  o . oo ± 0 . 1 1 

0 . 1 7 ± 0 . 16 0 . 4 8 ± 0 . 1 4 

0 . 2 3 ± 0 . 1 6 0 . 1 5 ± 0 . 1 5 

0 . 3 2  ± 0 . 1 5 0 . 2 7 ± 0 . 1 7  

0 . 03 ± 0 . 1 3 0 . 2 7 ± 0 . 1 8 

0 . 1 2  ± 0 . 06 0 . 08 ± 0 . 07 

S i re I ntraclass Correlation* ± Std Err 

Combined SR 

0 . 2 3  ± 0 . 08 

0 . 20 ± 0 . 1 3  
0 . 36 ± 0 . 1 2  

0 . 1 4 ± 0 . 10 
0 . 1 6 ± 0 . 10 

0 . 0 3 ± 0 . 1 3  
0 . 4 2 ± 0 . 1 2 

0 . 08 ± 0 . 1 2  
0 . 3 1 ± 0 . 1 2  

0 . 09 ± 0 . 07 
0 . 3 5 ± 0 . 06 

0 . 1 7 ± 0 . 08 
0 . 2 2 ± 0 . 08 

0 . 07 ± 0 . 1 4 
0 . 24 ± 0 . 1 3  

0 . 2 1 ± 0 . 1 2 

0 . 29 ± 0 . 1 3  
0 . 3 1 ± 0 . 1 4 

0 . 3 1 ± 0 . 1 5 
0 . 4 2 ± 0 . 1 5  

0 . 2 1 ± 0 . 09 
0 . 4 1 ± 0 . 08 

GSR 

0 . 24 ± 0 . 1 1 
0 . 3 2 ± 0 . 1 1 

0 . 1 0 ± 0 . 1 5 

0 . 1 5 ± 0 . 1 7 

0 . 2 2 ± 0 . 20 
o . so ± 0 . 19 

0 . 09 ± 0 . 1 7 
0 . 2 1 ± 0 . 1 7 

0 . 1 6 ± 0 . 09 
0 . 3 3 ± 0 . 08 

0 . 10 ± 0 . 1 1 
0 . 28 ± O . l l 
0 . 07 ± 0 . 2 5 
0 . 50 ± 0 . 24 

0 . 08 ± 0 . 1 7 

0 . 1 9 ± 0 . 1 8 

0 . 30 ± 0 . 20 
0 . 3 3  ± 0 . 21 

0 . 1 8 ± 0 . 1 2  
0 . 4 7 ± 0 . 1 1 

HSR 

0 . 1 6 ± 0 . 10 

0 . 09 ± 0 . 1 5  

0 . 09 ± 0 . 20 
0 . 4 7 ± 0 . 1 9 

O . l l ± 0 . 1 9 
0 . 38 ± 0 . 1 8 

0 . 00 ± 0 . 2 2 
0 . 59 ± 0 . 20 

0 . 06 ± 0 . 1 0 
0 . 4 4 ± 0 . 09 

0 . 1 5 ± 0 . 1 0 

0 . 1 4 ± 0 . 20 

0 . 2 1 ± 0 . 1 9 

0 . 30 ± 0 . 20 

0 . 3 8  ± 0 . 2 3 
0 . 50 ± 0 . 2 2 

0 . 28 ± 0 . 1 2 
0 . 4 6 ± O . l l 

N 0"\ 
N 



TABLE 4 . 6 :  CONTINUED 

D tr-DAM Regression ± S td Err 

TRAIT Combined CSR HSR 

sou
1 

0 . 2 3 ± 0 . 07 0 . 3 2 ± 0 . 1 0 0 . 1 8 ± 0 . 1 0 

sou
2 

0 . 2 3  ± 0 . 08 0 . 2 1 ± 0 . 1 2  0 . 2 3  ± 0 . 1 1 

sou
3 

0 . 1 8 ± 0 . 09 0 . 1 6 ± 0 . 1 3 0 . 1 5  ± 0 . 1 2  

sou
4 

0 . 3 2 ± 0 . 09 0 . 56 ± 0 . 1 2  0 . 1 2  ± 0 . 1 4 

sous 0 . 2 2 ± 0 . 08 0 . 36 ± 0 . 1 2 0 . 1 5 ± 0 . 1 2 

sou
2 _5 

0 . 09 ± 0 . 05 0 . 1 5 ± 0 . 07 o . oo ± 0 . 07 

HND
l 

0 . 2 2 ± 0 . 06 0 . 3 1 ± 0 . 09 0 . 1 4  ± 0 . 09 

HND
2 

0 . 00 ± 0 . 06 o . oo ± 0 . 10 0 . 04 ± 0 . 09 

HN0
3 

0 . 1 7 ± 0 . 07 0 . 1 5 ± 0 . 09 0 . 1 7  ± 0 . 10 

HND
4 

0 . 1 3 ± 0 . 07 0 . 6 5 ± 0 . 1 0 0 . 1 8 ± 0 . 09 

HND
5 

0 . 2 2  ± 0 . 0 7 0 . 1 2 ± 0 . 1 0 0 . 2 7 ± 0 . 09 

HND
2 _ 5 

0 . 1 8 ± 0 . 06 0 . 1 5 ± 0 . 07 0 . 20 ± 0 . 10 

Sire I ntraclass Correlation* ± S td Err 

Combined SR 

0 . 1 2  ± 0 . 06 
0 . 1 6 ± 0 . 06 

0 . 0 1 ± 0 . 10 
0 . 07 ± 0 . 1 0 

0 . 1 7  ± 0 . 1 3  
0 . 24 ± 0 . 1 2 

o . oo ± 0 . 09 

0 . 0 1 ± 0 . 09 

0 . 04 ± 0 . 04 
0 . 1 3  ± 0 . 04 

0 . 1 5 ± 0 . 08 
0 . 3 3 ± 0 . 08 

0 . 1 1 ± 0 . 1 1 
0 . 2 3 ± 0 . 1 1 

0 . 2 3  ± 0 . 1 2 
0 . 3 3 ± 0 . 1 2 

0 . 1 8 ± 0 . 1 3 
0 . 3 6 ± 0 . 1 2  

0 . 1 6 ± 0 . 1 1 
0 . 2 3 ± 0 . 1 1 

0 . 1 7 ± 0 . 07 
0 . 3 2 ± 0 . 07 

CSR 

o . o s ± 0 . 10 
0 . 26 ± 0 . 10 

0 . 10 ± 0 . 1 7  

0 . 1 5  ± 0 . 1 8 

0 . 01 ± 0 . 1 5  

o . oo ± 0 . 1 6 

0 . 1 1  ± 0 . 07 
0 . 1 8 ± 0 . 06 

0 . 1 1  ± 0 . 1 3  
0 . 4 7 ± 0 . 1 2  

o . oo ± 0 . 19 
0 . 36 ± 0 . 1 8 

0 . 58 ± 0 . 2 1 
0 . 6 1 ± 0 . 2 1 

0 . 2 1 ± 0 . 1 7  

0 . 1 8 ± 0 . 1 7  
0 . 20 ± 0 . 1 7  

0 . 2 1 ± 0 . 09 
0 . 3 2 ± 0 . 08 

HSR 

0 . 05 ± 0 . 10 
0 . 1 6 ± 0 . 09 

0 . 04 ± 0 . 1 7 

0 . 3 2 ± 0 . 2 2 
0 . 3 5 ± 0 . 2 2 

o . oo ± 0 . 1 7  
0 . 90 ± 0 . 1 7 

o . oo ± 0 . 20 
0 . 3 1 ± 0 . 19 

0 . 06 ± 0 . 07 
0 . 1 8 ± 0 . 06 

0 . 2 9 ± 0 . 1 2 
0 . 30 ± 0 . 1 2 

0 . 06 ± 0 . 1 5 

0 . 1 1 ± 0 . 1 6 
0 . 1 6 ± 0 . 1 6 

0 . 2 7 ± 0 . 1 8 
0 . 3 4  ± 0 . 1 8 

0 . 1 9 ± 0 . 1 7 

0 . 1 5 ± 0 . 09 
0 . 36 ± 0 . 08 

f\.1 
0'\ w 



TABLE 4 . 6 :  CONTINUED 

Dtr-DAM Regress ion ± Std Err 

TRAIT 

GCM
1 

GCM
2 

GCM
3 

GCM
4 

GCM
5 

GCM
2 _5 

SCM
1 

SCM
2 

SCM
3 

ScM
4 

SCM 
5 

SCM
2 _ 5 

Combined 

0 . 2 5  ± 0 . 07 

0 . 1 2 ± 0 . 07 

0 . 20 ± 0 . 08 

0 . 06 ± 0 . 08 

0 . 00 ± 0 . 08 

0 . 56 ± 0 . 06 

0 . 1 1  ± 0 . 07 

0 . 2 3 ± 0 . 0 7 

0 . 01 ± 0 . 07 

o . oo ± 0 . 09 

0 . 05 ± 0 . 08 

0 . 68 ± 0 . 07 

CSR HSR 

0 . 2 4 ± 0 . 10 0 . 26 ± 0 . 1 1 

0 . 24 ± 0 . 1 0 0 . 04 ± 0 . 09 

0 . 1 1 ± 0 . 1 1 0 . 3 2  ± 0 . 1 1  

0 . 04 ± 0 . 1 3 0 . 10 ± 0 . 1 1 

0 . 06 ± 0 . 1 2 o . oo ± 0 . 1 2 

0 . 54 ± 0 . 09 0 . 60 ± 0 . 10 

0 . 09 ± 0 . 1 1 0 . 1 4 ± 0 . 10 

0 . 4 4 ± 0 . 1 1  o . oo ± 0 . 10 

0 . 07 ± 0 . 1 0 o . oo ± 0 . 1 0 

0 . 1 0 ± 0 . 1 3 o . oo ± 0 . 1 2 

0 . 0 3 ± 0 . 1 2  0 . 1 1 ± 0 . 1 2  

0 . 80 ± 0 . 1 0 0 . 58 ± 0 . 1 0 

Sire Intraclass  Corre lation* ± Std Err 

Combined SR 

0 . 1 0 ± 0 . 1 0 
0 . 4 2 ± o .• o9 

0 . 00 ± 0 . 09 
0 . 04 ± 0 . 09 

o . oo ± 0 . 09 
0 . 09 ± 0 . 09 

o . oo ± 0 . 1 1 
0 . 2 7 ± 0 . 1 1  

0 . 0 3 ± 0 . 10 
0 . 1 1 ± 0 . 10 

o . oo ± 0 . 04 
0 . 1 4 ± 0 . 04 

0 . 05 ± 0 . 07 
0 . 2 2 ± 0 . 07 

0 . 0 3 ± 0 . 09 
0 . 1 1  ± 0 . 10 

0 . 0 2 ± 0 . 09 
0 . 07 ± 0 . 09 

0 . 04 ± 0 . 1 0 

o . oo ± 0 . 1 2  
0 . 2 3 ± 0 . 1 2  

o . oo ± 0 . 04 
0 . 1 2 ± 0 . 04 

CSR 

0 . 36 ± 0 . 1 2  
0 . 4 1 ± 0 . 1 2  

0 . 07 ± 0 . 1 7 
0 . 19 ± 0 . 1 7 

0 . 00 ± 0 . 1 4 

0 . 09 ± 0 . 1 9 
0 . 3 8 ± 0 . 18 

0 . 1 2 ± 0 . 1 6 

0 . 01 ± 0 . 07 
0 . 2 1 ± 0 . 06 

0 . 1 4 ± 0 . 10 
0 . 2 5 ± 0 . 10 

0 . 1 5  ± 0 . 1 7 

o . oo ± 0 . 1 5 

0 . 20 ± 0 . 1 9 

0 . 36 ± 0 . 2 1 

0 . 08 ± 0 . 06 
0 . 1 6 ± 0 . 06 

HSR 

0 . 2 5  ± 0 . 1 2 
0 . 36 ± 0 . 1 2  

o . oo ± 0 . 1 4 

0 . 1 0 ± 0 . 1 5  

o . oo ± 0 . 2 1 
0 . 56 ± 0 . 19 

0 . 0 2 ± 0 . 1 5 

0 . 0 5 ± 0 . 05 
0 . 1 1  ± 0 . 0 5 

0 . 04 ± 0 . 1 1 
0 . 2 3  ± 0 . 10 

o . oo ± 0 . 1 5 
0 . 07 ± 0 . 1 5 

0 . 1 2  ± 0 . 1 6 

0 . 00 ± 0 . 1 4 

0 . 1 0 ± 0 . 18 

0 . 08 ± 0 . 05 
0 . 10 ± 0 . 0 5 

�� 
"' 
""' 



TABLE 4 . 6 :  CONTINUED 

Dtr -DAM Regre ssion ± Std Err 

TRA IT 

GCF
1 

GCF
2 

GCF
3 

GCF
4 

GCF
5 

GCF
2

_
5 

NLB
2 

NLB
3 

NLB
4 

NLB
5 

NLB
2 _ 5 

L i fe NLB 

Combined 

0 . 0 7 ± 0 . 09 

0 . 39 ± 0 . 10 

0 . 1 8 ± 0 . 09 

0 . 05 ± 0 . 09 

0 . 1 1 ± 0 . 09 

0 . 61 ± 0 . 07 

0 . 02 ± 0 . 08 

0 . 06 ± 0 . 09 

0 . 1 3 ± 0 . 09 

0 . 1 2 ± 0 . 09 

0 . 09 ± 0 . 05 

CSR 

0 . 08 ± 0 . 1 3  

0 . 29 ± 0 . 1 4 

0 . 30 ± 0 . 1 4  

o . oo ± 0 . 1 3 

0 . 02 ± 0 . 1 2 

0 . 7 7 ± 0 . 1 1 

0 . 08 ± 0 . 1 1 

0 . 07 ± 0 . 1 3  

0 . 09 ± 0 . 1 2 

0 . 1 8 ± 0 . 1 2 

0 . 08 ± 0 . 08 

HSR 

0 . 1 5 ± 0 . 1 2  

0 . 48 ± 0 . 1 4 

0 . 0 5 ± 0 . 1 4 

0 . 2 1 ± 0 . 1 4 

0 . 2 3 ± 0 . 1 3  

0 . 48 ± 0 . 09 

0 . 00 ± 0 . 1 2 

0 . 08 ± 0 . 1 3  

0 . 2 3 ± 0 . 1 3  

0 . 1 2 ± 0 . 1 3 

0 . 1 2 ± 0 . 08 

Sire I ntra class  Correla tion* ± std Err 

Combined SR 

0 . 1 0 ± 0 . 06 

0 . 07 ± 0 . 1 2  

0 . 01 ± 0 . 10 
0 . 09 ± 0 . 1 1  

0 . 2 1 ± 0 . 1 2 

o . oo ± 0 . 10 
0 . 08 ± 0 . 1 1 

0 . 02 ± 0 . 04 
0 . 10 ± 0 . 04 

0 . 00 ± 0 . 10 
0 . 1 7 ± 0 . 10 

o . oo ± 0 . 08 
0 . 01 ± 0 . 08 

0 . 00 ± 0 . 09 
0 . 06 ± 0 . 09 

o . oo ± 0 . 09 
0 . 08 ± 0 . 09 

o . oo ± 0 . 04 
0 . 1 3 ± 0 . 04 

0 . 0 3 ± 0 . 05 

CSR 

0 . 08 ± 0 . 09 

o . oo ± 0 . 19 

o . oo ± 0 . 1 7 
0 . 0 2 ± 0 . 18 

0 . 00 ± 0 . 1 8 
0 . 1 4 ± 0 . 1 8 

o . oo ± 0 . 1 8 
0 . 1 5 ± 0 . 19 

0 . 00 ± 0 . 06 
0 . 1 4 ± 0 . 06 

o . oo ± 0 . 1 6 
0 . 19 ± 0 . 1 6 

0 . 1 5  ± 0 . 1 6 

0 . 1 5 ± 0 . 18 
0 . 30 ± 0 . 1 7  

o . oo ± 0 . 20 
0 . 48 ± 0 . 1 9 

0 . 01 ± 0 . 08 
0 . 3 1 ± 0 . 07 

0 . 06 ± 0 . 1 7  
0 . 2 1 ± 0 . 1 7  

HSR 

0 . 06 ± 0 . 09 

0 . 1 2  ± 0 . 20 

0 . 0 1 ± 0 . 1 8 
0 . 1 4 ± 0 . 1 8 

0 . 07 ± 0 . 2 5 
0 . 60 ± 0 . 2 2 

o . oo ± 0 . 18 
0 . 08 ± 0 . 1 8 

0 . 0 1 ± 0 . 07 
0 . 1 7  ± 0 . 06 

o . oo ± 0 . 1 5 
0 . 1 4 ± 0 . 1 5 

o . oo ± 0 . 1 4 

0 . 00 ± 0 . 1 4  

o . oo ± 0 . 1 4 

0 . 00 ± 0 . 04 
0 . 05 ± 0 . 04 

o . oo ± 0 . 1 4  

N 0'\ lTl 



TABLE 4 . 6 :  CONTINUED 

Dtr -DAM Regress ion ± Std Err 

TRAIT 

NLW
2 

NLW
3 

NLW
4 

NLW
5 

NLW
2

_
5 

Life NLW 

WLW
2 

WLW
3 

WLW
4 

WLW
5 

WLW
2 _ 5 

L i f e  WLW 

Combined 

0 . 08 ± 0 . 09 

0 . 1 5 ± 0 . 09 

0 . 1 9 ± 0 . 08 

o . oo ± 0 . 09 

0 . 00 ± 0 . 04 

0 . 08 ± 0 . 10 

0 . 2 7  ± 0 . 1 0 

0 . 06 ± 0 . 09 

0 . 08 ± 0 . 1 1  

0 . 2 2 ± 0 . 08 

CSR HSR 

0 . 09 ± 0 . 1 3  0 . 0 2 ± 0 . 1 6 

0 . 4 1 ± 0 . 1 4 o . oo ± 0 . 1 3 

0 . 30 ± 0 . 1 2  0 . 02 ± 0 . 1 3  

0 . 09 ± 0 . 1 3  o . oo ± 0 . 1 5 

o . oo ± 0 . 07 0 . 02 ± 0 . 06 

0 . 01 ± 0 . 1 4 0 . 2 8 ± 0 . 1 5 

0 . 4 3 ± 0 . 1 3  0 . 00 ± 0 . 1 7 

0 . 09 ± 0 . 1 3 0 . 00 ± 0 . 1 6 

0 . 1 4 ± 0 . 1 4 0 . 0 3 ± 0 . 1 9 

0 . 29 ± 0 . 1 1 0 . 1 4 ± 0 . 1 2  

Sire Intraclass Correlation* ± S td Err 

Combined SR 

o . oo ± 0 . 1 1 
0 . 2 5 ± 0 . 1 1 

0 . 05 ± 0 . 09 

o . oo ± 0 . 09 
0 . 09 ± 0 . 09 

o . oo ± 0 . 09 
0 . 07 ± 0 . 09 

o . oo ± 0 . 04 
0 . 1 8 ± 0 . 04 

0 . 1 2  ± 0 . 07 

0 . 01 ± 0 . 10 
0 . 1 2  ± 0 . 10 

o . oo ± 0 . 1 0 
0 . 1 2 ± 0 . 1 0 

0 . 01 ± 0 . 1 1 
0 . 2 1 ± 0 . 1 1 

0 . 00 ± 0 . 08 

o . oo ± 0 . 0 5 
0 . 1 9 ± 0 . 05 

0 . 1 2  ± 0 . 06 

CSR 

0 . 20 ± 0 . 1 6 

0 . 08 ± 0 . 1 5 

0 . 29 ± 0 . 1 7 

o . oo ± 0 . 1 7 
0 . 26 ± 0 . 1 7 

0 . 1 0 ± 0 . 08 
0 . 29 ± 0 . 07 

0 . 19 ± 0 . 1 7 
0 . 2 1 ± 0 . 1 7 

0 . 1 1 ± 0 . 1 5  

0 . 05 ± 0 . 1 5  

0 . 3 4 ± 0 . 1 8 

o . oo ± 0 . 1 5 

0 . 07 ± 0 . 06 
0 . 1 3 ± 0 . 05 

0 . 06 ± 0 . 1 5 

HSR 

0 . 0 3 ± 0 . 1 6 
0 . 1 6 ± 0 . 1 6 

o . oo ± 0 . 1 5 
0 . 08 ± 0 . 1 5  

o . oo ± 0 . 1 4 

o . oo ± 0 . 1 4 
0 . 01 ± 0 . 1 4 

o . oo ± 0 . 05 
0 . 1 3 ± 0 . 05 

o . oo ± 0 . 1 4 

0 . 00 ± 0 . 1 4 

o . oo ± 0 . 1 4 

0 . 1 2  ± 0 . 1 5  
0 . 1 1 ± 0 . 1 6 

0 . 00 ± 0 . 1 4 

o . oo ± 0 . 0 5 
0 . 07 ± 0 . 04 

o . oo ± 0 . 1 5 
0 . 06 ± 0 . 1 5 

N 0"1 0"1 
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Dtr -DAM Regression ± Std Err 

TRA IT Combined CSR HSR 

WPL
2 

0 . 1 6 ± 0 . 10 0 . 1 4 ± 0 . 1 5 0 . 1 8 ± 0 . 1 4 

WPL
3 

0 . 1 3 ± 0 . 08 0 . 1 1 ± 0 . 1 1 0 . 1 5  ± 0 . 1 3 

WPL
4 

o . oo ± 0 . 08 0 . 08 ± 0 . 1 2 o . oo ± 0 . 1 2  

WPLS 0 . 1 4 ± 0 . 09 0 . 3 2 ± 0 . 1 2 o . oo ± 0 . 1 3  

WPL
2 _ 5 

0 . 20 ± 0 . 07 0 . 30 ± 0 . 10 0 . 1 3 ± 0 . 09 

LSP
2 

o . oo ± 0 . 10 o . oo ± 0 . 20 0 . 09 ± 0 . 1 7 

LSP
3 

0 . 09 ± 0 . 09 o . oo ± 0 . 1 4 0 . 24 ± 0 . 1 3  

LSP
4 

o .  00 ± 0 . 1 3 o . oo ± 0 . 19 o . oo ± 0 . 2 1 

LSP
5 

0 . 04 ± 0 . 1 1 0 . 01 ± 0 . 1 6 0 . 06 ± 0 . 1 6 

LSP
2 _5 

o . oo ± 0 . 08 o . oo ± 0 . 1 3  0 . 04 ± 0 . 10 

Sire I ntraclass Corr e l ation* ± Std Err 

Combined SR C3R HSR 

0 . 0 1 ± 0 . 1 5  
0 . 2 1 ± 0 . 2 4 

0 . 0 7 ± 0 . 2 4 
0 . 1 9 ± 0 . 1 5  0 . 1 5 ± 0 . 2 5 

0 . 00 ± 0 . 1 4 0 . 2 5 ± 0 . 24 
0 . 07 ± 0 . 20 

0 . 2 7 ± 0 . 1 4 0 . 4 4 ± 0 . 2 3 

0 . 06 ± 0 . 1 1 0 . 1 0 ± 0 . 1 9 0 . 00 ± 0 . 1 9 

0 .• 0 3  ± 0 . 1 4 
0 . 1 1 ± 0 . 2 1 0 . 5 2 ± 0 . 2 5 

0 . 20 ± 0 . 1 4 

0 . 0 3 ± 0 . 05 
0 . 26 ± 0 . 09 

0 . 1 2 ± 0 . 07 
0 . 1 7 ± 0 . 05 0 . 1 6 ± 0 . 07 

o . oo ± 0 . 1 1  o . oo ± 0 . 1 7  
o . oo ± 0 . 2 1 

0 . 1 2 ± 0 . 1 2  0 . 30 ± 0 . 20 

o . oo ± 0 . 09 0 . 00 ± 0 . 16 0 . 00 ± 0 . 1 8 
0 . 0 2 ± 0 . 10 0 . 09 ± 0 . 1 7  0 . 2 5 ± 0 . 1 8 

0 . 0 7 ± 0 . 1 0 
0 . 18 ± 0 . 18 

0 . 00 ± 0 . 1 5 
0 . 26 ± 0 . 1 8 

0 . 00 ± 0 . 1 1 0 . 0 1 ± 0 . 18 0 . 1 0 ± 0 . 1 7 
0 . 1 3 ± 0 . 1 1 0 . 1 8 ± 0 . 1 7 0 . 1 1 ± 0 . 1 7 

0 . 01 ± 0 . 0 3 o . oo ± 0 . 06 o . oo ± 0 . 0 5 
0 . 07 ± 0 . 0 3 0 . 1 3 ± 0 . 06 0 . 08 ± 0 . 05 

I'.' 
m 
-....1 
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4 . 3 . 1  L IVEWE IGHT 

Wean ing We ight 

The her i tabi l i t y e s t ima t e s  of WWT , 0 . 0 4 - 0 . 2 2 ,  were w i th i n  

the rang e  o f  o ther pub l i shed e s t imat e s . I n  the poo led 

a n a l y s e s  the I I  e s t ima t e s  we r e  i n  the middle of the range 

of  e s t im a t e s  of h e r i tabi l i ty o f  WWT i n  t he New Z ea l and 

Romney ( 0 . 3 5 Ch ' a ng a nd Rae , 1 9 6 1 � 0 . 2 3 ,  0 . 3 0 Ch ' ang 

a nd Rae , 1 9 7 0 � 0 . 3 5 Lund i e , 1 9 7 1 � - 0 . 0 5 ,  0 . 1 8 Baker 
e t  al . 1 9 7 4 �  - 0 . 0 6 - 0 . 2 2 Baker e t  a l .  1 9 7 9 � 0 . 1 9 - 0 . 3 5 

B l a i r ,  1 9 8 1 � 0 . 1 0 Ta i t  1 9 8 3 � 0 . 2 0 Wewa l a , 1 9 8 5 ) . The 

e s t i ma te s  by the EI method were at the lower l im i t , 

a l though s t i l l  we l l  w i th i n  t he r a nge of  va lues a s  Baker 

e t  a l .  ( 1 9 7 4 , 1 9 7 9 ) r eported two nega t i ve e s t ima t e s  of 

h e r i tabi l i t y .  

The her i tabi l i t i e s  ca l c u l a ted from the CSR data were h igher 

than t ho s e  f or t he HSR , but the l a rge s tandard e rror s 

meant there wa s no s ig n i f i cant d i f fe rence . 

S i mi l a r l y  the l arge s ta ndard e rror s mean there wa s no 

s i gn i f i c a n t  d i f f erence betwe e n  the e s t i ma t e s  by E I  a nd 

I I  method s .  

As i n  o ther s t ud ie s  ( E i kj e ,  1 9 7 8 � Baker e t  a l .  1 9 7 9 ) i t  

wa s found that the h e r i tabi l i ty o f  wea n i ng we ight o f  the 

ewe lamb s wa s h i gher tha n that of  the ram l ambs ( 0 .  0 3  

- 0 . 1 0  h i gher ) .  

Hogget S pr i ng L i vewe ight 

The e s t i ma ted hogget s pr ing l i vewe ight h e r i t ab i l i t y  wa s 

0 . 0 5 - 0 . 4 6 ( Ta bl e  4 . 6 ) . The e s t i mat e s  by the I I  met hod 

we re wi th i n  the range o f  pub l i s hed h e r i tabi l i t i e s  for 

hogget SLW in New Z ea l and Romneys ( 0 .  4 6  T r i pa thy , 1 9 6 6  � 
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0 . 4 6 ,  0 . 5 1 Ch ' ang and R a e , 1 9 7 0 ; 0 . 2 2 Bake r  e t  a L  1 9 7 4 ; 

0 . 2 3 - 0 . 3 1 Baker e t  a l .  1 9 7 9 ;  0 . 0 6 - 0 . 5 2 B l a i r ,  1 9 8 1 ; 

0 .  2 5 Ta it , 1 9 8 3 ) • Th e E I  and daughter- dam e s t imates we r e  

l owe r tha n  t h e  usua l range , a l though B l a i r  ( 1 9 8 1 ) reported 

a n  e s t i ma t e  o f  0 .  0 6  in a g roup of  Romney s  s e l ected for 

open fac e s . 

The daught er-dam r e gr e s s i on e st im a t e s  of heri tabi l i ty 

we r e  very c l ose to tho s e  obt a ined by the EI method . Th i s  

wa s expe c t ed a s  s i re x s tocking r a te inter a c t i on s  we re 

nons igni f i cant for hogget SLW and the DD e s t ima t e s  are 

f r ee of s i re x year interact ions . 

Pa t e rna l 

me t h od s  

a n d  CSR 

H SR . 

ha l f - s ib e st imates c a l cu l ated by the E I  and I I  

were s ig n i f i ca nt l y  d i f ferent i n  the poo led data 

a nd approa ched a s i gni f i ca n t  d i f ference i n  the 

CSR her i t ab i l i ty e s t i m a t e s  we r e  h ighe r than t hose of  the 

H SR , but d i f ferenc e s  we re not s ign i f i ca n t  for the EI and 

daughter - d am e s t ima t e s  and only marg i na l ly s i gn i f i cant 

for the II  e s t imat e s .  

E s t i ma t e s  obta ined 

r e ported by Chopra 

in th i s  s tudy were lowe r than e s t i m a t e s  

( 1 9 7  8 )  , 0 .  2 1  - 0 . 7  2 ,  a l though the s e  were 

only out s ide the s ta n dard error r a ng e  i n  the c omb i ned 

s t oc k i ng r a t e . I n c l u s i on of more data in th i s  study m i gh t  

have r e s u l ted i n  d i f f erent g ene t i c  v a r i a n c e  e s t ima t e s; 

however a n  impor t a n t  c a u s e  of  the var i a t i o n  wa s the 

d i f f erent a n a ly s i s  t e chniques u sed , when her i t ab i l i ty 

e s t i ma te s  we r e  r e c a l c u lated on the s i re g roup per i od s  

invo lved i n  Chopra ' s s tudy , the e s t ima t e s  we r e  lowe r than 

t h os e  obt a i ne d  by Chopra ( 1 9 7 8 ) and a lmos t  i dent i c a l  t o  

t h e  SLW her i tabi l i t i e s  r epor ted e a r l i e r . 
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Ewe Au tumn L i vewe i gh t  

Ewe 

for 

for 

l i vewe ight heri tabi l i t i e s  ranged 

pa t e r n a l  h a l f - s i b  E I  e s t imat e s , 

paterna l ha l f - s ib I I  e s t ima t e s  

f rom 0 . 0 5 t o  0 . 5 6 

from 0 . 1 5 t o  0 . 7 8 

a nd from 0 . 0 5 -0 . 6 8 

for d aughte r - d am e s t imate s . N o  other e s t ima t e s  have been 

publ i s hed for au tumn l ivewe i ght in New Z e a l and Romney 

ewe s . The re a re f ew e s t im a t e s  of the he r i ta bi l i ty o f  

l i vewe ight f o r  other breeds ( 0 . 3 3 Ne l s on and Ve nkata c h a l am , 

1 9 4 9 ; 0 . 2 2 H a z e l  a nd Terri l l , 1 9 4 6 ; 0 . 3 6 Mor l ey , 1 9 5 1 , 

1 9 5 5 ; 0 . 3 4  K a r am , Chapman and Pope , 1 9 5 3 ; 0 . 5 4 Bea t t ie , 

1 9 6 2 ; 0 . 6 5  Brown a nd Turne r , 1 9 6 8 ; - 0 . 0 1 - 0 . 3 0 Ve s e l y  

a nd Rob i s o n , 1 9 7 0 ; 0 . 2 7  W a t s o n  e. t a i .  1 9 7 7 ; 0 . 3 2 ,  0 . 4 4  

Gregory , 1 9 7 7 ) . 

Pa tern a l  h a l f - s ib CSR e s t im a t e s  were h i gher than HSR 

e s t i ma te s , however l a rge s tandard errors meant the 

d i f f erenc e s  were not s ig n i f i cant . In the d augh t e r - d am 

e s t ima t e s  the oppo s i te was t rue w i th CSR her i tab i l i t i e s - be ­

i n g  lowe r than tho se for the HSR . 

H e r i tabi l i t i e s  c a l cu l a ted for i n d i v i dua l ages  re f l e c ted 

the absence of a s ir e  x year i ntera c t ion i n  the s epara t e  

s tock i ng r a t e  e s t imate s , wh i l e  the p re sence o f  a s i re 

x s to c k i ng rate interact ion wa s ind i cated by the d i f f e rence 

betwe e n  EI a nd II  me thod s in the combi ned s to c k i n g  r a te 

e s t i ma te s  i n  s eparate ages . 

Da ught er-dam e s t ima t e s  were very s imi l a r  to the p a t e r na l  

ha l f - s ib I I  e s t ima t e s  i n  the comb i ned s to c k i ng r a t e  

a n a l y s e s . T h e  C SR D D  es t imat e s  we re l owe r t h a n  pa terna l 

ha l f - s ib e s t i m a t e s  wh i l e  the oppo s i te occurre d  a t  the 

HSR . Howe v e r  f ew of the d i f f e r e nc e s  we re s i gn i f i c an t . 
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4 . 3 . 2  GREASY AND CLEAN FLEECE WE IGHT 

Hogget Greasy F l eece Weight 

Th e c a l c u l a ted her i t abi l i t i e s  of hogget g r e a s y  f l ee c e  

we i ght were 0 . 2 3 - 0 . 5 6 f or paternal ha lf - s ib e s t ima t e s  

a n d  0 . 0 0 - 0 . 4 6  f o r  daughte r - d am e st imate s . The paterna l 

ha l f - s ib e s t imate s i n  th i s  s tudy agreed we l l  w i th other 

publ i shed e s t ima t e s  

hogget s ( 0 . 3 1 Rae 1 

0 .  5 7  Baker et a £ . · 
0 . 4 1  Baker et a£ . 
Ta i t 1 1 9 8 3 ) . 

of the her i tabi l i ty of  GFW in N Z  Romney 

1 9 5  7 ;  0 . 4 3 Tr ipathy 1 1 9 6 6 ; 0 . 2 9 1 

1 9 7 4 a ;  0 . 3 3 - 0 . 4 3 E i j  ke 1 1 9 7  8 ;  0 . 2 9 -

1 9 7 9 ; 0 . 2 8 - 0 . 3 4 B l a i r 1 1 9 8 1  ; 0 . 3 0  

The paterna l ha l f - s ib I I  e s t im a t e s  

E I  e s t i ma t e s  i n  the combi ned and 

were h igher than the 

h ig h  s tocking r a t e s  

r e f l e c t i n g  the s i gn i f icant s i r e  

t h o s e  a n a l y s e s . However t h e  E I  

n o t  s i gn i f i ca n t l y  d i f f eren t . 

x y e a r  

and I I  

i nteract ions i n  

e s t imate s  were 

Th e d aughter-dam h e r i tab i l i t y  e s t ima t e s  i n  the c ombi ned 

a n d  cont r o l  stock i ng r a t e s  we r e  not s i gn i f i c a n t l y  d i f ferent 

f r om z e ro and wer e  s ign i f i ca nt ly l owe r than the P H S  

e s t imate s . I n  the H S R  the DD e s t i ma t e  wa s not d i f f e r e n t  

f rom t h e  paterna l ha l f - s ib e s t imat e s . 

Hogget C le a n  F le e c e  We ight 

H e r i tabi l i ty of  h ogg e t  c le a n  f leece we i ght wa s 0 . 2 9 - 0 . 5 3 

f o r  the PHS e s t i m a t e s  and 0 . 1 0 - 0 . 2 5  by DD me thod . B l a i r  

( 1 9 8 1 ) reported the only other Romney hogget e s t i ma t e s  

o f  the her i tabi l i ty of  CFW ; h i s  e s t i mate s ( 0 . 1 1 - 0 . 3 6 )  

a g reed we l l  w i th those found i n  th i s  study . E s t ima t e s  

r e ported for hog g e t s  of  other breed s we r e  a l so s i m i l a r  

( 0 . 3 7 1  0 . 4 5  Young e t.. a .f .  1 9 6 0 ; 0 . 2 3 1  0 . 2 7  Bot k i n  e t .  a f  1 

1 9 6 9 ;  0 . 1 6 - 0 . 2 6 G regory 1 1 9 8 2 ) . 



2 7 2  

Tr end s for C FW her i tab i l i t ie s  we re the same a s  GFW . 

Ewe Grea sy F l e e c e  We i ght 

E s t i ma te s  of ewe g r e a s y  f l eece we ight her i tab i l i t y  ranged 

from 0 . 1 4  to 0 . 8 2 . The s e  e s t i mate s a r e  i n  good agreement 

w i th othe r s  pub l i s he d  f o r  Romney ewe s ( 0 . 2 0 ,  0 . 3 5  Rae , 

1 9 4 6 ; 0 . 1 5 Rae , 1 9 4 8 ; 0 . 1 1 ,  0 . 3 2 R a e , 1 9 5 7 ; 0 . 4 5 Bu i l ov ,  

1 9 7 0 ; 0 . 2 3 Lund i e  1 9 7 1 ; 0 . 3 2 ,  0 . 3 7 Radoms ka and Ty s z ka , 

1 9 7 2 ) and i n  o t h e r  bree d s  ( 0 . 2 8 - 0 . 3 7 Doney , 1 9 5 7 ; 0 . 4 5 

Young et a f . 1 9 6 0 ; 0 . 1 4 - 0 . 5 1 Mu l l a ney et a f . 1 9 7 0 ; 

0 . 2 5 - 0 . 5 1 E i j ke ,  1 9 7 5 ;  0 . 3 9 - 0 . 5 6 Gregory , 1 9 7 7 ; 0 . 2 4 -

0 . 6 2 L ewe r , 1 9 7 8 ) . 

No age t r e nd s  o r  d i f f erences be twe en the control and high 

s tocki ng r a t e s  were obs erved i n  the PHS e s t ima te s . The 

I I  e s t im a t e s  we re s ig n i f i c an t ly h i gher tha n the E I  

e s t i ma t e s  i n  the c ombi ned age a na l y s e s  r e f l e c t i ng the 

importance o f  s i re x b i r th year i ntera c t ions on ewe GFW . 

D i f f e r e n c e s  between t he E I  a nd I I  e s t imate s dec l ined a s  

a g e  i ncrea sed i n  the s epa rate age a na l y s e s , a s  d id the 

importance of s i r e  x bi rth year i nt e r a c t i on s . The l arge 

s ta ndard e rror s i n  the s eparate a g e  a na ly s e s  meant 

d i f f erence s betwe en the E I  a nd II  e st imates were not 

s i gni f i ca n t . 

DD e s t ima t e s  we re s im i l a r  to PHS I I  e s t i ma tes . There 

we re no s ig n i f i ca nt 

e s t i ma t e s  but some 

e s t i ma te s . 

d i f ferences be twe e n  the DD and I I  

occ urred be twe e n  the DD and E I  

Ewe C l e a n  F l e e c e  We i ght 

The e s t ima t e s  of h e r i t ab i l i ty of  ewe CFW were 0 . 1 6 - 0 . 7 8 

f o r  P H S  a n a l y s e s . O n l y  one oth e r  e s t ima te h a s  bee n 

publ i s hed for Romney ewe CFW her i ta b i l i ty ( 0 . 4 1  Bu i lov , 
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1 9 7 0  ) , but e s timate s  i n  th i s  study a r e  i n  good agreement 

w i th thos e  of othe r bree d s  ( 0 . 4 7 Mor l ey ,  1 9 5 5 ; 0 . 2 8  

S c h i ncke l , 1 9 58 ; 0 . 2 4 - 0 . 5 0 Mu l l aney e t  a .e .  1 9 7 0 ; 0 . 2 8 -

0 . 4 6  V e s e l y  and Robi son , 1 9 7 0 ; 0 . 0 6 - 0 . 6 5 Pa t t i e  and 

Ba r l ow ,  1 9 7 4 ;  0 . 0 7 - 0 . 4 1 ( Re a l i zed h
2

) H eydenrych et a L  
1 9 7 7 ; 0 .  3 9  Wa tson e t  a i_ .  1 9 7 7 ) . 

As  for ewe GFW DD e s t imates we r e  not s i gni f i cant l y  

d i f f erent to P H S  e st i mat e s  i n  the s e p arate a g e  c la s s e s . 

Howeve r , in  the combi ned age ana ly s e s  the DD heri tabi l i t i e s  

we re e s t ima ted a s  0 .  0 0 , s ign i f i cant ly l owe r than the P H S  

e s t imate s .  

4 . 3 . 3  CLEAN SCOURED Y IELD 

Hogget 2 l ean Scoured Y i e l d  

No s ig n i f i cant d i f f er e n c e s  wer e  found between the 

d i f f erent e s tima t e s  o f  her i tabi l i ty of c l ean scou red y i e l d  

i n  hogg et s . A l l we r e  i n  t h e  range 0 .  2 9 - 0 . 3 4 ex cept the 

EI comb i ned data pa terna l ha l f - s ib e s t imate o f  0 . 1 9 .  

E s t i ma t e s  i n  thi s s tudy f a l l  with i n  the range of the on l y  

othe r obs ervations reported f o r  New Z ea l and R omney hog g e t s  

( 0 . 1 9 - 0 . 5 3 Chopra , 1 9 7 8 ; 0 . 0 4 - 0 . 4 0 B l a i r , 1 9 8 1  ) .  

E s t i ma t e s  i n  the New Z ea l and Romney a r e  l owe r than thos e 

of  the s ame a g e  i n  other breeds ( 0 . 3 9 Morl ey , 1 9 5 5 ; 

0 . 4 4 ,  0 . 4 9 Young e t a L 1 9 6 0 ; 0 . 3 2 - 0 . 5 6 Ve s e l y  and Robi son 

1 9 7 0 ; 0 . 3 9 , 0 . 6 5 Ve s e l y  e t  ai!..  1 9 7 0 ; 0 . 5 9 - 0 . 6 9 O z can 

1 9 7 1 ; 0 . 4 7  0 . 5 9 G r e gory , 1 9 8 2 ) .  

A s  s i r e  x year i n t e r a c t i on s  we re un impo r tant in thi s tra i t  

there we r e  n o  d i f f e renc e s  betwe en the E I  and I I  P H S  

h e r i  t a b i  l i  ty e s t imate s  i n  t h e  control and h i gh s tock i ng 
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r a te s .  The d i f ference ( non - s igni f i ca nt ) i n  t he EI a n d  

I I  e s t imates i n  t h e  comb i ned data a n a l y s i s  wa s l a rg e l y  

a t t r ibutab le t o  the s i re x s tock i n g  r a t e  i ntera c t i o n s . 

Chopra ( 1 9 7 8 ) , d e s p i t e  non - s i gn i f i ca n t  s i re i n t e r a c t i o n s , 

found the h er i t ab i l i ty e s t i ma te wa s cons iderab ly l owe r 

i n  the HSR ( 0 .  1 9 � 0 . 1 1 ) whe n compared to the e s t i ma t e s  

i n  the C SR ( 0 . 5 3 :!:. 0 . 1 9 ), a l though no s ig n i f i cant d i f ference 

wa s ob se rved between the two e s t ima t e s . 

DD e s t i ma t e s  we r e  s im i l a r  to the P HS e s t ima te s , a s  m i gh t  

b e  expe cted s in c e  g e notype x year i n t er a c t i on s  w e r e  n o t  

important in t h e  PHS a na ly ses . 

Ewe C l ea n  S c oured Y i e l d  

E s t i ma t e s  o f  t h e  her i tab i l i t y  of  c l e a n  s coured y ie ld i n  

ewe s ranged f rom 0 .  0 0 - 0 . 3 0 b y  the E I  c a l c u la t i on me thod , 

0 . 0 4 - 0 . 3 9  by t h e  I I  c a l c u l a t ion method a nd 0 . 1 2 - 0 . 6 2 by 

DD technique s . As in the hogge t s , PHS e s t i ma tes o f  

her i ta b i l i ty i n  t hi s  study we re gene r a l ly lower than tho s e  

pub l i shed f o r  ewe s of other breeds ( 0 . 4 9 Brown and Turn e r , 

1 9 6 8 ; 0 . 4 3 ,  0 . 5 4 Gj edrem , 1 9 6 9 ; 0 . 2 8 - 0 . 5 9 Mu l l a ney e. t 
a .f.. 1 9 7 0 ; 0 . 3 3  Nawara , 1 9 7 1 ; 0 . 6 0  Wa t s on e. t a £ . 1 9 7 7 ) . 

CSR a nd HSR P H S  e s t ima t e s  we re s im i l ar a nd a l though DD 

h e r i t ab i l i ty e s t i ma t e s  for the two s tock i ng rates  tended 

to vary i n  the s eparate age a na l y s e s  d i f ferences we re 

n o t  s i gn i f i c an t . D i f ference s be twee n  EI a nd I I  method s 

w e re grea t e s t  i n  the two year o l d  ewe e s t i ma te s , r e f lec t i n g  

t h e  l ar g e  s i re i nt e ra ct ion t o  between s i r e  var iance ra t i o  

( 2 0 . 9 ) , however n o  d i f f e rence s we re s ign i f i ca nt . The 

magn i tude of the II h e r i tabi l i ty e s t i ma t e s  tend ed to 

d e c l i n e  w i th a g e , w i th 5 year o l d  h e r i t ab i l i t i e s  not be i n g  

s ign i f i ca n t l y  d i f f erent from z e ro . 
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D D  e s t imates o f  h e r i tabi l i ty we re gener a l ly s i gn i f i c a n t l y  

h i gher than the E I  PHS e s t imate s .  They were highe r , though 

not s i gn i f i cant ly , than the separate age e s t i ma t e s  by 

the I I  me thod and s igni f i cant ly h i gher than the c ombi ned 

data I I  e s t ima t e s . 

4 . 3 . 4  QUALITY NUMBER 

Hogget Qua l i ty number 

H e r i tabi l i ty e s t i m a t e s  for qua l i t y  n umber var ied f rom 

0 . 2 8 - 0 . 5 4 .  The s e  v a l u e s  are l owe r than tho s e  r eported 

by Chopra ( 1 9 7 8 ) of 0 � 4 6  t o  0 . 7 2 but are s i m i l a r  to other 

publ i s hed e st imat e s  for New 

0 . 4 0  McMahon , 1 9 4 3 ; 0 . 3 4 
1 9 5 8 ; 0 . 3 1 - 0 . 5 8 B l a ir 1 9 8 1 ; 

Z e a l and Romney hogge t s  ( 0 . 3 5 -
Rae , 1 9 5 7 ; 0 . 3 4 - 1 0 . 4 7 Rae , 

0 . 5 5 - 0 . 5 6 Ta it , 1 9 8 3 ) . 

PHS e s t imates by t he E I  and I I  method s vlere the s am e  i n  

the s eparate s to ck i ng r a t e  and very c l ose i n  the combi ned 

stock i ng rat es , a s  expected s i n c e  no s i re x year 

interact ions we r e  pre s e n t  and s i r e  x stocking rate 

interact ions we r e  non s i g n i f i ca n t  for thi s t ra i t . Th e 

heri tabi l i ty e s t imates  i n  the sepa rate and comb ined s tock­

i n g  ra t e s  were very s i m i l a r . 

Th e DD e s t ima t e s  of  h e r i t ab i l i t y  were h i ghe r , a l t hough 

not s i gn i f icant l y , than the PHS e s t imate s . 
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Ewe Qua l i ty N u mber 

He ri tabi l i ty e s t i ma t e s  for qua l i ty number in ewe s ranged 

from 0 . 1  2 - 0 . 5 1 i n  combi ned data ana l y se s , w i th i n  the range 

of pub l i s hed e s t imate s , a l though a s  in t h i s  s t udy , mos t  

tend to be g r e a t e r  than 0 . 2 0  ( 0 . 2 5 - 0 . 4 7 Rae , 1 9 5 7 ; 0 . 3 2 -
0 . 6 0 Mul laney e t  a i .  1 9 7 0 ; 0 . 1 1 ,  0 . 2 8  Gregory , 1 9 7 7 ; 
0 . 2 2 - 0 . 6 6 L ewe r 1 9 7 8 ; 0 . 2 1 - 0 . 3 0 Gregor y , 1 9 8 2 ) . I n  the 

se pa rate s tock i ng r a t e s  e s t i ma t e s  var i ed f rom 0 . 0 3 - 0 . 5 6 .  

There were no s i g n i f i c a n t  d i f ferences be twe en PHS e s timate s 

c a l cu l a t ed by E I  a nd I I  method s ,  d u e  t o  l arge s ta ndard 

errors i n  some of  the subc la s s e s . 

No cons i s tent t r en d s  we re i dent i f i ab l e  i n  e i ther sepa rate 

a g e  or sepa r a t e  s t o c k i ng rate a n a l y se s . Lewer et a f .  ( 1 9 8 3 ) 
f a i l ed t o  f i nd a n  age trend i n  the PHS e s t imat e s  but the 

DD e s t ima t e s  i nc re a sed w i th age in the i r  s tudy . 

H e r i tabi l i ty e s t ima te s computed by the DD method we r e  

gene ra l l y  larger tha n t h e  PHS e s t ima t e s . S imi l a r  re s u l t s  

we re reported by L ewe r e t  a f .  ( 1 9 8 3 ) who could s ugg e s t  

n o  adequa t e  exp l an a t ion f o r  the d i fference . 
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4 . 3 . 5  MEAN F I BRE DIAMETER 

Hogget Mean Fi bre D i ameter 

H e r i tabi l i ty e s t i ma t e s  f or mean f i br e  d i ameter in hogg e t s  

r a ng ed from 0 . 2 6  t o  0 . 6 2 .  The s e  e s t ima t e s  were s im i l a r  

t o  those reported i n  N ew Z ea l a nd Romney hogget s ( 0 . 3 4 -
0 . 8 1 Chopra , 1 9 7 8 ; 0 . 4 9 - 0 . 6 4 B l a i r ,  1 9 8 1 ) ,  a lthough 

B l a i r  ( 1 9 8 1 ) a l so reported two lower e s t imates ( 0 . 1 8 ,  
0 . 2 1 ) whi ch we re c lo s e  t o  the 0 . 1 7 reported by T r i pa thy 

( 1 9 6 6 ) . The values d e r i ved in th i s  s tudy are compa r a b l e  

t o  those found in hogg e t s  of other br eed s ( 0 . 1 2 - 0 . 4 5  Young 

.et a l .  1 9 6 0 ; 0 . 3 8 - 0 . 5 3 G j ed rem , 1 9 6 9 ; 0 . 5 2 - 0 . 6 5  O z can , 

1 9 7 1 ; 0 . 4 7 ,  0 . 5 4 E l l i o t t ,  1 9 7 5 ;  0 . 4 2 - 0 . 8 8 G r e gory , 1 9 8 2 ) . 

L a ck of s i gn i f i c a n t  GxE i nte ract i o n  i n  the HSR meant 

t h e  EI a nd I I  e s t imat e s  we r e  very s im i l a r . The p r e s e nce 

o f  s i gn i f icant i n t e ra c t i on s  in  the CSR a nd c ombi ned 

a n a l y s i s  meant the I I  e s t ima t e s  were h i gher than the E I  

e s t i mate s , however the d i f f erence wa s not s i g n i f icant . 

The her i t ab i l i t y  e s t im a t e s  were h i gh e r  i n  the CSR a s  

c ompared w i th the H SR , however no s i g n i f i ca n t  d i f f er e n c e s  

w e r e  found . DD e s t imat e s  we re n o t  s i gn i f i c a n t l y  d i f f e r e n t  

f r om the P H S  e st ima t e s . 

G e n e ra l l y  MFD her i t ab i l i t y  e s t im a t e s  are h i gher tha n  

qua l i t y  numbe r h e r i tabi l i t i e s . I n  thi s  s tudy no 

s i g n i f i c a n t  d i f f e r e n c e s  were obse rved , a l though the 

c ombined and CSR MFD e s timate s  we re h i ghe r . Thu s  a l though 

h er i tabi l i t i e s  of the two tra i t s  are s im i l a r  g r e a t e r  

a c cu racy i n  determ i n i n g  MFD wou l d  e na b l e  gre a t e r  progre s s  

t o  be made i n  tha t t ra i t , e spec i a l ly a s  the g e ne t i c  

correl a t i o n  of MF D a nd QN i s  l e s s  tha n  1 . 0 .  
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Ewe Mean F i bre D ia me te r  

E s t i ma te s o f  he r i t ab i l i ty of  ewe mea n f i bre d iame ter we re 

very h i gh i n  genera l , r a n g i ng from 0 .  2 6 - 1  • 0 7, a nd compare 

we l l  w i th o t h e r  publ i shed e s t ima t e s  ba s ed on ewe r e cord s 

( 0 . 5 2 S c h n i cke l , 1 9 5 8 ; 0 . 4 7 Brown and Turne r , 1 9 6 8 ; 
0 . 5 3 G j edrem , 1 9 6  9 ;  0 . 3 0 - 0 . 7 0 Mul la ney e :t  a f.. 1 9 7 0 ; 
0 . 8 3 , 0 . 8 4  Wa t son et a f.. 1 9 7 7 ; 0 . 2 4 - 0 . 6 0 L ewe r , 1 9 7 8 ) .  

E s t i ma t e s  o f  h e r i t ab i l i t y  i n  the comb i ned d a ta a na ly s e s  

b y  t h e  E I  a nd I I  method s were s i gn i f i c a n t l y  d i f f erent, 
r e f l e c t i ng t he s ig ni f i cant genotype x envi ronment 

i ntera c t ions . 

However , d u e  t o  the l arge s ta ndard errors  there we re no 

s i gn i f i ca n t  d i f f e r e n c e s  betwe en the two method s of 

c a l c u l a t i o n  i n  the sepa r a t e  stocking r a t e s . 

A l though no s ig n i f i ca n t  d i f ferences e x i sted be twe en 

heri tabi l i ty e s t im a t e s  a t  the sepa rate ages , the e s t i ma t e s  

we re h i gher i n  t h e  2 y e a r  o ld ewe s t h a n  i n  t h e  hogge t s . 

Howeve r , a s  hogget MF D mea surement wa s done by proj e ct i o n  

m i cros cope a nd ewe MFD by a i r f low techni ques thi s may 

cont r i bu t e  s omewh a t  to the d i f f erence . Mul laney e t  a L . 
( 1 9 7 0 ) found t h a t  v a l ue s  for 1 8  month ewe s were a lwa y s  

lowe r  than t h o s e  for 3 0  month ewe s i n  the i r  a na ly s i s o f  

3 breed s . A s  i n  th i s  s tudy Lewe r e t  a l. .  ( 1 9  8 3 )  cou l d  f ind 

no age pa t te rn in 2 - 5  year o ld ewe MFD her i t ab i l i t i e s . 

H e r i tabi l i ty e s t i ma t e s  we re h i gher i n  

to the H SR , b u t  the d i f f erence wa s 

comb ined age ana l y s e s  on ly . 

the C SR a s  compa red 

s igni f i ca nt in the 

DD e st imat e s  of h e r i tabi l i ty were gener a l l y  h i gher than 

e i ther P HS e s t i m a t e s  in the s epara te age ana l y ses , but 

were l owe r i n  the c ombi ned age a na l y s e s  a l though f ew 

d i f f e r e n c e s  were s ig n i f i ca n t . 
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A s  a n t i c ipa ted ewe MFD her i tabi l i ty e s t imate s  we re higher 

than ewe QN heri tabi l i t i e s . Hence , as  we l l  as grea t e r  

a c cu r a c y  of  mea surement a nd d i rect s e l e c t i on o n  t r a i t  

requ i red ( cor re l a t i on o f  ewe QN t o  MF D wa s - 0 . 5  ) , u s e  

of  MFD a s  a s e l e c t i on c r i te r i on wou l d  resu l t  i n  f a s te r  

gene t i c  progre s s  due t o  hi gher her i tabi l i t ie s . 

4 . 3 . 6  STAPLE LENGTH 

Hogget Staple Length 

The he r i tabi l i ty e s t imate s of SL ranged from 0 . 3 4  to 0 . 5 7 . 
The s e  e s t ima t e s  c ompare we l l  w i th the e s t i ma t e s  of  S L  

h e r i tabi l i ty i n  New Z e a l an d  Romney hogg e t s  i n  other stud i e s  

( 0 . 3 5 R ae , 1 9 5 0 ; 0 . 5 0 R a e , 1 9 5 7 ; 0 . 3 5 ,  0 . 4 8  Rae , 1 9 5 8 ; 
0 . 5 4 - 0 . 6 3 Chopra , 1 9 7 8 ;  0 . 0 9 - 0 . 4 7 B l a i r , 1 9 8 1 ; 0 . 3 7 -
0 . 3 8 Ta i t , 1 9 8 3 ) . 

DD e s t imat e s  

c a l c u l a ted b y  

no s i g n i f i cant 

r e f l e c t i ng the 

of 

the 

h e r i tabi l i ty were 

I I . PHS method . 

s imi l a r  t o  tho s e  

d i f f er en c e s  between 

However ,  there we r e  

any o f  t h e  e s t im a t e s , 

lack o f  i mportant g enotype x envi ronment 

i n t e r a c t ions for th i s  t r a i t .  

H e r i tabi l i ty e st imates t ended to be h i gh e r  i n  the h igh 

s tocki ng rate as  c ompared to the con t r o l  

though the d i f f e rence s  we r e  not s i gn i f i cant . 

s tocking r a t e , 

Chopra ( 1 9 7 8 ) 
noted tha t the e s t i m a t e s  i n  the C SR a n d  i n  the HSR were 

a lmo s t  iden t i ca l .  O sman and Bradford ( 1 9 6 5 ) exa m i n ed 

genotype x locat i on i n t e r a c t i on s  i n  S L  but d i d  not ob s e rve 

any s i gni f i cant d i f fe r e n c e  in the her i t ab i l i t y  e s t ima t e s  

a t  two loc a t ions . 
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Ewe S t a p l e  L ength 

E s t i ma t e s  o f  t he h e r i tabi l i ty of  ewe staple length ranged 

f r om 0 . 1 1 - 0 . 5 7 for d augh t e r - d am regres s ion e s t i ma te s and 

0 . 1 7 - 0 . 6 3 f or pa terna l ha l f - s ib e s t ima te s .  Few e s t i ma te s  

a r e  a va i l ab l e  f o r  mature New Z ea l a nd Romney sta p l e  l ength 

h e r i  tabi l i  t i e s , however e s t ima tes in t h i s  s tudy we re in 

good agreement w i th those ava i lab l e  and wi th other breed 

e s t i ma t e s  ( 0 . 2 9 - 0 . 4 8 Rae , 1 9 5 7 ; 0 . 3 5 , 0 . 4 8 Rae , 1 9 5 8 ; 
0 . 4 2 ,  0 . 5 3 O sma n and Bradford , 1 9 6 5 ; 0 . 4 6  Tr ipathy , 1 9 6 6 ; 
0 . 3 1 - 0 . 5 9 Mu l la ney e t  a i . 1 9 7 0 ; 0 . 1 9 - 0 . 3 6 Ve s e ly a nd 

Robi son , 1 9 7 0 ; 0 . 2 5 - 0 . 7 1  L ewe r , 1 9 7 8 ) . 

La rge s tandard errors  a s so c i a t ed w i th the PHS e s t imate s 

o f  her i tabi l i ty meant no d i f f e rences e x i s ted betwe en the 

comb i n ed data or separate s tock i ng rate e s t ima te s . 

E s t ima t e s  c a l c u l a t ed by the E l  a nd l l  me thod s were not 

s i g n i f i c an t l y  d i f f e rent in the c ombi ned data a na ly s i s  

d u e  t o  h igh s tandard e rror s .  A s  the s ire x envi ronment 

( year ) i nt e r a c t ions we r e  u n i mpor tant in the s eparate 

s to c k i ng r a t e  a na ly s e s  of  i nd ividua l ages the e s t ima te s 

by the E l  a nd l l  method s we r e  very s imi l a r  except for 

e s t ima t e s  of 0 . 1  7 by the El a nd 0 .  51  by the ll me thod s 

i n  the HSR 5 year o l d  ewe ana l y s i s .  

the standard e r r o r s  we re large . 

However w i t h  these 

DD regre s s io n  e s t ima t e s  were g ene ra l ly high , 0 . 3 2 - 0 . 5 7 ,  
ex cept i n  the comb i ne d  a g e  ana l y s i s  where the e s t ima t e s  

were 0 . 1  4 +_ 0 . 1  3 i n  the c ombi ned s tocking rate , 0 . 1 1 + 

0 . 0 5 i n  the C SR and 0 . 1 9 � 0 . 0 5 i n  the HSR . 
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Es tima ted he r i ta b i l i t i e s  for t o t a l  c r i mp number i n  hogg e t s  

we re 0 .  4 9 0 .  5 9 . F e w  o th e r  s tu d i e s  have r e po r t ed o n  

heri tabi l i ty of TCN except Chopra ( 1 9 7 8 ) and B l a i r  ( 1 9 8 1  ) . 

B l a i r  ( 1 9 8 1 ) obt a i ned e s t i ma te s  of  0 .  2 7  0 .  5 0  f or 1 2  
month o l d  Romney ewe s  and r a m s . U s ing the s am e  d a t a  a s  

that i n  the e a r ly yea r s  o f  th i s  s tudy Ch opr a  ( 1 9 7 8 )  
obt a i ned e s ti ma t e s  of  0 . 6 5 - 1 . 0 9 . The se are h i gher tha n 

those e s t imated i n  th i s  study and those repor ted by B l a i r  

( 1 9 8 1 ) .  Reca l c u l a t i on o f  h e r i tabi l i t i e s  u s i ng the s ame 

data as Chopra ( 1 9 7 8 ) obt a i ned e s t imates of 0 . 3 8 - 0 . 5 9 .  

Ther e w e r e  no s i gni f i ca n t  di f f e r e n c e s  between her i t a b i l i ty 

e s t i ma t e s  i n  the s eparate s t oc k i ng rates or between D D  
and P H S  e s t imate s .  PHS E I  a nd I I  e s t i ma t e s  were very 

s imi l a r , s ince s i re x envi ronmen t interactions cont r i buted 

l e s s  tha n 2 %  o f  the tota l var i ance i n  a l l  hogget ana l y se s . 

Ewe To+ot Crin"\p N umbe.:r 

E s t i ma t e s  of  the her i t ab i l i t y  o f  

ewe s r a ng ed f rom 0 . 0 0 ·
t o  0 . 6 6 .  

total  er imp number i n  

N o  o ther e s t i mate s have 

been pub l i shed f or tot a l  c r i m p  number in  ewe s .  

The p r e s e nce o f  s i gn i f i c a n t  G xE i ntera c t i o n s  i n  the 

comb i n ed a g e  a na ly s e s  wa s r e f le c t ed in the s i gn i f i c a n t  

d i f f er e n ce betwe en t h e  E I  a nd I I  P H S  e s t im a t e s  i n  the 

comb i ned and 

inte ra c t ions  i n  

control s t o c k i ng 

the s epara t e  a g e  

r a t e s . 

a n a l y s e s  

L a c k  o f  

r e s u l ted 

GxE 

i n  

no o r  non - s i gn i f i c a n t  d i f fe r e n c e s  

ca l c u l a t ed by the E I  o r  I I  method s . 

betwe en e s t i mate s 
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H e r i t ab 1 l i ty e s t imates i n  the CS� we re h i gher tnan 1 n  

tne HSR but l a rge s tandard errors meant tha t  d i f ferences 

were r a re l y  s i gni f i ca n t . 

hogge t s  had the h ighe s t  

Age trend s we re unc lear , though 

he r i tabi l i ty e s t im a t e s  in the 

paterna l ha l f - s ib e s t imate s .  

DD e s t i ma t e s  were h igher than P HS e s t ima t e s  in the s eparate 

age a n a l y s e s , a l though d i f f erences we re o n l y  s ig n i f icant 

in the 3 a nd 4 year o ld ewe c la s s e s . In t he combined 

data a na l y s e s  the DD e s t i m a t e s  we re l owe r t ha n  the PHS 

e s t ima t e s  but no s i gni f i ca n t  d i f f erences occurred . 

When exami ned by ha l f - s ib a n a l y s e s  of var ia nce , Jack son and 

Chapman ( 1 9 7 5 ) found the h e r i tabi l i ty of a bnorma l cr imp 

s co red a t  ages  l e s s  than 4 .  5 yea r s  wa s l ow ( 0 . 1  0 - 0 . 1  9 ) , 
whereas abno rma l i ty a t  5 . 5  years and o lder wa s highl y  

i nher i t e d  ( 0 . 3 5 - 0 . 6 0 ) . H er i tabi l it i e s  e s t imated b y  intra­

s i re d a m - d aughter regre s s io n  ana l y s e s  d id not show such a 

c l ea r - c u t  pattern , a l t hough the e s t imates tended to 

i nc r ea s e  w i th age . 

4 . 3 . 8  CR IMP FREQUENCY 

Hogget C r i m p  Frequency 

H e r i tab i l i t ie s  of  c r imp f requency in hogge t s  we re 0 . 3 5 -
0 . 4 2  for paterna l ha l f - s i b  e s t imat e s  a nd 0 . 5 4 - 0 . 6 6 for 

d augh te r - d am e s t imate s . Chopra ( 1 9 7 8 ) a nd B l a i r  ( 1 9 8 1 ) 
reported the o n l y  other e s t imates of  c r imp f requency i n  

N e w  Z ea la nd Romney hogg e t s . E s t ima t e s  reported b y  B l a i r  

( 1 9 8 1  ) ,  0 . 2 6 - 0 . 5 9 ,  a greed w i th tho s e  obt a i ned i n  this  

s t udy ; h owever h e r i tabi l i t i e s  reported by Chopra ( 1 9 7 8 ) 
we re h i g he r  ( 0 . 4 8 - 0 . 7 8 ) . E s t imates i n  other breeds tended 

to be s im i l a r  to tho s e  of B la i r  ( 1 9 8 1 ) ( 0 . 3 6 ,  0 . 5 1 Young 

et a f · 1 9 6 0 ; 0 . 1 9 - 0 . 4 6 G re gory , 1 9 8 2 ) .  

As noted by Chopra ( 1 9 7 8 ) , heri tabi l i ty e s t im a t e s  i n  the 

HSR were h i ghe r a s  compared to tho se in the CSR but the 

d i f fe r e nc e s  betwe en the e s t i ma t e s  we re non- s i gn i f icant . 

PHS e s t i ma t e s  c a l cu la ted by t he E I  a nd I I  methods we re 
ident i c a l s i n c e  the re wa s no genotype x env i ronment inter-
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act ion s  pre sent i n  t h i s  tra i t . 

DD regre s s i on e s t imates we re h igher than thos e  ca l cu l a ted 

by the P H S  method . However the d i ff erence wa s o n l y  

s i gn i f i c a n t  i n  t h e  combi ned d a ta a n a ly s i s  betwe en the 

EI  est imate o f  h e r i tabi l i ty and the d aughter - d am regr e s s ion 

e s t imate . 

Ewe Cr imp F requency 

E s t imated h e r i t ab i l i t y  of  ewe c r imp f requency ranged from 

0 . 0 0 - 0 . 4 9 f or pa tern a l  ha l f - s i b  e s t i mates and from 0 . 2 1 -
0 . 7 3 for d augh t e r-dam regre s s i on · e s t imat e s . No other 

e s t ima t e s  o f  ewe c r imp f requency h e r i tabi l i ty have been 

report ed f or New Z ea land Romne y ' s ,  ex cept 0 .  7 2  r eported 

by Tr i pa t hy ( 1 9 6 6 ) . However ,  e s t im a t e s  in  ewe s of other 

breeds agree we l l  w i th tho se obt a i ned i n  th i s  s tudy ( 0 . 2 8 ,  
0 . 4 0 Mor l e y , 1 9 5 0 ;  0 . 4 7 Mor l e y , 1 9 5 5 ; 0 . 4 0 Sc h i n cke l , 

1 9 5 8 ; 0 . 3 8 ,  0 . 4 6 Roba rds and P a t t i e , 1 9 6 7 ; 0 . 4 5 B r own 

and Turn e r , 1 9 6 8 ; 0 . 0 9 - 0 . 4 0 Mu l la ney et a l.. 1 9 7 0 ) . 

As for 

by the 

T CN , the d i f f erence i n  P H S  e s t imates c a l cu l a ted 

E I  a nd I I  method s wa s o n l y  s i gni f i ca nt f o r  the 

combined age est imates . 

Ex cept 

tended 

i n  the 3 year o l d  ewe e s t imate s , her i t a b i l i  t i e s  

t o  b e  l ower i n  the H S R  a s  c ompared t o  t h e  C SR . 

But l a r g e  s tandard error s mean t none of  the d i f f er e n c e s  

we re s i gn i f i cant . 

He r i tabi l i ty e s t imates tended to dec r e a s e  w i th a g e , but 

there we r e  n o  s i gn i f i c a n t  d i f f erence s except 5 y e a r  o l d  

ewe s a s  compared t o  hogget s .  

DD regre s s i on e s t ima te s  

Th e d i f f e r ence · be tween 

most of  the subc la s s e s . 

were h i gh e r  than P H S  e st i m a t e s . 

the e s t ima t e s  wa s s ign i f i ca n t  i n  
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4 . 3 . 9  STAPLE S TRENGTH 

Hogget S t a p l e  S t rength 

E s t ima t e s  ot the h e r i t ab i l i ty of hogget s t a p l e  s t rength 

were 0 . 0 9 0 . 3 0 f o r  PHS e s t imat e s  and 0 . 0 3 for DD 

regre s s ion e s t i ma te s . Few o ther e s t ima tes a re 

f or c ompa r i son , B i gham e t a f. .  ( 1 9 8 3 ) 

her i t ab i l i t y  o f  s ta p l e  s t rength i n  Romney ewe 
+ a s  0 .  4 8  0 . 1  5 ,  whi ch wa s c on s idera b l y  h igher 

thi s s t udy . 

ava i l a b l e  

e s t imated 

hogget s 

than i n  

D i f ferences  i n  e s t im a t e s  between the E l  a nd I I  method s 

occurred i n  the HSR a nd c ombi ned data ana ly s i s  only a nd 

'-'.'e re due t o  

i n  t h e  HSR . 

s i gni f i ca nt . 

t he pre s e n c e  of  a s ire x year i nterac t i on 

D i f f e r e n c e s  between the e s t imates were non-

Her i t ab i l i t y  e s tima t e s  in the HSR we re h igher than tho s e  

i n  C SR ; however l a rge s ta nd a rd error s r e s u l t ed i n  n o  

s igni f i ca n t  d i f ferenc e s  betwe en the e s t imate s . 

DD e s t ima t e s  were c o n s i d e r a b l y  lowe r t han PHS e s t imates 

of h e r i t a b i l i ty . As  noted by Rae ( 1 9 5 8 ) , e s t imates by 

the DD m e t hod s hou l d  be r e l a t ive ly f ree of geno type x 

year e f f e c t s . Th i s  wa s probably re f l ec ted i n  t h i s tra i t  

whe re there wa s n o  s ig n i f i ca nt d i f f e rence between the 

DD a nd P H S  e s t imat e s  i n  the control s tock i n g  rate where 

no s i r e  x year i n t e ra c t i o n s  oc cu rred . H owever s igni f i cant 

d i f fe r e n c e s  we re found for the comb i ned d a t a  and h i gh 

s to ck i ng r a t e  e s t i ma t e s  a s  compared to the DD e s t imates 

a s  s i re x yea r i n tera c t i o n s  occurred in these ana ly s e s . 

The l o w  he r i tabi l i t i e s  probably ref l e c t  the i naccuracy 

of  the t e c h n i que o f  mea s urement as much as they r e f l e c t  

the b i o l og i ca l s i tu a t i o n . 
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Ewe Staple St rength 

H e r i tabi l i ty of  staple strength i n  the ewe ana l y s e s  ranged 

from 0 . 0 0 0 . 3 6 for PHS e st ima t e s a nd 0 . 1 5 - 0 . 5 8 for 

DD e s t ima te s . The PHS e s t ima t e s  we re s im i l ar to those 

for hogget S S T .  

Mo s t  PHS e s t i ma t e s  i n  the separate age ana l y s e s  we r e  not 

s i gni f i cant ly d i f ferent from zero . 

I I  e s t ima te s o f  heri tabi l i ty were h igher a s  compared t o  

the E I  e s t ima t e s  i n  the comb ined a g e  a na ly s e s  due t o  the 

impor tance of s i re x b i rth y e a r  i nterac t i on s  i n  the 

combi ned age a n a l y se s , but the d i f ference wa s o n l y  

s i gni f i cant f o r  t h e  poo led data e s t imat e s . 

DD e s t ima t e s  were s im i l a r  to the PHS e s t imates for combi ned 

age heri tabi li t i e s . However in t h e  separate age ana l y s e s  

D D  e s t i mates t e nded to b e  con s i de ra b l y  hi gher t h a n  the 

PHS e st imat e s , a lt hough l a rge s t a ndard erro r s  mean t  t h a t  

f ew d i f feren c e s  w e r e  stat i s t i ca l l y s i gn i f i cant . 
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4 . 3 . 1 0  CHARACTER GRADE 

Hogget Character Grade 

Heri tabi li  ty e s t imat e s  of CHG ranged f rom 0 .  2 1  to 0 .  3 5 .  
The s e  e s t ima t e s  i n  g e n e r a l  compa re we l l  w i th o ther 

pub l i s hed e s t im a t e s  i n  N ew Z ea land Romne y  hogge t s  ( 0 .  2 0 , 
0 . 2 7 R a e , 1 9 4 8 ; 0 . 1 2 - 0 . 2 5  Rae , 1 9 5 7 ; 0 . 1 2 , 0 . 2 2 Rae , 

1 9 5 8 ; 0 . 2 4  0 . 3 4 ,  Chopra , 1 9 7 8 ; 0 . 2 5 0 . 5 0 B la ir , 

1 9 8 1 ; 0 . 1 8 0 . 1 9  Ta i t , 1 9 8 3 ) and a r e  w i th i n  the r a nge 

o f  e s t ima t e s  for hogge t s  of  othe r breeds ( 0 . 1 5 Bot k i n  

12-.t a l .  1 9 6 9 ;  0 . 2 3 ,  E l l iot , 1 9 7 5 ; 0 . 1 5 ,  0 . 2 7  Gregory , 

1 9 7 7 ; 0 . 1 9 - 0 . 3 7 Gregory , 1 9 8 2 ) .  

There were no s i gn i f i ca n t  d i f f erence s be t we e n  heri tabi l i ty 

e s t i ma t e s  in  the s eparate s tock i ng r a t e s , between the 

EI and I I  c a l c u l a t i o n  method s or between DD and PHS 

e s t i ma te s . 

Chopra ( 1 9 7 8 ) noted that i t  had been a s s umed that se lect ion � 

f o r  CHG i n  New Z ea l a nd Romney wou l d  b e  a n  i ne f f i c i ent 

wa y o f  u s i ng s e l e c t i on potent i a l  s i nce t he her i tabi l i ty 

e s t i ma te s , repo r t ed p r i or to 1 9 7 8  were o f  l ow magn i t ude 

( W i ckham , 1 9 7 3 ) . However , Chopra ( 1 9 7 8 ) s ugge s t ed t ha t  

t h e  h i gher e st ima t e s  o f  i ntermed i a t e  m a gn i t ude found i n  

h i s  s tudy meant t h e r e  wa s a pos s i bi l i ty o f  a chieving 

some g enet i c  i mprovement i n  CHG by s e le c t io n .  Th i s  v iew 

i s  s upported by t he e s t ima t e s  dete rm i n ed i n  t h i s s tudy 

and by other rece n t l y  pub l i shed e s t imate s .  

Ewe Charac ter Grade 

The h e r i tabi l i ty e s t i ma t e s  o f  C HG comput ed by EI and I I  

me thod s r a ng ed b e t we en 0 .  0 1  and 0 .  3 7. D D  e s t ima t e s  we re 

betwe e n  0 . 0 3 a nd 0 . 6 4 . No e s t imates  have been publ i s hed 

for t he her i t ab i l i t y  of CHG in New Z ea la nd Romney ewe s . 
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E s t imates i n  t h i s s tudy a r e  i n  good a gr eement w i th those 

of other bre·ed s ( 0 . 3 8 Mor ley , 1 9 5 5 ; 0 . 2 5 - 0 . 7 8 Mul l a ney 

et a l... 1 9 7 0 ;  0 . 0 3 ,  0 . 2 6 Gregory , 1 9 7 7 ; 0 . 1 2 - 0 . 3 9 Lewe r , 

1 9 7 8 ) . 

DD e s t imates of her i tabi l i ty we r e  s i m i l a r  to P H S  e s t ima t e s  

ca l c u l ated by the E I  method , but we r e  n o t  s i gn i f i c a n t l y  

d i f f erent f rom e i ther e s t imate except i n  t h e  c ombi ned 

age ana l y s i s . 

There were no s i g n i f i ca n t  d i f f er e nc e s  betwe en the CSR 

and H SR e s t im a t e s  and there we r e  n o  c le a r  a g e  t re nd s i n  

th i s  s tudy . S i m i l ar r e s u l t s  we r e  r e ported b y  Lewe r e t  
al... ( 1 9 8 3 ) , who noted tha t a l though Jackson and Chapma n 

( 1 9 7 5 )  had recorded i ncrea s i ng h e r itabi l i ty of  c r im p  

abnorma l i ty i n  o lder Mer i no s , m o s t  o f  t h e  h i ghe r 

he r i tabi l i ty e s t ima t e s  i n  the i r  s tudy we re for g roups 

of sheep older than 5 year s .  

I n  the comb ined age a na ly se s  ther e  we re s i gn i f i ca n t  

d i f f erences betwe e n  the E I  a nd I I  P H S  her i t ab i l i t y  

e s t i ma t e s  i n  t he comb i ned s t ock i ng r a t e s  a nd contro l 

stocking rate a na ly se s , re f l e c t i ng t he importance o f  

genotype x year i nt era ct i on s  i n  the contro l stoc k i ng r a t e . 
_/ 
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4 . 3 . 1 1  LUSTRE GRADE 

Hogget L u s tre G r a d e  

T h e  e s t i ma t e s  o f  h e r i t ab i l i ty for LUS w e r e  0 . 2 0  0 . 2 8 .  
T h P. s e  e s t ima t e s  we r e  s imi l a r  to the v a l u e  o f  0 . 2 7 reported 

by Rae ( 1 9 4 8 ) i n  the New Z ea l and Romney . E s t ima te s 

c a l c u l ated by Chopra ( 1 9 7 8 ) were h ighe r , 0 . 3 2  0 . 4 2 ,  
bu t reca l cu l a t i o n  by techn i ques u s ed i n  t h i s  s tudy o f  

Chopra ' s  ( 1 9 7 8 ) d at a  obt a i ned e s t ima te s o f  0 . 2 8 0 . 3 5 .  

La ck o f  genotype x e nv i ronment i nteract ions meant PHS 

e s t ima t e s  by the E I  and I I  method s we r e  very c lo se . 

The d i f f erence be twe en the her i tabi l i t ie s  in the HSR ( 0 . 2 1 ) 
a n d  the CSR ( 0 . 3 4 )  wa s not s i gni f i cant . 

E we Lus t re G ra d e  

The e s t i ma t ed h e r i tab i l i ty o f  ewe l u s tre grade wa s 0 . 0 0 
0 .  6 5 . No pub l i shed e s t i ma t e s  a r e  ava i l a b l e  for 

c ompar i s on except hogget e s t imate s wh i ch wer e  gene ra l l y  

h i gher than mos t  of  the ewe e s t imates . The large s ta ndard 

e r ro r s  in th i s  s tudy meant d i f ferences were not s i gn i f ican t . 

PHS e s t im a t e s  o f  h e r i tabi l i t y  by the E I  me thod we re not 

s i gn i f i c a n t l y  d i f f e re n t  f r om z e ro . A l though I I  e s t imate s 

we re not s i gn i f i c a n t l y  d i f f e rent f rom E I  e s t imat e s , mos t 

we re gre a t e r  than z e ro . 

N o  age t re nd s  or c on s i s t ent d i f ference s be twe en the contro l 

a nd h i gh s tock i n g  rate were ident i f i ab l e . 

DD e s t im a t e s  we re 

f o r  t he overa l l  

s im i l a r  t o  

a nd comb i ned 

the PHS e s t ima te s ,  e x cept 

age high s tock i ng r a t e  

e s t i ma te s , whe re DD e s t ima te s w e r e  s ig ni f i ca n t ly highe r . 
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Hogget T i pp i ne s s  Grade 
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H e r i tabi l i ty o f  hogget t i ppine s s  g rade wa s e s t imated a s  

0 . 1 0 0 . 2 1  for PHS e s t i ma t e s  and 0 . 2 3 0 . 2 6  by DD 

PHS 

0 . 2 7  

method s . The o n l y  other e s t imate s pub l i shed ; the 

e s t ima te s c a l cu l a t ed by Ch opra ( 1 9 7 8 ) , of  0 . 1 3 

a r e  i n  good a greement wi th e s t im a t e s  obt a i ned i n  thi s  

s t udy . 

There were no s i gn i f i cant d i f f erenc e s  between the e s t imates 

in the C SR a nd HSR . A s  genotype x e nv i r on ment intera c t i on s  

were non - s igni f i ca n t  the her i tabi l i ty e s t ima t e s  wer e  

s im i l a r  b y  the E I  a n d  I I  method s . 

H e nder s o n  ( 1 9 6 8 )  n ot ed tha t t i pp i ne s s  wa s genera l l y  a s sumed 

to be l a r gely determi ned by gene t i c  f a c t o r s  a l t hough proof 

of thi s wa s l a ck i n g . E s t ima t e s  i n  t h i s s tudy a nd tho se 

f ound by Chopra ( 1 9 7 8 ) s ugge s t  t h a t  t ippi n e s s  in  the se 

f l ocks wa s more a r e s u l t  of envi ronm ent f a c tors such as  

we ath e r i ng than a n  e f f e c t  of  i nhe r i te d  v a r i abi l i ty o f  

f i bre growth . rate . 

Ewe Tippine s s  Grade 

He r i ta b i l i ty e s t ima t e s  of  ewe t i ppi n e s s grade ranged from 

0 . 0 0 t o  0 . 3 4 .  No other e s t ima t e s  o f  her i tab i l i t y  o f  

t i pp i ne s s  grade i n  ewe s have been p ub l i shed . The range 

of  est ima t e s  i n  th i s  s tudy cover tho se e s t ima t ed for hogget 

t i ppine s s  grade . 

A s  noted prev i ou s l y  there were n o  g e notype x env i r onment 

i n tera c t ions o f  i mportance in mo s t  of the separate age 

a n a l y s e s , s uch that PHS e st im a t e s  o f  h e r i tabi l i ty by the 

EI  and I I method s were the s ame . In t he two exceptions1 
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the d i f f erence be twe e n  the metho d s  o f  e s tima t ion we r e  

non- s i gn i f i ca n t . 

There were no s ig n i f i ca nt d i f f erences be tween sepa r a t e  

s t oc k i ng r a t e  e s t imates or between separate age e s t ima tes . 

HSR e s t ima t e s  o f  her i ta b i l i ty t e nded t o  be l ower tha n  

CSR e s t i ma te s . N o  con s i s te n t  age t rends were ident i f i a b l e . 

The combi ned - a g e  ewe he r i ta b i l i ty e s t i ma t e s  t ended t o  

b e  h igher t h a n  t h e  corre s pond ing hogget es timate s , a l though 

the d i f f erences were not s i gni f i ca n t . 

4 . 3 . 1 3  COTT ING GRADE 

Hogget Cot t i ng Grade 

H e r i ta b i l i ty of c ot t i ng grade wa s 0 . 1 6 - 0 . 3 2 for paterna l 

ha l f - s ib e s t ima t e s  a nd 0 . 0 4 0 . 4 0 for daughter-dam 

regre s s i o n  e s t imate s . Chopra ( 1 9 7 8 ) e s t imated her i tabi l i ty 

o f  t h i s t r a i t  as  0 . 1 2 0 . 6 7 .  Reca l c u l a t ion o f  

h e r i  tabi l i  t i e s on 

e s t i ma t e s  o f  0 . 1  3 
Chopra ' s  ( 1 9 7 8 ) data r e s u l ted i n  

0 . 2 2 ,  which were i n  good a g reement 

w i th her i tab i l i t y  e s t i ma t e s  i n  this stud y . 

There w e re no s i g n i f i ca n t  d i f ference s be tween the e s t ima t e s  

obta i ned i n  t h e  two stoc k i ng rates . 

S i re x year i n t e r a c t i ons contr ibuted to the tota l  var i a nce 

in  the C SR r e s u l t i ng i n  d i f f erent es t i ma t e s  of her i t ab i l i ty 

by the E I  a nd I I  me thod s , however the d i f f erence wa s no t 

s i gn i f i c a nt .  
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DD e s t ima t e s  o f  COT were s i g n i f i c a n t l y  d i f f erent i n  the 

s eparate s tock i ng r a t e s  and the HSR e s t imate wa s h igher a s  

c ompared t o  't;h� .  CSR e s t imate . Al though the PHS a nd DD 
e s t imates were th� same i n  the poo l ed ana l y s i s , s i gn i f i ca n t  

d i f f erenc� s w e r e  f ound i n  t h e  separate s tock i n g  ra te s . 

Ewe Cott ing Grade 

H e r i tabi l i ty of ewe c o t t i n g  g rade e s t im a t e s  ranged f rom 

0 . 1 0 to 0 . 5 0 by PHS m e t hods and f rom 0 . 0 0 to 0 . 4 8 by DD 
techniqu es . No other e s t ima t e s  have been publ i shed f o r  

t h e  h e r i tabi l i ty o f  evle COT . Th e e s t im a t e s  were s im i l a r  

t o  t h e  hog g e t  COT h e r i tabi l i ty e s t imate s i n  t h i s  s tudy . 

I n  s e l ec t i on i ndex s tud i e s  McPherson ( 1 9 8 2 ) a s sumed the 

h e r i tabi l i ty of cot t i n g  wa s low , u s i ng a va l u e  of 0 . 1 5 .  

Th e r e  were no s i gn i f i c a n t  d i f f e r en c e s  be twee n  e s t i ma t e s  

i n  the con t r o l  and h i gh s tock i ng r a t e s  o r  be twee n  e s t ima t e s  

i n  t h e  sepa r a t e  a g e  c l a s se s . No c on s i s tent t rends were 

ident i f i ab l e  for e i th e r  ca se . 

A l thou gh the re we re s om e  l a rg e  d i f f erence s 

P H S  heri tabi l i ty e st ima t e s  c a l cu l a ted by the 

method s , l a r ge sta ndard error s meant the s e  

betwe e n  the 

EI a nd I I  

d i f f e r e n c e s  

w e r e  n o t  s i gn i f i ca n t  i n  m a n y  c a se s .  S i gn i f i ca n t  

d i f f erences e x i s t ed i n  the p oo l ed d a t a  e s t i ma t e s  a nd i n  

the c ombined age HSR e st imat e s , r e f l e c t i n g  th e impor tance 

o f  s i r e  x year inter a c t i on s  i n  tho se c l a s s es . 

DD e st imat e s  o f  h e r i tabi l i ty we r e  not s i gn i f icant l y  

d i f f erent f rom PHS e s t i mate s i n  g e n e r a l , ly ing betwe e n  

t h e  E I  and I I  e s t ima t e s  where po s s ib l e . W i th the except ion , 

the 2 year o l d  ewe ana ly se s , the DD e s t ima t e s  we re 

s i gn i f i cant l y  h i gher than PHS e s t ima te s . 
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Cott i ng i s  a s sumed to be a fa u l t  a s so c i ated wi th he red i ty ,  

f i bre v a r i a b i l i ty be i ng a h e r i ta b l e  tra i t  f or the s heep, 

a n d  w i t h  t h e  e nv i r onment through poor nut r i t i on a nd the 

p r e s ence of mo i s ture ( He nd e r so n ,  1 9 5 5 ) . As no ted by Chopra 

( 1 9 7 8 ) , the l ow to med ium s i z e of  PHS her i tabi l i ty 

e s t i ma t e s  of  COT i n  the se s tud i e s  sugg e s t  that very l imi ted 

g e ne t i c  i mprovemen t  i s  l ik e l y  to be a c h i eved by d ir e c t  

s e l e c t i o n . DD h e r i  tabi l i  ty e s t imat e s  a r e  med ium t o  h i gh 

however a nd wou l d  hence s ugg e s t  that gene t i c  prog r e s s  

c o u l d  be a t t a i ned , a t  a rea s onably r a p i d  rate . 

4 . 3 . 1 4 COTTED AREA GRADE 

Hogget Cot ted Ar ea Grade 

H e r i tabi l i ty o f  hogge t  CAG wa s e s t imated a s  0 .  0 0  - 0 . 1 4 -

by DD t ec h n iques and a s  0 . 1 0 0 . 2 8  by PHS m ethod s . 

E s t i ma t e s  obta i ned by Chopra ( 1 9 7 8 ) ranged f rom 0 . 1 8  t o  

0 . 5 3 ,  higher t h a n  thos e  found in thi s stud y . R e ca lc u l at i o n  

o f  Chopra ' s ( 1 9 7 8 ) data obt a i n ed e s t ima t e s  o f  0 . 1 6  - 0 . 3 8 ,  

i n  betwe en t he o ther two source s  of e s t ima te s . 

The impo r t a n c e  o f  s i re x year i n t e r a c t ions i n  t h e  CSR 

a na l y s i s  wa s re f l ec t ed in the d i f f erent e s t imates obt a i ned 

by t h e  EI a nd I I  me thod s in the CSR and in the poo le d  

a na l y s i s , a l though d i f ferenc e s  w e r e  no t s i g n i f i cant . 

No d i f f e r e n c e s  e x i s t ed betwe en the s e pa ra te stock i ng r a t e  

he r i tabi l i ty e s t im a te s . 

DD e s t im a t e s  t ended to be l owe r than the PHS e s t i m a t e s  

b u t  d i f f e re n c e s we re not s ig n i f i cant . 
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Ewe Cotted Ar ea Grade 

Heri tabi l i ty e s t imates of ewe cotted area grade were 0 . 0 3 -

0 . 5 0 . Other e s t i ma t e s we r e  unava i l able f o r  compa r i son 

except the hogget e s t ima t e s  of Chopra ( 1 9 7 8 )  and o f  t h i s 

study , both of which we re covered by the above range . 

Her i tabi l i ty 

a s  c ompared 

s i gn i f i cant . 

e s t imat e s  i n  the HSR tended to be h i gh e r  

t o  t h e  C S R  b u t  d i f fe r ence s we re n o t  

H e r i tabi l i ty e s t ima t e s  i n cr e a sed a s  a g e  

increa sed i n  t h e  combi ned a n d  s eparate s t o c k i ng ra t e s  

but d i f f erence s be twee n  t h e  a g e s  we r e  not s i gn i f icant . 

There were no s i gn i f i cant d i f f e r e n c e s  be twe e n  DD a nd PHS 

e s t i ma t e s  or between El a nd II method s o f  c a l c u l a t i n g  

PHS e s t imate s . 

I n te rmed iate e s t imat e s  o f  her i t ab i l i t y  f or ewe cotted 

area grade s uggested that s ome progre s s  cou l d  be ach ieved 

i n  t h i s f lock i f  t h i s t r a i t  wa s used a s  a se l e c t i o n  

c r i te r i on . 
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4 . 3 . 1 5 S OUNDNE S S  GRADE 

Hogget S o undne s s  Grade 

H e r i tabi l i ty e s t imates for hogget 

0 . 0 5 0 . 2 6  by P HS me thod s and 

s oundne s s  grade we re 

0 . 1 8  0 . 3 2  by DD 

technique s . The P H S  e s t imates a gree we 1 1  w i th the 

heri tabi l i ti e s  e s t imated by Chopra ( 1 9 7 8 ) of 0 . 0 0  - 0 . 2 2 . 

I n  Chopra ' s  ( 1 9 7 8 ) s t udy g enotype x envi ronment i nter­

a c t i on s  we r e  of no importance . I n  th i s  study s i r e  x year 

i ntera c t i o n s  were s ig n i f i cant in the s eparate s tocking 

rate ana l y s e s , l ead ing t o  d i f ferent her i t ab i l i t ie s  

e s t i ma ted b y  t h e  E I  and I I me thod s though the d i f f erences 

were not s ig n i f i cant . 

There w e re no s i gn i f i cant d i f ferences  be twe e n  the e s t imates 

f rom the two s tock i ng rates a l though the DD a nd PHS I I  

e s � ima te s we r e  h igher i n  the C SR t ha n  i n  the HSR . Chopra 

( 1 9 7 8 )  reported s im i l ar r e s u l t s  w i th her i tabi l i t i e s  o f  

0 . 2 2  i n  t h e  CSR a nd 0 . 0 0 i n  t h e  HSR . 

DD e s t im a t e s  o f  her i tabi l i ty o f  hogget SOU were h igher 

than the I I  PHS e s t i ma t e s  but d i f f e rences were not 

s i gn i f i c an t . 

The low t o  med i um magn i tude to the her i tabi l i t i e s  for 

hogget SOU s ug g e s t  that gene t i c  prog re s s  on t h i s  t r a i t  

would be s lo w . 

Soundn e s s wa s a hand a s s e s sment of  the s tr ength of  a s i ngle 

s t ap l e  and can be c ompared t o  s ta p l e  strength m e a s ured a s  

t h e  average o f  f ive s ta p l e s . E s t ima t e s  of  her i t ab i l i ty 

o f  hogg et S ST we re 0 . 0 9 - 0 . 3 0  f or PHS e s t ima t e s  a nd 0 . 0 3 
for DD e s t i ma te s . The PHS e s t imate s of SOU and S ST a greed 

we l l , but the S ST DD e s t imate wa s con s i derably lower than 

for SOU . 



2 9 5  

Ewe Soundne s s  Grade 

H e r i tabi l i ty of  ewe soundne s s  g rade was e s t imated as 0 .  0 0  

- 0 . 3 6  ( and one o f  0 . 5 6 ) . No oth e r  est imat e s  o f  ewe SOU 

have bee n  publ i shed . The se e s t ima t e s  are s im i l a r  to those 

reported in the hoggets by Chopra ( 1 9 7 8 ) of  0 . 0 0 0 . 2 2 

and tho s e  f ound i n  thi s s tudy 0 . 0 5 - 0 . 3 2 .  I n  se l e c t ion 

index stud i e s  McPher son ( 1 9 8 2 ) a s s umed a low her i t abi l i ty 

for un soundne s s  of 0 . 1 0 .  

Large s t a ndard e r rors a s s oc i a ted w i th the her i t ab i l i t y  

e s t ima t e s  meant there w e r e  n o  s igni f i cant d i f ferences 

betwe e n  a g e  c la s s e s  or  betwe e n  the stocking r a te s .  The 

low magn i tud e of  the s i r e  x e n v i r onment i ntera c t i on s  meant 

that no s i gn i f i cant d i f f e re n c e s  occurred be twe e n  EI and 

II est imat e s . 

DD est imat e s  we re higher than PHS e s t ima t e s  1 

s i gn i f i c a n t  d i f f e rences f re quent l y  occu r r i n g  i n  

separate age and separate stock i ng r a t e  ana l y s e s . 

w i th 

the 

Th e l ow magni tude of the her i t abi l i ty of  ewe S OU in th i s  

s tudy suggested tha t  l i tt l e  p rogre s s  cou l d  be a ch i eved 

by d ir e c t  se l e c t i o n  on th i s  tra i t .  

The e s t i ma ted her i tab i l i ty o f  me a s ured s t a p l e  s tr e ngth 

wa s 0 . 0 0 0 . 3 6 f or PHS e s t i ma t e s  and 0 . 1 5 0 . 5 8 for 

DD e s t imate s . PHS est i ma t e s  of  SOU and S S T  were very 

s imi la r .  DD r egre s s ion e s t imates  of the her i t ab i l i t y  

of  SOU we r e  genera l l y l owe r t h a n  for SST 1 reve r s e  to tha t 

found i n  t he hogge t s . Howe v e r  1 a s  i n  the hogg e t s  1 i t  

sugg e s t s  tha t  gr e a t e s t  gene t i c  prog r e s s  i n  improvi ng s t a p l e  

s �rength wou l d  be ach i eved u s i ng S S T  a s  a s e l e c t ion 

cr iter ion . 
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4 . 3 . 1 6  HANDLE GRADE 

Hogget Handl e  Grade 

The he r i tabi l i ty e s t ima t e s  of hogget hand l e  grade we re 

- 0 . 4 7 .  The e s t ima t e s  by Chopra ( 1 9 7 8 ) we re higher , 0 • 1 1  
0 . 2 3  
( 1 9 7 8 )  

0 .  6 6 , but r ec a l c u l a t i on on data u s e d  i n  Chopra ' s 

s tudy obt a i ne d  e s t imates of 0 . 1 3 - 0 . 4 8 wh ich were 

the same as thos e  in the p r e s e n t  s tudy . 

No s i gn i f i ca n t  d i f f e r e n c e s  we re found be twe e n  the separate 

s tocki ng rate e s t im a t e s  or be tween DD a nd PHS e s t imates . 

Chopra ( 1 9 7 8 ) a l s o  reported no d i f f erence between the 

s tock i ng rate e s t ima te s .  

Ewe Hand l e  G rade 

I n  the ewe a na l y s e s  e s t ima t e s  of  he r i tab i l i ty of  handl e  

grade r a ng ed f rom 0 .  0 0  t o  0 .  3 6  i n  the m a i n  a na l y ses and 

from 0 .  0 0  to 0 .  6 5  i n  the sepa rate age s epa r a t e  s tock ing 

rate a n a l y se s . Rae ( 1 9 4 6 ) reported an e s t i ma te o f  0 . 4 4 ,  
the on l y  other pub l i shed · e s t imate of he r i ta b i l i ty of HND 

i n  New Z ea l and Romney ewe s .  The e s t imates i n  th i s  study 

we re s im i l a r  to e s t i ma t e s  in hoggets by C hopra ( 1 9 7 8 ) 
0 . 2 3  0 . 6 6 a nd i n  t h i s s tudy 0 . 1 1 0 . 4 7 .  Pub l i shed 

e s t i ma t e s in other bre e d s we re in good 

t h i s  s tudy ( 0 . 3 0 Mor l e y , 1 9 5 5 ; 0 . 0 8 
e t  a l.. 1 9 7 0 ) . 

a gr eeme nt w i th 

0 . 5 6 Mu l laney 

No c on s i s tent age t re nd s  or s tock ing rate d i f f er e nces in 

e s t i ma t e s cou ld be ident i f i e e . The only s i g n i f i cant 

d i f f e r e n c e s a r o s e  be c a u s e  of  the h igh PHS e s t imates of 

heri tab i l i ty in the 3 year old ewe ana l y s i s  in the cont rol 

stoc k i ng r a t e  a nd the h igh DD e s t ima te for the 4 year 

o ld ewe s in the cont r o l  s t o c k i ng rate . 
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Th e impor tan c e  o f  s i re x yea r  i n t er a c t i on s  wer e  re f l ec ted 

in the d i f f e rences between the E l  a nd I I  PHS e s t imate s . 

The d i f ferenc e s , on average about 0 . 1 , we re not 

s ta t i s t i ca l l y  s i gn i f i cant . 

I n  gene r a l  the i nt ermed iate-med i um magnitude of  t h e  HND 

heri tabi l i ty e s t ima t e s  ( mo s t  0 . 1 5 - 0 . 3 6 )  sugg e s t e d  tha t 

s ome genet i c  improvement i n  hand le  of  the f le e c e  cou l d  

. be obt a i ned from s e l e c t i on o n  th i s  c r i ter i on . 

4 .  3 .  1 7 GREASY MIDSIDE COLOUR GRJI,DE 

H ogget Gre a s y  M i d s i d e  Colou r  Grade 

E s t ima te s o f  the heri tabi l i ty of g r e a sy m id s i de c o l ou r  

i n  cpqgget s r anged f rom 0 . 1 0  t o  0 . 4 2 .  Rae ( 1 9 4 8 ) reported 

a n  e s t imate for GCM her i t ab i l i t y  of 0 . 0 0 but on ly a sma l l  

number of sheep we r e  involved in hi s study . Chopra ( 1 9 7 8 ) 
r eported e s t i m a t e s  of 0 . 2 2 0 . 4 4 ,  s imi l a r  to e s t i ma t e s  

i n  th i s  s tu d y . Ta i t  ( 1 9 8 3 ) e s t imated the her i t a b i l i t y  

o f  v i s ua l  y e l l owne s s  of grea sy woo l a s  0 . 2 5  - 0 . 2 6 . 

DD e s t im a t e s  of hogget GCM her i t a b i l i t y  wer e  very s im i l a r , 

0 . 2 4 0 . 2 6 .  Th ey we re not s i g n i f i cant ly d i f f er e n t  f rom 

the PHS e s t i m a te s . 

PHS e s t i ma t e s  ca l c u la ted by the E l  a nd I I  method s were 

s imi l a r  in the separate s tock i n g  ra t e s  a s  the s i r e  x year 

intera ct ions we r e  not import a n t  i n  those ana l y se s . Th e 

combined d a t a  e s t imates wer e s i gn i f ican t l y  d i f f erent 

r e f l ect i ng the importance o f  both s i re i n te ra c t ions i n  

the poo l ed ana ly s i s . 
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The i n te rmed i a t e  t o  med ium heritabi l i t y  e s t imates  f o r  

hogget · G C M  i n  th i s  study i nd i cated t h a t  s ome improvement 

in whi tene s s  o f  Romney woo l  wou ld be expec ted f rom u s e  

o f  t h i s t r a i t  a s  a s e l e c t i on c r i terion . 

Ewe G r e a s y  M id s ide C o l o u r  Grade 

E s t i ma te d  her i tabi l i ty of ewe grea sy m i d s i d e  co lour ranged 

f r om 0 .  0 0  to 0 .  6 5 .  In the m a i n  a n a l y s e s  PHS e s t imates  

we re 0 . 0 0 - 0 . 3 6 . No other s tud i e s  on New Z e a l and Romney 

sheep have reported e s t ima t e s  of ewe GCM her i tab i l i ty 

but h e r i tabi l i t i e s  i n  t h i s s tudy a r e  s im i l a r  to those 

d i s c u s s e d  f or hogge t  GCM . I n  other breed s e s t ima t e s  

obt a ined we r e  h i gher t h a n  thos e  in th i s  s t u d y  ( 0 . 6 3 Mor l e y 1 

1 9 5 5 ; 0 . 2 7  - 0 . 4 1 M u l l a ne y  e t  a £ . 1 9 7 0 ) . 

As �.he s i r e  var iance wa s g e ne r a l l y z e ro o r  very low 1 the 

P H S  E I  e s t ima t e s  we re not s ig n i f i cant ly d i f f e rent f rom 

z e ro . The I I  e s t im a t e s  we re s igni f i ca n t l y  d i f ferent from 

z e ro a nd s i gn i f ic a n t l y  d i f f e r ent f r om the E I  e s t ima tes 

f o r  many c a s e s  1 r e f l e c t i n g  the i mpor tance of GxE 

i n t e r a c t ions in th i s  t ra i t . 

DD e s t i m a t e s  we re s im i l a r  to the PHS e s t imates , except 

in the c ombi ned age a na ly s e s  where DD e s t ima te s  we re 

s ign i f i c an t l y  h i gher . 
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4 . 3 . 1 8  SCOURED M I DS IDE COLOUR GRADE 

Hogget S c oured M id s ide Colou r  Grade 

Heri tabi l i  ty e s t i mate s for hogget s cou red m i d s i de c o l ou r  

were 0 . 0 4 - 0 . 2 5 .  Chopra ( 1 9 7 8 ) r e ported the only other 

e s t ima te s o f  S CM i n  New Z e a l and Romney hogget s � H i s  

e s t i mate s o f  0 . 1 0 0 . 3 9 were s l i gh t l y  higher than 

e s t ima t e s  obt a i ne d  i n  thi s study , a l though l a rg e  s t a ndard 

error s a s soc i a ted wi th the h i gher e st imates meant there 

were no s i gn i f i ca n t  d i f ference s . J a ck so n  ( 1 9 7 3 ) obt a i ned 

a value of 0 .  2 0  i n  Merino hogget s .  B i gham e i a l .  ( 1 9 8 3 ) 
obta ined a h e r i t abi l i ty e s t i ma te o f  m e a s ured y e l l own e s s  

o f  0 . 1 3 .  

The e s t ima t e s  obtai ned for S CM were lowe r than the 

h e r i tabi l i ty e st imates  for GCM , wh i ch Chopra ( 1 9 7 8 ) 
sugges ted wa s because of  a genet i ca l ly in f luenced c o l ou r e d  

con t am inant b e i n g  wa shed o u t  dur i ng s cour i n g  or be c a u s e  

of  greater d i f f i cu l ty i n  ma i nt a i n i ng standard s dur i n g  

the vi sual gra d i ng o f  scoured woo l . 

Al though the h e r i tabi l i ty e s t im a t e s we r e  h i gher i n  the 

CSR than in the HSR , the d i f f e r e n c e s be tween the e s t i ma t e s  

were non- s ign i f i ca n t . 

There were n o  s i gn i f i cant d i f f e r e n c e s  betwe e n  the DD a nd 

PHS e s t imate s .  

Ewe S c oured M i d s i de Co lour Grane 

The her itabi l i t i e s  of  ewe s cou r e d  m i d s id e  c o l ou r  we re 

0 . 0 0 - 0 . 3 6 i n  the P H S  e s t im a t e s  a nd 0 . 0 0 - 0 . 8 0 i n  the 

DD e s t ima te s .  N o  e s t ima t e s  have been pub l i shed for ewe 

SCM her itab i l i t i e s . However , the s e  e s t i mate s a re s im i l a r  

to t h e  hog g e t  S CM h e r i tabi l i ty e s t i ma t e s  ( 0 . 2 0 J a c ks on , 

1 9 7 3 ; 0 . 1 0 - 0 . 3 9 ,  Chopra , 1 9 7 8 ) . 
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P H S  E I  e s t imates  we r e  genera l l y no t s i gn i f i c a n t l y  d i f f erent 

f r om z e ro , re f l e c t i n g  the l a ck of s i re var i a nc e . 

DD e st ima t e s  we r e  a l so not s i gn i f i c an t l y  d i f ferent f rom 

z e ro , except i n  t h e  combi ned a g e  a n a l yses where 

h e r i tabi l i ty of SCM wa s e s t ima ted a s  0 . 5 6 :!: 0 . 0 6 ,  0 . 8 0 :!: 
0 . 1 0 and 0 .  5 8  :!: 0 . 1 0 i n  the poo led , CSR and HSR combi ned 

a g e  ana l y s e s  re s pe c t i v e l y . 

A s  for GCr-1 , the h e r i t a b i l i ty e s t im a t e s  of scoured mi d s i de 

c o l our were genera l l y  l o w , i nd i cat i n g  t ha t  l i t t l e  gene t i c  

progre s s  could be m a d e  i n  improving f l e ece colour us i ng 

t h i s  tra i t  a s  a s e l e c t i o n  cr i t er ion . 

4 . 3 . 1 9 GREASY FLEECE COLOUR GRADE 

Hogget G r e a s y  F l ee c e  C o l ou r  Grade 

H e r i tabi l i ty e s t i ma t e s  f o r  hogget GCF , 0 . 0 6 - 0 . 1 5 ,  we re 

n o t  s ig n i f i ca n t l y  d i f f er e n t  from z e ro � Chopra ( 1 9 7 8 ) a l s o 

p r e s ented e s t im a t e s  o f  GCF , h i s es t imat e s  of  0 . 0 4 - 0 . 2 1 
we re s im i l a r  to tho s e  i n  th i s  s t udy . 

Low he r i tabi l i ty e s t i ma t e s  for hogge t gr e a s y  f l eece co lour 

in t h i s  s tudy s u gg e s t t h a t  se l e c t i o n  on t h i s  tra i t  wi 1 1  
r e �u l t  � n  l i t t J e  gene t i c  progr e s s . 

Ewe G r e a s y  F leece C o l ou r  G r a d e  

H e r i tabi l i ty e s t ima te s o f  ewe 

f r om 0 . 0 0 0 . 2 1  ( p l u s  one 

grea sy f l ee c e  co lour ranged 

o f  0 . 6 0 ) for PHS e s t i mates  

a nd from 0 . 0 0 - 0 . 7 7 f o r  DD e s t i mate s . 
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P H S  E I  e s t ima t e s  we r e  not s i gn i f i ca n t l y  d i f fe rent f rom 

z e ro , ex cept the 4 -yea r - o l d  ewe e s t imate . The pre sence 

o f  s ome s i re x year i ntera c t i on s  r e s u l ted in h i gher I I 

heri tabi l i ty e s t i m a t e s  bu t the d i f f e renc e s  from E I  

e s t ima t e s  were not sta t i s t i ca l l y s i gn i f i cant . 

D D  e s t ima t e s  we r e . s i g n i f i ca n t l y  h i gher than P H S  e s t i m a t e s  

i n  the combi ned ag e ana l y s e s  on ly . 

4 . 3 . 2 0 NUMBER OF LAMBS BORN 

E s t ima t e s  of the h e r 1 tabi l i ty of  number of l ambs born 

ranged from 0 .  0 0  0 .  4 8 ;  mo st were b e l ow 0 .  2 0 .  Other 

e s t im a t e s  of the he r i tabi l i ty of NLB in New Z ea l and Romney 

ewe s a l so tend to be l ow ( 0 . 0 5 ,  Ch ' a n g  a nd Rae , 1 9 7 0 , 
0 . 0 1 0 . 0 4 Lund i e , 1 9 7 1 ) . 
Rae ( 1 9 8 2 ) repor ted t h a t  the mo s t  common range of  re l i ab l e  

e s tim a t e s  of  her i t abi l i ty o f  lamb s · born for N e w  Z ea l and 

Romney s wa s 0 . 0 - 0 . 1  for 2 year o l d  ewe s a nd 0 . 0 - 0 . 3  
f or 2 - 4  year o l d  ewe s . Other stud i e s  have r e ported a 

range of  e s t ima t e s  wh i ch genera l l y  a g ree w i th tho se i n  

th i s  s tudy ( 0 . 2 6 She ltori and Menz i e s ; 1 9 6  8 ;  0 . 0 8 Forrest 

and B i chard , 1 9 7 4 ; - 0 . 1 3  - 0 .  1 7 Gregory , 1 9 7 7 ; 0 .  1 2 C l a rke 

and H ohenboken , 1 9 8  3 ;  0 .  0 1  0 . 3 1 R end e l , 1 9 8 5 ; 0 . 1  4 
F og a r t y  .e. t  al. . 1 9 8 5 ) . 

.-

Mos t of  th e e s t ima t e s  i n  th i s  study we r e  not s i g n i f i ca n t l y  

d i f f erent from zero . E I  and I I  paterna l ha l f - s i b est ima t e s  

w e r e  i dent i c a l  i n  t h e  HSR a n a l y s e s . T h e  I I  e s t ima t e s  

w e r e  h i g her as compa red to t h e  E I  e s t i mate s i n  t h e  con trol 

and c ombined s tocking rates but the d i f f er e n ce s were not 

s i g n i f i cant . 

The d aughter- d am h e r i t a b i l i t y  e s t ima te s we re h i gher than 

the paterna l h a l f - s i b E I  e s t imat es but no s i gni f i cant 

d i f f er e n c e s  we re fou nd . 
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H e r i t ab i l i t y e s t i ma t e s  for l i f e t ime numbe r o f  l ambs born 
d i d not d i f f e r  from the sepa r a t e  or c omb i ned age e s t i ma t e s .  
Fogar t y  � t  af . ( 1 9 8 5 ) a l s o ob ta i ned a s i mi lar heri tabi l i ty 
e s t imate f o r  l i f e t i me p e r formance a s  f o r  the i nd i v i du a l  
r ecord s o f  ewe pe r f orma nc e . 

S a oud a nd H ohenboke n  ( 1 9 8  4 )  n o t ed t h a t  d e s p i t e  the l ow 
h e r i tabi l i t i e s  g en e r a l l y  repor ted s ever a l  r e s e a rche r s  
have r e po r t e d  s uc ce s s f u l  s e l e c t ion f o r  i ncrea s ed repro-
d u c t i ve rate ( C l a r ke , 1 9 7 2 ; 
1 9 7  8 )  • 

Hanrahan , 1 9 7 6 ; Turne r , 

4 . 3 . 2 1 N UMBER OF LAMB S WEANE D 

H e r i t a b i l i ty o f  number o f  l amb s wea ned wa s e s t imated a s  
0 . 0 0 - G . 2 :? by pa t e r n a l  ha l f - s i b ana l y s e s  and 0 . 0 0 - 0 . 4 1  
i n  d aughter-dam e s t i m a te s . Few repo r ted e s t imates a r e  
a va i l a b l e  for the New Z ea l a nd Romne y  ( 0 .  0 0  0 . 1 5 R a e  
a nd Ch ' a ng , 1 9 5 5 ;  0 . 0 3 0 . 0 7  L u nd i e , 1 9 7 1  ) a l though 
Rae ( 1 9 8  2 )  r e po r t ed a range o f  0 .  0 - 0 .  1 for he r i  tabi li ty 
of l amb s weaned i n  2 -y e a r - o ld Romney ewe s . S t ud i e s  i n  
o ther breed s have obta i ned a w i d e  range o f  e s t imat e s , 
s im i l ar to t ho s e  i n  t h i s s tudy ( 0 .  0 0  - 0 .  2 9  Young � t  a£ . 

1 9 6  3 ;  0 . 0 6 K ennedy , 
1 9 6 8 ; - 0 . 0 1 - 0 . 0 4  
1 9 7  6 ;  - 0 . 1 7  0 . 2 6  
1 9 7 8 ; 0 . 0 0  C l a r k e  

1 9 6 7 ; 0 . 1 9  - 0 . 2 8  She l t on and Menz i e s  
E i kj e ,  1 9 7 5 ; 0 . 0 8 - 0 . 2 4  O ' Fe r r a l l , 

G r e gory , 1 9 7 7 ; - 0 . 0 2 - 0 . 2 4  L ewe r , 
and Hohe nbok en , 1 9 8 3 ; - 0 . 0 9 0 . 3 1  

F o g a r t y , D i ck e r s o n  a nd Young , 1 9 8 5 ; 0 .  0 0  - 0 . 1  6 Rend e l , 
1 9 8 5 ) . 

L a c k  o f  s i re v a r i a n c e  meant mo s t  p a t e rn a l  h a l f - s i b E I  
e s t im a t e s  o f  h e r i t a b i l i ty were z e ro . S i re i n tera c t i o n s  
w e r e  a l s o s ma l l , h e n c e  mo s t  I I  e s t i ma t e s  we re no t 
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s i g n i f i cant Yy d i f ferent f rom z e ro e x c e p t  i n  the poo l ed 
d a t a  ana l y s e s . 

Daugh t e r - d am e s t ima t e s  o f  h e r i tabi l i ty we re s i m i l a r  to 
p a t erna l ha l f - s i b  e s t im a t e s  in the h i gh s t o ck i ng rate 
and in the combi ned a g e  a n a l y s e s . In 3 a n d  4 y e a r  o l d  
s ep a r a t e  a g e  ana l y s e s  the c ombined a nd c on t r o l  s tocking 
r a t e  daughter -dam e s t ima t e s  we re con s i d erab l y  higher than 
pat erna l h a l f - s i b  e s t ima te s , but large s ta nd ard errors 
r e s u l te d  in no s i gn i f i ca n t  d i f f e r ence s . 

N o  a g e  trend s were ob s e rv a b l e  i n  th i s  s tudy . Foga rty 
e. t  af . ( 1 9 8 5 )  noted there was a tendency f o r  he r i tabi l i t y  
e s t imat e s  to i n c rea s e  w i t h  pa r i ty , a l though t h e  i n c r e a s e s  
w e r e  a s s o c i ated w i th l a r g e  standard e r r or s beca u s e  l a t e r  
pa r i t i e s  invo lved fewe r d a t a . 

H e r i t ab i l i t y  of l i f e t i me number of l ambs we aned wa s h i gh e r  
i n  the combined and con t r o l  s tock i n g  r a t e  a n a l y s e s  than 
in the h i gh s t ock i ng rate but l a rge s t andard e r ror s 
r e s u l t e d  
e. t  a f  . 

i n  no s i gn i f i c a n c e  d i f f e r e n c e  f rom zero . Fogarty 
( 1 9 8 5 ) e s t imated 1 i f e t irne per fo rmance f or number 

+ o f  lamb s wean ed a s  0 . 0 6 - 0 . 0 5 .  

4 .  3 .  2 2  WE IGHT OF LAt-1B WEANED 

P a t erna l ha l f - s i b  e s t im a t e s  of he r i tabi l i t y  o f  we i gh t  
o f  l amb we aned ranged f rom 0 .  0 0  to 0 .  3 4 ,  wh i l e  d augh t e r ­
d arn e s t imates ranged be tween 0 . 0 0 a n d  0 . 4 3 .  M o s t  e s t ima t e s  
i n  th i s  s tudy t ended t o  b e  l e s s  than 0 . 1  5 .  E s t ima t e s  
o bt a i n e d  i n  other s tud i e s  cover a w i d e  range o f  

h e r i t ab i l i t i e s  ( 0 . 1 7 G j e d r ern , 1 9 6 7 ; 0 . 2 9 Sh e l ton and 
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Menz i e s , 1 9 6 8 ;  0 .  0 1  0 . 3 5  L u nd i e , 1 9 7 1  i 0 o 1 1  1 0 . 5 0 
Ba s uthakar . e t  a £ .  1 9 7  3 i 0 . 1  2 E i kj e ,  1 9 7  5 i - 0 . 0 5 - 0 . 5 3 
Gregory , 1 9 7 7 ; - 0 . 0 5 C l arke and Hohenboken , 1 9 8 3 ; 0 . 0 6 
Fog a r t y  e t  a £ .  1 9 8 5 ; 0 . 0 0 - 0 . 3 4 Rende l , 1 9 8 5 ) . 

Paterna l ha l f - s i b E I  e s t ima t e s  were not s i gn i f i cant l y  
d i f fe rent f rom z e ro , e x cept f o r  the we ight of l amb weaned 
by 4 y ear o ld ewe s i n  the con trol s tock i ng rate , re f l e c t i ng 
the l a ck o f  s i r e  va r i ance . I I  e s t i mate s were h i ghe r , 
tend i ng to be a ro und 0 . 1 0 ,  r e f l e c t i n g  the pre s ence o f  
genot ype x e n v i ronment i n tera c t i on s . 

Al though d a u g h t e r - d am e s t im a t e s  we re g ener a l l y  h i gher 
than paterna l h a l f - s i b  e s t i ma t e s  the s e  d i f f erences we re 
not s ta t i s t i c a l l y  s i gni f i cant . 

Her i tab i l i t y o f  l i f e t i me we i gh t  o f  l amb weaned wa s 0 . 1 2 
i n  the comb i ned s tock i ng r a t e  a nd 0 .  0 6  i n  both separate 
s to ck i ng r a te s . The c ombi ned s to c k i ng rate e s t imate wa.s 
i n  good agreement w i t h  the 0 . 1 5 ± 0 . 0 5  r e ported by Fogarty 

e t  a£ . ( 1 9 8 5 ) . 

4 . 3 . 2 3  WE IGHT PER LAMB WEANED 

E s t ima t ed h e r i t a b i l i ty of we ight per l amb we aned wa s 0 . 0 0 
0 . 5 2 ,  w i t h  mo s t  e s t im a t e s  l e s s  than 0 . 2 0 . E s t im a t e s  

we re s i m i l a r  t o  her i tab i l i t i e s  o f  tota l we i ght o f  l amb 
weaned . 

H e r i t ab i l i t y  e s t i m a t e s  t e nded t o  be h i gher in the con t r o l  
a s  compared t o  the h i g h  s to c k i ng r a t e ; howev e r  l a rg e  
s tandard e r r o r s  meant d i f f e r e nc e s  w e r e  no t s ta t i s t i c a l l y  
s i gn i f 1 c an t . 
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P a t e rn a l ha l f - s i b E I  e s t i ma t e s  we re g e n e r a l l y not 
s i g n i f i cant l y  h i gher t h a n  z e ro , r e f l e c t ing the absence 
o f  s i r e var i ance . I I  e s t i m a t e s  o f  he r i t a b i l i t y we r e  h i gher 
than z e ro but there w e r e  n o  s i gn i f i ca n t  d i f f e r e n c e s  betwe e n  
E I  and I I  h e r i t a b i l i t y  e s t imat e s . 

A s  f o r  tota l we igh t  o f  l amb we aned , low he r i t a b i l i t y  o f  
we i gh t  per lamb weaned i nd i c a t e s  tha t l i t t l e  gene t i c  
progr e s s  c a n  be expected i n  f l ock s o f  s i m i l a r  type i f  
WPL wa s u s ed as a s e l ec t i o n  c r i t e r i on . 

4 . 3 . 2 4 LAMB SURV IVAL 

He r i t abi l i t y  of l amb s u r v iva l wa s e s t i ma ted to range from 
0 . 0 0 to 0 . 3 0 .  Mo s t  o f  the e s t im a t e s  a ppro x i ma ted z e ro , 
w i t h  few being s i g n i f i c a n t l y  d i f f e r e n t  f rom z e ro . Few 
o t h e r  e s t imate s o f  the h e r i tabi l i t y  of l amb s u r v iva l have 
been pub l i shed ( 0 . 1 3 ,  0 . 1 9 l i vabi l i ty Sh e l t o n  and M e n z i e s , 
1 9 7 0 ;  - 0 . 0 7 0 . 1 3  pr ewe a n i ng surv i va l  F oga r t y  e. :L  a f. . 

1 9 8 5 ; < 0 . 1 0  C l o e t e  and Heydenry ch , 1 9 8 7 ) . 

W i th the except i o n  o f  one e s t ima t e  a l l  d a ugh t e r - dam 
her i t a b i l  i t i e s  we re c l o s e  to z e r o  and s im i l a r  t o  PHS EI 
e s t im a t e s . Foga r t y  e. :L  a f.  • ( 1 9 8 5 ) d e te r m i ned the DD 
h e r i t abi l i t y  of prewe a n i n g  surviva l a s  - 0 . 1 2 .  
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4 . 3 . 2 5 HER ITAB I L I T I ES OF A S S E S SED WOOL TRA ITS BY CATEGOR ICAL 
ANALY S I S  

Her i tabi l i t i e s  c a l c u l a t ed f o r  
l og i s t i c  l i n e a r  m i xe d  mod e l  
Tab le 4 . 7 .  

a s s e s s ed woo l t ra i t s  u s i ng 
a na l y s e s  a r e  p r e s e nted i n  

T h e  her i t a b i l i t i e s  i n c l ud i ng s i re i nt e r a c t i on s  a re very 
s im i l a r  t o  PHS II e s t ima t e s  ( Ta b l e  4 . 6 )  for most tra i t s ,  

w i th t h e  e x c e p t i on o f  g re a s y  m i d s ide c o l our where the 
c a t egor i c a l  e s t imate wa s 0 . 2 1 compa red to t he PHS I I  
e s t imate o f  0 . 1 4 .  

The s i re v a r i a n c e  wa s c a l c u l a t ed by m a x i mum l i k e l ihood 
e s t ima t i on i n  a wa y that i n c l ud e s  a component of the s i re 
i nterac t i on s . Th i s  s i g n i f i ca n t l y  inf l a t e s  the he r i t a b i l i ty 
e s t imates i n  m o s t t r a i t s . The s e e s t ima t e s  l i e s omewhere 
betwe en t ho s e  e s t i ma t ed by 
e x c lud i ng i n t e r a c t i on s  ( PHS 

cont i nuou s 
E I ) a nd 

t r a i t  
tho s e  

a na l y s i s  
i nc l ud i ng 

i ntera c t i o n s  ( PHS I I ) . A l t hough they may repre s e nt a 
t r uer e s t i m a t e  than tho s e  f rom PHS E I  me thod s t he 
con found i n g  w i th s ome o f  the i nterac t i on e f f e ct s makes 
the i r  i n t e r pr e t a t ion more d i f f i c u l t . The gre a t e s t  d e v i ance 
between e s t i ma t e s  o f  the a s s e s sed woo l t r a i t s  t reated 
a s  cont i nu o u s  o r  c a t e go r i ca l va r i ab l e s  i n  th i s  wa y occurred 
f or CHG ( 0 . 2 1 cf 0 . 1 0 ) ,  LUS ( 0 . 1 0 cf 0 . 0 3 ) , COT ( 0 . 2 4 
c f  0 . 0 9 ) , HND ( 0 . 2 8 c f  0 . 1 7 ) ,  GCM ( 0 . 1 2 c f  0 . 0 0 ) , a nd 
SCM ( 0 . 1 0 c f  0 . 0 0 ) . Va l u e s  we re very s im i l a r  f o r  T I P , 
CAG , SOU a nd GCF . 

E s t ima t e s  o f  e nv i ronmenta l e f f e c t s  a nd he r i t ab i l i t i e s  
obt a i ned f rom t re a t i ng a s s e s s ed tra i t s  a s  cont i nuous are 
very s im i l a r  to tho s e  u s i ng c a t e g or i ca l  ana ly s i s  techn ique s .  
Therefore i t  i s  adequate to t r e a t  a t  l e a s t  some g raded 
t ra i t s  a s  c on t i nuou s . Th i s  i s  conven i en t  for a n a l y si s 
purpo s e s  
d a t a  have 

a s  many 
yet to 

t e ch n i qu e s for a na l y s i s  o f  c a t egor i c a l  
b e  deve l oped for pra c t i c a l  u s e , s uch 

as corre l a t i o n s  be twe e n  con t i nu o u s  and cate gor i c a l  t r a i t s . 
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e UJe 
TABLE 4 . 7 :  H e r i tabi l i t y e s t i m a t e s  of a s s e s s edj woo l t r a i t s  

b y  c a tegor i c a l  ana l y s i s  

Tra i t  H e r i tabi l i t y  E s t ima t e s  
Absorb s i re on l y  

CHG 0 . 2 1 

LU S 0 .  1 0 

T I P  0 . 2 8 

COT 0 . 2 4 

CAG 0 . 2 2 

$0U 0 . 0 5 

HND 0 . 2 8 

GCM 0 .  1 2 

S CM 0 .  1 0 

GCF 0 . 0 5 

Ab sorb s i re w i th i n  
_by r  w i t h i n  s r  

0 . 2 9 

0 .  1 5 

0 . 2 9 

0 . 3 9 

0 . 4 7 

0 .  1 6 

0 . 3 4 

0 .  2 1  

0 .  1 4 

0 . 0 8 
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4 . 3 . 2 6 : E f f i c i e n c y  o f  I n d i r ec t  S e l e c t i o n 

T h e  e f f i c i e n c y  o f  s e l e c t i n g s i r e s a t  a d i f f e r e n t  s t o c k i n g  r a t e 

c a n b e  c a l c u l a t ed u s i n g t h e  equa t i o n g i ve n  by Fa l c o n e r  ( 1 95 2 ) . 

S om e  o f  t h e s e  c a l c u l a t i on s  h a v e  a l s o  b e e n  p r e s e n t ed b y  W o o l a s t o n 

( 1 9 8 6 )  . T h e  va l u e s  a r e  g i v e n  i n  T ab l e 4 . 8 .  

I n  m o s t  c a s e s  i t  wa s m o r e  e f f i c i e n t  t o  s e l ec t  s i r e s  

e nv i r o nm e n t  

e f f i c i e n c i e s  

i n  wh i c h  t h e  p r o g e ny w e r e t o  p e r f o rm . T h e 

f o r  a du l t b o dy w e i gh t  a n d  s t ap l e  s t r e n gt h 

i n  t h e  

n ega t i v e  

s ugg e s t 

t h a t  s e l ec t i o n 

s e l ec t i o n a 

i n  t h e  wr o n g  e nv i r o nm e n t  i s  w o r s e  t h a n  r a n dom 

p h e n om e n o n  d i f f i c u l t  t o  e xp l a i n  1 n  b i o l og i c a l  

t e r m s . 

W o o l a s t o n ( 1 9 8 6 )  p o i n t ed o ut t h a t  Fa l c o n e r ' s ( 1 9 5 2 )  f or mu l a  f o r  

t h e  e f f i c i e n c y  o f  i n d i r ec t  s e l ec t i o n a s s um e s  equa l s e l e c t i on i n  

b ot h  e nv i r o nm e n t s .  I f  o n e  e nv i r o nme n t  i s  m o r e  f a v o ur ab l e  t ha n  

t h e  o t h e r , t h i s  w i l l  p r obab l y  n o t b e  t h e  c a s e . A n  i n c r ea s e  i n  

w e a n i n g p e r c e n t ag e  f r om 7 5 %  t o  8 5 %  c a n i nc r ea s e t h e  s e l ec t i o n 

i n t e n s i t y b y  a b out 5 % . Und e r  s uc h  c o n d i t i o n s , t h e  e f f i c i e n c y  o f  

i n d i r e c t  s e l e c t i o n i n  t h e  m o r e  favour e d  e nv i r o nme n t  s h o u l d  b e  

i n c r e a s e d b y  t h i s  amoun t . 
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T h e  e f f i c i e n c y  o f  i nd i r ec t  s e l ec t i o n r e l a t i v e  t o  

d i r ec t  s e l ec t i o n f or h ogget a n d  adu l t t r a i t s (%) 

S t o c k i n g Rat e H e r i t ab i l i t y E s t i ma t e 

S i r e  Pr o g e ny EI I I  

------------- ----------------------------------------------------

LWT 1 C on t r o l  H i gh 9 1  7 0  
H i gh C o n t r o l  2 9  37 

LWT2 _ 5 C on t r o l  H i gh - 36 - 3 1  
H i gh C on t r o l  - 1 6  - 1 9  

GFW 1 C on t r o l  H i gh 8 6  6 7  
H i gh C on t r o l  82 1 os 

GFW2 _ 5 C on t r o l  H i gh 57 7 1  
H i gh C on t r o l  75 5 9  

C FW1 C on t r o l  H i gh 1 1 3 84 
H i gh C on t r o l  70 95 

C FW2 _ 5 C o n t r o l  H i gh 1 0  71 
H i gh C o n t r o l  6 0  6 0  

y
l C on t r o l  H i gh 5 7  5 7  

H i gh C on t r o l  57 5 7  

y
2 - S  C o n t r o l  H i gh 37 4 6  

H i gh C on t r o l  4 8  3 8  

Ql C o n t r o l  H i gh 8 6  8 6  
Hi gh C o n t r o l  84 8 4  

Q2 - S C on t r o l  H i gh 7 0  5 6  
H i gh C o n t r o l  4 8  6 0  

MFD1 C o n t r o l  H i gh 1 0 5 1 2 2  
H i gh C o n t r o l  77 6 7  

MFD2 _ 5 C o n t r o l  H i gh 8 8  8 6  
H i gh C o n t r o l  5 6  5 7  

S L1 C on t r o l  H i gh 8 0  8 7  
H i g h  C o n t r o l  1 3 0 1 2 0  

S L2 - S  C o n t r o l  H i gh s s  s s  
H i gh C o n t r o l  5 7  5 7  

T C N1 C o n t r o l  H i gh 85 92 
H i gh C o n t r o l  8 9  82 
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T ab l e  4 .  8 :  C o n t i nu e d  

T ra i t  S t o c k i n g  Rat e H er i t ab i l i t y  Es t i 1 
S i r e  Pr ogeny EI I I  

------------------------------------------------------------· 

T C N2 _ 5 C o n t r o l  H i gh 5 3  
H i gh C ont r o l  5 1  

C F1 C o n t r o l  H i gh 92 
H i gh C ont r o l  1 1 1  

C F2 - 5  C o n t r o l  H i gh 5 8  
H i gh C o nt r o l  6 8  

S ST 1 C o n t r o l  H i gh 8 3  
H i gh C on t r o l  1 4 7  

S S T2 _ 5 C o n t r o l  H i gh - 3  
H i gh C ont r o l  - 2  

CHG 1 C o n t r o l  H i gh 64 
H i gh C on t r o l  7 8  

C HG2 _ 5 C on t r o l  H i gh 4 2  
H i gh C on t r o l  8 5  

L U S 1 C o n t r o l  H i gh 1 1 3  
H i gh C o n t r o l  7 0  

L U S2 _ 5 C o n t r o l  H i gh * 
H i gh C o nt r o l  0 

T I P1 C o n t r o l  H i gh 7 5  
H i gh C on t r o l  1 4  3 

T I P2 _ 5 C o n t r o l  H i gh 1 0 0  
H i gh C o n t r o l  7 2  

COT 1 C o n t r o l  H i gh 1 2 4  
H i gh C o n t r o l  82 

COT2 _ 5 C o n t r o l  H i gh 7 5  
H i gh C o n t r o l  2 8  

CAG 1 C o n t r o l  H i gh 8 5  
H i gh C o n t r o l  1 2 7  

CAG2 _ 5 C o n t r o l  H i gh 5 1  
H i gh C o n t r o l  7 9  

¥ z e r o  her it ab i l i t y  e s t ima t e  f or d irect s e le c t i o n  me ant 
e f f i c ie n c y  c o u l d  not be c al culated 

5 9  
4 6  

92 
1 1 1  

64 
62 

60 
2 0 1  

- 2 
- 2 

7 4  
6 8  

6 8  
5 3  

1 1 3  
7 0  

0 
0 

8 8  
1 2 3  

9 1  
7 9  

1 4 3 
7 1  

4 0  
5 3  

1 4 2  
7 6  

6 4  
6 2  
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T r a i t  

sou 1 

sou2_5 

H N D 1 

H N D2_5 

GCM 1 

GCM2_5 

S CM 1 

S CM2_5 

G C F 1 

G C F2_5 

S t oc k i n g  R a t e 
S i r e  Pr o g e n y  

C o n t r o l  H i g h 
H i g h C o n t r o l 

C o n t r o l  H i gh 
H i g h C o n t r o l  

C o n t r o l  H i g h 
H i g h C o n t r o l 

C o n t r o l  H i gh 
H i gh C o n t r o l  

C o n t r o l  H i g h 
H i g h C o n t r o l 

C o n t r o l  H i gh 
H i g h C o n t r o l 

C o n t r o l  H i g h 
H i g h C o n t r o l  
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4 . 4  REPEATAB I L I T I ES 

The repeatab i l i t y  e s t i ma t e s  a nd as soc i a t e d  standard error s 
a r e  p r e s e n t ed i n  Ta b l e  4 . 9 .  In t h i s s tudy phenotyp i c  
co r r e l a t i o n s  
a b i l i t i e s . 

betwe e n  a g e s  were 
A s  o t h e r  s t ud i e s  

used t o  e s t imate repea t ­
have o f t e n  c a l c u l a t ed 

repea t a b i  l i  t y  a s  the r eg r e s s  ion of a l a t er record on a n  
e a r l i e r  r e cord and a s  d i f f e rent mode l s  a r e  f requent l y  
u s e d  t o  
d i r e c t  
i n  th i s  

c o r r e c t  d a t a  f o r  t emporary e nv i ronmen t a l  e f f e c t s  
c ompa r i son o f  repeatab i l i ty e s t ima t e s  obta i ned 

s t udy w i t h  t ho s e  reported by o t he r  r e search e r s  
m a y  be d i f f i c u l t . 

S e p a r a t e  c or r e l a t i o n  c oe f f i c i e nt s were c a l cu l a ted for 
each pa i r  o f  ages . Corre l a t i o n s  be twe e n  hogget and ave rage 
ewe r e c or d s a nd between 2 - tooth a nd o ld e r  records were 
a l s o c a l c u l a t ed . 
o f  a l l  po s s i b l e  

I t  wa s d e s i r a b l e  to obta i n  an average 
c o r r e l a t i on s  

Howev e r  t h e r e  wa s f requen t l y  
for 

a 
each pa i r  o f  record s . 

s y s tema t i c  trend among 
the e s t i ma t e s  so a s imp l e  ar i thme t i c  average , rather than 
a we i gh t e d  average , was c a l c u la t ed . 

Hogget r e p e a t abi l i t y v a l u e s  were gene ra l l y lowe r than 
r e p e a t a b i l i ty o f  l a t e r  r e c o rd s , espe c i a l l y  hogget - l i f e t ime 
r e  pea tabi l i  ty as c ompa r e d  w i th 2 y e a r  o l d  3 - 5  year old 
ewe r ecord s .  Hogget i n f orma t ion wa s genera l l y  l e s s  
r e l i a b l e  a t  pred i c t i ng l i f e t ime pe r f ormance and 2 y e a r  
o l d  r e cord s wou l d  be the pre ferred s e l ec t i on c r i t e r i a . 
Howe v e r  th i s  l e ad s to d e l a y s  in s e l e c t i on i n  pract i s e , 
i nc re a s i n g  the gene r a t i o n  i n terva l . 

The r e p e a t ab i l i ty o f  mo s t  subj e c t iv e l y  a s s e s s ed woo l tr a i t s  
wa s l o w . Th i s  i mp l i e d  that e i th e r  the a c curacy o f  the 
a s s e s sment wa s poo r  o r  that tempora ry env i r onme n t a l  f a c t o r s  
had a l a r g e  e f f e c t , w h i l e  permanent env i ronment a nd gene t i c  
c o n t r i bu t i o n s  t o  between sheep d i f f e r e n c e s  we re sma l l . 
A l o w  g e ne t i c  component wa s a l ready c on f i rmed i n  the 
he r i ta b i l i t y  s ec t i on . Thus s e l e c t i on on the ba s i s  of 
p e r f o rm a n c e  at a s i ng l e  shear i ng i s  unl i ke l y  to re s u l t  i n  
a l a r g e  i nc r e a s e  i n  l i f e t ime produc t i on o f  the f l oc k . 



TABLE 4 . 9 : Repea tabi l i ty es t ima t e s  o f  va r i o u s  tra i t s  

TRA I T  Age Age ( yr s ) 
( Yr s ) 2 3 4 5 l i f e t ime 

ALW 1 *  0 . 5 6 ± 0 . 0 3 0 . 4 8 ± 0 . 0 3 0 . 4 5 ± 0 . 0 3 0 . 3 9 ± 0 . 0 3 0 . 5 6 ± 0 . 0 3 
( * S LW ) ' 2 0 . 6 5 ± 0 . 0 3 0 . 5 6 ± 0 . 0 3 0 . 4 8 ± 0 . 0 3 0 . 6 4 ± 0 . 0 3 

3 0 . 7 0 ± 0 . 0 2 0 . 5 7 ± 0 . 0 3 
4 0 . 6 5 ± 0 . 0 3 

Ave r a g e  = 0 . 5 5 

GFW 1 0 . 4 8 ± 0 . 0 3 0 . 3 7 ± 0 . 0 3 0 . 3 8 ± 0 . 0 3 0 . 3 4 ± 0 . 0 3 0 . 4 7 ± 0 . 0 3 
2 0 . 6 1 ± 0 . 0 3 0 . 5 5 ± 0 . 0 3 0 . 4 9 ± 0 . 0 3 0 . 6 3 ± 0 . 0 3 
3 0 . 6 5 ± 0 . 0 3 0 . 5 7 ± 0 . 0 3 
4 0 . 6 6 ± 0 . 0 2 

Ave rage = 0 . 5 1 

CFW 1 0 . 4 7 ± 0 . 0 3 0 . 3 9 ± 0 . 0 3 0 . 3 9 ± 0 . 0 3 0 . 3 3 ± 0 . 0 3 0 . 4 8 ± 0 . 0 3 
2 0 . 6 3 ± 0 . 0 3 0 . 5 3 ± 0 . 0 3 0 . 5 0 ± 0 . 0 3 0 . 6 5 ± 0 . 0 3 
3 0 . 6 4 ± 0 . 0 3 0 . 5 7 ± 0 . 0 3 
4 0 . 6 4 ± 0 . 0 3 

Ave r a g e  = 0 . 5 1 

y 1 0 . 2 8 ± 0 . 0 3 0 . 3 0 ± 0 . 0 3 0 . 2 7 ± 0 . 0 3 0 . 2 5 ± 0 . 0 3 0 . 4 0 ± 0 . 0 3 
2 0 . 3 7 ± 0 . 0 3 0 . 2 4 ± 0 . 0 3 0 . 2 0 ± 0 . 0 3 0 . 3 6 ± 0 . 0 3 

3 0 . 3 6 ± 0 . 0 3 0 . 3 2 ± 0 . 0 3 
4 0 .  3 1  ± 0 . 0 3 w 

Ave r a g e  = 0 . 2 9 _. 

w 



TABLE 4 .  9 :  Con t i n ued 

TRA I T  Age Age ( y r s ) 
( Y r s ) 2 3 4 5 l i f e t i me w 

_... 

QN 1 0 . 2 1 ± 0 . 0 3 0 . 1 7  ± 0 . 0 3 0 . 4 5 ± 0 . 0 3 0 . 3 7 ± 0 . 0 3 0 . 5 9 ± 0 . 0 3 .t>-

2 0 . 5 3 ± 0 . 0 3 0 . 1 5  ± 0 . 0 3 0 . 4 2 ± 0 . 0 3 0 . 5 8 ± 0 . 0 3 
3 0 . 5 2 ± 0 . 0 3 0 . 4 9 ± 0 . 0 3 
4 0 . 5 0 ± 0 . 0 3 

Average = 0 . 3 8 

MFD 1 0 . 5 7 ± 0 . 0 3 0 . 4 8 ± 0 . 0 3 0 . 4 5 ± 0 . 0 3 0 . 4 7 ± 0 . 0 3 0 . 5 5 ± 0 . 0 3 
2 0 . 7 3 ± 0 . 0 2 0 . 6 7 ± 0 . 0 3 0 . 6 5 ± 0 . 0 3 0 . 7 6 ± 0 . 0 3 
3 0 . 7 1 ± 0 . 0 2 0 . 6 8 ± 0 . 0 3 
4 0 . 7 4 ± 0 . 0 2 

Ave rage = 0 . 6 2 

S L  1 0 . 4 9 ± 0 . 0 3 0 . 4 9 ± 0 . 0 3 0 . 4 9 ± 0 . 0 3 0 . 4 4 ± 0 . 0 3 0 . 5 9 ± 0 . 0 3 
2 0 . 5 4 ± 0 . 0 3 0 . 4 8 ± 0 . 0 3 0 . 4 4 ± 0 . 0 3 0 . 5 8 ± 0 . 0 3 
3 0 . 5 8 ± 0 . 0 3 0 . 5 4 ± 0 . 0 3 
4 0 . 5 6 ± 0 . 0 3 

Average = 0 . 5 1 

TCN 1 0 . 4 9 ± 0 . 0 3 0 . 4 0 ± 0 . 0 3 0 . 3 9 ± 0 . 0 3 0 . 3 5 ± 0 . 0 3 0 . 5 3 ± 0 . 0 3 
2 0 . 5 4 ± 0 . 0 3 0 . 4 7 ± 0 . 0 3 0 . 4 1 ± 0 . 0 3 0 . 5 9 ± 0 . 0 3 
3 0 . 5 4 ± 0 . 0 3 0 . 4 5 ± 0 . 0 3 
4 0 . 4 6 ± 0 . 0 3 

Average = 0 . 4 5 



TABLE 4 . 9 : Con t i nued 

TRA I T  Age Age ( yr s ) 
( Yr s ) 2 3 4 5 l i fe t ime 

CF 1 0 . 5 7 ± 0 . 0 3 0 . 5 2 ± 0 . 0 3 0 . 4 6 ± 0 . 0 3 0 . 4 2 ± 0 . 0 3 0 . 6 0 ± 0 . 0 3 

2 0 . 6 2 ± 0 . 0 3 0 . 5 5 ± 0 . 0 3 0 . 4 6 ± 0 . 0 3 0 . 6 4 ± 0 . 0 3 

3 0 . 6 1 ± 0 . 0 3 0 . 5 5 ± 0 . 0 3 

4 0 . 5 6 ± 0 . 0 3 

Ave r a ge = 0 . 5 3 

S S T  1 0 . 2 6 ± 0 . 0 5 0 . 1 9 ± 0 . 0 5 0 . 1 3  ± 0 . 0 5 0 . 1 3  ± 0 . 0 5 0 . 2 5 ± 0 . 0 5 

2 0 . 2 8 ± 0 . 0 4 0 .  3 1  ± 0 . 0 4 0 . 2 7 ± 0 . 0 4 0 . 3 8 ± 0 . 0 3 

3 0 . 3 6 ± 0 . 0 3 0 . 2 8 ± 0 . 0 3 

4 0 . 3 5 ± 0 . 0 3 

Ave rage = 0 . 2 6 

CHG 1 0 . 2 0 ± 0 . 0 3 0 . 1 7  ± 0 . 0 3 0 .  1 1  ± 0 . 0 3 0 .  1 1  ± 0 . 0 3 0 . 2 2 ± 0 . 0 3 

2 0 . 2 0 ± 0 . 0 3 0 . 1 8  ± 0 . 0 3 0 . 2 2 ± 0 . 0 3 0 . 2 8 ± 0 . 0 3 

3 0 . 2 9 ± 0 . 0 3 0 . 2 6 ± 0 . 0 3 

4 0 . 2 7 ± 0 . 0 3 

Average = 0 . 2 0 

LUS 1 0 . 2 6 ± 0 . 0 3 0 . 1 7  ± 0 . 0 3 0 . 1 9  ± 0 . 0 3 0 . 1 7  ± 0 . 0 3 0 . 3 2 ± 0 . 0 3 

2 0 . 1 5  ± 0 . 0 3 0 . 1 4  ± 0 . 0 3 0 . 1 4 ± 0 . 0 3 0 . 2 1 ± 0 . 0 3 

3 0 . 2 2 ± 0 . 0 3 0 .  1 1  ± 0 . 0 3 

4 0 . 1 6  ± 0 . 0 3 w 
__. 

Average = 0 . 1 7  Ul 



TABLE 4 . 9 : Con t i nued 

TRA I T  Age Age ( Yr s ) 
( Y r s ) 2 3 4 5 l i f e t ime w 

....... 

m 
T I P  1 0 . 3 4 ± 0 . 0 3 0 . 3 2 ± 0 . 0 3 0 . 2 4 ± 0 . 0 4 0 . 2 4 ± 0 . 0 4 0 .  4 1  ± 0 . 0 3 

2 0 . 3 4 ± 0 . 0 3 0 . 2 9 ± 0 . 0 3 0 . 2 4 ± 0 . 0 3 0 . 4 0 ± 0 . 0 3 
-:1 0 . 3 5 ± 0 . 0 3 0 . 3 2 ± 0 . 0 3 ..J 

4 0 .  3 1  ± 0 . 0 3 
Average = 0 . 3 0 

COT 1 0 . 2 1 ± 0 . 0 3 0 .  2 1  ± 0 . 0 3 0 . 1 9  ± 0 . 0 3 0 . 1 8  ± 0 . 0 3 0 . 2 9 ± 0 . 0 3 
2 0 . 3 5 ± 0 . 0 3 0 . 2 7 ± 0 . 0 3 0 . 2 2 ± 0 . 0 3 0 . 3 8 ± 0 . 0 3 
3 0 . 3 5 ± 0 . 0 3 0 . 2 7 ± 0 . 0 3 
4 0 . 2 9 ± 0 . 0 3 

Average = 0 . 2 5 

CAG 1 0 . 0 3 ± 0 . 0 3 0 . 0 7 ± 0 . 0 3 0 . 1 0  ± 0 . 0 4 0 . 1 0  ± 0 . 0 4 0 . 0 9 ± 0 . 0 3 
2 0 . 8 2 ± 0 . 0 2 0 . 3 6 ± 0 . 0 4 0 . 3 8 ± 0 . 0 4 0 . 7 1 ± 0 . 0 3 
3 0 . 3 4 ± 0 . 0 3 0 . 3 4 ± 0 . 0 3 
4 0 . 3 8 ± 0 . 0 3 

Ave r a ge = 0 . 2 9 

sou 1 0 . 1 4  ± 0 . 0 3 0 . 1 6  ± 0 . 0 3 0 .  1 1  ± 0 . 0 3 0 . 1 0  ± 0 . 0 3 0 . 2 0 ± 0 . 0 3 
2 0 . 2 0 ± 0 . 0 4 0 . 1 5  ± 0 . 0 4 0 .  1 1  ± 0 . 0 4 0 .  2 1  ± 0 . 0 3 
3 0 . 2 2 ± 0 . 0 4 0 . 1 9  ± 0 . 0 4 
4 0 . 2 0 ± 0 . 0 4 

Average = 0 . 1 6  



TABLE 4 . 9 : Con t i nued 

TRA I T  Age Age ( Y r s ) 
( Yr s ) 2 3 4 5 l i f e t ime 

HND 1 0 . 2 2 ± 0 . 0 3 0 . 2 9 ± 0 . 0 3 0 . 2 5 ± 0 . 0 3 0 . 2 1 ± 0 . 0 3 0 . 3 6 ± 0 . 0 3 
2 0 .  2 1  ± 0 . 0 3 0 . 2 8 ± 0 . 0 3 0 . 1 7  ± 0 . 0 3 0 . 3 0 ± 0 . 0 3 
3 0 . 3 4 ± 0 . 0 3 0 . 2 7 ± 0 . 0 3 
4 0 . 3 0 ± 0 . 0 3 

Average = 0 . 2 5 

GCM 1 0 . 0 8 ± 0 . 0 3 0 . 0 7 ± 0 . 0 3 0 . 0 9 ± 0 . 0 3 0 .  1 1  ± 0 . 0 3 0 . 1 3  ± 0 . 0 3 
2 0 . 4 0 ± 0 . 0 3 0 . 2 9 ± 0 . 0 3 0 . 2 2 ± 0 . 0 3 0 . 4 0 ± 0 . 0 3 
3 0 . 3 7 ± 0 . 0 3 0 . 3 2 ± 0 . 0 3 
4 0 . 3 3 ± 0 . 0 3 

Average 0 . 2 3 

SCM 1 0 . 0 5 ± 0 . 0 3 0 . 1 4  ± 0 . 0 3 0 . 0 8 ± 0 . 0 3 0 . 0 9 ± 0 . 0 4 0 . 1 5  ± 0 . 0 3 
2 0 . 0 7 ± 0 . 0 3 0 . 1 3  ± 0 . 0 3 0 . 1 2  ± 0 . 0 4 0 . 1 6  ± 0 . 0 3 
3 0 . 1 6  ± 0 . 0 3 0 . 1 5  ± 0 . 0 3 
4 0 . 1 6  ± 0 . 0 3 

Average = 0 . 1 2  

GCF 1 0 . 0 7 ± 0 . 0 3 0 . 0 2 ± 0 . 0 4 0 . 0 6 ± 0 . 0 4 0 . 0 4 ± 0 . 0 4 0 . 0 6 ± 0 . 0 3 
2 0 . 0 8 ± 0 . 0 2 0 . 0 9 ± 0 . 0 4 0 . 1 0 ± 0 . 0 4 0 .  1 1  ± 0 . 0 3 
3 0 . 1 2  ± 0 . 0 4 0 . 0 9 ± 0 . 0 4 
4 0 . 2 0 ± 0 . 4 0 

Average = 0 . 0 9 Lv 
-" 

-....) 



TABLE 4 . 9 : Con t i nued 

TRA IT Age Age ( Yr s ) 
( Yr s ) 3 4 5 l i f e t ime w 

_. 

NLB 2 0 . 1 9  ± 0 . 0 3 0 . 2 1 ± 0 . 0 3 0 . 1 7  ± 0 . 0 3 0 . 2 7 ± 0 . 0 3 CJJ 

3 0 . 2 5 ± 0 . 0 3 0 . 2 1 ± 0 . 0 3 
4 0 . 2 8 ± 0 . 0 3 

Ave rage = 0 . 2 2 

NLW 2 0 . 1 6  ± 0 . 0 3 0 . 2 0 ± 0 . 0 3 0 . 2 0 ± 0 . 0 3 0 . 2 7 ± 0 . 0 3 
3 0 . 2 0 ± 0 . 0 3 0 .  2 1  ± 0 . 0 3 
4 0 . 1 7  ± 0 . 0 3 

Aver a ge = 0 . 1 9  

�v LW 2 0 . 2 0 ± 0 . 0 3 0 . 1 7  ± 0 . 0 3 0 . 2 0 ± 0 . 0 3 0 . 2 8 ± 0 . 0 3 
3 0 . 2 0 ± 0 . 0 3 0 . 2 0 ± 0 . 0 3 
4 0 . 2 0 ± 0 . 0 3 

Ave r a ge = 0 . 2 0 

WPL 2 0 . 2 0 ± 0 . 0 4 0 . 1 3  ± 0 . 0 4 0 . 0 9 ± 0 . 0 5 0 . 2 0 ± 0 . 0 4 
3 0 .  2 1  ± 0 . 0 4 0 . 1 4  ± 0 . 0 4 
4 0 . 2 2 ± 0 . 0 4 

Ave rage = 0 . 1 7  

L S P  2 0 . 0 3 ± 0 . 0 4 0 . 0 3 ± 0 . 0 4 0 . 1 3  ± 0 . 0 4 0 . 1 0  ± 0 . 0 4 
3 0 . 0 9 ± 0 . 0 4 0 . 0 1 ± 0 . 0 4 
4 0 . 0 2 ± 0 . 0 4 

Ave r a ge = 0 . 0 5 



4 . 4 . 1  L I VE W E I GHT 

3 1 9 

Li vew e i gh t  t ended to have the h i ghe s t  repe a t ab i l i  t y  among 
the t r a i t s  i n  th i s  s tudy ( Ta b l e  4 . 9 ) .  E s t i m a t e s  were 
betwe e n  0 .  4 8  a nd 0 .  70 in the ewe re cor d s  and 0 .  3 9 · to 0 .  5 6  
for hogget - ew e  corre l a t i on s . The 
0 . 5 5 . These e s t imates w e r e  w i th i n  
abi l i t i e s  o f  l i vewe ight r e por ted i n  
0 . 7  Doney , 1 9 5 5 ; 0 . 6 7 ,  0 . 7 3 Young 
She l to n  and Menz i e s , 1 9 6 8 ; 0 .  2 1  
O ' Fe r r a l l , 1 9 7 6 ; 0 • 4 1  1 0 . 6 6 B l a i r , 
and Hohe nboken , 1 9 8 3 ) . 

overa l l  average wa s 
the range of r e pe a t -

other s tu d i e s  ( 0 . 5 -
.e t  a f .  1 9 6  0 ;  0 . 4 8 

E i k j e ,  1 9 7  5 ;  0 . 7 3 
1 9 8 1  ; 0 .  6 1  C l arke 

The r epeatabi l i ty of adj a ce n t  record s was h i ghe s t , w i th 
the m a g n i tude decrea s i ng a s  r e c o r d s  bec ame l e s s  r e l a t e d  
i n  t ime . The repeata b i l i  t i e s  w e r e  l owe s t  f o r  t he hogget 
corr e l a t i ons , w i th no s i g n i f i cant d i f fe r e n c e s  betwe en 
repe a t ab i l i t i e s  of s i m i l a r  t ime pe r i od s i n  the ewe s .  
As t h e  h ogget l i vewe i g h t s  we r e  mea s u red i n  the s pr i ng 
and ewe l iv ew e ight s i n  au t umn some sea sona l va r i a t i on 
may have reduced the hog get - o l d e r  record corre l a t i on s . 

Th e h og g e t - ewe l i f et ime c o r r e l a t i on wa s l owe r than the 
2 y e a r - o l d e r  ewe 
the c o r r e l a t i on 

e s t imate . Young .e t  a£ . ( 1 9 6 0 ) e s t imated 
of hogge t - l i f e t ime and 2 y e a r - l i f e t ime 

recor d s  as 0 . 8 1 and 0 . 9 2 r e s pe c t i ve l y , howe v e r  a s  the 
2 y e a r  r e cord wa s inc l uded i n  the l i f e t ime e s t i ma t e  the 
l a s t  v a l u e  w i l l  be i n f l a ted . 

The c on c l u s i on from the f i gur e s  i n  th i s  s t udy i s  that 
l i vewe i gh t  a t  one age i s  a good i nd i c ator o f  f u tu re l i ve 
we ight s .  
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4 . 4 . 2  GREAS Y AND CLEAN FLEECE WE IGHTS 

Repe a t ab i l i  t y  va l u e s  for g re a s y  and c l ean f l e e c e  we i ghts 
were a lmo s t  i d e n t i ca l .  The repea tabi l i ty of grea s y  f l ee c e  
we ight h a s  b e e n  e s t i ma ted b y  many a uthors . Turner ( 1 9 5 6 , 

1 9 7 7 ) r e v i ewed m a ny e s t i ma t e s  a nd fo und they we r e  betwe en 
0 . 6  a nd 0 . 7  f o r  Mer i no a nd a l l i ed bree d s  a nd 0 . 4  t o  0 . 6  

f o r  B r i t i s h  breed s . Rae ( 1 9 8 2 ) reported the mo s t  common 
r a nge of r e l i ab l e  e s t i m a t e s  of repeatabi l i ty for New 
Z e a l and Romne y s  wa s 0 .  4 - 0 . 7 .  Corre l a t ions i n  t h i s  s tudy 
genera l l y a g r e e  we l l  w i th the above e s t i ma te s , e s pe c i a l ly 
the avera g e  o f  0 . 5 1 . 

The repea t a b i l i ty o f  adj a ce n t  recor d s  wa s h i gher than 
that of m o r e  w i d e l y  s p a c ed r e cord s , w i t h  repeata b i l i ty 
i ncrea s i ng a s  a g e  i nc r e a s ed . Th i s  wa s contrary t o  Lewer 
( 1 9 7 8 ) , who r e po r t e d  the t endency in Perenda l e s  wa s for 
the r e pe a t ab i l i t y  to be h i gh e r  at the younger ages . 
Howe v e r  Mu l l a ney e. t  a f .  ( 1 9 7  0 )  found tha t 1  for 3 breeds , 
p a i r s  of r e c o r d s  for o l d e r  ewe s were more h i gh l y  c o r r e l a ted 
than for pa i r s  of r e c o r d s  f rom younger ewe s . 

The c o r r e l a t i o n s  o f  hogget to ewe records we re l owe r than 
betwe e n  a n y  of the ewe r e c o r d s . The repeata b i l i t y  of 
hogget to l i f e t ime ewe r e c o r d s  wa s l owe r than tha t  of 
the 2 year o l d  ewe s to o l d e r  record s .  Young e.t a f . ( 1 9 6 0 ) 

a l s o f ou nd t h a t  the hogge t - l i f e t ime corre l a t i on wa s l owe r 
than the 3 0  mon th - l i f e t ime corre l a t i on . The e s t imates 
o f  h og ge t - l i f e t i me corre l a t i o n  were s i m i l a r  that that 
e s t i mated by W r i gh t  a nd S t ev e n s  ( 1 9 5 3 ) i n  Romne y s  o f  0 .  4 4  
but l owe r  t h a n  c o rr e l a t i o n s  be twe en 
r e c o r d s  i n  o t h e r  breed s ( 0 . 6 3 

and S t even s ,  1 9 5 3 ; 0 . 6 1 Done y , 
1 9 6 0 ; 0 . 5 6 E l l i ot t ,  1 9 7 5 ) . 

Wo l f , 
1 9 5 8 ; 

s i n g l e  and compound 
1 9 5 1 ; 0 .  7 2  Wr ight 

0 .  7 2  Yo ung e.t a f . 



4 . 4 . 3  CLEAN SCOURED Y I ELD 

3 2 1  

E s t imated r epeatabi l i ty of y i e l d tended t o  be low for 
a quant i t a t ive t ra i t , rang i n g  from 0 . 2 0 to 0 . 4 0 .  The 
overa l l  average wa s 0 .  2 9 .  Few other e s t ima t e s  of 
repeatab i l i t y  o f  c l e an s coured y i e l d  we re ava i l a b l e , Young 
et a l.. ( 1 9 6 0 ) e s t imated repeatab i l i ty as 0 . 5 2 and 0 . 5 4 .  

R epe a t a b i l i t y  o f  y i e l d  r ecord s d e c l i ne d  a s  the r ec or d s  
were l e s s  c l o s e l y  re l a t ed i n  t im e  bu t no trend s w e r e  
observab l e  w i th i n  repeatabi l i t i e s o f  l i ke t ime pe r i od s . 
A l though t h e  hogget - 2  year o l d  cor r e l a t i on wa s l owe r than 
repeatabi l i t y  of other adj a ce n t  record s , the repeata b i l i ty 
o f  hog ge t - o l der r ecords tended to be h i gher than r ep e a t ­
abi l i t y  of o lder r e cord s for the same t i m e  per i od . 

The h ogg e t - ewe l i f e t ime corre l a t i on wa s hi gher than the 
2 year - o l d e r  ewe corre l a t i on but the d i ff e r e n c e  wa s not 
s i gn i f i ca n t . Young et a l .  ( 1 9 6 0 ) e s t i ma t ed the corre l a t i on 
of hog g e t - 2 - 5  year records a s  0 . 8 2 a nd of 2 year - 2 - 5  year 
r e cord s as 0 . 6 7 . 

I n  gene r a l the l ow repeatab i l i  ty o f  c l ean s coured 
r e cord s and l ow -med i um h e r i t ab i l i t y  o f  yie ld ( 0 . 2  
Rae , 1 9 8 2 ) sugge s t  that s e l e c t i on f o r  y i e l d  w i l l  
i n  on l y  s l ow r e s pon s e s . 

y i e l d  
0 . 5  

r e s u l t  
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4 . 4 . 4  QUAL I TY NUMBER 

Repe a t ab i l i t y e s t i mate s be tween pa i r s  of record s of qua l i ty 
number ranged f rom 0 . 1 7 0 . 5 3 .  Th i s  wa s con s i derably 
lowe r t h a n  the range , 0 .  6 0  0 .  7 8 , reported by Mu l l aney 
et a £ .  ( 1 9 7 0 ) for three breed s , Me r i no , C o r r i ed a l e  a nd 
Po l wa r th . Except for hogget repe a ta b i l i t i e s , e s t imates 
i n  t h i s  s tudy were s im i l a r  to tho se obta i ned by Lewe r 
( 1 9 7 8 ) f o r  P e renda l e s  o f  0 . 3 1 - 0 . 6 3 ,  w i th the a verage , 
0 . 4 6 , compa r i ng we l l  wi th the 0 . 3 8 average in T a b l e  4 . 9 .  

Later r e c o r d s  were more r e peatable than ear 1 i e r  record s , 
w i th no d i f f e r ence between repeatab i l i  ty o f  adj a cent 
ewe r e c o rd s . Repeata b i l i t y  o f  hogg et - 2  year o l d , hogget-
3 y e a r  old and 2 year - 4 year o l d  were cons i derably lowe r  
than o t h e r  v a l ue s . However t he repea tabi l i  t y  o f  hogget-
4 a nd 5 year old r e c o r d s  were of s i m i l a r  ma g n i tude to 
the o l d e r  ewe record r e pe a t a b i l i t i e s . No exp lana t i on 
i s  appa r e n t . 

Corr e l a t i o n s  betwe e n  hogg e t  a nd l i f e t i me q ua l i t y  number 
and 2 y e a r  o ld to o l d e r  ewe s were s im i l a r , 0 . 5 9  a nd 0 . 5 8 
r e s pe c t i ve l y , a nd agr eed we l l  w i th the e s t i ma te o f  0 . 5 2 
reported by E l l i o t t  ( 1 9 7 5 )  f o r  the h ogge t - 2 - 5  year o ld 
repe a tab i l i t y  i n  P e r e nd a l e s . They were hig h e r  than the 
e s t i m a t e  of 0 . 3 5 obt a i ne d  by B l a i r  ( 1 9 8 1 ) for 1 2  month­
aged ewe y i e ld s  in a con t r o l  Romney f lo c k  bu t con s iderably 
lowe r t h a n  the 1 . 0 0  a nd 0 . 9 8 he e s t imated i n  Romne y s  
s e l e c t e d  f o r  f a c e  cove r and h i gh f l e e c e  w e i ght r e s pe c t i ve l y . 
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E s t ima t e s  
genera l l y  

o f  repea tabi l i ty o f  
h i gh , ranging f rom 

m e a n  
0 . 4 5 

f i bre d i ame t e r  
to 0 .  7 6 .  Th e s e  

3 2 3  

we re 
were 

i n  good a greeme n t  w i t h  c o rr e l a t i o n s  betwe en MF D r e c ord s 
i n  other 
B e a t t i e , 
Mu l l aney 
average 
e s t imate 

s tu d i e s  ( 0 . 4 2 0 .  6 0  Young e.. i a f .  

1 9 6 1 ; 0 . 5 0 - 0 . 8 5 G j e d r em , 1 9 6 9 ;  
e.. i a l .  1 9 7 0 ;  0 . 4 6 0 . 8 7 Lewe r , 

1 9 6 0 ;  
0 . 6 6 

1 9 7 8 ) .  
r e pe a t abi l i t y , 0 . 6 2 ,  wa s l owe r than 

by Lewe r ( 1 9 7 8 ) i n  P e r enda l e s  but 
the 

s im i l a r  
tho s e  reported i n  A u s t ra l i an s tud i e s . 

0 . 5 3 
0 . 6 8 

Th e 
0 . 7 1 

to 

Corr e l a t i on of a n  early r e cord w i th l i f e t i me record s wa s 
s t ud ied by Young e. i  a f .  ( 1 9 6  0 )  and E l l i ot t  ( 1 9 7 5 )  in regard 
t o  f ibre d i ame t e r  and the i r  e s t i ma t e s  were h i g h e r  than 
f o r  pa i r s  o f  record s as wa s found in th i s  s tudy ( Hog g e t ­
l i f e t i me 0 . 7 7 Young e.. t a l . 1 9 6 0 ;  0 . 5 9 E l l i o t t , 1 9 7 5 ; 
3 0  month - l i f e t ime 0 .  8 0  Young e.. i a f . 1 9 6 0 ) .  

A s  ob serva t i on s  were more w i d e l y  spaced i n  t im e , the 
repeatab i l i t y  fe l l , bu t overa l l  th e repea tabi l i t y  i n c r e a s e d  
w i th age . S i mi l a r  trends we re o bt a i ned b y  Gj edrem ( 1 9 6 9 ) 
and Lewer ( 1 9 7 8 ) . 

Hogg e t  r e p e a t abi l i t i e s  we r e  s i g n i f i ca n t l y  l owe r than 
repeatabi l i t i e s  between ewe r e c o rd s . Th i s  may be a 
r e f l e c t i o n  o f  a c t u a l  d i f f eren c e s bu t there we re a l so 
d i f f erence s i n  the me thod s o f  mea s u r i ng fi bre d i amet e r . 
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4 . 4 . 6  STAPLE LE NGTH 

The r e p e a t a b i l i t y  e s t i ma t e s  for staple l e ngth are presented 
in Ta b l e  4 . 9 , r a ng i ng be tween 0 .  4 4  a nd 0 .  5 9 . Regre s s i on 
e s t i m a t e s of r e pea tabi l i t y in other. s t ud i e s  are above 
0 .  3, e x c e p t  tha t o f  G u i r g i s  and G a l a l  ( 1 9 7 2 ) however a 
h i gh e r  v a l ue ( 0 . 3 2 )  wa s c a l c u l a ted by Kadry ( 1 9 7 1 ) ,  c i ted 
by Gu i rg i s  and Ga l a l , 1 9 7 2 ) f rom data on the same f l ock . 
G e nera l l y the range wa s 0 . 3 to 0 . 7  ( 0 . 5 7 Terr i l l ,  1 9 3 9 ; 
0 . 7 1 Mor l e y , 1 9 5 1 ; 0 . 3 1  0 . 6 1 Katada a nd Takeda , 1 9 5 9 ; 
0 . 3 9 ,  0 . 5 8 Young .e..t a l .  1 9 6 0 ; 0 . 5 7 B e a t t i e , 1 9 6 1 ; 0 . 5 6 
Da l ton , 1 9 6 2 ; 0 . 3 2 Knothe , 1 9 6 4 ; 0 . 6 4 G j edrem , 1 9 6 9 ; 
0 . 4 2 0 . 6 1 L ewe r , 1 9 7 8 ) . Corre l a t i o n s  be twe en pa i r s 
o f  r e co r d s  for s ta p l e  l ength were h i gh e r  ( 0 . 7 5 Done y , 
1 9 5 5 , 1 9 5 8 ; 0 . 5 5 - 0 . 5 8 Young .et a l .  1 9 6 0 ;  0 . 6 0 - 0 . 8 4 
G j edrem , 1 9 6 9 ;  0 . 5 7 0 . 6 9 Mul la ney .e t  a l .  1 9 7 0 ) . The 
a v er a g e  r epea t a b i l i ty ,  0 . 5 1 ,  in t h i s  s tudy wa s in good 
agreement w i t h  the average o f  0 . 5 0 reported by Lewer 
! 1 9 7 3 ) . 

The c o r r e l a t ion between h ogget and l i f e t i me s t a p l e  l e ngth 
wa s the s ame a s  the t wo year- o lder ewe e s t imate . Both 
v a l u e s  were h i gher than the corre l a t i o n s  between any pa i r s  
o f  a g e s . Young .e t  a l .  ( 1 9 6 0 ) noted va l u e s  greater than 
0 . 8 3 for the corre l a t ion be tween s i ngle and l i f e t i me s ta p l e  
l e ngth r e cord s , howe v e r  the s i ng l e  a g e  wa s a component 
of t h e  l i f e t i me d a t a  w h i ch wou ld i n f l a te the e s t ima t e s  
cons i d e r a b l y . Other e s t i ma t e s  of the c o r r e l a t ion be twe en 
s i ng l e  a nd compound r e c o r d s  are s i mi l a r  to tho s e  i n  t h i s  
s t udy ( 0 . 6 9 Te r r i l l , 1 9 3 9 ; 0 . 4 9 E l l i o t t , 1 9 7 5 ) . 

A s  w i th mo s t  other t r a i t s  i n  t h i s  s tudy repea tabi l i t y 
o f  a d j a cent r e c o r d s  wa s h i gher a t  o l d e r  age s than a t  
youn g e r  a g e s . G j edrem ( 1 9 6 9 )  a l so f o u n d  h ighe r e s t imates 
a t  l a t e r  a g e s , howe ver Lewe r ( 1 9 7 8 ) no ted that 
r e pe a t ab i l i t i e s  o f  a d j a c e n t  records d e c l i ned a s  a ge 
i n crea s e d . As t i me be t we e n  pa i r s  o f  r e cords increa s e d  
r e pe a t ab i l i ty d e c l i ned , a s  wa s a l s o found b y  Lewer ( 1 9 7 8 ) . 
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4 . 4 . 7  TOTAL CRIMP NUMBER 

Repeatab i l i t y  of t o ta l  cr imp number wa s e s t imated a s  0 . 3 5 

- 0 . 5 9 .  The average repeatabi l i t y  wa s 0 . 4 5 .  

A l though r ep e a t a b i l i ty d e c l ined a s  the r ecord s became 
more w i de l y  
R epeatabi l i t y  
2 and 3 y e a r  

d e f i n i t e spa c e d , no 
of adj acent 

r e cords than 
r e c o r d s  

between 

trends were f ound . 
wa s h i gher between 
hogget and two- y e a r  

r e cord s bu t w a s  l owe s t  between 4 a n d  5 y e a r  r e co rd s . 
S i mi lar t r e nd s we r e  ob served i n  the re cord s two y e a r s  
apart . 

The corre l a t i on o f  s i ng l e  - compound r ecor d s  wa s 
b e twe en t h e  2 y e a r  and o l d e r  r e cord s than the 

g r e a t e r  
h ogg e t -

ewe record s bu t t h e  d i f f erence wa s not s i gni f i cant , howev e r  
both we r e  h i gher than betwe e n  a n y  o f  the pa i r s  o f  r e c ord s 
for hogg e t  o r  two y e a r  o l d s . 

4 . 4 . 8  CR I M P  FREQU ENCY 

E s t imate s f or repea tabi l i ty o f  c r imp f r equenc y , 0 . 4 2 

0 . 6 2 , sugg e s t e d  that cr imp f requ e n cy i s  h i g h l y  repea t a b l e ,  
but w i th a d e c r ea s i ng trend a s  the records become more 
w i dely s e p a r a t ed in t ime . The a verage repeatabi l i  t y  f or 
c r imp f requ e n c y  wa s 0 . 5 3 .  Young et a L . ( 1 9 6 0 ) r e po r t e d  
e s t i ma t e s  o f  0 . 4 2 a n d  0 . 6 1 for c r i mp f requency 
r e peatabi l i t y . 

R e peatab i l i t i e s  f or cr imp f requency f o l l owed s im i l a r  
p a t t e r n s  t o  t h o s e  observed i n  TCN , a l t hough repeatabi l i t y 
o f  CF t ended to be 0 .  0 6  - 0 . 1  0 h i gher than corre s pond i ng 
TCN e s t ima t e s .  



3 2 6  

The c o r re l a t i o n s  o f  hogg et - l i fet ime recor d s  a nd 2 yea r ­
o l d e r  ewe record s w e r e  s i m i l a r , 0 . 6 0 and 0 . 6 4  r e s pe c t i ve l y . 
Young e t  a f .  ( 1 9 6 0 ) e s t ima ted hogg et - l i f e t ime prod uc t i on 
and 2 y e a r  2 - 5  y e a r  r ecord corre l a t i o n s  a s  0 . 8 5  a nd 
0 .  9 0  r e s pe c t i ve l y . The i r  e s t imates we r e  cons iderab l y  
h i gher than tho s e  obt a i ne d  i n  t h i s  s t ud y , however a s  the 
2 y e a r  2 - 5  y e a r  c o r r e l a t i o n  i nc lude s the 2 year record 
on bo th s i d e s  the e s t i m a t e  w i l l  be und u l y  i n f l a t ed . 

4 . 4 . 9  STAPLE STRENGTH 

Repeatab i l i t y  e s t i ma t e s  for s ta p l e  s t rengt h , 0 . 1 3 - 0 . 3 8 , 

were t h e  lowe s t  i n  the quan t i ta t i v e l y  a s s e s sed t r a i t s .  
The ave rage repeatab i l i t y  wa s 0 . 2 6 .  

Repea t ab i l i t y  d e c l i ned a s  the record s became 
s e p a r a t e d  i n  t ime . However,  the e s t i ma t e s  
i nc r e a s e  a s  the ewe s grew o l de r . 

more w i de l y  
tended to 

The c or r e l a t i on between hogget a nd ewe l i f e t i me s t ap l e  
s t rength wa s s i g n i f i ca n t l y  lower than between the 2 year 
and o l d e r  ewe record s . 
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E s t imated repeatabi l i t y  of cha r a c t e r  grade wa s low , rang i n g  
f r om 0 .  1 1  to 0 .  2 9 .  The s e  e s t i ma t e s  are in good agreement 
w i th those o f  Lewe r ( 1 9 7 8 ) , 0 . 0 8 0 . 3 2 ,  but a r e  
cons iderably l ower t h a n  t h e  e s t i m a t e s  o f  0 . 4 6  - 0 . 5 1 f ound 
by Mu l laney e.i al.. ( 1 9 7 0 ) . The a verage repeatab i l i t y  of 
character grade , 0 .  2 0 , in th i s  s tudy wa s s im i l a r  to the 
0 . 1 8  average obt a ined by Lewer ( 1 9 7 8 ) . 

Repeata bi l i  t y  i n crea s e d  a s  ewe s g r ew o l d er , a l though the 
cor r e l a t i on between 4 and 5 year reco r d s  wa s not 
s i gn i f i cant l y  d i f f erent than between 3 and 4 y e a r  
record s . Repeatabi l i t y  tended to dec l i n e  a s  r e c o r d s  be came 
more w i d e l y  s epa r a ted in t ime . 

The cor r e l a t i on of s i ng l e  to compound record s wa s h i gh e r  
f o r  t h e  2 y e a r - o l d e r  ewe than hogg e t - ewe . Th e s e  w e r e  
s i m i l a r  to the e s t imate of 0 . 2 8 obt a ined by E l l i o t t  ( 1 9 7 5 ) 
between hogget and 2 - 5  year Perend a l e  ewe record s .  

4 . 4 . 1 1  LUSTRE GRADE 

Repe a t ab i l i  ty of l u s t r e  grade wa s l ow ,  rang i n g  f r om 0 . 1 1  
t o  0 . 2 6  betwe en pa i r s  of r e c o rd s a nd to 0 . 3 2  for s i n g l e ­
compound c or r e l a t i ons . The avera ge repea tabi l i  t y  wa s 
0 .  1 7 .  

No d e f i n i t e  t r e nd i n  repeat abi l i ty o f  adj a c en t  r e c o r d s  
wa s f ound . However , t h e  more w i d e l y  spread r ecord s w e r e  
l e s s  r e pe a t ab l e  tha n adj a c e n t  r e c o rd s . The max i mum 
r e pe a t a b i l i t y  f o r  pa i r s  of record s wa s between hogg et 
and 2 -y ear r e c o rd s . 

The cor re l a t i on of hogget 
s i gn i f i c ant l y  h i gh e r  than for 
0 . 3 2 a nd 0 . 2 1  r e s p e c t i ve l y .  

2 - 5  year ewe r e c o r d s  wa s 
2 y e a r  - 3 - 5  year ewe record s ,  
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4 . 4 . 1 2  T I P P I NESS GR ADE 

R e pe a t ab i l i t y  of t i p p i n e s s  grade was e s t i mated a s  0 . 2 4 -
0 . 3 5  between pa i r s  o f  record s and 0 . 4 0 - 0 . 4 1 be tween s i ng l e  
a nd c ompound record s . The a verage repeat a b i l i t y  wa s 0 . 3 0 .  
The s e  we re s ome o f  t h e  h i gh e s t  repea t a b i l i t i e s i n  the 
s ubj e c t i ve l y  a s s e s s e d  t r a i t s . 

R e pe a t a b i l i t y  e s t i ma t e s  for ad j a cent r e cord s we re not 
s i g n i f i c a n t l y  d i f f e r e n t  at the various age l e v e l s .  S imi l a r  
t re nd s we re f ound whe n  o b s e rvat i o n s  w e r e  more w i d e l y  
s pa c ed i n  t i me . 

The corre l a t i on s  o f  hogget - 2 - 5 ewe r e c o r d s  and 2 year-
3 - 5 y ear ewe r e co rd s we r e  
o f  pa i r s  o f  record s . The 
hogg e t - ewe r e cord s s ug g e s ted 

h i gher than repeatabi l i t i e s  
rea sonab l y  h i gh e s t imate of 

that the hogget re cord i s  
a n  a deq ua te i nd i c a t o r  o f  l a t e r  ewe t ip p i ne s s  g rade f or 
s e l e c t i on purpos e s . 

4 . 4 . 1 3  COTT ING GRADE 

R e p e a t ab i l i t y of f l e e c e  co t t i ng grade i n  th i s  f lock wa s 
e s t i ma ted to range f r om 0 . 1 8  t o  0 . 3 8 .  The average repeat­
a b i l i t y  wa s 0 . 2 5 . 

The c l o s e r  cot t i ng g r a d e  mea s u rement s were re l a ted i n  t i me , 
t h e  more r e peatab l e  t h e y  we re . Repea tab i l i  ty of adj a cent 
r e c o r d s  wa s h i gher in ewe records as compa red to the hogget -
2 y e a r  record s . 
lowe r be twe e n  4 

H oweve r , the repeatabi l i ty e s t imate wa s 
and 5 y e a r  records than b e t we e n  2 a nd 3 

y e a r  and between 3 a n d  4 y e a r  record s .  

The c or r e l a t i on b e t we e n  hogget and ewe l i f e t ime records 
wa s l owe r than be twe e n  2 year and o l d e r  ewe record s ,  0 .  2 9  
and 0 . 3 8 r e s pe c t i ve l y . 
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4 . 4 . 1 4 COTTE D AREA GRADE 

Repe a t ab i l i t y  of hogg et to other r ec ord s and to the 
compound ewe r e cord we re 
hogget CAG wou l d  g i ve no 
The f a c t  tha t the hogget 

very l ow ,  0 . 0 3 

i n d i c a t ion of 
h e r i tabi l i ty 

ewe 
wa s 

0 .  1 0 .  H e n c e  
f l e e c e  CAG . 

h i gher than 
t h i s  r epeatabi l i ty sugg e s t s  a d i f f e r e n t  gene t i c mecha n i s m  
i s  ope rat i ng i n  the hogget s than i n  t h e  adu l t  ewe s . 

Repeatabi l i t y among ewe re cord s wa s o f  med i um magn i tu d e  
0 . 3 4 0 . 3 8  w i th no s i gn i f i c ant d i f f e renc e s  betwe en 
e s t imate s ,  except th e 2 year - 3 year records repe a t ab i l i t y . 
Th i s  e s t imate wa s 0 . 8 2 ,  re s u l t i ng i n  a s im i l a r l y  h i gh 
e s t i mate for 2 year 3 - 5  year corr e l a t i on . A s  the 
e s t i m a t e  was h i gh e r  than any other r e p e a tabi l i t y  obta i n e d  
i n  th i s  s tudy i t  proba b l y  a ro s e  b y  chance r a t h e r  than 
repr e s en t i ng the t r u e  corr e l a t ion . 

The average repe a t ab i l i ty for cotted area grade w a s 0 . 2 9 .  

4 . 4 . 1 5 SOUNDN E S S  GRADE 

Repe a t ab i l i ty e s t i m a t e s  for sou ndne s s  grade w e r e  l o w , 
rang i n g  from 0 . 1 1 to 0 . 2 1 , w i th an average of 0 . 1 6 .  

Repe a t ab i l i t y  t en d e d  to d e c r e a s e  a s  r e c ord s becam e  more 
w i d e l y  separated i n  t i me and tended to be l owe r for hogg et s 
t han f or o l d e r  ewe s ,  however no d i f f erence s between the 
e s t i ma t e s  were s i g n i f i ca n t . 

Corr e l a t i o n s  b e t we e n  hogget a nd ewe l i f e t ime r ecord s and 
betwe e n  2 year a nd o l d e r  ewe re cord s we re c l o s e , 0 . 2 0 

and 0 . 2 1 r e spect i v e l y . 
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4 . 4 . 1 6  HANDLE GRADE 

The repe a t a b i l i ty of hand l e  grade wa s e s t imated as 0 . 2 1 -
0 . 3 6 ( Ta b l e  4 . 9 ) . The average was 0 . 2 5 .  

T r e nd s i n  the r e l a t i o n s h i p  be b1een r e c o r d s  were not c lear 
f o r  hand l e  grade , a l t hough the tendency wa s for adj a cent 
r e c o r d s  to be mo re r e p e a t a b l e  a t  o l d e r  a g e s . 

The corre l a t i o n  between hogget and l i fe t i me ewe hand l e  
g rade records wa s h i gh e r  than betwe en 2 y ea r  a nd 3 - 5  year 
e we record s a l though the d i f f e rence wa s no t s i gn i f i c ant . 
A l th ough h og g e t  h a nd l e  grade record wa s not a good 
i nd i ca to r  of i nd i v i du a l  ewe record s ( re pea tabi l i  t i e s  were 
l e s s  than 0 .  3 0  ) 1  i t  wa s a better i nd i ca t or of ewe l i f e t ime 
h a nd l e  grade w i th a med ium repea tabi l i t y  of 0 . 3 6 . 

4 . 4 . 1 7  GREASY MIDS I DE COLOUR GRADE 

C o r r e l a t i o n s  o f  hogge t  GCM to ewe records were low , 
e s t i ma t e s  were between 0 . 0 8 a nd 0 . 1 1 ,  w i t h the corre l a t ion 
of hogge t - ewe l i f e t i me r e c o r d s  be i ng 0 . 1 3 .  Repe a t abi l i t i e s  
o f  ewe g r e a s y  m i d s i d e  c o l ou r  g ra d e  we re cons iderab l y  
h i gher , 0 . 2 2 - 0 . 4 0 . T h e  average repeatabi l i t y ,  inc lud i ng 
hog g e t s  wa s 0 . 2 3 ,  but a verage among the ewe record s wa s 
0 . 3 2 .  

Repeatab i l i ty o f  a d j a c e n t  ewe r e c o r d s  d e c r e a s e d  w i th 
i nc r ea s i ng a g e . Repea tabi l i ty a l so d e c l ined a s  t i me 
betwe e n  record s i nc re a s ed . 

The 
0 . 4 0 

corre l a t i o n  
i nd i c a t i n g  

be t we e n  2 y e a r  a nd o ld e r  e w e  r e co r d s  wa s 
t h a t  the 2 year o l d  ewe record i s  a good 

i nd i c a t o r  of ewe g r e a s y  m i d s i d e  co lour grade . 
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4 . 4 . 1 8  S COURED M I D S I DE COLOUR GRADE 

R e pe atab i l i  t y  of s coured m i d s i de c o l ou r  wa s l owe s t  among 
t h e  woo l tra i t s  i n  t h i s  s tudy ( Ta b l e  

a nd 0 . 1 6 ,  w i th a n  
hogget - ewe recor d s  

w e r e  between 0 . 0 5 

R e pe atab i l i t i e s  o f  
t h o s e  f o r  GCM but repeatab i l i t i e s  among 

4 .  9 )  • E s t ima t e s  
avera g e  of 0 . 1 2 .  

were s im i l a r  t o  
ewe r ecor d s  were 

c o n s idera b l y  lower as compared to GCM e s t imate s . 

R epeatab i l i t y  of a d j a c e n t  records i n c r e a s e d  wi th increa s i n g  
a g e . The r e pea tabi l i  t y  of r e cords s eparated by t w o  y e a r s  
wa s h i g h e r  than the repe a t a b i l i t y  of adj a c ent r e c or d s ,  
however none of t h e  d i f f erence s between e s t ima t e s  were 
s i gn i f i ca n t . 

Cor r e l a t i o n s  of hogg e t  and 2 year o l d  record s to o ld e r  
ewe records w e r e  s i m i la r , 0 . 1 5 and 0 . 1 6  r e spe c t i v e l y , 
but nei ther gave a good i nd i c a t ion of the s c ou red m i d s i d e  
c o l our of l a t e r  ewe f l e e ce s . 

4 . 4 . 1 9  GREASY FLEECE COLOUR GRADE 

R e peatabi l i ty of g r e a s y  f l e ece c o l ou r  grade tended to 
be low ,  0 . 0 2 to 0 . 1 2 ,  ex cept the e s t i m a t e  - 0 . 2 0  be t we en 
4 and 5 year r e co r d s .  

R e peatab i l i t y  d e c l i n e d  a s  the record s became more w i de l y  
s eparated i n  t ime , but i n c re a s ed w i t h  i n c r ea s i ng age . 

The con c l u s ion f r om t h e  f i gu r e s  i n  T a b l e  4 .  9 wa s that 
g r e a sy f l e e c e  c o l o u r  grade observed at one age wa s not 
a good ind i ca tor o f  future grea s y  f l ee c e  colour grade . 
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4 . 4 . 2 0 NUMBER OF LAMB S BORN 

R e pe a t ab i l i t y  o f  number o f  l amb s born wa s of i n t e rmed i a t e  
magn i t ude , be twe e n  0 . 1 7  a nd 0 . 2 8 , w i th a n  average repe a t ­
a b i l i t y  o f  0 . 2 2 .  The s e  e s t ima t e s  a r e  i n  a greeme n t  
( a l t hough t e nd i n g  to the u p p e r  e nd ) w i th t h e  range 0 . 1  

0 . 2 5  g i ve n  by R a e  ( 1 9 8 2 ) for r e pe a t ab i l i t y  o f  l ambs 
born i n  New Z ea l and Romney ewe s . The repe a t ab i l i t y  o f  
N L B  i n  t h e  Romn e y  tend s t o  be h i gh e r  t h a n  f o r  o t h e r  breed s 
( 0 . 1 2 Ya l e i n  a nd B i ch a r d , 1 9 6 4 ; 0 . 0 7 ,  0 . 1 8 Kennedy , 1 9 6 7 ; 
0 . 1 2 ,  0 . 1 5 S h e l ton a nd Menz i e s , 1 9 7 0 ; 0 . 0 9 ,  0 . 3 4  
B a s u thakar ei a £ .  1 9 7 3 ; 0 .  0 8  Hanraha n , 1 9 7 7 ; 0 . 1 7 Not t e r , 
1 9 8 1 ; 0 . 1 4 D z akuma , W h i teman and McNew , 1 9 8 2 ; 0 . 1 9  C l a rk e  
a nd Hohenboken , 1 9 8  3 ;  0 .  0 8  Fog a r t y , D i ckerson a nd Young , 
1 9 8 5 ) . 

Repe a t ab i l i t y  o f  a d j a c e n t  r e c ord s i nc re a s ed w i th a g e , 
though repe a ta b i l i t y  t ended to d e c l i n e  a s  record s became 
more w i de l y  s e pa r a te d  i n  t ime . 

The corr e l a t i o n  o f  2 y e a r  and 3 - 5  year r e c o rd s  wa s 0 . 2 7 . 



4 . 4 . 2 1 NUMBER OF LAMBS WEANED 
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Ave r a g e  repe a t abi l i  ty 
The r epeatabi l i ty of 
and 0 . 2 1 , a l though 

o f  n umber o f  l ambs weaned wa s 0 . 1  9 .  
pa i r s  o f  r e cord s wa s betwe e n  0 . 1  6 

no s i gn i f i cant d i f f e re n c e s occurred 
be twe e n  any of the e s t imate s .  L ewe r ( 1 9 7 8 ) s ugge s t e d  
t h a t  t h e  two repeatabi l i  t y  va l u e s  a va i l a b l e  on t h e  Romney 
( 0 . 1 2 0 . 2 5 Rae and Ch ' ang , 1 9 5 5 ; 0 . 1 7  Lund i e , 1 9 7 1 ) 
i nd i ca ted the pos s i bi l i ty tha t r e p e a t a b i l i ty o f  NLW f or 
th i s  breed may be h i gh e r  than for othe r bre ed s . R e s u l t s  
f o r  th i s  study support th i s  idea , be i ng cons iderably h i gh e r  
t h a n  e s tima t e s  report ed i n  o t h e r  b r e e d  s tu d i e s  ( 0 . 0 5 
0 . 1 0  Young e t  al. . 1 9 6 3 ; 0 . 0 0 - 0 . 1 0 Y a l c i n  a nd B i chard , 
1 9 6 4 ; 0 . 0 1 0 . 1 0  Pur s e r , 1 9 6 5 ;  0 . 0 1 0 . 1 1 Kennedy , 
1 9 6 7 ; 0 . 0 3 0 . 2 2 I n s k e ep , B a r r  and Cunn i ngham , 1 9 6 7 ; 
- 0 . 0 7 ,  - 0 . 0 3 Ba s uthakar e t  al.. 1 9 7 3 ; 0 . 0 8 C l a rk e  a nd 
H ohe nboken , 1 9 8 3 ; 0 . 0 8 F ogarty e t  al. . 1 9 8 5 ) . 

R a e  ( 1 9 8 2 ) a l s o  noted that the r e p e a t a bi l i t y  range i n  
Romne y s  wa s h i gh e r  than f o r  Perend a l e s  and M e r i n o s , g i v i ng 
t h e  c ommon repeatab i l i t y  ran g e s  a s  0 . 1  0 . 2 5 ,  0 . 0 5 
0 . 2  a nd 0 . 0 5 - 0 . 1 r e s p e c t i ve ly . 

A s  f ound by Young e t  al. . ( 1 9 6  3 >, r e cord s o f  three year o l d s  
we r e  more r e pe a tab l e  than two o r  four y e a r  o ld ewe s . 
L ew e r  ( 1 9 7  8 )  noted a n  u pward trend w i th age , howe v e r  the 
d i f f e r ence s betwe en the r e peatab i l i t i e s  w e r e  sma l l . 

Two y e a r  r e cord s may b e  a bet t e r  i nd i c a tor o f  f ou r  a nd 
f i v e  year produc t i on t han they a r e  o f  three y e a r  
p e r f ormanc e . T h e  c o r r e l a t i o n  o f  t w o  year to 3 - 5  y e a r  
r e co r d s  ( 0 . 2 7 )  w a s  h i g h e r  than between pa i r s  of record s . 
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4 . 4 . 2 2 WE I G HT OF LAMB WEANED 

Repeatabi l i t i e s  for we i ght o f  l amb wea ned w e r e  very 
c on s i s te n t  ( 0 . 2 0 ), e x c e p t  the repea tabi l i ty of 2 year 
4 y ear r e co rd s w h i c h  wa s not s i g n i f i c a n t l y  d i f f e rent at 
0 . 1 7 .  The s e  e s t i ma t e s  were in good agreement w i th the se 
o f  0 . 1 6 ( E i j ke ,  1 9 7 5 ) and 0 . 2 1 ( Gj edrem , 1 9 6 7 ) , bu t hi gher 
than 0 . 0 7 ( B l a ckwe l l  a nd H ende r s on , 1 9 5 5 ) , 0 . 0 2 ( Ba s uthakur 
et a.l. 1 9 7 3 ) , 0 . 0 9 ( C l a r k e  a nd Hohenbok e n ,  1 9 8 3 ) and 0 . 1 1 
( Fogarty e t  a f... 1 9 8 5 ) . 

A s  for NLvl the corre l a t i o n  o f  2 y e a r  a nd 3 - 5  year records 
wa s h i gh e r  than be t we e n  pa i r s  o f  recor d s . 

4 . 4 . 2 3 WE IGHT PER LAMB WEANED 

R e pe a t ab i l i ty of we ight per l amb wea ned wa s more v a r i a b l e  
than for WLW , r a ng i n g  f rom 0 . 0 9 t o  0 . 2 2 . The average 
repeatabi l i t y  wa s 0 . 1 7 ,  lowe r than the average of WLW . 

A l though repeatab i l i t i e s  o f  r e c o r d s  s epa ra ted by s im i l a r  
pe r i od s  o f  t i m e  w e r e  cons i s t e n t , t h e  r e pea tabi l i t y d e c l i ned 
as the t ime between r e co rd s i n c r e a s e d . Thus the 2 year 
old record wa s a poor i nd i ca t o r  o f  the we ight per l amb 
weaned by the ewe a s  a 5 y e a r  o l d . Devel opme nt of mamma ry 
g l a nd d i s e a s e s  m i gh t  be a f a ctor i n  th i s . 

The corre l a t i o n  o f  2 y ea r  to 3 - 5 y e a r  records wa s 0 .  2 0 , 
s im i l a r  to r e p e a t ab i l i t y  o f  adj a c e n t  re cord s , but lowe r 
than the corre l a t i o n  for WLW . 
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Repe a t ab i l i ty o f  the ewe s a b i l i ty to rear a l amb to we a n i n g  
wa s very low ,  between 0 . 0 1 and 0 . 1 3 ,  w i t h  an average o f  
0 . 0 5 . She lton and Men z i e s  ( 1 9 7 0 ) e s t imated r ep e a t a b i l i ty 
of l iv ab i l i t y  a s  - 0 . 0 2 - 0 . 1 3 ,  whi ch cove r s  the same range 
as e s t ima t e s  i n  th i s  s t udy . Foga rty e i a£ . ( 1 9 8 5 ) reported 
the r epea tabi l i  ty as 0 . 1  4 f or prewe a n i ng surv i v a l ,  whi l e  
e s t im a t e s  o f  Haughey , George and McGu i r k  ( 1 9 8 5 ) ranged 
f rom 0 . 0 5 to 0 . 1 7 ,  w i th a mean of 0 . 1 0 .  

Repea ta b i l i t y  a ppeared h i gher betwe e n  the 2 y e a r  and 
5 year r ecor d s  than be twe e n  the 2 year and 3 o r  4 y e a r  
record s . T h e  corre l a t i o n  o f  2 year a nd 3 - 5 y e a r  r e cord s 
wa s 0 . 1 0 .  

Repea t a b i l i ty of adj a c e n t  r e cords i n crea s ed i n  th e 3 y e a r  
- 4 y e a r  e s t i m a t e  a s  comp a r e d  to t h e  2 year - 3 year re cord 
and then d e c l ined a t  t h e  4 year 5 year e s t imate . A 
s im i l a r  trend wa s noted by She l ton and Menz i e s  ( 1 9 7  0 )  , 

who r e ported a h i gh e r  r e p e a t a b i l i ty v a l ue o f  l ivabi l i t y  
of th e l amb a t  t h e  i n t e rmed i a t e  ag e s . 

The l ow repeatabi l i t y  o f  l amb s u rv i v a l  a nd l a ck o f  
her i t a b i l i ty i nd i c a t e  tha t 
expe c ted to be a c h i eved i f  
t r a i t  i n  th i s  f l ock . 

no gene t i c  prog r e s s  can be 
s e l e c t ion i s  a pp l i ed to th i s  
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4 . 5 I NT ER - T RA I T  G E N ET I C  C ORRELAT I ON S  

P h e noty p i c  and g en e t i c  c orr ela t i ons and 

w e r e  c alculat ed for all tra i ts for th e 

g en e t i c  r eg r ess 1 ons 

ov era l l  analys i s , 

ag e l e v e l  and b etw e en 

of calc ula t i on w e r e  

w i t h in eac h 

th e var 1 ous 

stock i ng rat e, 

ag e c lass es . 

w i t h i n each 

Two m e thods 

us e d, pat e rnal h alf - s i b  c orrelat i on and daug h ter- dam 

r e gr ess i on . D i ff e r enc es e x i sted b e tw e en t h e  g en e t i c  

c orre l at i on e s t i ma t e s  ob t a i n e d  b y  th e t wo e s t i m a t i on m e t h ods , 

how ev e r  f ew w e r e  s i gn i f i c antly d i f f e r e n t . I n  v i e w  of t h e  

larg e n umb e r  o f  c o r r e l a t i o n s  poss i b l e  only t h e hogg e t , 2 year 

old e w e  and av e rag e adult e w e  g e n e t i c  c orr elat i ons c alculat ed 

b y  t h e  p a t ernal h al f - s i b  analys e s  w er e  pre s ent ed . 

Wh e r e  s i r e  var i anc e 

w i d ely var y 1 ng valu e s  

for e i th e r  tra i t  1 s  

c ompon ent s ar e z ero or c l os e  

c a n be ob t a i n ed . I f  t h e s i re 

t o  z ero 

var i anc e 

z e ro t h en th e g e n e t i c  c orr elat i ons 

e x c lud i ng i n t erac t i on s  c an not b e  c a l c ula t e d , I f  i t  1 s  j us t  

abov e z e ro t h en i t s us e i n  t h e  d e nom i na tor f r equently r e sult s  

1 n  e x trem ely h i g h c orrela t i ons t h a t  h av e  no b i olog i c a l  

e xplanat i on . A s  s i r e  var i anc e c ompon ent s  f or r e produc t i ve 

tra i t s  w e r e  z e ro o r  v ery low , g en et i c  c orr elat i ons b e t w e en 

reproduct i v e  and wool t ra i t s w er e  not able t o  b e  c a l c ula t ed or 

w e r e  m ean i ngl e ss . H enc e t h es e  w e r e  not pres ent e d . 

Th e m e thod s  o f  c a l c ulat i o n  of t h e  E I  and I I  

t ha t  t h e r e  ar e l a r g e  d i f f e r e n c e s  b e t w e e n  t h e 

e st i ma t e s  m ean 

e s t i mat e s  w h en 

geno t y p e x e nv i ronment i nt e ra c t i on var i anc e and c ovar i anc e 

c omp o n ent s a r e  larg e c om p a r e d  t o  t h e  s i r e  c omponent s .  

Daug h t er-dam g en et i c  c orrelat i on est i mates s h o w ed s i m i lar 

t rends t o  t h e  p a t ern al h a l f - s i b  e s t i mates but t ended t o  vary 

mor e w i d ely w i th l a r g e  s t a ndard errors assoc i ated w i th t h e  

e st i ma t e s  d u e  t o  t h e  l ow e r  numb e r  o f  obs erva t i on s  us e d  i n  t h e  

analys e s . 
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A s  f ew o t h e r s t ud i e s  h av e  i n c l ud e d  a s  w i d e  a r a n g e  o f  t r a i t s  

n o  ot h e r  g e n e t i c  c o r r e l a t i o n e s t i ma t e s  hav e b e e n p ub l i s h ed f o r 

many c omb i n a t i o n s , e x c ep t t h o s e  b y  C h opr a  ( 1 9 7 8 )  w h o s e  dat a 

wer-e a s ub s e t o f  t hose u s e d i n  t h i s  s t udy . Wh er e g en et i c  

c o r r e l a t i o n s  h av e  b e en f r e q u e n t l y  c a l c u l a t e d  m a n y  s t ud i e s  

h av e  r ev i e w e d  a n d  c ompa r ed t h e  r a n g e s  ava i l ab l e .  H e n c e ,  i n  

t h i s  s t udy , c omp a r 1 s o n  t o  o t h e r  v a l u e s  i s  kept t o  a m i n i mum 

e x c ept wh e r e  u n u s ua l or un e x p e c t e d va l u e s  w e r e  obt a i n ed . 

Br own a n d  T ur n e r  ( 19 6 8) de f i n e d c o r r e l a t i o n s  i n t o  a n umb e r  o f  

c a t e g o r i e s . I n  t h i s  s t udy a s i m i l a r c l a s s i f i c a t i on wa s u s e d : 

- 0 . 6  a n d  b e l ow h i gh n e g a t i v e  

- 0 . 4  t o  - 0 . 6  m e d i um n e gat i v e  

- 0 . 2  t o  - 0 . 4  l ow n eg a t i v e  

- 0 . 2  t o  0 r) . .... n e g l i g i b l e  

0 . 2 t o  0 . 4 l o·w p o s i t i v e  

0 . 4 t o  0 . 6  m e d i um p o s i t i v e  

0 . 6  a n d  a b o v e  h i gh p o s i t i v e  

4 . 5 . 1  W I T H I N-AGE GENET IC C ORRELAT I ON S  

4 . 5 . 1 . 1 A s s o c i a t i o n o f  L i v ew e i gh t  w i t h  W o o l  C h a r ac t e r i s t i c s  

A s  1 i v ew e i gh t  1 s  on e o f  t h e  mo s t  i mp or t a n t  c r i t e r i a  i n  

s e l e c t i o n p r o gram s f o r  R omn ey s h e ep ,  t h e  a s s oc i a t e d c h a n g e s  i n  

w o o l  t r a i t s  a s  a r e s u l t  o f  s e l e c t i o n f o r  l iv ew e i gh t  a r e  o f  

i n t e r e s t . 

T h e c o r r e l a t i o n b e t w e e n  l iv ew e i g h t  a n d  f l e e c e  w e i gh t  wa s 

n eg l i g i b l e  f o r h o g g e t s . T h e v a l u e s  w er e  s i m i l a r  t o  t h o s e 

obt a i n ed by C h op r a  ( 1 9 7 8 ) b ut t e n d e d  t o  b e  l ow e r  t h a n  many 

e s t i ma t e s  r ep o r t e d  f or R omn ey s a n d  a t  t h e  l ow e r  e n d  o f  t h e  

r a n g e , 0 . 1 1 t o  0 . 5 4 , g i v e n  f o r R omn ey s by Ra e ( 19 8 2 ) a l t h ough 
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T ab l e  4 . 1 0 : G e n e t i c  c o r r e l a t i o n s  a n d s t a n da r d  e r r o r s  f o r  h o gg e t , 

t w o - y e a r  o l d  e w e  a n d  a v e r a g e  e w e  p e r f o r m a n c e .  
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Z ze ro s i re va r ia nce componen t t o r  one of t ra i t s mean t  c o r re l a t ion cou ld not be 

ca lcu l a ted 



Tab l e  4 . 1 0 :  Cont i nued 

Tra i t  1 Hog get 2-year-ol d ewe Average ewe 

- Tra it  2 E l  1 1  E i  1 I E l  1 1  

GFW 

- CFW 0 . 97 + N  0 . 9 7 !_ N  >1 0 . 97 + N  0 . 99 ± N  0 . 97 + N 

- Y 0 . 48 !. 0 . 09 0 . 20 ± 0 . 05 > 1  0 . 39 !. 0 . 07 0 . 54 ± N 0 . 20 !. N 

- 9N -0 . 06 ± 0 . 05 - 0 . 0 1  ± 0 . 02 -0. 06 + 0 . 05 -0. 1 6  ± N -0. 49 ± N -0 . 38 + N 

- MFD > 1  0 . 62 ! N 0 . 42 ! N 0 . 40 ± N 0 . ! 4 ! 0 . 1 1  0 . 45 + N 

- SL 0 . 78 ± N  O . bO ! N  0 . 62 + N  0 . 64 ± N  0 . 72 + N  0 . 49 ! N  

- TCN 0 . 70 ! N 0 . 34 ! N -0 . 0 1  ! 0 . 02 -0. 06 + 0 . 06 -0 . 09 ± 0 . 06 0 . 04 ± 0 . 02 

- CF 0 . 1 4 ! 0 . 0 1  0 . 1 2 ! 0 . 05 -0. 40 + N -0 . 29 + N -0 . 56 ! N -0 . 26 + N 

- SST -0 . 44 + 1 . 3 1  -0 . 22 ! 0 . 54 < - 1  -0 . 35 ! 0 . 39 

0 . 62 ! N 0 . 1 9  + N 

- LUS -0 . 29 ± N -0 . 24 ! 0 . 09 

-0. 1 2  ! 0 . 0 9  - 0 . 09 ! 0 . 07 -0 . 03 + 0 . 1 0  

0 . 27 ! 0 . 4 1 ) 1  

0 . 1 0 ! 0 . 02 

0 . 39 + 0 . 06 

- T I P  -0 . 48 ! 0 . 1 8  0 . 10 ! 0 . 08 -0. 06 ± 0 . 02 -0. 18  + N -0 . 36 + N -0 . 10 : 0 . 02 

- COT 0 . 59 + 0 . 07 0 . 29 ! 0 . 06 -0. 06 ! 0 . 05 -0. 37 + 0 . 17  -0. 09 ± 0 . 04 -0 . 06 ± 0 . 02 

- CAG 0 . 90 ± 0 . 1 9  0 . 44 + 0. 1 1  N -0 . 37 ! 0 . 1 7  0 . 0 1 ! 0 . 0 1 0 . 00 + 0 . 0 1 

- SOU 0 . 42 ! N 

- HND -0 . 77 ± N 

- 6CM 

- SCM 

- 6CF -0. 55 ± N 

0 . 67 : 0 .23  -0 .49  :
·
0 . 39 -0. 38 ! 0 . 78 -0 . 5 1 ! 0 . 85 

-0 . 40 ! N 

-0. 5 1  ! N 

-0 . 1 3 ! N 

-0. 84 ! 0 . 26 -0 . 32 + 0 . 07 -0. 47 ! N -0. 45 ± N 

> 1  0 . 46 ± 0 . 05 0 . 50 ± N 0 . 24 ± N 

0 . 06 : 0 . 20 0 . 3 1 ! 0 . 39 -0 . 23 : 0 . 1 8  -0 . 22 : 0 . 04 

-0 . 70 ! 0 . 2 1  -0. 28 ! N -0. 54 : 0 . 23 -0 . 39 : 0 . 18  -0. 09 ! 0 . 02 

3 3 9  



3 4 0  

Tab l e  4 . 1 0 :  Con t i nued 

Tra i t  I Hag get  

- Trai t 2 E l  i l  E l  

CFW 

- y 0 . 65 + N 0 . 46 + ti - -

- QN -0 . 28 + 0 . 04 -0 . 1 2  + 0 . 0 1  - 0 . 1 3  - -

- MFD 0 . 94 + ri 0 . 73 + N 0 . 28 - -

- SL 0 . 76 + N 0 . 60 + N 0 . 6 1  - -

- TCN 0 . 50 + N 0 . 26 + N -0 . 02 - -

- CF -0 . 0 2 + O . O i  0 . 03 + 0 . 06 - 0 . 38 - -

- s·� r  ;J o  - 0 . 40 + 1 . 1 5 0 . 04 + 0 . 1 6  - -

- CHG 0 . 52 + 0 . 05 0 . 1 2  + N - 0 .  ! 8  - -

- LUS 0 . 1 0  + 0 . 06 -0 . 20 + 0 . 1 1  - -

- T I P  -0 . 50 + 0 . 1 7 0 . 04 t 0 . 0 7 -0 . i O  - -

- COT 0 . 64 + 0 .  1 6  (1 ? Q  t 0 . 08 - 0 . 0 9  J t .._ U - -

- CA6 > 1  0 . 44 0 . 1 0  
I z + -

- sou 0 . 65 + 0 . 1 3  0 .  77 + 0 .  29 - 0 . 07  - -

- HND -0 . 70  + N -0 . 43 + N - 0 . 63  - -

- 6CM -0 . 45 t 0 . 05 > 1  -

- SCM -0 . 00 t 0 . 04 0 . 3 1  -

- 6CF -0 . 4 7 + N -0 . 47 + 0 . 1 5 -0 . 62 - -

2-year - o l d  ewe 

I !  E l  

0 .  6'1 + N it i � 
V t  Q . .; -

+ 0 . 04 - !) .  27 + N -0 . 52 - -

+ ri 0 . 36 + N 0 . 0 1 - -

+ N 0 . 6 1  + N 0 .  7 1  -

+ 0 . 02 - 0 . 0 7  + 0 . 05 - 0 .  0 '1 - -

+ N -0 . 28 + ., -0. 54 11 - -

< - i  

+ !) • 1 i) -0 . 0 1 + 0 . 05 0 . 04 - -

0 . 44 + 0 . 6 1  > 1  -

t N -0 . 22 + N -0 . 35 - -

+ 0 . 05 -0 . 44 t 0 . 22 -0 . 04 - -

- 0 . 45  + 0 . 28 0 . 05 
-

+ 0 . 07 -0 . 25 t 0 . 50 - -

t 0 . 20 -0 . 4 1  + 0 . 1 2  -0 . 40 - -

0 . 67 t N 0 . 62 -

+ 0 .  2'1 0 . 28 t 0 . 34 0 . 33 - -

t �i -0 . 50 t 0 . 23 -0 . 48 - -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

t -

+ -

t -

t 
-

+ -

Aver age  ewe 

N 

N 

0 . 1 8 

N 

0 . 06 

N 

0 . 09 

N I .  

0 . 02 

N 

N 

N 

1 .  5 1  

0 . 26 

0 . 45 

- 0 . 44 

0 . 44 

0 . 56 

0 . 03 

-0. 30 

-0 . 3 1 

0 . 1 5  

0 . 48 

-0 . 1 8 

- 0 . 08 

0 . 00 

-0 . 47 

-0 . 43 

0 . 45 

-0 .  1 6  

-0 . 06 

· r  1 .  

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

t -

+ -

+ -

+ -

t -

t -

+ -

t -

N 

N 

N 

N 

0 . 02 

N 

0 . 4 1  

0 . 02 

0 . 07 

N 

0 . 0 1  

0 . 0 1  

0 . 86 

N 

N 

0 . 02 

0 . 03 



3 4 1  

Tab l e  4 . 10 :  Conti nued 

Trai t 1 Hog get 2-year-ol d ewe .· Aver age ewe 

- T r a i t  2 El I I  E l  1 1  E i  i I 

y 

- QN -0. 82 !_ N  -0. 41 ± N >1 . -0. 32 ± N -0. 41 ± N  -0. 39 ± N 

- i'iFD 0 . 45 + N 0 . 46 !. N 0 . 1 4  !. 0 . 03 < - 1  0 . 03 !. 0 . 04 

- SL 0 . 46 � N 0 . 1 9  � N 0 . 20 � N 0 . 48 :t N 0 . 40 ! N 

- TCN -0 . 28 ! (! . 1)1  -0. 1 5  + N 0. iO !. 0 .  08 0 . 1 0  !. 0 . 05 -0. 02  ! 0 . 02 

- CF -0 . 45 :t N -0. 26 !. N 0. 02 + 0 . 09 -0 . 22 ! N -0. 27 � N 

- SST 0 . 34 + 0 . 62 -0. 7 1  + 0 . 9 1  0 .  3 6  !. N 

- CH6 -0 . 03 + 0 . 08 -O. i B !. 0 . 0 1  7 0 . 20 :t 0 . 08 0 . 42 :t N 0 . 1 8 ! 0 . 02 � 

- LUS > 1  0 . 25 ! 0 . 07 z -0. 08 ! 0 . 50 0 . 85 !. 0 . 34 0 . 39 ! 0 . 04 

- T I P  -0 . 18 + 0 . 0 1  -0. 1 2  ! 0 . 03 -0. 1 5  + N -0. 1 6  :t N -0. 34 !. N 

- COT > 1  -0 . 22 !. 0 . 1 4  -0. 07 !. N 0 . 54 !. 0 . 34 -0 . 09 :t 0 . 02 

- CA6 0 . 66 ! 0 . 15  0 . 23 + N 0 . 1 4  :t 0 . 09 0 .  34 !. 0 . 1 1  0 . 04 + 0 . 02 

- sou > 1  0 . 2 1  ! N ) 1  0 . 1 0 !_ 0 . 1 8 -0. 24 ± 0 . 89 

- HND 0 . 04 � 0 . 24 -0 . 46 !. 0 . 05 I -0. 30 � 0 . 1 1  0 . 07 :t 0 . 04 -0. 06 !. 0 . 0 1 

- 6CI1 0 . 1 8  !. N > 1  > 1  1 .  00  ! N 

- SCI'I 0 . 1 7 ! N -0. 1 5  !. 0 . 1 2  ) 1  0 . 1 9 ±_ 0 . 10  

- GCF 0. 36 !. N 0 .  38 ! N -0. 63 !. 0 . 66 -0 . 24 :t 0 . 28 0 . 22 � 0 . 09 

----------------------------------- -----------



3 4 2  

Tab l e  4 . 1 0 :  Con t i nued 

Tr a i t  1 Hog get 2-year - o l d  ewe 

- Tr a i t 2 E i  i l  E i  I I 

QN 

- MFD 0 . 05 + 0 . 1 1  -0 . 1 1 + 0 . 05 -0 . 7 4  + 0 . 34 -0. 38 t N 

- SL - 0 . 5 7  ! N - 0 . 42  + N -0. 38 ! N -0 . 37 ! N 

- TCN 0 .  7 6 + N 0 .  79 + N > 1 0 .  57 ! N 

- CF > 1 0 .9 2 + �j > 1 0 .  7 3 + N 

- SST - 0 . 5 3  + N 

- CH6 0 . 80 + N 

- LUS -0 . 78 ! N 

0 . 2 1  + 0 . 65 

0 .  7 4  + N 

-0 . 86 + tl 

0 . 44 ! 0 , 8'i 

0 . 97 + 0 . 02 0 . 1 3 ! 0 . 1 1  

< - 1  

- T I P  > 1  > 1  > 1  0 . 83 ! N 

- COT 0 . 95 + N 0 . 25  + 0 . 04 0 . 77 ! N 0 . 73 + N 

- CA6 0 . 88 ! 0 . 1 1  0 . 2 ! ! 0 . 04 

- sou 0 . 3 !  ! 0 . 29 -0 . 02 + 0 . 06 

0 . 63 + N 

0 . 25 ! 0 . 3 1  0 . 7 1  ! 1 . 52 

- HND - 0 . 0 1 ! 0 . 0 1  -0 . 1 3 ! 0 . 1 0  -0 . 25 ! 0 . 2 1  0 . 06 ! 0 . 02 

-0.  I '1 + 0 .  03  

- SCH 0 . 35 ! 0 . 09 

- 0 . 69 + } 1  

; _ ;  \ ' 

-0 . 36 + N 

- 0 . 47 ! (1 , 48 

- GCF 0 . 22 + 0 . 1 3  -0 . 36 + 0 . 1 8  - 0 . 36 + 1 . 1 8 0 . 6 1  + N 

E l  

-0 . 48 + N 

-0 . 55 + fj 

0 .  79 ! N 

) !  

0 .  5 4  + N 

< - 1  

0 .  9 7  + N 

0 .  30 + N 

0 . 32 + N 

0 .  5 3  + N 

-0 . 47 + N 

/ - i • •• L 

0 . 42  ! N 

Average ewe 

I i  

-0 . 52 + N 

-0 . 58 ! N 

0 . 75 + N 

0 . 96 ! N 

-0 . 0 1  ! 0 . 30 

0. 4-'il :!: N 

-0 . 84 + N 

0 . 82 ! N 

0 . 47 ! N 

0 . 47 + N 

-0 . 45 ! 0 . 22 

0 . 55 ! N 

-0. 39 ! N 

0 . 1 4  t 0 . 02 

0 . 68 ! 0 . 24 



3 4 3  

T ab l e  4 . 1 0 :  Conti nued 

T r a i t 1 Hog get  2-year -oi d ewe Average  ewe 

- T r a i t  2 El I !  E l  I !  E l  l l  

MFD 

- SL 0 . 46 + N 0 . 38 + N 0 . 04 + 0 . 04 (! , (i(l t 0 . 1 0  0 . 04 + 0 . 07 0 . 1 8  + N - - - - - -

- TCN 0 . 50 + 0 .  i 2  0. 1 0  + 0 . 07 -0 . 57 + N -0 . 35 t N - 0 . 59 + N -0. 38 ± N - - - - -

- CF 0 . 26 t 0 . 1 6  -0 . 08 + 0 . 08 -0 . 64 + N - I) ,  29 + 0. 0 2  - 0 . 60 + N - 0 . 43 + N - -
-

-
-

- SST 0 . 06 + 0 . 1 0  0 . 04 + 0 . 23 7 -0 . 47 + 0 . 65 0 . 24 + 0 .  1 4  • - - - -

- CH5 0 . 40 t N 0 . 32 + 0 . 07 -0 . 6 1  + N - 0 . 36 t 0. 07 < - 1  -0 . 2 1 + 0 . 04 - - - - -

- Ll!S - 0 . 39 t 0 . 08 -I),  OB + 0 . 08 -0 . 33 t 1 . 1 7 0 . 50 + 0 . 66 0 . 25 + N 
-

- - - -

- T I P  0 . 04 t 0 .  1 0  -(i,  1 0  t N -0 . 46 + 0 . 1 5  -0 . 25 + N - 0 . 2 1  + N -0 . 2 1 + N 
- - - - -

- COT 0 . 47 + N 0 . 6 1  + 0 . 1 3  0 . 1 8  + 0 .  1 7  -0 . 05 + 0. 1 2  0 .  7 4  + 0 . 67 0 . 22 + N - - -
- -

- CA6 > 1  0. 28 + (! .  1 (I 0 . 3 1 + 0 . 1 7  0 . 1 5 + N (1, 1 4  + N - - - -

- sou > 1  0 . 70 + 0 . 1 6  -0 . 59 + ' � 7  -0. �·4 + 0 . 46 0 . 1 8  + 0 . 05 i r .:.•._) - - - -

- HND < - 1  -0 . 98 + N -0 . 77 + N -0 . 73 + N -0 . 74 + N -0 . 70 + N - -
-

- -

- 6CM z - 0 . 1 8 + 0 . 04 0 . 40 t 0 . 22 -0 . 99 + I .  4 1  0 . 05 t 0. 04 
- - - -

- se;; z 0 . 50 t 0 . 32 0 . 52 + 0 . 86 0 . 1 5  t 0 . 38 z -0 . 02 + 0 . 07 - - - -

- 6CF - 0 . 1 4  t 0 . 02 -0. 34 + (I '  1 1  -0 . 22 + N -0 . 07 + 0 .()9 -0 . 1 8 + 0 . 1 5  -(! .  1 1  t 0 . 04 - - - - -

----
--------

------------
-----------

--
-

-----
--

-
---

---
--

-
------------------

----
-------

--
-

---------



3 4 4  

Table 4 . 1 0 :  conti nued 

Tra i t  i Hog ge t  

- Tr a i t  2 E l  ! I  E l  

SL 

- TCN 0 . 30 + N o .  22 + 0 . 07 0 . 1 5  
- -

- CF -0 . 1 6  + 0 . 07 -0 . ��3 + N -0 . 36 - -

- C•:T 0 . 27 + 0 . 59 0 . 1 6  + 0 . 30 ,; ,,. - -

- CHij - 0 . 2 7  + N il .; � + IJ - 0 . 50 - .... . J. ..J  " - -

- LUS -0 . 0 1  + 0 . 06 0 . 08 + 0 . 09 -

- T I P  - 0 . 74 + tl -0 . 5 1  + N -0 . 4 4 - -

- COT -0 . 2 1  + ll - 0 . 1 6  + i' -0 . 66 " ,, - -

- CAS 0 . 23 + 0 . 02 0 . 0 1  + 0 . 02 z - -

- sou 0 . 22 + tl 0 .  :.4 + N ( - 1 - -

- HND -0 . 65 + N - 0 . 3 4  + 0 . 05 - 0 . 54 
- -

- 5Ci1 -0 . 22 + 0 . 1 1  > 1  -

- SCN z -0 . 1 0 + N 0 . 06 -

- 5CF 0 . 0 7 + 0 . 02 -0 . ! 8  + 0 . 09 0 . 23 - -

2-year -o l d  ewe  Avera�e  ewe  

1 1  E l  1 1  

+ N 0 . 1 2  + N 0 . 1 3  + N 0 . 09 + 0 . 02 - - - -

+ 0 . 02 - 0 . 37 + N -0 . 5 1  + N -0 . 58 + N - - - -

- 0 . 1 6  + 0 . 68 z 0 . 0 1  + 0 . 29 - -

t 0 . 03 -i) , i 8  + N -0 . 42 + N -0 . 23 + 0 . 02 - - - -

-0 . 27 + 0 . 88 0 . 1 4  + 0 . 06 0 . 30 + N - - -

+ tl -0 . 5 1  + N - 0 . 60 + N -0 . 56 + N - - - -

+ N -0 . 30 + N -0 . 8 i  + N -0. 35 + N - - -

-0 . 02 + 0 . 1 1  - 0 . 4 2  + ll -0. 1 5  + N " - - -

0 . 09 + 0 . 07 z 0 . 1 1  + 0 . 1 0  - -

+ 0 . 1 9 - 0 . 34 + 0 . 09 - 0 . 5 0 .  + N - 0 . 44 + N - - - -

0 . 20 + N 0 . 39 + N 0 . 39 + N - - -

+ 0 . 07 0 . 42 + 0 . 4 1  - 0 . 2 4  + 0 . 1 0  -0 . 38 + 0 . 06 
- - -

+ 0 . 1 0  0 . 05 + (1, i 1  - 0 . 59  + 0 . 24 -0 . 08 + 0 . 03 - - - -



3 4 5  

Tabl e 4 . 1 0 :  Con t i nued 

Tr a i t  i Hoaoet 2-year-o l d  ewe Average ewe 

- T r a i t 2 E l  E l  I i  E l  I I  

TCN 

- CF 0 . 86 + N 0 . 89 + N 0 . 87 + N 0 . 85 + N 0 . 7 8 + N 0 . 7 5  + N - - - - - -

- SST 0 . 82 + \ ;  / .l  0 . 22 + 0 . 35 0 . 06 + 0 . 1 7  0 . 1 0  + 0 . 2 1  - - - -

- Cii6 0 . 74 + N 0 . 58 + N 0 . 33 + N 0 . 28 + N 0 . 3 1  t N o, ��o t N - - - - - -

- LUS -0 . 78 t N -0 . 75 + �l -0 . 8 1  + 1 '":•l ( - 1  -0 . 72 + 0 . 08 • L !  - - - -

- T i P  0 . 79 + N 0 . 53 + N 0 . 94 + N 0 . 65 + N 0 . 55 + tJ 0 . 56 + N - - - - -

- COT 0 . 88 + li 0 . 30 t N 0 . 46 + t� 0 . 67 + N -0 . 22 t 0 . 28 0 . 40 + N " - - - - - -

- CA6 0 . 68 + N 0 . 36 + N 0 .  2�' + N -(! , (H) + 0 . 1 5  0 . 39 + N - - - - -

- sou o. 98 t 0 . 63 0 . 28 + 0. i 7 0 . 35 + 0 . 26 0 . 82 + 1 .  6 1  - 0 . 24 + 0 . 20 - - - - -

- HND -0 . 38 + {l � ,. ,• . J -· -(1 , i 1 + 0 . 05 -0 . 1 5  + 0 . 1 1  - 0 . 1 4  + 0 . 1 5  0 . 1 8  + 0 . 04 0 31 + N - - - - - -

- &Cri z -0 . 1 5  + 0 . 04 0 . 05 + l .  68 0 . 07 + (! I (0 -0 . 06 + 0 . 0 1  - 0 . 0 1  + 0 . 03 - - - - -

- SCM > 1  0 . 1 1  t 0 . 05 -0 . 90 t 0 . 46 - 0 . 69 + 0 . 55 < - 1  - 0 .  i 8  + 0 . 1 3  - - - -
- 6CF 0 . 06 + 0 . 06 - 0 . 3 1  + 0 . 1 8  0 . 44 + N 0 . 46 + N -0 . 04 + 0 . 36 0 . 70 + 0 . 29 - - - - -



3 4 6  

Tab l e  4 . 1 0 :  Con t i nued 

Tr a i t  1 

- Tr a i t  2 E I  

CF 

- SST > i  

- CHG 0. 81 + �j 

- LUS -0. 7 7 + N  

- T I P  > 1  

- COT 0 . 82 + N 

- CAG 0 . 53 + N 

Hog get 

I !  

0 . 2 4  � 0 . 57 

0 . 65 + N 

-0 . 70 � N  

0 . 97 � N 

0 . 58 + 0 . 08 

0 . 40 + 0 . 05 

- sou 0 . 56 + 0 . 4 6 0 . 26 ! 0 . 33 

- HND - 0 . 08 + 0 . 0 7 -0 . 04 � 0 . 05 

E i  

2-year -ol d ewe 

T l  1 1  

0 . 32 + 0 . 86 

0 . 42 + N 

E l  

-0 . 78 : 1 . 0 1 < - 1  

> I  0 . 86 + N 

0 .  60 � N 0 . 83 � N 

0 . 29 + N 

0 . 8 7  � 0 . 7 1 0 . 8 1  t 1 . 72 

0 . 06 � 0 . 03 0 . 0 4  � 0 . 06 

0 . 3 7  + N 

0 . 29 � N 

0 . 37 t N 

- 6CM 0 . 1 1 + 0 . 1 1 ( - 1  0 . 02 � 0 . 08 -0. 30 + N 

- SCM > I  0 . 42 + 0 . 08 ( - 1  

- 5CF -v . 1 7  + 0 . 02 0 . 1 4  + 0 . 1 0  0 . 37 t N 

0 . 50 : 0 . 37 ( - 1  

0 . 53 + N 0 . 38 � N 

Averag e eile 

I i  

0 . 03 � 0 . 30 

0 . 55 t ti 

-0 . 75 + N 

0 . 80 � N 

0. 5 1  + N 

0 . 4 1 ! N 

-0 . 28 + 0 . 06 

0 . 56 + N 

-0 . 26 + N 

0 . 1 .) + 0 . 04 

0 . 64 ! 0 . 24 



3 4 7  

Tab l e  4 . 1 0 :  Conti nued 

Trai t 1 Hog get 2-year-old  ewe Average ewe 

- Tr a i t  2 E l  ! I  E l  1 1  E l  i i  

SST 

- CHG z -0 . 22 + 0. 26 0. 14 + N 0 . 07 + 0 . 05 - -

- LUS -0 . 54 ! o. 7 1  0 . 7 )  + 1 . 36 -0. 09 :!: O . bO - 0 . 1 7 + 0 . 1 0  

- T I P  > 1  0 . 39 + 0 . 52 -0 . 26 + 0 . 1 7  - - I -0 . 0 1 :!: 0 . 08 

- COT 0 . 54 + N 0 . 65 t N - - z 0 . 43 ! 0 . 25 

- CAS 0 . 1 8  t N -0. 23 + (! . 57 z 0 . 57 + 0 . 22 - -

- sou 0 . 84 + N } 1  I -

- H�m -0 . 37 :!: 0 . 1 6 0 . 56 !. (!, 86 I 0 . 05 + 0 . 20 

- GCH 0 . 96 !. 0 . 43 0 . 05 + 0 . 08 I - 0 . 7 8  + 1 .  04 - - I 0 . 42 !. N 

- SCM I ) 1  -(1 . 04 + N - -0 . 43 !. N 

- GCF 0 . 22 !. 0. 03 0 . 1 9  !. 0 . 09 -0. 1 6  t N - I -0. 53 !. 0 . 67 

CHG 

- LUS -0 . 36 !: 0 . 04 -0 . 18 !: N 0 . 67 ! 1 . 24 -0 . 1  (I !: 0. 07 -0. 1 1  !: 0 . 08 

- T IP  0 . 29 !: 0 . 36 0 . 9 1  !: N 0 . 82 !: N 0 . 57 + N 0 . 73 !: N 0 . 74 !. N 

- COT 0 . 98 !. N 0 . 63 !. N 0 . 44 + N 0 . 24 !. N 0 . 68 !. N 0 . 59 !. N 

- CAG 0 . 86 !. N 0 . 49 !. N 0 . 38 !. N 0 . 25  !. 0 . 07 0 . 57 ! N 

- sou 0 . 92 !. 0 . 34 0 . 4 1  !. 0 . 1 3  0 . 24 !. 0 . 04 > 1  0 . 09 !. 0 . 04 

- HND 0 . 65 !. 0 . 32 -0. 1 9  !. 0 . 1 6  0 . 64 !. N 0 . 36 !. N 0 . 54 !. N 0 . 47 !. N 

- GCM 0 . 1 5 !. 0 . 02 -0 . 95 !. ) 1  0 . 30 !. N 0 . 40 !: N 0 . 20 !. 0 . 02 

- SCI1 > 1  0 . 1 6 !_ N  -0. 47 !. 0 . 23 -0. 54 !. 0 . 49 0 . 4 1  !. 0. 81  O . lO !_ N  

- GCF -0! 37 + N -0 . 36 + 0. 1 4  0 . 30 + N 0 . 33 _ + N -0. 58 + 0 . 74 0 . 59 + 0 ! �_4 



3 4 8 

iao l e  4 . 1 0 :  Cont i nued 

Tr a i t  1 Hog get 2-year -old  ewe 

- Trait 2 El 1 1  E l  

LUS 

- T I P  -0 . 78 + N -0 . 34  + N -0 . 48 
-

- COT -0 . 48 + 0 . 1 4  -0 . 36 + 0 . 1 5  -0 . 37 
- -

- CAG -0 . 80 + N -0 . 80 + 0 . 28 < - 1  
- -

- sou -0 . 00 + 0 . 1 5  -0 . 02 + 0 . 1 9  -0 . 6 1 -
-

- HND 0 . 5 1  + N 0 . 34 + N , 0 . 82 L 
- -

- 5CM -0 . 22 + 0 . 1 8  0 . 37 
-

- SCi'! < - 1  -0 . 4 2 + 0 . 1 8  ) i  
-

- GCF -0. 1 6  + !) , 03  0 . 06 + 0 . 1 0  - 0 . 89 
-

-

T I P  

- COT 0 . 64 + 0 . 26 > 1  0 .  90 -

- CAG > 1  0 . 65 + 0 . 34 0 . 8 1  -

- sou -0 . 67 + o. 74 0 . 74 + 0 . 73 0 . 0 1  + 0 . 5 1  .. , l i  
- -

- HND 0 . 52 + 0 . 29 -0 . 04 + 0 . 05 0 . 28 + 0. 1 i -0 . 20 
- - -

- GCN - 0 . 52  + 0 . 1 9  - 0 .  1 6  + 0 . 0 4 -0 . 5 1 + ··. i  - 0 . 1 5  i I - - -

- SCN 0 . 8 1  + 0 . 60 -0 . 3 7 + 0 . 1 3  -0 . 73 
- -

- GCF -0 . !)4 + o . o  0 . 3 1  + 0 . 27 0 . 75 + 0 . 3 1  0 . 75 
- -

-

T l  1 1  

+ 0 . 29 
-

+ 0 . 5 1  
-

+ 1 .  54 -

+ l .  49 -

+ 0 .  2'1 
-

+ 0 . 94 
-

+ N 
-

+ N -

+ 0 . 1 7  -

+ N -

+ 0 . 64 
-

+ 0 . 43 
-

C l  L. l  

-0 . 77 + 
-

0 . 09 + 
-

-0 . 32 + -

-0 . 82 + 
-

0 . 8 2 + 
-

> 1  

< - 1  

0 . 82 + 
-

0 . 55 + 
-

0 . 4 1  + 
-

-0 . 1 5  + 
-

-0 . 20 + 
-

0. 74 + 
-

Aver age ewe 

I i  

0 . 26 -0 . 53 + N 
-

0 . 25 -0 : 29 + 0 . 08 
-

N -0 . 25 + 0 . 07 -

0 . 33 + N -

0 . 5 i  -0 . 1 5  + 0 . 06 
-

(! .(!,�  0 . 46 + 0 . 06 
-

-0 . 2 1  + " i1 
-

-0 . 62 + 0 . 33 
-

N 0 . 67 + N 
-

ii 0 . 65 + N 
-

-0 . 1 7  + 0 . 1 4  -

N 0 . 39 + N 
-

N -0 . 33 + N -

0 . 7 1  -0 . 2 1 + N 
-

N 0 . 69 + 0 .  27 
-

------
--

- - ------- ------- ---------- -----------------------------------
-

--------------------------



3 4 9  

Tab l e  4 . 1 0 :  Cont i nued 

Trai t 1 Hog get 2-year-ol d ewe Average ewe 

- Trait  2 E l  I I E l  I I E l  I !  

COT 

- CAG 0 . 79 + N 0 . 82 + N I > 1  ) 1  0 . 89 + N 
- - -

- sou > 1  0 . 55 + 0 . 08 0 . 42 + N > 1  0 . 33 + 0 . 1 9  - - -

- HND -0. 6 1  + 0 . 07 -0 . 23 + 0 . 06 -0 . 36 + 0 . 32 -0 . 01 + 0 . 16  0 . 25 + N 0 . 20 + N - - - - - -

- GCI'I 0 . ! 0  + 0 . 0 1  < - 1  - 0 .  1 3  + 0 . 02 0 . 46 + 0 . 29 -0 . 09 + 0 . 02 - - - -

- se� ) 1  0 . 46 + 0 . 18  -0. 83 + 0 . 48 -0 . 77 + 0 . 75 -0 . 3 1  + 1 .  42 0. 1 2  + N - - - -

- SCF -0 . 29 + 0. 1 1  0 . 1 5  + 0 . 08 0 . 1 6  + 0 . 08 0. 58 + N 0 . 62 + 0. �.4 0 . 55 + 0 . 1 4  
- - - - - -

CAG 

- sou o. 60 !. 0 . 1 8  0 . 1 1  !. 0 . 05 I 0 . 52 + 0 . 35 < - 1  0 . 36 !. 0 . 22 

- HND (- 1  -0. 68 !. 0 . 30 -0. 48 !. 0 . 43 -0 . 2 7  !. 0 . 1 3  0 . 1 1  !. 0 . 03 

- GC" 0 . 43 !. N 0 . 03 !. 0 . 1 3  0 . 27 !. 0 . 08 0 . 03 !. 0 . 02 

- se" I 0 . 4 1  !. 0 . 0 1  -0. 83 + 1 .  08 -0. 35 !. 0.98 0 . 1 1  !. N 

- GCF 0 . 30 !. N 0. 06 !. 0 . 1 9  0. 1 2 !. 0 . 36 0 . 59 !. N 0 . 80 !. N 
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Tab l e  4 . 1 0 :  Con t i nued 

Trai t 1 Hog g e t  

- Tr a i t 2 E l  ! I  E i  

sou 

- HND -0 . 32 + N -0 . 66 + 0 . 42 } 1  - -

- GCH -0 . 04 + 0 . 07 > 1  -

- SCN 0 . 48 + 0 . 28 -0 . 96 -

- GCF -0 . 22 + 0 . 1 4  -0 . 1 4 + 0 . 05 > 1  - -

HND 

- GCH I -0 . 04 t 0 . 07 \ I  / 1  -

- scr; 0 . 02 + 0 . 04 0 . 05 -

- GCF 0 . 20 t (1 . 09 -0 . 23 + 0 .  1 5  -0 . 22 - -

GCM 

- SCi'l 0 . 55 t �1 > 1  -

- 6CF ) 1  0 . 59 + N -

- GCF I 0 . 1 5  + N < - 1  

2-year-o i d  e\tle Average  ewe 

+ 0 . 60 -

+ 0 . 2 i -

+ 0 . 22 -

l i  E l  ! I  

0 . 46 + 1 . 03 0 . 00 + 0 . 1 2  - -

0 . 07 + 0 . 09 -0 . 06 + 0 . 66 - -

-0 . 90 + 1 . 54 -!) • .  ':,£. + N - -

0 . 1 8  + 0 . 46 < - 1  -0 . 84 t l .  39 - -

-0 . 38 + 0 . 1 6  0 . 05 t 0 . 03 -0 . 06 t 0 . 0 1  - - -

0 .  1 8  + N -0 . 32 + 0 .  9 9  0 . 2 1 + N - - -

-0 . 45 + 0. 5'1 -0 . 30 t 0 . 33 0 .  38 + 0 . 1 1  - -

-0 . 2 1  + 0 . 18 \ I  0 . 1 6 t 0 . 09 / 1  - -

- 0 . 8 1  + 0 . 98 -0. 37 + 0 . 35 0 . 2 1 t 0 . 09 - -

-0 . 06 ! 0 . 22 -0 . 75 ! 3 . 92 0 . 55 ± 0 . 20 
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o t h e r b r e e d s  t e n d ed t o  h a v e  l ow e r  r a n g e s . T h e  t w o  y e a r  o l d  

a n d  a v e r a g e  ew e L W  - GFW c o r r e l at i on s  i n c l ud i n g  i n t e r a c t i o n s  

w e r e  s i m i l a r  t o  h ogget va l u e s . T h e  e s t i m a t e s  e x c l ud i n g  

i n t e r a c t i o n s  w e r e  h i gh l y n e g a t i v e ; h ow ev e r  t h e  s t a n d a r d  

e r r o r s  w e r e c o r r e s p o n d i n g l y  h i gh r e s u l t i n g l n  v a l u e s  n o t  

s i gn i f i c a n t l y  d i f f e r e n t  f r om z e r o . 

T h e  l a r g e  d i f f e r e n c e b e t w e e n  e s t i mat e s  e x c l ud i n g  a n d  i n c l ud i n g  

i n t e r a c t i o n s  

r e f l ec t e d  

i n t e r a c t i o n s  

p a r t i c u l a r . 

i n  

t h e  

l. n  

t h e  t w o  y e a r  o l d  a n d  a v e r a g e  

i mp o r t a n c e o f  g e n o t y p e  x 

b o t h  t h e s e  t r a i t s ,  l n  t h e  

e w e  e s t i m a t e s  

e nv i r o n m e n t  

a du l t s  i n  

T h e  r e l a t i o n s h i p b e t w e e n  LW a n d  G FW i s  o f  p a r t i c u l a r  i n t e r e s t  

1. n  vi e w  o f  t h e  f a c t  t h a t  s e l ec t i on f o r f l e e c e w e i gh t  may 

i n c r e a s e  l i v ew e i g h t  and f o o d i n t ak e  a n d  t h a t  t h e s e  c or r e l a t e d  

c h a n g e s  may l i m i t  ga i n s  i n  t h e  e f f i c i e n c y  o f  w o o l  p r o du c t i o n 

( C u n n i n gh a m  a n d  G j e d r em , 1 9 7 0 ) . Howev e r , c o r r e l a t i o n s  i n  t h i s  

a n d  o t h e r  s t udi e s  w e r e  g e n e r a l l y l ow .  A l s o ,  i n  e xp e r i m e n t a l  

f l o c k s  s ub j e c t ed t o  s e l e c t i o n f o r  f l e ec e  w e i gh t  t h e  c h a n g e  i n  

l i v ewe i gh t  h a s  b e e n  s ma l l ( Ba r l ow ,  1 9 7 4 ; T ur n e r , 1 9 7 7 ; 

M c Gu i rk , 1 9 8 3 ; B l a i r  e t  a l . ,  1 9 8 5 ) s upp o r t i n g  t h e  a b s e n c e o f  

a n y  s i z e ab l e  g e n e t i c  c o r r e l a t i o n .  

C o r r e l a t i o n s  b e t w e e n  l i vewe i gh t  a n d  Y ,  t h e  p er c e n t a g e  o f  c l e a n  

f i b r e  1. n  a gr e a sy s amp l e ,  w e r e h i g h  a n d  p o s i t i v e  w h e n  

i n t e r a c t i on s  w e r e  e x c l ud e d  b u t  d e c r e a s e d  c on s i d e r ab l y  w h e n  

i n t e r a c t i o n s  we r e  i n c l ud e d . C h op r a ' s ( 1 97 8) p r e v i o u s  

e s t i ma t e w a s l ow e r  t h a n  va l u e s  o b t a i n e d i n  t h i s  s t udy . B l a i r  

( 1 9 8 1 )  o b t a i n e d a w i d e  r a n g e  o f  va l u e s  ( - 0 . 3 3 t o  0 . 6 8 )  f o r  

R om n ey h o gg e t s i n  a t r i a l  i nv o l v i n g  s ev e r a l  s e l ec t i o n l i n e s . 

Q ua l i t y  n umb e r  

wh e n  i n t e r a c t i o n s  

·..;a s  

w e r e  

h i gh l y c or r e l a t e d  w i t h  

e x c l ud e d  b u t , a s  w i t h  y i e l d , 

l i v ew e i gh t  

d ec r e a s e d 

wh e n  i n t e r a c t i o n s  w e r e  i n c l ud e d . S i m i l a r l y , m ed i um t o  h i gh 
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n e g a t i v e  c o r r e l a t i o n s  o f  m e a n  f i b r e  d i a m e t e r  w i t h  l i v e w e i gh t  

i n d i c a t e d t h a t  a s  

d e c r e a s e d  a t  a n y a g e . 

l i v e w e i g h t  i n c r e a s e d f i b r e  d i a m e t e r  

T h e  c o r r e l a t i o n s  b e t w e e n  l i v e w e i g h t  a n d  

Q N  a n d  M F D  a r e  op p o s i t e  t o  t h o s e  e x p e c t e d . I n  h o gg e t s �  o n  a 

s ub s e t  o f  d a t a  u s e d  i n  t h i s s t udy , C h op r a  ( 1 9 7 8 )  r ep o r t e d a 

c o r r e l a t i o n o f  0 . 37 b e t w e e n  LW a n d  QN a n d  0 . 0 2 b e t w e e n  LW a n d  

MFD . Ra e ( 1 9 8 2 )  s umma r i z e d t h e  r a n g e  o f  R o m n e y  h o g g e t  

e s t i m a t e s  i n  o t h e r  s t ud i e s  a s  0 . 0 2 t o  0 . 2 4 f o r t h e  c o r r e l a t i o n 

b e t w e e n  LW a n d  M F D . 

C o r r e l a t i o n s  b e t w e e n  LW a n d  S L  t e n d e d  t o  b e  n e g l i g i b l e  

t h e  t w o  y e a r  o l d  e w e  e s t i m a t e  i n c l ud i n g i n t e r a c t i o n s . 

e x c e p t  

T C N  a n d  C F  c o r r e l a t i o n s  w i t h  l i v ew e i gh t  w e r e  s i m i l a r , h i g h 

p o s i t i v e  e x c l ud i n g i n t e r a c t i o n s  a n d  m e d i um p o s i t i v e  i n c l ud i n g 

i n t e r a c t i o n s . A p o s s i b l e  e xp l a n a t i o n i s  t h a t  g e n e t i c  

d i f f e r e n c e s  1 n  c op p e r u t i l i z a t i o n ( W i e n e r , 1 9 8 2 ) a r e  pa r t l y  

i n v o l v e d  i n  l i v e w e i gh t  d i f f e r e n c e s . L ow c opp e r  l ev e l s  l e a d  to 

� e f f i c i e n t  k e r a t i n i z a t i o n a n d  a l o w e r  c r i mp n umb e r . T h e r e  i s  

n o  c h a n g e 1 n  s t a p l e  l e n gt h s o  c r i mp f r e qu e n c y  a l s o  d e c r e a s e s 

a n d  t h i s  i s  r e f l e c t e d 1 n  a d e c r e a s e  1 n  q u a l i t y  n umb e r  

( H e n d e r s o n , 1 9 6 8 )  . 

C o r r e l a t i o n s  b e t w e e n  l i v e w e i g h t  a n d  s ub j e c t i v e l y  a s s e s s e d 

t r a i t s w e r e  v a r i ab l e ,  h ow e v e r  t h e  t r e n d  i n d i c a t e d t h a t  h i g h e r 

l i v e w e i g h t s t e n d e d  t o  b e  a s s o c i a t e d  w i t h  h i g h e r C HG va l u e s  1 n  

h o gg e t s a n d  t w o  y e a r  o l d s , l ow e r  l u s t r e , b l o c ky r a t h e r t h a n  

t i pp y  s t a p l e s , l e s s  s o u n d  w o o l s , s o f t e r  h a n d l e a n d  b e t t e r 

g r e a s y  a n d s c o u r e d  m i d s i d e c o l o u r . 

e f f e c t s  f o r  COT , CAG a n d  GC F . 

T h e r e  w e r e  i n c o n s i s t e n t  

I n  g e n e r a l g e n e t i c  c o r r e l a t i o n s  o f  l i v e w e i gh t  t o  o t h e r t r a i t s  

w e r e  h i g h l y  v a r i a b l e .  T h i s  r e f l e c t s  t h e l a r g e  e n v i r o nm e n t a l  

a n d  g e n e t i c  x e n v i r o nm e n t a l  c omp o n e n t s t o  t h e l i v e w e i g h t  

v a r i a n c e a n d  l o w p r o p o r t i o n  e xp l a i n e d b y  a dd i t i v e g e n e t i c  

va r i a n c e s . 
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4 . 5 . 1 . 2 A s s oc i a t i on o f  Gr e a s y  a n d  C l e a n  F l e ec e W e i gh t  w i t h  

Ot h e r  W o o l  C h a r a c t e r i s t i c s  

A s  c l e an f l e e c e w e i gh t  wa s d e r i v e d  f r om g r e a s y  f l e e c e w e i gh t  

a n d  t h e  c o r r e l a t i on b e t w e e n  C FW a n d  GFW wa s c l o s e  t o  1 . 0 ,  

c o r r e l a t i o n s  w i t h  o t h e r  t r a i t s  w e r e  s i m i l a r f o r  G FW a n d  C FW 

a n d  t h ey w i l l  b e  d i s c u s s e d t o g e t h e r . 

T h e 

Th i s ,  

t h a t 

m o r e 

h e r i t ab i l i t i e s o f  b o t h  f l e e c e w e i gh t  t r a i t s  a r e  s i m i l a r .  

t o g e t h e r  w i t h  t h e  h i gh g e n e t i c  c o r r e l a t i o n ,  i n d i c a t e d 

t h er e  i s  n o  r e a s o n t o  s e l e c t  o n  C FW i n  R omn ey s a s  G FW i s  

e a s i l y a s s e s s e d a n d  t h e  s am e  p r ogr e s s  c a n  b e  a c h i ev e d . 

G r e a s y , a s  

c o r r e l a t i o n s  

w e l l  a s  c l e a n , f l e ec e  w e i gh t  h a d  

w i t h  y i e l d i n  m o s t  a g e  c l a s s e s . 

h i g h p o s i t i v e  

E s t i ma t e s  o f  

t h e  GFW - Y g e n e t i c  c o r r e l a t i o n s  1 n  o t h e r  b r e ed s  a r e  e x t r em e l y  

v a r i ab l e  i n  s i z e a n d  s 1 gn (Mu l l a n ey e t.  -9 1 . ,  1 97 0 ) . 

F l e e c e  w e i gh t  a l s o  h a d  a m e d i um t o  h i g h p o s i t i v e  c o r r e l a t i on 

w i t h  MFD , a l t h ough t h e  c o r r e l a t i o n t e n d e d  t o  d e c r e a s e  w i t h  

a g e . Q N  wa s n o t  a s  w e l l  c o r r e l a t e d  t o  FW a s  MFD . I n  h og g e t s 

a n d  t w o  y e a r  o l d  ew e s  t h e  c or r e l a t i on s  w e r e  n eg l i g i b l e ,  b ut 

t h e y  w e r e  m ed i um t o  h i gh n e g a t i v e  f o r o l d e r  ew e s . M o s t  o t h e r 

p ub l i s h ed i n f o r m a t i o n i s  f r om !1 e r i n o s  v.·h e r e  t h e  c o r r e l a t i o n FW 
- MFD t e nd t o  b e  l ow wh i l e  FW - Q N  t e n d  t o  b e  h i gh e r . 

C h a n g e s  1 n  f l e e c e w e i gh t  w o u l d  b e  c l o s e l y  r e l a t e d  t o  c ha n g e s  

i n  S L  a s  s h ow n  by h i g h  p o s i t i v e  c o r r e l a t i on va l u e s . U s e o f  

s t ap l e l en g t h a s  a n  i n di r ec t  s e l e c t i o n c r i t er i o n f or f l e ec e  

w e i gh t  w o u l d  a v o i d  t h e  n ec e s s i t y t o  i d e n t i fy a n d  w e i gh a l l  

i nd i v i dua l f l e ec e s  a t  s h e a r i n g . T h e  h i gh e r  h er i t ab i l i t y  f o r 

S L  m e a n s  t h a t  s e l ec t i o n f or h ogg e t  S L  w o u l d  i mp r ov e  h og g e t  FW 

a t  t h e  s am e  r a t e a s  a c h i ev e d  by d i r e c t  s e l ec t i on o n  FW w h e n  

e s t i m a t e s  e x c l ud e  i n t e r a c t i o n s  a n d  b y  t w o - t h i r d s  t h e  r a t e w h e n  

e s t ima t e s  i n c l ud e  t h e  i n t e r a c t i o n s . 

A l t h ough h og g e t  T C N  a n d  CF w e r e  p o s i t i v e l y  c o r r e l a t ed t o  
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f l e ec e w e i g h t , f o r  t w o  y e a r  o l d  o r  a v e r a g e  ew e s  t h e  
c o r r e l a t i o n s  w e r e  c l o s e  t o  z e r o  f o r T C N a n d  m e d i um n e ga t i v e  
f o r  C F . T h u s  g r e a t e r  FW w o u l d b e  a s s o c i a t e d w i t h  a h i g h e r  T C N 

i n  h og g e t s  b u t  t h e r e  w o u l d  b e  n o  c o n s i s t e n t  c h a n g e  1 n  T C N  i n  

o l d e r  e w e s , e w e s w i t h  g r e a t e r  FW w o u l d  h a v e  l ow e r  C F . 

S t ap l e  s t r e n g t h c o r r e l a t i o n s  w i t h  FW va r i ed c o n s i d e r ab l y , w i t h  

l a r g e  s t a n d a r d  e r r o r s , b ut t e n d e d  t o  i n d i c a t e  t h a t  S ST h a d  a 

m ed i um n eg a t i v e  c o r r e l a t i o n w i t h  FW . T h u s  e w e s w i t h  gr e a t e r  

f l e ec e  w e i gh t s w o u l d  t e n d  t o  h a v e  l ow e r  S ST . T h e r e  wa s a 

h i gh p o s i t i v e  c o r r e l a t i o n  b e t w e e n  h ogget S O U  a n d  F W  b ut l ow t o  

m ed i um n e ga t i v e  c o r r e l a t i o n s  

s i m i l a r t r e n d s  a s  f o r  S S T . 

f o r  o l d e r  ew e s , r e f l ec t i n g 

V a l u e s  

t e n d e d  

h ogg e t s 

f o r  c o r r e l a t i o n s  o f  FW a nd s ub j e c t i v e l y  a s s e s s e d t r a i t s  

t o  b e  va r i ab l e  w i t h  s i gn s  o f t e n r ev e r s ed b e t w e e n  

a n d  o l d e r  e w e  e s t i ma t e s . I n  h o gg e t s h i g h e r  f l e ec e  

w e i gh t s  w e r e  a s s oc i a t e d w i t h  l ow e r  l u s t r e  a n d  gr e a t e r  

s o u n d n e s s . I n  b r e e d i n g ew e s  t h ey t e n d e d  t o  b e  a s s o c i a t ed w i t h  

l ow e r  l u s t r e  a n d  d e c r e a s e d  s o u n dn e s s . 

4 . 5 . 1 . 3 A s s o c i a t i o n s  B e t we e n  Ot h e r  W o o l  T r a i t s  

Y i e l d  

T h e  l a c k  o f  g e n e t i c  v a r � a n c e 1 n  y i e l d  i n d i c a t e d  b y  t h e  l ow 

h e r i t ab i l i t y  wa s a l s o  r e f l e c t e d i n  h i gh l y  va r i ab l e  c o r r e l a t i o n 

e s t i ma t e s  b e t w e e n  y i e l d  a n d  o t h e r t r a i t s . T r e nd s  t e n d  t o  

s ug g e s t  t h a t  s e l e c t i n g e w e s  f o r  h i gh e r  y i e l d i n g f l e e c e s  w o u l d  

r e s u l t  i n  l ow e r  Q N , g r e a t e r MFD , l o n g e r  S L , l ow e r  C F . g r e a t e r  

l u s t r e , m o r e  t i p p y  s t ap l e s a n d  m o r e c o t t i n g . T h e r e  w o u l d  b e  

n o  c o r r e l a t e d c h a n g e s i n  HND w i t h  c h a n g e s � n  y i e l d . 

Qua l i t y  Numb e r  

A l t h o ug h  t w o  y e a r  o l d  a n d  a v e r a g e  e w e  e s t i ma t e s  s h ow e d  a 

me d i um t o  h i gh n e� at i v e  c o r r e l a t i o n b e t w e e n  Q N  a n d  MFD , t h e 
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c o r r e l a t i on i n  h og g e t s wa s n e g l i g i b l e . H e r i t ab i l i t y o f  Q N  w a s 

l ow e r  t h a n  f or MFD s o  t h a t  e v e n  i n  o l d e r  ew e s , w i t h  t h e  

n eg a t i v e  c or r e l a t i o n ,  s e l e c t i o n u s i n g Q N  t o  i mp r ov e  MFD w o u l d 

b e  c on s i d e r ab l y  s l ow e r  t h a n  d i r ec t  s e l ec t i o n on MFD . 

C o r r e l a t i o n s  b e t w e e n QN a n d  SL w e r e m ed i um n egat i v e  wh i l e  QN 

and TCN had a h i gh p o s i t i v e  c o r r e l a t i o n . 

C o r r e l a t i o n s  o f  c l o s e  t o  un i t y  b e t w e e n  Q N  a n d  C F  a n d  C HG a n d  

L U S  r e f l e c t  t h e  i n f l u e n c e t h e s e f a c t o r s  h a v e  on ob s e rv e r s  w h e n  

a s s e s s i n g QN . 

T h e  m e d i um t o  h i g h  c o r r e l a t i o n s  b e t w e e n  QN a n d  COT i n d i c a t e d 

t h a t  g e n e s  r e s u l t i n g i n  w o o l  w i t h  h i gh Q N  a l s o  r e s u l t  i n  l e s s  

c o t t i n g . S i m i l a r  t r e n d s  o c c ur r e d  f o r Q N  a n d  CAG . T h i s  m i gh t  

b e  du e t o  h i gh c r i mp f r equ e n c y  t e n d i n g  t o  i n h i b i t  f e l t i n g o f  

f i b r e s  ( C r ewt h e r  a n d  D o w l i n g ,  1 9 6 1 )  o r  h i gh l us t r e  t e n d i n g  t o  

p r om o t e f e l t i n g . 

M e a n  F i b r e D i am e t e r  

Exc e p t  i n  h og g e t s ,  MFD h a d  a m ed i um t o  h i gh n e ga t iv e  

c o r r e l a t i o n w i t h  T C N  a n d  CF , i n d i c a t i n g  t h a t  T C N  a n d  C F  t e n d e d  

t o  i n c r e a s e  a s  M F D  d ec r ea s e d . H ow e v e r  t h e  h e r i t ab i l i t y o f  MFD 

w a s  t w i c e  as h i gh a s  t h e  h e r i t ab i l i t y o f  TCN or CF s o  t h a t  u s e 

o f  T C N  or CF a s  i n d i r e c t  s e l e c t i o n c r i t e r i a  f o r  a l t e r i n g  MFD 

w o u l d  r e s u l t  i n  l e s s  a c c ur a t e e s t i m a t i o n o f  e w e  MFD t h a n  

d i r e c t  m e a s ur em e n t . 

C or r e l a t i o n s  o f  M F D  a n d  o t h e r  w o o l  c h a r a c t e r i s t i c s  i n d i c a t e d  

t h a t  g e n e s  f o r f i n e r ew e f l e ec e s  t e n d e d  t o  a l s o  p r o duc e w o o l  

w i t h  b e t t e r  C H G  a n d  m o r e  b l ocky s t a p l e s  (T I P) . 

S o f t  h a n d l e wa s h i gh l y c o r r e l a t e d  g e n e t i c a l l y w i t h f i n e  f i b r e  

d i am e t e r . H ow e v e r  t h e  l ow h e r i t ab i l i t y o f  HND l i m i t s  i t s  

u s e f u l n e s s  a s  a n  i n d i r e c t  s e l e c t i o n c r i t er i on f o r  MFD . 

T h e  g e n e t i c  c o r r e l a t i o n s  b e t w e e n  MFD a n d  c o l o u r  a s s e s s m e n t s 
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w e r e  g e n e r a l l y l ow a n d  i n c o n s i s t e n t  1 n  s 1 g n . 

S t a p l e  L e n g t h  

T h e  c o r r e l a t i o n b e t w e e n  S L  a n d  T C N  w a s  n e g l i g i b l e  1 n  t h e  e w e s  

a n d l ow p o s i t i v e  i n  h o gg e t s .  H e n c e , s i n c e C F  wa s d e r i v e d f r om 

T C N/ S L , l o n g e r  s t ap l e s  t e n d e d  t o  b e  a s s o c i a t e d w i t h  l ow e r  C F . 

S L  h a d  a h i g h p o s i t i v e  c o r r e l a t i o n t o  GFW a n d  C FW a n d t h e r e  

w a s a l ow t o  m e d i um n e g a t i v e  c o r r e l a t i o n b e t w e e n  G FW a n d  C F . 

T h e  m e d i um n e ga t i v e  c o r r e l a t i o n b e t w e e n  S L  a n d  C HG a n d  h i gh 

n e g a t i v e  c o r r e l a t i o n b e t w e e n  SL a nd T I P  i n d i c a t e d  t h a t  l o n g e r  

s t a p l e s t e n d e d  t o  b e  a s s oc i a t e d  w i t h  l e s s  w e l l - d e f i n e d c r 1 mp 

a n d m o r e  t i p py s t a p l e s . 

L o n g e r  s t a p l e s  w e r e  n o t  a s s o c i a t e d w i t h  a c o n s i s t e n t  

1 n  COT 1 n  h o gg e t s b ut t h e r e  wa s a m e d i um t o  h i gh 

c o r r e l a t i o n 1 n  o l d e r  e w e s . H e n c e u s i n g S L  t o  s e l e c t  

i n c r e a s e  

n e g a t i v e  

h i g h e r 

f l e e c e w e i gh t  e w e s  w o u l d b e  e f f e c t i v e  i n  i n c r e a s i ng FW b ut 

w o u l d  l e a d  t o  a n  i n c r e a s e i n  c o t t i n g w h e r e a s  d i r e c t s e l e c t i o n 

o n  FW w o u l d n o t i n c r e a s e t h e  a m o u n t  o f  c o t t i n g . 

T o t a l  C r i mp N umb e r  a n d  C r i m p  F r e q u e n c y  

T C N  h a d  v e ry h i g h  p o s i t i v e  c o r r e l a t i o n s  w i t h  C F  i n  a l l  a g e  

c l a s s e s  ( 0.7 5 t o  0 . 8 9 ) . T h e c o r r e l a t i o n b e t w e e n  T C N  a n d  C F  

w a s f a r  h i gh e r t h a n  t h a t  b et w e e n S L  a n d  C F  s ug g e s t i n g t h a t  

g e n e s  p r om o t i n g h i gh c r i mp i n g  a r e  m o r e  i mp o r t a n t  i n  

d e t e rm i n i n g C F  t h a n  t h o s e  w h i c h  c h a n g e  c r i mp s  p e r c e n t i m e t r e  

t h r o u g h  c h a n g e s  1 n  l e n g t h . 

I n c r e a s e s  1 n  T C N  a n d  C F  w e r e  a s s o c i a t e d w i t h  b e t t e r C HG , l ow e r  

l u s t r e , 

c o t t i n g  

w i t h  L U S  

m o r e  b l o c ky 

a nd m o r e  s o u n o::t 

wa s e xp e c t e d 

s t ap l e s  ( T I P) , gr e a t e r  r e s i s t anc e t o 

w o o l . T h e  h i g h n e g a t i v e  c o r r e l a t i o n 

s i n c e  c r i mp t e n d s  t o  s up p r e s s  l u s t r e  

C o r r e l a t i o n s  o f  T C N  a n d  C F  w i t h  HND ( O rw i n  and \v o o d s , 1 9 :3 3 ) . 

w e r e  i n c o n s i s t e n t , b e i n g o r  1 OV.' n e ga t i v e  f o r 
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h og g e t s a n d  t w o  y e a r  o l d  ewe s  but l ow t o  m ed i um p o s i t i v e  f or 

a v e r a g e  e w e  p r oduc t i on . 

S t ap l e  S t r en g t h  

E s t i ma t e s  i n c l ud i n g i n t er a c t i o n s  i n d i c a t e d  t h a t  S S T  a n d  C OT 

h a d  a m e d i um p o s i t i v e  c or r e l a t i o n . T h i s  w a s  e x p e c t ed s i n c e 

w o o l  w i t h  a h i gh er s t ap l e s t r e ngt h w ou l d b r e ak l e s s  s o  t h e r e  

w o u l d  b e  l e s s  f i b r e  e n t a n g l em e n t  a n d  c o t t i n g g r a d e  w o u l d  b e  

h i gh e r . 

T h e e x t r em e l y  h i g h  c or r e l a t i o n b e t e e n  S ST a n d  SOU 

i n t e r e s t  a s  i t  s ug g e s t e d t h a t  SOU c o u l d  b e  u s e d t o  

wa s o f  

p r e d i c t  

S S T . H o w ev e r  a s  t h e  h e r i t ab i l i t y  o f  S OU 1 s  l ow s e l ec t i n g o n  

S OU wo u l d  o n l y  l e a d  t o  s l ow i mpr o v em e n t  i n  S S T . A s  s ou n dn e s s  

w a s on l y  a s s e s s ed o n  o n e  s t ap l e ,  wh i l e  S S T wa s c a l c u l a t e d  o n  5 

s t ap l e s , a c c ur a c y  o f  SOU m i gh t  b e  ab l e  t o  b e  i mp r ov e d  i f  

s ev e r a l s t ap l e s w e r e  a s s e s s e d .  T h i s  w o u l d  p r ov i d e  a l o t 

e a s i e r m e t h o d o f  a s s e s s i n g  S ST t h a n  d i r ec t  m e a s ur em e n t . 

C h a r a c t e r  

C H G  h a d  m e d i um t o  h i gh p o s i t i v e  c o r r e l a t i on s w i t h  T I P ,  C OT , 

CAG a n d  HND . H e n c e g e n e s  f o r  b e t t e r c h a r a c t e r wo o l  w e r e  

a s s oc i a t e d w i t h  b l o c k i e r  s t ap l e s , gr e a t e r r e s i s t a n c e t o  

c o t t i n g ,  l e s s  c o t t e d a r e a i n  t h e  f l e ec e a n d  a s o f t e r  h a n d l e .  

I n  t h e  h o gg e t s a n d  t w o  y e a r  o l d  ew e s  t h e r e  w e r e  m e d i um t o  h i gh 

p o s i t i v e  c o r r e l at i o n s  b e t w e e n  C HG a n d  S O U . Howev e r  CHG w a s 

n o t p o s i t i v e l y  c or r e l a t ed w i t h  S S T . 

T h e r e  w e r e  n o  c on s i s t e n t  t r e n d s  i n  t h e  c or r e l a t i o n s  b e t w e e n  

C HG a n d  c o l o u r  a s s e s s m e n t s . 
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L u s t r e  

N e ga t i v e  c o r r e l a t i o n s  b e t w e e n  L U S  a n d  T I P  a n d COT a n d  CAG 
i n d i c a t e d  t h a t  s e l e c t i n g f o r  i n c r e a s e d  l u s t r e  w o u l d  b e  

a s s o c i a t e d  w i t h  i n c r e a s e d t i p p i n e s s  o f  s t a p l e s  a n d a n  i n c r e a s e  
i n  t h e  d e g r e e  a n d a r e a o f  c o t t i n g i n  t h e  f l e e c e . T h e s e  may b e  

b e c a u s e l u s t r e  i s  a s s o c i a t e d w i t h  a s m o o t h e r  s u r f a c e a n d  a 

t e n d e n c y  f o r  f i b r e  t o  s l i d e p a s t  o n e  a n o t h e r  m o r e  e a s i l y o r  i t  

m a y  r e f l e c t  

e a r l i e r . 

t h e  a s s o c i a t i o n o f  l u s t r e w i t h  c r i mp m e n t i o n e d 

T i p p i n e s s  

T h e h i gh p o s i t i v e  c o r r e l a t i o n b e t w e e n T I P  a n d  C OT a n d T I P  a n d  

CAG i n d i c a t e s  m o r e  t i p p y  w o o l s  a r e  a s s o c i a t e d w i t h  a h i gh e r  

d e gr e e  o f  f i b r e  e n t a n g l e m e n t  ( c o t t i n g) a s  e x p e c t ed .  

4 . 5 . 2 ACRO S S - AGE G E N ET I C  C ORRE L AT I ON S  

O f  p a r t i c u l a r  i n t e r e s t  � n  s e l e c t i o n p r o g r a m s  a r e  t h e  e f f e c t s  

o f  s e l e c t i o n o n  h o gg e t s o r  t w o  y e a r  o l d  t r a i t s  i n  r e l a t i o n t o  

e f f e c t s  

d i r e c t  

p o s s i b l e  

o n  t h e  l i f e t i m e p e r f o r m a n c e o f  t h e e w e  f o r  b o t h  t h e  

t r a i t  c o n s i d e r e d a n d  c h a n g e s  � n  o t h e r  t r a i t s . 

� n c r e a s e  a c e  ur .:t c  y o f  u s � n g t w o  y e a r  

T h e  

o l d  

m e a s ur e m e n t s m u s t b e  c o n s i d e r e d i n  r e l a t i o n t o  t h e  
. . 
� n c r e a s e  � n  

g e n e r a t i o n t i m e  a n d e x t r a n umb e r s  o f  ew e s  t h a t  m u s t b e  k e p t  

u n t i l  t h e  l a t e r  a g e  p r i o r t o  s e l e c t i o n . 

T h e r e c o r d s  u s e d  t o  c a l c u l a t e t h e  a v e r a g e  e w e  e s t i m a t e s  v a r i e d 

b e t w e e n t h e  h o gg e t  a n d  t w o  y e a r  o l d  e w e  c o r r e l a t i o n s . Hogg e t s 

w e r e  c o r r e l a t e d w i t h  t h e av e r a g e  ew e p r o d uc t i o n a t  2 ,  3 ,  4 a n d  

5 y e a r s  o f  a g e , w h i l e  t w o  y e a r  o l d  ew e s  w e r e  o n l y  c o r r e l a t e d 

t o  a v e r a g e  e w e  p r o d uc t i o n a t  3 ,  4 a n d  5 y e a r s  o f  a g e . T h i s 

a v o i d s i n f l a t i o n o f  v a l u e s  d u e  t o  h a v i n g t h e  t w o  y e a r  o l d  ew e 

i n f o r m a t i o n o n  b o t h  s i d e s  o f  t h e  e s t i ma t e . 
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H e r i t ab i l i t i e s o f  t r a i t  1 f o r t h e  h og g e t  o r  t w o  y e a r  o l d  ew e 

i s  p r ov i d e d  a t  t h e  t op o f  e a c h  t ab l e  ( T ab l e 4 . 1 1 )  t o  p r ov i d e  

i n f o rmat i o n 

c o r r e l a t i o n s . 

f o r  a s s e s s i n g  t h e  p r a c t i c a l  s i gn i f i c a n c e o f  t h e  

F o r  m o s t  t r a i t s  d i r e c t  g e n e t i c  c o r r e l a t i on e s t i ma t e s  b et w e e n  

h og g e t s o r  t w o  y e a r  o l d  ew e s  a n d  a v e r a g e  e w e  pr oduc t i on w e r e  

c l o s e  t o  un i t y wh e n  i n t e r a c t i o n s  w e r e  e x c l ud ed a n d  g e n er a l l y  

s t i l l  v e r y  h i gh p o s i t i v e  w h e n  i n t e r a c t i o n s  w e r e  i n c l ud e d , 

T h i s  s ug g e s t s  t h a t  t h e  s am e  g e n e s  t h a t  c on t r o l t r a i t s  a t  o n e  

a g e  g e n e r a l l y  c on t r o l  t h e  t r a i t  a t  l a t e r a g e s , d e s p i t e  l ow 

r ep e a t ab i l i t i e s f o r  s om e  t r a i t s d u e  t o  w i d e l y  v a r y i n g  

t emp o r a r y  e nv i r onm e n t a l  i n f l u e n c e s . H e n c e f o r  t r a i t s  s uc h  a s  

l i v e w e i gh t  a n d  f l e e c e w e i gh t  w i t h  l ow i n t r a - t ra i t  c or r e l at i o n s  
o...-e. \;r� d i f f e r e n t  g e n e s ) a f f e c �� h e  d i f f e r e n t  s t oc k i n g  r a t e s  b u t  w i t h i n  

s t o c k i n g  r a t e t h e  s am e  g e n e s  a f f ec t  m o s t  t r a i t s  a c r o s s  a g e s . 

4 . 5 . 2 . 1  A s s oc i a t i o n o f  H ogg e t  a n d  Two Y e a r  O l d  Ew e L i v ew e i gh t  

W i t h  O l d e r  E.....,· e  C h a r a c t er i s t i c s  

D i r e c t  g e n e t i c  c o r r e l a t i o n e s t i ma t e s  f o r l i v ewe i gh t  w e r e  c l o s e  

t o  un i ty , i n d i c a t i n g t h a t  s e l ec t i on o n  h o gg e t s o r  o n  t w o  y e a r  

o l d  ew e s  w o u l d  h a v e  a d i r e c t  e f f ec t  o n  o l d e r  ew e l i v ew e i gh t . 

H ow ev e r , w h i l e  s t i l l  h i gh p o s i t i v e , c or r e l a t i o n e s t i m a t e s  

d e c l i n ed a f t e r i n c l u s i on o f  i n t e r ac t i on s . 

H o g g e t  l i v ew e i gh t  w a s n egat i v e l y  c or r e l a t e d  t o  ew e f l e e c e 

w e i gh t , a l t h o ugh e s t i m a t e s  i n c l ud i n g  i n t e r a c t i on s  w e r e  c l o s e  

t o  z er o . T h u s  a l t h o u g h  t h e r e  w a s  n ot muc h r e l a t i on s h i p  

g e n e t i c a l l y b e t w e e n  h og g e t  LW a n d  ew e FW , i f  a ny t h i n g t h e  

r e l a t i o n s h i p  wa s n e ga t i v e . On e t h e or y  s ugg e s t s  t h a t  t h e r e  i s  

c omp e t i t o n f o r l i m i t e d  r e s o u r c e s  w i t h i n  t h e  s h e ep ,  s o  t h a t  

c h o o s i n g  s h e ep w i t h  g r eat e r  l i v ew e i gh t s m e a n s t h a t  

i n d i v i dua l s  p u t  g r e a t e r  a m o un t s o f  t h e i r  r e s our c e s  

t h o s e  

i n t o  



3 6 0  

T ab l e  4 . 1 1 : G e n e t i c  c o r r e l a t i o n s  a n d  s t a n d a r d  e r r o r s  b e t w e e n 

h og g e t  a n d  ave r a g e  e w e  p e r f o rmanc e a n d  b e t w e en 

t w o -y e a r - o l d  a n d  o l d er e w e  a v e r a g e  p e r f o rma n c e 

T r a i t  Hogge t -Ave:-age e we 
- T r a i t  2 E I  I I  

LW 

0 . 07 + 0 . 0 9 0 . 35 + 0 . 0 8 

- LW >1 0 . 7 4 ± N 

- G FW - 0 . 4 1  + 0 . 5 1  - 0 . 1 0 + 0 . 1 1 

- C FW - 0 . 4 4 + 0 . 5 8  - 0 . 0 1 + 0 , 07 

- y 0 . 1 5 + 0 . 1 1  0 . 3 1 + 0 . 1 1 

- Q N  > 1  0 . 32 + 0 . 0 6 

- MFD - 0 . 6 0  + 0 . 2 8  - 0 . 37 + 0 . 0 9 

- S L  - 0 . 2 1  + 0 . 1 6 0 . 1 1 + 0 . 0 2 

- T C N  / 1  0 . 37 + 0 . 0 6 

- C F  > 1  0 . 3 0 + 0 . 0 7 

- S ST z 0 . 95 + 1 . 0 6 

- C HG 0 . 1 1 + N 0 . 1 3 + 0 .  0 4  

- L U S  < - 1  - 0 . 2 4 + N 

- T I P  0 . 1 0  + 0 . 1 4 0 . 2 6  + 0 . 0 3 

- C OT 0 . 0 9 + 0 . 1 0 - 0 . 1 8 + 0 . 07 

- C AG - 0 . 2 1 + 0 . 2 9  0 . 2 4 + N 

- sou < - 1  < - 1  

- H N D  0 . 6 9 + 0 . 4 0  0 . 1 4 + 0 . 0 6 

- GCM 0 . 0 5 + 0 . 0 8 0 . 2 3  + 0 . 0 9 

- S CM 0 . 7 1 + 2 . 5 5  0 . 07 + 0 . 0 8 

- G C F < - 1  0 . 5 6  + 0 . 5 6  

N unable to calcu l a te s ta nd a rd e r ro r 

2 y ea r  o l d  ew e -Av e r a g e  e w e 
E I  I I  

0 . 1 0 + 0 . 1 3 0 . 4 1  + 0 . 1 3 

> 1 0 . 8 1 ± N 

- 0 . 3 1 + 0 . 2 5 - 0 . 0 1 ± 0 . 1 0 

- 0 . 2 2 ± 0 . 2 2 0 .  1 7  + N 

0 . 0 1 ± 0 . 1 3 0 .  65 + 0 .  2 6  

> 1  0 . 0 8 + 0 . 0 8 

< - 1  - 0 . 5 1 + 0 . 2 2 

0 . 1 8 + N 0 . 1 5 + N 

> 1  0 . 4 4  + 0 . 1 1  

0 .  9 2  + 0 .  4 3  0 . 2 4  ± 0 . 0 7 

< - 1  0 . 05 + 0 . 07 

- 0 . 2 9  + 0 . 2 8  0 . 1 7 + 0 . 1 1 

- 0 . 9 0 + 0 . 1 7 - 0 . 2 9 + N 

0 .  1 5  ± N 0 . 1 8 + 0 . 0 5 

< - i  - 0 . 2 8 + 0 . 0 8 

- 0 . 1 6 + 0 . 0 4 - 0 . 2 1 + 0 . 1 4 

< - 1 - 0 . 85 ± 1 . 1 3  

0 . 9 2 + 0 . 5 5  0 . 0 9 + 0 . 1 1 

- 0 . 0 2 + 0 . 1 5 0 . 6 0 + 0 . 2 4 

0 . 3 8 + 0 . 8 3  - 0 . 2 5 + 0 . 0 8 

- 0 . 7 3 + 1 . 35 0 . 64 + 0 . 3 1 

z ze ro s i re va r ia nce component tor one of t ra i ts mea n t  co r relat ion cou ld not be 

ca lcu la ted 



T ab l e  4 , 1 1 :  C on t i n ued 

Tra i t  Hogget -Ave rage ewe 
EI I I  - T r a i t  2 

0 . 2 3  + 0 . 1 1 

- LW 0 . 1 6 + 0 .  04 

- GFW > 1  

- C FW > 1  

- y 0 . 5 7 + 0 . 1 0 

- Q N  - 0 . 2 4 + N 

- MFD 0 .  5 0  + N 

- S L  0 . 6 2 + N 

- TCN 0 . 2 4  + N 

- C F  - 0 . 1 3 ± 0 .  0 1  

- S ST z 

- CHG 0 . 2 6  + N 

L U S  0 . 5 6  + N 

- T I P  - 0 . 1 6 + 0 . 0 3 

- COT 0 . 5 5  + 0 . 1 1 

- CAG - 0  . 1 3 + N 

- sou - 0 . 6 8 ± 1 . 9 5 

- HND - 0 . 2 9 + N 

- GCM 0 . 5 0  + N 

- S CM - 0 . 0 0 + 0 . 0 9 

- GC F - 0 . 4 1  + N 

0 . 4 8  ± 0 . 1 0 

- 0 . 1 9 + 0 . 1 5 

0 . 84 + N 

0 . 8 1 + N 

0 . 1 2 + 0 . 0 3 

- 0 . 2 8 ± N 

0 . 4 1  + N 

0 .  4 4  + N 

0 . 2 1 + 0 . 0 7 

- 0 . 2 3  + N 

- 0 . 37 ± 0 . 4 9  

0 . 1 9 + 0 . 05 

0 . 2 4 + N 

0 . 0 1 + 0 . 0 1 

0 . 1 0 ± 0 .  0 2  

- 0 . 05 + 0 . 0 1 

- 0 . 4 9  ± 0 . 9 8 

- 0 . 4 2 ± N 

0 .  2 3  + 0 .  0 5  

- 0 . 1 1 + N 

- 0 . 2 7 + 0 . 1 0 

3 6 1  

2 y e a r  o l d  ewe-Av e r a g e  ewe 
EI II 

0 . 1 9 + 0 . 1 6 

- 0 . 3 8 + 0 . 2 2 

> 1  

0 . 92 + N 

- 0 . 1 8 + 0 . 1 1 

- 0 . 37 + N 

0 . 3 1 + N 

0 . 87 + N 

0 . 1 9 ± N 

- 0 . 4 5 + 0 . 05 

< - 1 

0 . 1 3 + N 

0 . 4 2  + 0 .  0 7  

- 0 . 2 8 + 0 . 0 9 

- 0 . 2 8  + 0 . 1 0 

0 . 0 9 + 0 . 02 

< - 1  

- 0 . 3 9 + N 

- 0 . 1 1 ± 0 . 0 8 

- 0 . 94 + 0 . 94 

< - 1 

0 .  64 ± 0 . 1 5 

- 0 . 1 0 + 0 . 1 4 

0 . 7 9  + N 

0 . 7 8 ± N 

0 , 02 ± 0 . 0 3 

- 0 . 35 ± N 

0 . 2 1  + 0 , 05 

0 . 4 2  + N 

0 .  35 + 0 . 1 5 

- 0 . 1 4 ± 0 .  02 

- 0 . 4 9  + 0 . 4 5 

0 . 2 7  ± 0 , 1 0 

0 . 4 3  ± 0 . 1 6 

- 0 . 1 0 + 0 . 04 

- 0 . 1 0 ± 0 . 02 

- 0 . 0 6 ± 0 . 0 3 

< - 1 

- 0 . 5 1  ± N 

0 . 0 3 + 0 , 0 3 

- 0 . 2 9 ± 0 . 02 

0 . 34 + 0 . 2 7 



3 6 2  

T ab l e  4 . 1 1 : C on t i n u e d  

T r a i t  H o g�e t -Ave r a g e  ewe 
- T r a i t  2 E l  I I  

0 . 2 9 + O . l l 

- LW 0 . 1 9 + 0 . 0 7 

- GFW > 1  

- C FW > 1  

- y 0 , 7 3 

- QN - 0 . 4 1  + N 

- MFD 0 . 5 1 + N 

- S L  0 . 6 4 + N 

- T C N  0 . !. 2 + 0 . 0 3 

- C F  - 0 . 2 6  + N 

- S S T z 

- C HG 0 . 3 8 + N 

- L U S  0 . 7 6 + N 

- T I P  - 0 . 1 7 + N 

- COT 0 . 5 9  + 0 . 1 3 

- CAG - 0 . 1 5 + N 

- sou < - 1  

- HND - 0 . 1 8 + 0 . 04 

- GCM 0 . 7 1  + N 

- S CM 0 . 3 6 + 0 . 3 3 

- GCF - 0 . 5 8  + 0 . 1 2 

0 . 5 1  ± 0 . 1 0 

- 0 . 2 0  + 0 . 1 5 

0 . 7 9 + N 

0 . 8 1 + N 

0 . 32 + N 

- 0 . 3 6 + N 

0 . 4 2 + N 

0 . 4 6  + N 

0 . 1 1 + 0 . 0 8 

- 0 . 3 5 + N 

- 0 . 3 1 + 0 . 5 7 

0 . 2 0  + 0 . 0 6 

0 . 3 3 + N 

- 0 . 1 2 + 0 . 0 1 

0 . 05 + 0 . 0 3 

- 0 . 1 9 + 0 .  0 5  

- 0 . 1 4 + 0 . 4 8  

- 0 . 4 0  + N 

0 . 4 1  + N 

- 0 . 1 2 + 0 . 0 3 

- 0 . 4 8  + 0 . 32 

N u n a b le to c a l cu l a t e  s t a nd a rd e r ro r  

2 y e ar o l d  e w e -Av e r a g e  ew e 
El I I 

0 . 2 5 + 0 . 1 7 0 . 67 ± 0 . 1 5 

- 0 . 1 2  + 0 .  1 0  - 0 . 1 0 ± 0 . 1 2 

> 1  0 . 7 5 ± N 

> 1  0 . 7 8  ± N 

0 . 2 0  + N 0 . 1 4 + N 

- 0 . 4 2 + N - 0 . 4 0 + N 

0 .  2 7  + N 0 . 1 9 ± 0 . 07 

0 . 9 0 + N 0 . 5 4  + N 

0 . 2 4 + N 0 . 3 8 ± 0 . 1 6 

- 0 . 4 2 + N - 0 . 1 8 + N 

- 0 . 4 5 + 0 . 4 5 

0 . 2 3  ± N 0 . 3 3 + 0 . 0 9 

0 .  5 6  + N 0 . 4 3  + 0 . 0 8 

- 0 . 3 0 + 0 . 07 - 0 . 1 6 + 0 . 0 4 

- 0 . 0 8 + N - 0 . 1 4 + 0 . 02 

0 . 1 2 + 0 . 0 3 - 0 . 0 9 + 0 . 04 

< - 1 < - 1  

- 0 . 3 7 + N - 0 . 4 7 + N 

0 . 2 1  + N 0 . 1 9 + N 

- 0 . 4 1  + 0 . 3 3 - 0 . 3 3  + 0 . 0 6 

< - 1  0 . 4 0 + 0 . 2 8  

z ze ro s i re va r i a nce component for one o f  t ra i ts mean t  correlat ion cou ld not be 

c a l c u l a ted 



T ab l e 4 . 1 1 : C o n t i n ued 

T ra i t  
- T r a i t  2 

Hogget -Average ewe 
E I  I I  

3 6 3  

2 y ea r  o l d  ewe -Av e r a g e  QMe 
E I  I I 

-----------------------------------------------------------------

y 

0 . 1 9 + 0 .  0 9  0 . 3 2 + 0 . 0 8 0 .  02 + 0 . 1 3  0 . 3 8 + 0 . 1 2 

- LW 0 . 32 + 0 . 1 7 - 0 . 02 + 0 . 04 > 1  - 0 . 07 + 0 . 1 0 

- GFW 0 . 5 6  + 0 . 2 4 0 . 1 0 + 0 . 05 > 1  0 . 2 8 ± 0 . 07 

- CFW 0 . 8 4 + 0 . 4 2 0 . 2 1  + 0 . 04 z 0 . 4 3  + 0 . 0 3 

- y > 1  0 . 5 2 ± N > 1  0 . 6 1 + N 

- QN - 0 . 6 7 + N - 0 . 4 3  + N < - 1  - 0 . 2 0 + N 

- MFD 0 . 3 5 + 0 . 3 8 0 . 0 6 + 0 . 0 3 z 0 . 2 5 + 0 . 0 8 

- SL 0 . 6 0 ± 0 . 2 1 0 . 05 + 0 . 07 > 1  0 . 3 6 + N 

- TCN - 0 . 2 4 + N - 0 . 2 6  + N > 1  0 . 1 9 ± 0 . 1 0 

- C F  - 0 . 6 4 + 0 . 0 7 - 0 . 2 9  + N 0 . 2 8  + 2 . 85 - 0 . 1 3 ± N 

- S S T z 0 . 0 1 + 0 . 2 2 z 0 . 2 2 + 0 . 2 2 

- CHG 0 . 6 2 + 0 . 2 6  0 . 1 5 ± 0 . 1 0 > 1  0 . 3 7 + 0 . 1 0 

- LUS 0 . 9 4 + 0 . 1 3 0 . 5 1  + 0 . 1 6 > 1  0 . 1 6 + N 

- T I P  - 0 . 2 3  ± N - 0 . 2 9  + N - 0 . 7 8 ± 4 . 8 6 - 0 . 1 5 ± N 

- COT 0 . 32 + 0 . 1 6  0 . 05 + 0 . 05 > 1  - 0 . 2 2 ± 0 . 1 0 

- CAG < - 1 - 0 . 4 8  + N - 0 . 62 + 0 . 37 - 0 . 1 1 ± 0 . 05 

- sou z 0 . 7 1 + 0 . 7 7 z - 0 . 65 + 0 . 9 3 

- HND 0 . 1 1 + 0 . 05 0 . 1 9 + 0 . 1 4 - 0 . 6 3 + 3 . 5 8  - 0 . 05 ± 0 . 0 3 

- GCM > 1  0 . 5 4 + N > 1  0 . 5 9 + N 

- SCM 0 . 8 7 + 0 . 5 5 0 . 1 8 + 0 . 0 9 0 . 8 1 + 1 . 1 2 - 0 . 1 4  + 0 . 0 8 

- GCF < - 1  0 . 05 + 0 . 1 1 - 0 . 4 9 + 0 . 85 0 . 5 1  ± 0 . 2 9  



3 6 4  

T ab l e  4 . 1 1 : C o n t i n u e d  

T r a i t  F.ogge t - Average ewe 
- T r a i t  2 E I  I I  

QN 

0 . 2 8 + 0 . 1 0 

- L W  0 . 4 2  + 0 . 0 6 

- GFW - 0 . 37 + 0 . 02 

- C FW - 0 . 37 + N 

- Y - 0 . 3 0 + N 

- QN 0 . 7 8 + N 

- MFD - 0 . 0 7 + 0 . 04 

- S L  - 0 . 4 6 + N 

- T C N  0 . 3 6 + 0 . 0 6 

- C F  0 . 6 0 + N 

- S S T z 

- C HG 0 .  2 9  + N 

- L U S  - 0 . 8 6 + N 

- T I P  0 . 8 0 + N 

- COT 0 .  5 8  + N 

- CAG 0 .  4 4  + N 

- sou < - 1 

- HND 0 . 2 2  + N 

- GCM - 0 . 3 1 + N 

- S CM - 0 . 8 0 + 0 . 6 2 

- GCF 0 .  4 2  + N 

0 . 3 3 + 0 . 0 9 

0 . 1 5 + 0 .  0 2  

- 0 . 1 7 + 0 . 02 

- 0 . 2 3  + N 

- 0 . 3 6 + N 

0 . 72 ± M  

- 0 . 1 2 + 0 . 0 3 

- 0 . 32 + N 

0 . 5 3 + N 

0 . 67 + N 

0 . 3 1 + 0 . 5 2  

0 . 35 + N 

- 0 . 5 1  + N 

0 . 7 6 + N 

0 . 3 8 + N 

0 . 6 2 + N 

- 0 . 7 4 + 0 . 8 4 

0 . 2 5  + N 

- 0 . 4 2 + N 

- 0 . 0 5 + 0 . 1 3  

0 . 1 5 + 0 . 0 9 

2 y e a r  o l d  e w e - Av e r a g e  ewe 
EI I I  

0 . 1 7 ± 0 . 1 4 0 . 4 9  + 0 . 1 3 

0 .  7 0  + 0 . 1 5 0 . 2 2 + 0 . 04 

- 0 . 3 3 + N - 0 . 3 3 ± N 

- 0 . 4 0 + N - 0 . 4 2  + N 

- 0 . 6 3 + N - 0 . 3 6 ± N 

> 1  0 . 6 8 + N 

- 0 . 6 2 + 0 . 2 9  - 0 . 5 5 + N 

- 0 . 62 + N - 0 . 5 4 ± N 

0 . 65 + N 0 . 4 2 + N 

> 1  0 . 65 + N 

z - 0 . 2 2 + N 

0 . 1 7 + N 0 . 3 7 ± N 

- 0 . 8 2 + N - 0 . 85 + N 

> 1  0 . 4 0  ± N 

0 . 1 4 + 0 . 05 0 . 3 8 + N 

0 . 4 9  + N 0 . 5 7 + N 

z - 0 . 85 + 0 . 6 8 

0 . 3 6 + N 0 . 4 4  + N 

- 0 . 5 5  + N - 0 . 4 2 ± N 

- 0 . 5 2  + 0 . 6 7 - 0 . 0 9 ± 0 . 1 0 

0 . 8 6 + 0 . 5 6  0 . 5 8  + 0 . 07 

. - · -· ·  · - - · · - · ··-------------



T ab l e  4 . 1 1 :  C o n t i n u e d  

T r a i t  Hogg e t -Average ewe 
- T r a i t  2 EI I I  

0 . 3 3 + 0 . 1 1 

- LW - 0 . 3 0 + N 

- GFW 0 . 6 3 + N 

- C FW 0 . 5 9 + N 

- y 0 . 0 7 + 0 . 07 

- Q N  - 0 . 4 5 + N 

- MFD 0 . 8 8 + N 

- S L  0 . 6 0 + 0 . 0 3 

- T C N  - 0 . 1 2 + 0 . 05 

- C F  - 0 . 4 6  + N 

S ST 0 . 3 3 ± 0 . 32 

- C HG 0 . 2 0  + N 

- L U S  0 .  52 + N 

- T I P  - 0 . 2 3 + N 

- COT 0 . 7 6 + N 

- CAG 0 . 1 4 + 0 . 07 

- sou 0 . 6 5 + 0 . 4 6  

- HND - 0 • 5 8  + N 

- GCM 0 . 1 1 + 0 . 0 6 

- SCM 0 . 2 0 ± 0 . 3 8 

- GC F - 0 . 6 8 ± 0 . 3 3 

0 . 4 6  + 0 . 1 1 

- 0 . 34 + 0 . 0 8 

0 .  5 9  ± N 

0 . 6 2 + N 

0 . 3 7 + N 

- 0 . 3 6 + N 

0 . 9 1 + N 

0 . 1 0 + 0 .  os 

- 0 . 2 1  + N 

- 0 . 35 + N 

- 0 . 0 9 + 0 . 2 2  

0 . 2 5 + 0 . 1 1 

0 . 3 6 + N 

0 . 0 1 + 0 . 07 

0 . 2 7 + N 

- 0 . 0 1 + 0 . 0 3 

0 . 2 1  + N 

- 0 . 5 2 + N 

0 . 3 9 + N 

- 0 . 0 6 + 0 . 0 6 

- 0 . 1 7 + N 

3 6 5  

2 y ea r  o l d  ew e-Av e r a g e  e w e  
E I  I I  

0 . 5 8  + 0 . 1 8 

- 0 . 5 6  ± 0 . 0 3 

0 . 2 9  ± 0 . 02 

0 . 1 5 + 0 . 07 

- 0 . 5 2 ± 0 . 1 6 

- 0 . 4 3  + N 

0 . 97 ± N 

0 . 1 2 ± N 

- 0 . 3 8 + N 

- 0 . 4 9  ± N 

- 0 . o s  + 0 . 1 7 

- 0 ; 7 1  + 0 . 2 2  

0 . 2 7 + N 

- 0 . 1 6 + N 

0 . 5 0  + 0 . 1 5 

0 . 1 6 + 0 . 0 6 

0 . 1 0 + 0 . 04 

- 0 . 7 5 ± N 

- 0 . 4 9 + 0 . 1 3 

0 . 5 8  ± 0 . 7 1  

z 

0 . 6 1 ± 0 . 1 8 

- 0 . 4 9  + 0 . 1 9 

0 . 3 8 ± N 

0 . 32 + N 

- 0 . 35 + 0 . 2 5  

- 0 . 4 5  + N 

1 . 0 0 + N 

0 . 07 + 0 . 04 

- 0 . 35 ± N 

- 0 . 2 8  + N 

- 0 . 04 ± 0 . 1 4 

- 0 . 1 8 + N 

0 . 3 1 + 0 . 1 0 

- 0 . 0 9 ± 0 . 05 

0 . 34 ± N 

- 0 . 0 0 + 0 . 0 3 

- 0 . 2 0  + 0 . 4 7 

- 0 . 64 ± N 

- 0 . 3 6 ± 0 . 2 7 

0 . 2 2 + 0 . 1 7 

- 0 . 1 1 + 0 . 05 



3 6 6  

T ab l e  4 . 1 1 :  C o n t i n ue d  

T r a i t  Hogget - Average ewe 
- T r a i t  2 E I  I I  

S L  

0 . 4 5 + 0 . 1 2 0 . 5 1  + 0 . 1 1 

- LW 0 . 0 3 + 0 . 05 0 . 2 5 + N 

- GFW 0 . 6 1 + N 0 . 5 4 + N 

- C FW 0 . 5 8 + N 0 . 6 2 + N 

- y 0 . 3 8 + N 0 . 5 8 + N 

- Q N  - 0 . 4 5  + N - 0 . 5 4 + N 

- MFD 0 . 1 8 + N 0 . 2 9  + N 

- S L  0 . 9 3 + N 0 . 8 7 + N 

- T C N  0 . 2 3  + N 0 . 2 4 + 0 . 1 2 

- C F  - 0 . 34 + N - 0 . 4 8  + N 

- S ST z 0 . 1 1 + 0 . 04 

- C HG - 0 . 1 0 + 0 . 0 3 - 0 . 2 1  + N 

- L U S  - 0 . 0 6 + 0 . 1 1 0 . 2 2 + N 

- T I P  - 0 . 4 7 + N - 0 . 5 5 + N 

- C OT - 0 . 2 9  + N - 0 . 2 1  + N 

- CAG - 0 . 34 + N - 0 . 1 3 + 0 . 04 

- sou > 1  - 0 . 1 0 + 0 . 4 9  

- HND - 0 . 5 9 + N - 0 . 5 6 + N 

- GCM 0 . 3 3 + N 0 . 5 4 + N 

- S CM 0 . 1 5 + 0 . 1 9 - 0 . 02 + 0 . 1 0 

- GCF - 0 . 3 6 + 0 . 1 8 - 0 . 2 7 + 0 . 2 1  

2 y e a r  o l d  e w e -Av e r a g e  e w e 
E I  I I  

0 . 34 + 0 . 1 4 0 . 4 3  + 0 . 1 4 

0 . 2 2  + N 0 . 1 9 ± N 

0 .  4 4  + N 0 . 3 1 + N 

0 . 35 + N 0 . 35 + N 

0 . 02 + 0 , 07 0 . 1 3 + N 

- 0 . 2 6 + 0 . 02 - 0 . 2 5 ± N 

- 0 . 1 4 + 0 .  0 6  - 0 . 2 0 + 0 . 1 8 

0 . 87 + N 0 . 8 3 ± N 

0 . 4 5  + 0 . 0 3 0 . 4 4  + 0 . 2 1 

- 0 . 2 5 + 0 , 0 3 - 0 . 2 8  ± N 

< - 1 - 0 . 35 + 0 . 5 8 

- 0 . 32 + N - 0 . 0 8 + 0 . 05 

- 0 . 2 4 + 0 . 1 2 - 0 . 0 6 ± 0 . 2 0 

- 0 . 4 3  + N - 0 . 4 5 ± N 

- 0 . 9 1 + N - 0 . 5 9  + N 

- 0 . 4 8  + N - 0 . 3 9 + N 

< - 1 - 0 . 4 7 + 0 . 9 3 

- 0 . 2 6  + N - 0 . 2 5  + N 

- 0 . 04 + 0 . 0 8 0 . 1 0 ± 0 .  04 

- 0 . 8 1 + 0 . 8 9 - 0 . 3 9 + N 

< - 1 - 0 . 2 0 ± 0 . 0 6 



T ab l e  4 , 1 1 : C o n t i nued 

T r a i t  Hogge t -Average ewe 
- T r a i t  2 E I  I I  

0 , 4 9  + 0 . 1 3 0 . 5 6  + 0 . 1 2 

- LW 0 , 65 + N 0 . 3 9 + 0 , 07 

- GFW 0 . 04 + 0 . 05 0 . 2 5  + 0 . 05 

- C FW 0 . 0 5 + 0 , 0 3 0 . 2 2 + 0 . 0 6 

- y 0 . 07 ± 0 . 0 6 - 0 . 05 + 0 . 0 3 

- Q N  0 . 6 6 + N 0 , 5 8 + N 

- MFD 0 .  0 9  + 0 .  o s  - 0 . 04 + 0 . 04 

- S L  0 . 1 0 + N 0 . 2 4 + 0 , 1 0 

- T C N  0 , 7 8 + N 0 . 9 2 + N 

- C F  0 . 6 0 + N 0 . 62 + N 

- S ST z 0 . 1 4 + 0 . 3 6 

- CHG 0 . 3 8 + N 0 . 34 + N 

- L U S  - 0 . 9 7 + N - 0 . 4 4 + N 

- T I P  0 . 5 4 + N 0 . 5 9 + N 

- COT 0 . 5 2 + N 0 . 3 1 + N 

- CAG 0 .  4 2  + N 0 , 3 5 + N 

- sou z - 0 . 1 3  ± 0 . 4 7  

- HND - 0 . 05 + 0 . 07 0 , 0 9 + 0 . 0 3 

- GCM - 0 . 0 0 + 0 , 04 - 0 , 0 9 + N 

- SCM - 0 . 2 7 + 0 . 1 4 - 0 . 1 7 + 0 . 1 5 

- GCF 0 . 4 2 + 0 . 1 4 0 . 1 1 ± 0 . 0 6 

3 6 7  

2 y e a r  o l d  ew e-Av e r a g e  e w e  
E I  I� 

0 . 4 2  + 0 . 1 4 0 . 4 2 ± 0 , 1 4 

0 . 6 3 + N 0 . 2 5 ± N 

- 0 . 2 2 + 0 , 0 1 - 0 . 2 2 ± 0 . 07 

- 0 . 2 6  + N - 0 . 2 6  + 0 . 0 7 

- 0 . 3 8 + N - 0 . 1 3 + N 

0 , 7 7 + N 0 , 7 6  + N 

- 0 , 6 6 + N - 0 . 4 4 + N 

0 . 3 3 + N - 0 . 0 1 + 0 . 0 1 

0 . 9 0 + N 0 , 9 1 + N 

0 . 7 8  + N 0 . 62 + N 

0 . 1 8 + 0 , 2 0  0 , 0 6 ± -0 , 1 0 

0 . 2 2 + N 0 .  1 5  + N 

- 0 . 7 4  + N - 0 . 74 + N 

0 , 4 2  + N 0 . 4 1 ± N 

0 . 0 0 + 0 , 0 6 - 0 , 02 ± 0 . 1 0 

0 .  2 6  ± N 0 .  2 6  + N 

- 0 . 92 + 1 , 0 6  - 0 . 2 2 + 0 . 1 7 

0 . 4 1  + N 0 , 35 ± N 

- 0 . 4 5 + N - 0 . 1 3 + N 

< - 1  - 0 . 5 0  + 0 . 2 1  

0 . 4 9 + 0 . 3 9 0 . 2 0  ± N 



3 6 8  

T ab l e  4 . 1 1 :  C o n t i n u ed 

T r a i t  Hggget - Average ewe 
- T r a i t  2 E I  I I  

C F  

0 . 3 9 + 0 . 1 0 

- L W  0 , 5 7  + 0 . 0 4 

- G FW - 0 . 2 4 + 0 . 04 

- C FW - 0 . 2 1  + N 

- Y - 0 . 1 3 + N 

- QN 0 . 85 + N 

- MFD - 0 . 0 8 + 0 . 04 

- S L  - 0 . 3 3 + N 

- T C N  0 , 6 5 + N 

- C F  0 . 8 6 + N 

- S S T  z 

- C HG 0 , 5 3  + N 

- L U S  - 0 . 9 8 + N 

- T I P  0 . 8 5 + N 

- C OT 0 . 4 7  + N 

- CAG > 1  

- sou z 

- HND 0 . 3 2 + N 

- GCM - 0 . 1 8 + N 

- SCM - 0 . 4 4 + 0 . 2 6  

- G C F  0 . 2 5 + 0 . 02 

0 . 4 0  + 0 . 1 0 

0 . 3 9 ± 0 . 1 3 

- 0 . 05 ± 0 . 04 

- 0 . 0 5 + 0 . 0 6 

- 0 . 2 1  + N 

0 . 7 6  + N 

- 0 . 1 9  + N 

- 0 . 1 8 + 0 .  0 6  

0 . 7 9 + N 

0 . 6 8 + N 

0 . 34 + 0 . 8 3 

0 . 3 8 + N 

- 0 . 4 5 + N 

0 . 7 2 + N 

0 . 5 4 + N 

> 1  

- 0 . 2 1  + 0 . 6 3 

0 . 34 + N 

- 0 . 2 8 + N 

- 0 . 1 2 + 0 . 1 9 

0 . 5 0  + 0 . 2 8  

------- --- -----· -·-------------·--···-· · · -

2 y ea r  o l d  e w e -Av e r a g e  e w e 
E I  I I 

0 . 2 9  + 0 . 1 2 0 . 2 9 + 0 . 1 2 

0 , 4 2 + 0 , 07 0 . 1 4 ± 0 .  02 

- 0 . 4 4 ± N - 0 . 32 ± N 

- 0 . 4 1  + N - 0 . 4 1  + N 

- 0 . 4 1  + N - 0 . 1 3  + 0 .  0 1  

0 , 84 + N 0 , 8 1 + N 

- 0 . 62 + N - 0 . 3 2 + N 

- 0 . 4 4 + N - 0 . 3 6 ± N 

0 .  6 1  + N 0 . 6 1 ± N 

0 . 92 ± N 0 . 6 2 + N 

0 . 82 + 0 . 9 9 0 . 1 3 + 0 . 3 1 

0 . 3 3 + N 0 . 2 7 + N 

- 0 . 5 9 + N - 0 . 5 9 + N 

0 .  5 9  + N 0 . 5 6 + N 

0 .  4 0  + N 0 . 32 ± N 

> 1  > 1  

- 0 . 5 2 + 0 . 4 4  - 0 . 1 1 + N 

0 .  4 4  + N 0 . 3 6 ± N 

- 0 . 3 9 + N - 0 . 2 0 + N 

- 0 . 6 9 + 0 .  9 5  - 0 . 2 7 + 0 . 2 2  

> 1  0 . 4 6  + N 



T ab l e  4 . 1 1 :  C o n t i n u e d  

T r a i t  Hogg e t - Average ewe 
- T r a i t  2 E l  I I  

0 . 1 7 + 0 . 0 9 0 . 2 0  + 0 . 0 9 

- LW z - 0 . 04 + 0 . 05 

- G FW - 0 . 37 + N - 0 . 6 0 + 0 . 3 9 

- C FW - 0 . 3 9 + 0 . 0 8 - 0 . 5 3  ± 0 . 37 

- y z 0 . 7 1 + 0 . 6 8 

- QN O . l l + 0 . 1 7 0 . 3 6 + 0 . 5 8 

- MFD - 0 . 3 5 + 0 . 1 2 - 0 . 32 + 0 . 3 0 

- S L  - 0 . 2 0 + 0 . 3 1 - 0 . 07 + 0 . 1 8 

- T C N  0 , 2 6 + 0 . 1 3 0 . 1 3 + 0 . 1 7 

- C F  0 . 32 + 0 . 2 3  0 . 1 3 + 0 . 2 8  

- S ST 0 . 5 1  + N 0 . 64 + N 

- C HG 0 .  4 8  + N 0 . 65 + 0 . 4 3  

- L U S  < - l  O . l l + 0 . 04 

- T I P  0 . 7 8 + 0 . 2 6  0 . 2 3  + 0 . 1 4 

- C OT 0 , 6 1 + 0 . 1 1 0 . 4 9  + 0 . 2 9  

- CAG 0 . 2 7 + 0 . 1 6 0 . 4 7  + 0 . 32 

- sou > 1  0 . 8 5 + 0 . 7 1  

- HND 0 . 2 1  + 0 . 0 9 0 . 4 0  + 0 . 2 8  

- GCM z > 1  

- S CM 0 . 7 0 + 1 . 3 4 0 . 34 + 0 . 5 7 

- G C F  - 0 . 65 + 0 , 6 9 0 , 75 + 1 . 2 1  

3 6 9  

2 y e a r  o l d  ewe-Av e r a q e  e w e  
E l  I I  

0 . 0 0 + 0 . 1 2 0 . 1 0 + 0 . 1 2 

z - 0 . 2 9 + 0 . 3 1 

z < - l 

z < - 1 

z 0 . 2 7  + N 

z 0 . 4 2  + 0 . 8 9 

z - 0 . 4 3  + 0 . 5 5 

z - 0 . 6 8 + 0 . 9 6 

z 0 . 0 6 + 0 . 2 7 

z 0 .  7 8  + 1 . 1 9 

z - 0 . 1 3 + 0 . 94 

Z . 0 . 4 5  + 0 . 5 2 

z < - l 

z 0 . 3 0 ± 0 . 4 6 

z 0 . 1 6 + 0 . 1 6 

z 0 . 35 + N 

z 0 . 2 1  + 0 . 4 9  

z 0 . 9 1 + 1 . 1 0 

z > 1  

z - 0 . 1 4 + N 

z - 0 . 32 + 0 . 2 4 



3 7 0  

T ab l e  4 . 1 1 : C o n t i n u e d  

----------- -------------------------------- ----------------------

T r a i t  Hogge t -Ave rage ewe 
- T r a i t  2 E I  I I  

2 y e a r  o l d  e w e -Av e rage e w e 
E I  I I  

-----------------------------------------------------------------

0 . 2 3  + 0 . 0 9 0 . 3 1 + 0 . 0 8 0 . 2 7  + 0 . 1 2 0 . 2 7 + 0 . 1 2 

- LW 0 . 1 3 + N 0 . 2 0 + N 0 . 2 3  + 0 . 0 8 0 . 05 + 0 . 04 

- G FW 0 . 0 2 + 0 . 0 3 0 . 0 6 + N - 0 . 0 8 + 0 . 0 3 - 0 . 1 4 ± 0 . 0 8 

- C FW - 0 . 0 1 + 0 . 0 0 - 0 . 0 1 + 0 . 0 1 - 0 . 1 7 + 0 . 0 6 0 . 0 7 + 0 . 0 4 

- y - 0 . 1 7 + N - 0 . 2 0 + N - 0 . 2 0  + 0 . 1 1 0 . 2 4 + 0 . 1 2 

- QN 0 . 8 6 + 0 . 1 3 0 . 2 8  + N 0 . 65 + N 0 . 5 1  + N 

- M FD - 0 . 4 9  + 0 . 1 2 - 0 . 3 8 + 0 . 05 - 0 . 6 2 + N - 0 . 5 5 + 0 . 1 2 

- S L  - 0 . 1 5 + N - 0 . 0 2 + 0 . 0 3 - 0 . 5 1  + N - 0 . 2 6 + N 

- T C N  0 . 5 5 + N 0 . 37 + N 0 . 6 4 + N 0 . 5 4 + N 

- C F  0 . 5 8  + 0 . 04 0 . 1 8 + 0 .  02 0 . 9 7 + N 0 .  5 0  + N 

- S ST z - 0 . 9 1 + 1 . 2 9  < - 1  0 . 84 + 0 . 6 5 

-- C HG 0 . 4 5 ± N 0 . 5 5 + N > 1  > 1  

- L US - 0 . 67 + 0 . 2 1  - 0 . 1 5 + 0 . 04 - 0 . 4 1  + N - 0 . 3 6 + 0 . 1 3 

- T I P  0 . 3 9 + N 0 . 4 9  + N 0 . 9 4 + N 0 . 7 1  + N 

- C O T  0 . 4 3  + N 0 . 2 2 + N > 1  0 . 2 3  + N 

- CAG - 0 . 0 8 + 0 . 2 1  0 . 1 6 + N 0 . 3 2 + N 0 . 4 3  + 0 . 1 0 

- s ou z - 0 . 2 1  + 0 . 4 0  - 0 . 0 5 + 0 . 34 0 . 2 2 + 0 . 1 4 

- HND > 1  0 . 3 1 + 0 . 04 0 . 7 2 + N 0 . 4 0  + N 

- GCM - 0 . 1 9 + N - 0 . 2 5 ± N - 0 . 1 5 + 0 . 0 8 0 . 1 9 + 0 . 0 9 

- SCM - 0 . 4 1  + 0 . 1 9 - 0 . 1 2  + N 0 . 5 5 + 0 . 5 8  0 . 3 1 + 0 . 1 4 

- GC F 0 . 4 3 + 0 . 4 3  - 0 . 3 3 + 0 . 4 7  0 . 6 7 + 0 . 6 3 0 . 05 ± 0 . 07 



T ab l e  4 . 1 1 : C on t i n u e d  

T r a i t  
- T r a i t  2 

Hogget - Average ewe 
El I I  

0 . 2 4  + 0 . 0 8 0 . 2 7 + 0 . 0 8 

- LW - 0 . 4 9  + 0 . 0 9 - 0 . 2 3 + 0 . 0 7 

- G FW 0 . 1 1  + N - 0 . 04 + 0 . 0 6 

- C FW 0 . 1 0  + N 0 . 0 1 + 0 . 0 6 

- y 0 . 2 6  + N 0 . 0 6 + 0 . 1 0 

- QN - 0 . 4 4 + N - 0 . 4 7 + N 

- MFD - 0 . 4 2 + 0 . 0 1 - 0 . 5 3 + 0 . 2 5 

- S L  0 . 1 2 + 0 . 02 0 . 0 1 + 0 . 1 1  

- T C N  - 0 . 3 8 + N - 0 . 3 9 + N 

- C F - 0 . 3 3  + N - 0 . 4 5 + N 

- S ST z - 0 . 5 7 + 0 . 7 6  

- C HG 0 . 2 1  + 0 . 0 3 0 . 07 + 0 . 0 3 

- L U S  0 . 6 5 + N 0 . 5 3 + N 

- T I P  - 0 . 6 0 + N - 0 . 5 2 + N 

- C OT - 0 . 4 1  + N - 0 . 5 7 + N 

- CAG - 0 . 5 9 + N - 0 . 7 1 + N 

- s ou 0 . 5 7  + 1 . 2 8  0 . 4 5 + o . s s 

- HND 0 . 5 3  + 0 . 0 6 0 . 2 8  + 0 . 0 8 

- GCM 0 . 3 0 + N 0 . 0 9 + 0 . 0 9 

- S CM 0 . 7 3  + 0 .  4 9  0 . 1 8 + 0 . 1 3 

- G C F  - 0 . 0 0 + 0 . 2 3  - 0 . 6 8 + 0 . 5 8  

·�------- ------------· 

3 7 1  

2 y e a r  o l d  ewe-Av e r a g e  e w e 
E l  II 

0 . 0 0 + 0 . 1 0 0 . 1 4 + 0 . 1 0 

z - 0 . 9 9 + 2 .  3 2  

z 0 . 2 4 + 0 . 3 9 

z 0 . 3 9 ± 0 . 3 8 

z 0 . 6 9 + 0 . 82 

z - 0 . 8 0 + 1 . 5 8  

z - 0 . 6 1 + 1 . 6 8  

z - 0 . 1 2  + 0 . 6 0 

z - 0 . 7 2 + 1 . 6 8  

z - 0 . 5 2 + l .  0 0  

< - 1  0 . 72 + 0 . 5 1  

z 0 . 2 2 + 0 . s o  

z > l  

z - 0 . 4 1  ± 1 . 2 0  

z - 0  . s o  + l .  0 0  

z - 0 . 3 3  + 0 . 3 9 

z 0 . 3 6 + N 

z 0 . 7 2 + l .  8 9  

z 0 . 6 9 + 0 . 7 7 

z 0 . 0 1 ± 0 . 2 2  

z 0 . 0 9 + 0 , 4 6  



3 7 2  

T ab l e 4 . 1 1 :  C o n t i n u e d  

T r a i t  Hogg e t -Ave rage ewe 
- T r a i t  2 E I  I I  

0 . 1 6 + 0 . 07 

- LW 0 . 1 0 + 0 . 05 

- GFW - 0 . 7 3 + 0 . 3 5 

- C FW - 0 . 5 5 + 0 . 2 1  

- y 0 . 1 8 + 0 . 2 1  

- QN 0 . 7 8 + N 

- MFD - 0 . 2 5 + N 

- S L  - 0 . 8 8 + N 

- T C N  0 . 1 5 + 0 . 0 4 

- C F  0 . 7 3 + N 

- S ST z 

- C HG 0 . 2 3  + 0 . 2 2  

- L U S  < - 1 

- T I P  0 . 8 3 + N 

- C OT 0 . 3 2 + N 

- CAG 0 . 7 1 + N 

- sou z 

- HND 0 . 7 5 + 0 . 0 9 

- GCM 0 . 1 4 + 0 . 1 4 

- S C M  - 0 . 2 0 + 0 . 4 6  

- G C F  - 0 . 3 6 + 0 . 6 8 

0 . 1 9 + 0 . 07 

0 . 2 6  + N 

0 . 0 8 + 0 . 0 9 

0 . 02 + 0 . 07 

- 0 . 07 + 0 . 02 

0 . 7 8 + N 

- 0 . 0 4 + 0 . 0 3 

- 0 . 3 1 + N 

0 . 1 9 + N 

0 . 2 7  + N 

- 0 . 1 3 + 0 . 2 8  

> 1  

0 . 0 6 + 0 . 3 5 

0 . 9 0 + N 

0 . 65 + N 

0 . 82 + N 

- 0 . 2 3 + 0 . 3 3 

0 . 5 3  ± 0 . 2 2  

- 0 . 04 + 0 . 0 3 

0 . 2 3 + N 

0 . 65 + N 

2 y e a r  o l d  ewe-Av e r a g e  e w e 
E I  I I  

0 . 1 1 + 0 . 1 1 0 . 2 6  + 0 . 1 1 

0 . 7 9  + 0 . 4 0  0 . 07 ± 0 . 0 9 

- 0 . 2 4 ± N - 0 . 1 3 ± N 

- 0 . 2 4 + N - 0 . 2 8 + N 

- 0 . 2 9 + N - 0 . 4 0 + N 

> 1  0 . 8 3 + N 

- 0 . 3 8 + 0 . 04 - 0 . 1 6 + N 

- 0 . 5 3  + N - 0 . 5 3 + N 

0 . 7 8 + N 0 . 4 8 + N 

> 1  0 . 7 0  + N 

z - 0 . 9 6 + > 1  

0 .  4 6  + N 0 . 7 6 + 0 . 1 6 

- 0 . 6 9 + 0 . 1 0 - 0 . 2 8 + N 

> 1  0 . 7 8 + N 

0 . 9 8 + N 0 . 4 6  + N 

> 1  0 . 5 7  + N 

z < - 1 

0 . 5 8 + N 0 . 3 1 + N 

- 0 . 2 3 + N - 0 . 4 8 + N 

- 0 . 5 4 + 1 . 0 0  0 . 0 9 ± N 

> 1  0 . 5 9  + 0 . 2 5 



T ab l e  4 . 1 1 : C o n t i n u e d  

T r a i t  Hogget - Average ewe 
- T r a i t  2 E I  I I  

- LW 

- G FW 

- C FW 

- y 

- QN 

- MFD 

- S L  

- T C N  

- C F  

- S ST 

- C HG 

- L U S  

- T I P  

- C OT 

- C.AG 

- s ou 

- HND 

- GCM 

- SCM 

- GC F 

0 . 2 3 + 0 . 0 8 

- 0 . 2 3 + 0 . 1 0 

- 0 . 2 4 + 0 . 05 

- 0 . 3 3 + 0 . 0 6 

- 0 . 34 + 0 , 0 8 

0 . 62 + 0 . 05 

z 

- 0 . 2 3  + 0 . 0 7 

0 . 3 9 + N 

0 . 1 9 + 0 . 05 

z 

0 , 75 + N 

- 0 . 2 2 + 0 . 0 9 

0 . 7 6 + N 

0 . 74 + N 

> 1  

z 

0 . 4 8  + 0 . 1 4 

- 0 . 4 1  + 0 . 1 2 

0 . 0 1  + 0 . 0 9 

< - 1 

0 . 2 3  + 0 , 0 8 

- 0 . 0 8 ± 0 , 0 6 

- 0 . 0 4 + 0 , 02 

- 0 , 0 5 + 0 . 02 

0 , 0 7 ± 0 , 07 

0 . 4 6  + 0 , 0 8 

0 . 1 0 + 0 , 05 

- 0 . 0 6 + 0 . 02 

0 . 2 6  + N 

0 , 4 9  + 0 . 1 3  

0 , 0 9 + N 

0 . 5 5 ± 0 . 0 6 

- 0 . 4 6  + 0 . 2 6  

0 . 5 7 + N 

0 . 8 3 + N 

> 1  

0 . 0 0 + 0 . 4 1 

0 . 1 2 + 0 . 05 

0 . 0 8 ± 0 , 0 8 

- 0 . 2 6  + 0 . 1 2 

0 . 4 9  + 0 . 8 9 

3 7 3  

2 y e a r  o l d  ew e -Av e r a g e  e w e 
E I  II 

0 . 2 0 ± 0 . 1 3 0 . 3 6 + 0 , 1 2 

0 , 0 8 + 0 , 02 - 0 , 07 ± 0 . 0 8 

- 0 . 1 4 + 0 . 0 1 - 0 . 2 4 + 0 . 07 

- 0 . 2 0  + N - 0 . 2 5 + 0 . 05 

- 0 . 32 ± N - 0 . 0 8 + N 

0 . 5 7 + N 0 . 87 + 0 . 2 0  

0 . 5 5 + 0 , 4 6  - 0 . 02 + 0 , 07 

- 0 . 5 9 + 0 . 0 6 - 0 . 2 3 ± N 

0 . 32 + N 0 . 5 4 ± N 

0 . 5 3  + N 0 . 6 1 ± 0 . 1 0 

> 1  > 1  

0 . 1 3 + 0 , 0 8 0 . 5 9 + N 

- 0 . 7 5 ± 0 . 1 0 - 0 . 6 9 + 0 .  3 9 . 

0 . 92 ± N 0 . 5 8 + N 

> 1  0 . 72 + N 

> 1  > 1  

- 0 . 7 2 ± 1 . 7 3  > 1  

0 . 3 6 + N 0 . 4 7  ± 0 . 0 9 

- 0 . 3 3 + N - 0 . 0 6 + N 

- 0 . 0 9 + 0 , 2 4 - 0 . 3 6 + 0 . 32 

> 1  0 . 6 6 + N 



3 7 4  

T ab l e  4 . 1 1 : C o n t i n u e d  

T r a i t  Hogget -Average ewe 
- T r a i t  2 E I  I I  

0 . 1 7 + 0 . 0 8 0 . 2 2 + 0 . 0 8 

- L W  0 . 2 5  + N 0 . 2 1  + N 

- GFW 0 . 1 7 + 0 . 0 3 0 . 2 6  + 0 . 0 8 

- C FW 0 . 2 4 + 0 . 0 3 0 . 2 5 + 0 . 07 

- y 0 .  5 8  + N 0 . 35 + 0 . 0 6 

- QN 0 . 0 6 + 0 . 04 0 . 37 + 0 . 1 9 

- MFD 0 . 2 0 + 0 . 0 8 0 . 2 1 + 0 . 0 8 

- S L  0 . 1 8 + N 0 . 1 1 + N 

- T C N  0 . 2 4  + N 0 . 1 0 + N 

- C F  - 0 . 1 8 + 0 . 0 6 0 . 2 2  + 0 . 1 2 

- S S T  z - 0 . 1 6 + 0 . 3 8 

- C HG 0 . 5 4 + 0 . 04 0 . 2 5 + 0 . 0 3 

- L U S  - 0 . 1 4 + 0 . 1 1 - 0 . 0 4 + 0 . 0 6 

- T I P  0 . 4 7 + N 0 . 4 3  + 0 . 05 

- COT 0 . 7 6 + N 0 . 5 9  + N 

- CAG 0 . 4 4  + 0 . 1 0 0 . 3 1 + N 

- sou z 0 . 37 + 0 . 7 1  

- HND - 0 . 2 7 + 0 . 04 - 0 . 2 6  + 0 . 0 8 

- GCM 0 . 6 1 + 0 . 0 7 0 . 2 4 + 0 . 0 1 

- SCM 0 . 1 5 + 0 . 1 4 - 0 . 1 3 + 0 . 1 0 

- GCF - 0 . 2 5 + 0 . 2 4  0 . 6 2 + 1 . 1 2 

2 y e a r  o l d  ewe - Av e rage e w e  
EI I I 

0 . 0 7 + 0 . 1 4 0 . 2 4 + 0 . 1 3 

z - 0 . 0 9 + 0 . 1 6 

z - 0 . 3 8 + 0 . 1 7 

z - 0 . 4 3  + 0 . 1 8 

z 0 . 1 7 + 0 . 2 2 

) 1  0 . 3 3 + N 

> 1  0 . 1 8 + 0 . 0 8 

z - 0 . 1 5 + N 

z 0 . 3 5 + N 

z 0 . 4 1  + N 

z 0 . 7 4 + 0 . 64 

z 0 . 8 0 + N 

z < - 1 

> 1  0 . 6 3 + N 

z 0 . 5 1  + N 

> 1  0 . 4 8 + N 

z 0 . 1 2 + N 

0 . 1 2 + > 1 0 . 1 8 + 0 . 04 

< - 1  0 . 1 0 + 0 . 1 4 

> 1  0 . 1 1 + N 

z 0 . 0 8 + 0 . 2 1  

---. --- - - --- ------ - - --- - · - - ------- --- - --- ------------ --- - - -- -- ----- - - . - - - - -- -- -- ----



T ab l e  4 . 1 1 : C on t i n u e d  

T r a i t  Hog get -Average ewe 
- Tra i t  2 E I  I I  

0 . 1 2 + 0 . 0 6 

- LW - 0 . 7 3 + 0 . 5 4 

- GFW 0 . 2 8  + 0 . 1 1 

- C FW 0 . 0 8 + 0 . 0 7 

- y 0 . 0 7 + 0 . 0 9 

- QN 0 . 2 1  + 0 . 3 0 

- MFD 0 . 1 3 + N 

- S L  0 . 1 0 + 0 . 04 

- TCN 0 . 5 3 + 0 . 4 6  

- C F  0 . 3 9 + 0 . 3 9 

- S ST z 

- CHG 0 . 4 2 + 0 . 0 6 

- LUS - 0 . 1 6 ± 0 . 2 9  

- T I P  0 . 4 4 + 0 . 2 8  

- COT 0 . 85 + 0 . 5 8  

- CAG - 0 . 1 0 + 0 . 2 7 

- sou > 1  

- HND 0 . 2 9  + 0 . 2 6  

- GCM 0 . 1 2 + 0 . 1 7 

- SCM > 1  

- GCF < - 1  

0 . 1 6 + 0 . 0 6 

0 . 2 2 + 0 . 07 

0 . 2 5 + 0 . 07 

0 . 2 1  + 0 . 0 3 

0 . 4 7  + 0 . 2 6  

0 . 1 5 + 0 . 2 6 

0 . 4 2 + 0 . 2 1 

- 0 . 0 9 + 0 . 1 3 

0 . 1 8 + 0 . 2 2 

0 . 1 0 + 0 . 1 9 

0 . 1 9 + N 

0 . 4 2 + 0 . 2 5 

0 . 0 6 + 0 . 0 9 

0 . 2 2  + 0 . 1 0 

0 . 4 5  ± 0 . 2 1  

0 . 4 6  + 0 . 1 5 

0 . 5 7 + N 

0 . 1 6 + 0 . 1 2 

0 . 4 7 ± 0 . 2 4 

0 . 2 7 ± 0 . 3 8 

0 . 2 8  ± 0 . 2 9  

3 7 5  

2 y ea r  o l d  e w e - Av e r a g e  ew e 
EI I I 

0 . 0 1 ± 0 . 1 0 

- 0 . 4 1  + 0 . 7 5 

- 0 . 4 3  + 0 . 4 0  

- 0 . 4 3  ± 0 . 4 4 

0 . 35 + 0 . 2 4 

0 . 8 1 + 0 . 6 8 

- 0 . 3 6 + 0 . 7 7 

- 0 . 7 0 + 0 . 7 2 

0 . 6 7 + 0 . 5 5  

> 1  

< - 1 

0 . 9 3 + 0 . 7 5 

- 0 . 87 + 1 . 1 2 

0 . 5 7 + 0 . 4 5 

> 1  

0 . 5 4 ± 1 . 5 7  

- 0 . 2 8  ± 1 . 5 1  

0 . 92 + 0 . 7 1 

0 . 3 8 + 0 . 1 9 

z 

< - 1  

0 . 0 7 + 0 . 1 0 

- 0 . 4 4  + 0 . 9 8 

- 0 . 37 ± 0 . 7 7 

- 0 . 4 6  + 1 . 05 

0 . 1 8 + 0 . 2 2 

0 . 7 7 + 1 . 5 9  

- 0 . 32 ± 0 . 3 4 

- 0 . 2 6  + 0 . 64 

0 . 9 8 + 2 . 0 9 

0 . 8 6 + 2 . 0 1 

0 . 92 + N 

0 . 95 ± 1 . 9 3 

- 0 . 1 9 + 0 . 8 8 

0 . 67 ± 1 . 2 5  

0 . 2 4 + 0 . 4 4 

0 . 77 ± 1 . 07 

- 0 . 5 9  + 1 . 7 4  

0 . 7 9 + 1 . 4 5  

0 . 0 6 + N 

- 0 . 35 + 0 . 4 1  

> 1  



3 7 6  

T ab l e  4 . 1 1 :  C o n t i n ued 

T r a i t  Hogget -Ave rage ewe 
- T r a i t  2 E I  I I  

0 . 1 5 + 0 . 0 8 

- L W  0 . 5 0  + 0 . 1 6 

- GFW - 0 . 9 4 + 0 . 0 9 

- C FW - 0 . 97 + 0 . 1 0 

- y 

- QN 

- 0 . 5 4 .± N 

0 . 7 6  + 0 . 1 4 

- MFD - 0 . 9 8 + N 

- S L  - 0 . 7 0 + 0 . 2 5  

- T C r\ 0 . 0 8 + 0 . 0 8 

- C F  0 . 5 7 + 0 . 07 

- S S T  z 

- C HG 0 . 2 0 + 0 . 0 3 

- L U S  < - 1  

- T I P  0 . 1 8 + 0 . 0 0 

- COT - 0 . 5 4 + 0 . 1 4 

- CAG - 0 . 3 3 + 0 . 0 7 

- sou > 1  

- HND > 1  

- GCM - 0 . 5 8 

- S CM 0 . 1 7 

- G C F  - 0 . 3 4 

· - -·-·- ----------

0 . 3 3 + 0 . 0 8 

0 . 1 9 + 0 . 0 9 

- 0 . 3 8 ± 0 . 05 

- 0 . 4 2 + 0 . 05 

- 0 . 2 0  + N 

0 . 3 4 + 0 . 0 8 

- 0 . 5 5 + N 

- 0 . 0 7 + 0 . 0 6 

0 . 2 1  + N 

0 . 1 2 + 0 . 0 5 

- 0 . 2 5 + 0 . 1 2 

- 0 . 0 3 + 0 . 0 7 

- 0 . 1 5 + 0 . 1 4 

- 0 . 0 6 + 0 . 0 9 

- 0 . 2 3  + 0 . 04 

- 0 . 2 8  + 0 . 1 5 

- 0 . 2 2 + 0 . 3 2 

0 .  5 9  + N 

- 0 . 2 1  + N 

0 .  2 0  + N 

0 . 3 4 + 0 . 3 2 

2 y e a r  o l d  e w e -Av e r age e w e 
E I  II 

0 . 1 1 + 0 . 1 1 0 . 2 3  + 0 . 1 1 

0 . 1 3 + 0 . 1 5 - 0 . 07 + N 

- 0 . 4 6  + 0 . 1 6 - 0 . 4 0  ± 0 . 1 2 

- 0 . 2 7 + 0 . 05 - 0 . 3 0 + 0 . 0 7 

0 .  35 + 0 .  1 3  0 . 2 8  + 0 . 1 7 

0 . 5 1  + 0 . 1 0 0 . 2 7 + N 

- 0 . 9 0 + N - 0 . 7 4 ± N 

- 0 . 6 5 + 0 . 2 9  - 0 . 6 6 + 0 . 2 3 

0 . 0 3 ± 0 . 0 6 - 0 . 0 2 + 0 . 1 1 

0 . 3 8 + N 0 . 3 9 + N 

0 . 8 0 + 1 . 6 5 - 0 . 7 7 + 0 . 5 9 

0 .  2 8  + N 0 . 4 7 + N 

- 0 . 35 + 0 . 2 6  - 0 . 2 1  + 0 . 2 5 

0 . 3 9 + 0 . 1 3 0 .  0 1  + 0 . 1 1 

0 .  5 9  + 0 .  3 4  - 0 . 1 5 + 0 . 1 2 

- 0 . 0 6 + 0 . 0 6 - 0 . 1 1 + 0 . 1 0 

- 0 . 2 4 + 0 . 2 7  - 0 . 7 5 + 1 . 1 3 

> 1  > 1  

0 .  35 + 0 . 1 4 0 . 37 + 0 . 2 3 

0 . 2 7  + 0 . 2 9  - 0 . 0 6 + 0 . 1 6 

- 0 . 3 1 + 0 . 5 7  0 . 3 8 + 0 . 1 2 



T ab l e  4 . 1 1 :  C on t i nu e d  

T r a i t  Ho gget - Averase ewe 
- T r a i t  2 E I  I I  

0 . 1 0 + 0 . 1 0 0 . 4 2 + 0 . 0 9 

- LW z 0 . 3 9 + 0 . 1 3 

- GFW z - 0 . 4 4 + 0 . 0 6 

- C FW z - 0 . 35 + 0 . 07 

- y z 0 . 2 7 + N 

- QN z 0 . 1 9 + 0 . 1 6 

- MFD - 0 . 6 5 + 0 . 1 6 - 0 . 3 8 + 0 . 1 0 

- SL z 0 . 02 ± 0 . 0 5 

- TCN z - 0 . 04 + 0 . 0 1 

- CF z 0 , 04 + 0 . 0 8 

- S ST z 0 . 05 + 0 . 1 2 

- CHG z 0 . 1 3 + 0 . 1 0 

- L U S  z 0 . 07 + N 

- T I P  z - 0 . 1 3 + 0 . 0 1 

- COT z - 0 . 0 3 + 0 . 0 3 

- CAG 0 . 2 3  ± 0 . 2 0  - 0 . 04 ± 0 . 07 

- sou > 1  - 0 . 0 0 ± 0 . 1 9 

- HND z 0 . 1 1 + 0 . 04 

- GCM z 0 . 34 + N 

- SCM > 1  - 0 . 1 4 + 0 . 1 3 

- GCF 0 . 2 4 + 0 . 2 0  - 0 . 4 7 + 0 . 5 3  

3 7 7  

2 y e a r  o l d  ew e -Av e r a g e  ew e  
EI Ir 

0 . 0 0 + 0 . 0 9 0 . 04 + 0 . 0 9 

> 1  - 0 . 1 6 + 0 . 1 2 

> 1  0 . 34 ± 0 . 05 

z 0 . 4 6  + N 

> 1  0 . 5 7 + N 

< - 1  - 0 . 37 + N 

z 0 . 4 9  + 0 . 3 1 

z 0 . 7 3 + 0 . 4 4  

z 0 . 95 + 0 . 82 

z 0 . 35 + 0 .  4 1  

z 0 . 1 9 + 0 . 1 9 

z 0 . 2 8  + 0 . 1 3 

z 0 .  1 4 ± N 

z 0 . 1 3 + 0 . 1 7 

z - 0 . 1 0 + 0 . 0 4 

z - 0 . 1 1 + 0 . 0 8 

z - 0 . 87 + 1 .  6 4  

z 0 . 05 + 0 . 0 8 

z 0 . 9 1 ± N 

z 0 . 2 2  ± 0 . 2 6 

z 0 . 8 2 + 0 . s o  



3 7 8  

T ab l e  4 . 1 1 :  C o n t i n u e d  

T r a i t  Hogge t -Ave r a g e  ewe 
- T r a i t  2 E l  I I  

2 y e a r  o l d  e w e -Av e r a g e  e w e 
El l i  

------------- -------- ---------------------- ----------------------

0 . 0 5 + 0 . 07 0 . 2 2 + 0 . 0 7 0 . 0 3 + 0 . 0 9 0 . 1 1  + 0 . 1 0 

- LW z 0 . 3 1 + 0 . 1 1 0 . 8 3 + 0 . 84 0 . 5 1  + 0 . 5 3 

- GFW z - 0 . 1 3 + 0 , 0 3 0 .  5 6  + 1 .  3 6  0 . 07 ± 0 . 2 4  

- C FW z - 0 . 07 + 0 , 04 0 . 5 6  + 0 . 8 4 0 . 2 0  + 0 , 3 8 

- y z 0 . 4 4  + 0 . 2 5 0 . 7 9 + 0 , 7 4 0 , 7 1  + 0 , 8 3 

- QN > 1  0 . 3 0 + 0 . 2 2 - 0 . 97 + 0 . 8 9 - 0 . 6 8 + 0 . 8 0 

MFD z 0 . 34 + 0 . 4 3  0 . 2 3  + 0 ; 3 1 0 . 2 4 + 0 , 65 

- S L  < - 1  0 . 04 + 0 . 05 0 . 35 + 0 . 4 1  0 . 5 0 + 0 . 62 

- T C N  0 . 8 8 + 2 . 1 5 0 . 1 5 + 0 . 0 3 < - 1  - 0 . 6 2 + 0 . 5 9  

- C F  > 1  - 0 . 02 + 0 . 0 9 < - 1 - 0 . 8 9 + 0 . 9 6 

- S ST z 0 . 0 0 + 0 . 2 4 < - 1  0 . 5 0  + 0 . 6 8 

- C HG > 1  0 . 0 2 + 0 . 0 4 < - 1 - 0 . 4 1  + 0 .  4 6  

- L U S  < - 1  - 0 . 4 8  + 0 . 35 > 1  0 . 8 0 + 1 . 1 2 

- T I P  > 1  0 . 0 9 + 0 . 0 6 - 1 . 0 0 + 1 . 04 - 0 . 4 1  + 0 . 5 2 

- C OT > 1  0 . 0 4 + 0 . 07 - 0 . 4 1 + N - 0 . 9 6 + 0 . 95 

- CAG z > 1  > 1  0 . 8 9 ± N 

- sou z 0 . 2 3  + 0 . 2 4  - 0 . 8 6 + 1 . 4 8  - 0 . 3 1 + 0 . 6 0 

- HND 0 . 6 7 + 1 . 8 2 - 0 . 02 + 0 . 07 -0 . 0 9 + 0 . 2 1  - 0 . 05 + 0 . 1 9 

- GCM z 0 . 4 4 + 0 . 3 1 0 . 64 + 0 . 5 9  0 . 6 9 + 0 . 6 9 

- S C M  z - 0 . 1 9 + 0 . 2 7  > 1  0 . 05 + 0 . 1 8 

- G C F  z 0 . 1 6 + N z 0 . 4 2  + N 



T ab l e  4 . 1 1 :  C on t i n u e d  

T r a i t  Hogget - Average ewe 
- T r a i t  2 E I  I I  

0 . 1 0 + 0 . 0 6 

- L W  0 . 1 8 + N 

- G FW - 0 . 4 4 + N 

- C FW - 0 . 2 9  + N 

- Y 0 . 3 1 + N 

- Q N  0 . 0 1 + 0 . 0 3 

- MFD - 0 . 1 9 + 0 . 02 

- S L  - 0 . 0 6 + 0 . 05 

- T C N  - 0 . 1 0 + 0 . 0 1 

- C F  - 0 . 1 7 + 0 . 0 3 

- S ST z 

- C HG 0 . 0 2 + 0 . 02 

- L U S  - 0 . 4 9  + 0 . 1 2 

- T I P  0 . 1 5 + 0 . 02 

- C OT - 0 . 2 8  + 0 . 07 

- CAG 0 . 3 0 + 0 . 07 

- s ou < - 1  

- HND - 0 . 0 4 + 0 . 0 1 

- GCM 0 . 3 6 + N 

- S CM > 1  

- GCF 0 . 7 4 + 0 . 5 3 

0 . 1 0 + 0 . 0 6 

0 . 3 9 + 0 . 1 7 

- 0 . 4 9  + 0 . 0 9 

- 0 . 3 0 + 0 . 0 3 

0 . 4 8  + 0 . 0 3 

0 . 2 8 ± 0 . 1 6 

- 0 . 35 + 0 . 1 7 

- 0 . 0 1 ± 0 . 04 

- 0 . 1 6 + 0 . 1 0 

0 . 0 6 + 0 . 04 

0 . 1 1 + 0 . 1 4 

0 . 1 3 + 0 . 0 9 

- 0 . 2 4 + 0 . 0 9 

0 . 1 5 + 0 . 0 8 

0 . 1 3 + 0 . 0 9 

0 . 3 0 + 0 . 2 2 

0 . 4 2 + 0 . 6 9 

- 0 . 05 + 0 . 0 3 

0 .  4 2  + N 

0 . 4 6  ± 0 . 1 6 

0 . 1 4 + N 

3 7 9  

2 y ea r  o l d  ewe-Av e r a g e  e w e  
E I  I I  

0 . 07 + 0 . 1 2 

0 . 7 0 + 0 . 2 0 

- 0 . 1 9 + N 

- 0 . 1 8 + N 

0 .  32 + 0 . 1 7 

0 . 07 + 0 . 1 2 

0 . 0 8 + 0 . 0 8 

0 . 2 8 ± 0 . 0 8 

0 . 32 + N 

0 . 0 3 + 0 . 1 6 

0 . 7 5 + 0 . 6 1 

- 0 . 2 9 + 0 . 4 2 

- 0 . 7 8 + N 

0 .  1 5  ± N 

- 0 . 1 6 ± 0 . 2 7 

0 . 2 8 + N 

- 0 . 9 9 + 0 . 2 8 

0 . 0 8 + N 

0 . 3 9 ± 0 . 2 0  

0 . 4 5 + 0 . 62 

z 

0 . 07 + 0 . 1 2 

0 . 4 0  + 0 . 2 9  

- 0 . 32 ± 0 . 1 3 

- 0 . 1 9 + N 

0 . 1 5 ± 0 . 1 8 

0 .  4 7  ± N 

- 0 . 1 7 + N 

0 . 1 7 + 0 . 1 7 

0 . 4 1  + N 

0 .  2 4  ± N 

> 1  

0 . 2 2 ± N 

- 0 . 5 2 + N 

0 . 1 6 + N 

0 . 2 4  + N 

0 .  2 8  ± N 

0 . 3 1 ± 0 . 4 3  

- 0 . 04 + 0 . 1 3 

- 0 . 02 + 0 . 05 

- 0 . 1 6 ± 0 . 2 5  

0 . 07 ± 0 . 1 2 
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l i v e w e i g h t  

f i n e r M F D . 

a n d  c o n s e q u e n t l y  h av e  l ow e r  f l e e c e w e i g h t s a n d  

C o r r e l a t i o n s  i n  t h i s  s t udy f o l l o w t h e s e  t r e n d s . 

S e l e c t i o n f o r  h o gg e t  l i v e w e i g h t  w o u l d  r e s u l t  1 n  i n c r e a s e d e w e  

l i v e w e i g h t s a n d  e w e  f l e e c e s  w i t h  l o w e r  w e i g h t s ,  s l i g h t l y  

i n c r e a s e d Y ,  i n c r e a s e d  Q N , f i n e r  M F D , i n c r e a s e d T C N  a n d  C F , 

d e c r e a s e d  L U S  a n d  m o r e b l o c ky s t a p l e s  ( h i g h e r  T I P ) . S i m i l a r  

c h a n g e s w o u l d  o c c ur f r om s e l e c t i o n o n  t w o  y e a r  o l d  e w e  

l i v e w e i g h t . A s  t h e r e  a r e  n o  s i g n i f i c a n t  c h a n g e s  i n  

c o r r e l a t i o n s  a n d  t w o  y e a r  o l d  e w e  h e r i t a b i l i t y  f o r  l i v e w e i gh t  

1 s  o n l y  s l i g h t l y h i g h e r  t h a n  f o r  h o gg e t s t h e r e  w o u l d  b e  l i t t l e  

t o  g a 1 n  f r om k e ep 1 n g e w e s  a n  e x t r a y e a r  u n t i l  t w o y e a r s  o f  a g e  

t o  s e l e c t  o n  l i v e w e i g h t . 

G e n o t y p e  x e n v i r o nm e n t  i n t e r a c t i o n s  h a d  t h e  l a r g e s t  e f f e c t  o n  

l i v e w e i g h t  c o r r e l a t i o n s . I n  o t h e r  t r a i t s  t h e  i n c l u s i o n o f  

j n t e r a c t i o n s  i n  t h e  c o r r e l a t i o n e s t i ma t e s  g e n e r a l l y c h a n g e d  

t h e  va l u e s  o n l y s l i gh t l y . H o w e v e r  f o r  l i v e w e i gh t  c o r r e l a t i o n s  

l a r g e  v a r i a t i o n s  i n  t h e  s 1 g n  a n d  s i z e o f  t h e  e s t i mat e s  o f t e n  

o c c u r r e d . 

4 . 5 . 2 . 2 A s s o c i a t i o n o f  

C h a r a c t e r i s t i c s  

H o gg e t  F l e e c e W e i gh t  w i t h  & e  

S e l e c t i o n f o r i n c r e a s e d h o gg e t  f l e e c e  w e i g h t  w o u l d  i n c r e a s e 

l a t e r  e w e  f l e e c e w e i gh t s  a n d  w o u l d  a l s o  r e s u l t  i n c r e a s e d 

y i e l d , d e c r e a s e d Q N , i n c r e a s e d  MFD , i n c r e a s e d  S L  a n d  TCN , 
d e c r e a s e d C F , m o r e b u l ky s t a p l e s , l ow e r  S S T  a n d  SOU , i n c r e a s e d 

l u s t r e  a n d  h a r s h e r  h a n d l e i n  e w e  f l e e c e s . 

A l t h o u g h  s e l e c t i o n  f o r  i nc r e a s e d h o g g e t  G FW w o u l d  d e c r e a s e  t h e  

d e g r e e  o f  c o t t i n g 1 n  e w e  f l e e c e s , s e l e c t i o n 

y e a r  o l d  f l e e c e  w e i g h t  w o u l d  r e s u l t  i n  a n  

a m o u n t o f  c o t t i n g i n  o l d e r  e w e  f l e e c e s . 

f o r  i n c r e a s e d 

1 n c r e a s e  1 n  

t w o  

t h e  
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A s  f o r  w i t h i n  a g e s  t h e  c o r r e l a t i o n s  f o r GFW a n d  C FW w e r e  v er y  

s i m i l a r a n d  r e i n f o rc e s  t h a t  f or R omn ey s G FW i s  a n  a d e q ua t e 

s e l e c t i o n c r i t e r i o n a n d  t h e r e  i s  n o  n e e d t o  c on s i d e r  C FW . 

4 . 5 . 2 . 3  A s s o c i a t i o n o f  Ot h e r H o gg e t  F l e e c e  C h a r a c t e r i s t i c s  

w i t h  Ew e C h a r a c t er i s t i c s 

Qua l i t y  N urr� e r  

T h e  c or r e l a t i o n s  b e t w e e n  h og g e t  a n d  t w o  y e a r  o l d  QN 

a s s e s s m e n t s a n d  o l d e r ew e Q N  w e r e  h i gh p o s i t i v e , i n d i c a t i n g  

t h a t  h o g g e t  Q N  w a s e f f e c t i v e  a t  p r ed i c t i n g a d u l t  QN . 

C or r e l a t i o n s  b e t w e e n h o g g e t  QN a n d  e w e  MFD w e r e n e g l i g i b l e ,  

i n d i c a t i n g t h a t , e v e n  w i t h  t h e  m o d e r a t e h e r i t ab i l i t y f o r  

h o g g e t  QN , a ny a t t emp t s  t o  s e l e c t  o n  h og g e t  Q N  w i l l  b e  

i n e f f e c t ua l  a t  a f f ec t i n g  ew e MFD . T h e r e  w a s a f a r  h i gh e r 

n eg a t i v e  c o r r e l a t i o n b e t w e e n  t w o  y e a r  o l d  ew e QN a n d  o l d e r  e w e  

MFD , s uc h  t h a t  i f  a ny s e l e c t i o n o n  MFD wa s t o  b e  c a r r i e d o u t  

u s i n g Q N  t h en i t  s h o u l d  b e  app l i e d t o  t w o  y e a r  o l d  ew e s  a t  t h e  

e a r l i e s t . 

d i r ec t  

u s e o f  

C ompa r e d t o  t h e  s e l ec t i on p r o g r e s s  a c h i eved u n d e r  

s e l ec t i o n u s i n g  h og g et M F D  t o  i mp r ov e  o l d e r  ew e MFD , 

t w o  y e a r  o l d  QN w o u l d  b e  l e s s  t h a n  t w o - t h i r d s  a s  e f f ec t i v e  

p l u s  w ou l d  c a u s e a n  addi t i on a l  y e a r� d e l ay b e f o r e  s e l ec t i o n 

c ou l d  b e  made . 

M e a n  F i b r e  D i am e t e r  

H o g g e t  MFD h a d  a n  e x t r em e l y  h i gh p o s i t i v e  c or r e l a t i o n 

a du l t  MFD . Th e s l i gh t l y  l ow e r  c o r r e l a t i on o f  h ogg e t  MFD 

t w o  y e a r  o l d  e w e s  t o  a du l t  MFD may h av e  b e e n due t o  

d i f f e r e n t  met h o d s  o f  d e t e r m i n i n g  MFD 1 n  t h e  h ogg et s t o  

w i t h  

t h a n  

t h e  

o l d e r  

ewe s , p r o j e c t i o n m i c r o s c op e  a n d  a i r f l ow t e c h n i qu e s  

r e s p ec t i v e l y . 
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H i gh c o r r e l a t i o n s  b e t w e e n h o gg e t  MFD a n d  a du l t G FW a n d  C FW 

r e i n f o r c e t h e  c l o s e  a s s o c i a t i o n b e t w e e n  FW a n d  M F D  a t  a l l  a g e s 

a n d  h i g h l i g h t  t h e  e f f e c t s  s e l e c t i o n f o r  e i t h e r  t r a i t  w i l l  h a v e  

o n  t h e  o t h e r . 

S e l e c t i o n f o r  f i n e r M F D  w o u l d  a p p e a r  l i k e l y t o  l e a d  t o  

i n c r e a s e d c o t t i ng w h i l e  c o n v e r s e l y , s e l e c t i o n f o r f i n e r  Q N  

a p p e a r s  l i k e l y  t o  l e a d  t o  r e d uc ed c o t t i n g .  T h i s l a t t e r 

a s s o c i a t i o n 1 s  p r ob a b l y  d u e  t o  e f f e c t s  o f  c r i mp f r e q u e n c y  o r  

l u s t r e . 

S t ap l e  L e n g t h 

H o gg e t  S L  h a d  a c o r r e l a t i o n c l o s e  t o  u n i t y w i t h  a d u l t  S L . T h e  
c o r r e l a t i o n o f  h o gg e t  S L  w i t h  a du l t  G FW a n d  C FW wa s h i gh 

p o s i t i v e .  S i n c e  t h e  h e r i t ab i l i t y o f h o gg e t  S L  wa s a s  h i g h  o r  

h i gh e r  t h a n  t h a t  o f  h og g e t  G F W  a n d  C FW t h e n  s e l e c t i o n p r o gr e s s  

u s 1 n g h og g e t  S L  t o  i mp r o v e  a du l t  FW w o u l d  r e s u l t  i n  p r o gr e s s  

s i m i l a r t o  t h a t  u s i n g d i r e c t  s e l e c t i o n o n  h o g g e t  G FW . 

T h e r e  wa s a l s o  a l ow e r  c o r r e l a t 1 o n b e t w e e n  h o gg e t  S L  a n d  a d u l t 

M F D  s uc h  t h a t  s e l e c t i o n o n  h o gg e t  S L  w o u l d  i n c r e a s e  a du l t  GFW 

w i t h o u t  a s  l a r g e  a c h a n g e i n  a du l t  MFD a s  w o u l d  o c c ur i f  u s i n g 

h o g g e t G FW a s  t h e s e l e c t i o n c r i t e r i o n . 

A s i m i l a r t r e n d  o c c u r s  f o r t w o  y e a r  o l d  S L  c o r r e l a t i o n s . 

U s i n g t w o  y e a r o l d  e w e  S L  a s  a s e l e c t i o n c r i t e r i o n w o u l d 

1 n c r e a s e  a du l t GFW a n d C FW a t  a s l i gh t l y  s l ow e r  r a t e  t h a n  i n  

h o g g e t s ,  h o we v e r  t h e r e  w o u l d  b e  a s l i gh t  d e c r e a s e  i n  a d u l t MFD 

w i t h  t h e  i n c r e a s e  i n  a d u l t GFW . 

T o t a l  C r i mp N umb e r  a n d  C r i mp F r e q u e n c y  

S i m i l a r c o r r e l a t i o n s  o c c ur r ed f o r S L , T C N  a n d  C F  b e t w e e n 

h o g g e t s  a n d  a d u l t s  a s  o c c u r r e d  w i t h i n  t h e  s e p a r a t e  a g e s . 

C h a n g e s i n  h o gg e t  T C N  w o u l d b e  c l o s e l y  c o r r e l a t e d t o  a d u l t  

T C N . T h i s  w o u l d  b e  h i g h l y  c o r r e l a t ed w i t h  c h a n g e s i n  a du l t  C F  
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b u t  t h e r e  w o u l d  b e  l i t t l e  a s s oc i a t e d c h a n g e  i n  a du l t  S L . 

H o g g et 

L U S . 

T C N  a n d  C F  h a d  h i gh n e g a t i v e  c or r e l a t i on s  

T h e r ev e r s e  r e l a t i o n s h i p  o f  h og g e t  L U S  w i t h  

w i t h  a du l t  

a d u l t  T C N  

a n d  CF wa s n o t  a s  s t r o n g , d u e  i n  p a r t  t o  t h e  l ow e r  c or r e l a t i on 

o f  h ogg e t  L U S  w i t h  a du l t  L U S . 

H o gg e t T C N  a n d  C F  h a d  m e d i um t o  h i gh c o r r e l a t i o n s  w i t h  s ev er a l  

a du l t  s ub j e c t i v e l y  a s s e s s e d t r a i t s ,  i n c l ud i n g  C H G , L U S , T I P ,  

C O T  a n d  CAG . W i t h  t h e  h i gh h e r i t ab i l i t y  e s t i m a t e s  f o r h og g e t  

T C N  a n d  C F  c ompa r e d t o  h e r i t ab i l i t i e s  o f  s ubj e c t i v e  t r a i t s 

( g e n e r a l l y l ow e r  t h a n · 0 . 2 5 )  p l u s d i r ec t  c o r r e l a t i o n s  o f  h o g g e t  

t o  adu l t  a s s e s s ed t r a i t s o f  l e s s  t h a n  un i t y , i n d i r e c t  

s e l e c t i on o n  h og g e t  T C N  o r  C F  w o u l d r e s u l t  i n  ga i n s  i n  

s ub j ec t i v e  t r a i t s  a s  f a s t  o r  f a s t e r t h a n  d i r ec t  s e l e c t i o n o n  

t h e  s ub j ec t i v e  h ogg e t  t r a i t s . 

C h a r a c t e r 

H o gg e t  C H G  h a d  o n l y  a m e d i um c o r r e l a t i o n w i t h  a du l t  

i n d i c a t i n g  t h a t  a s s e s sm e n t  o f  h o g g e t  C H G  wa s i n f l u en c e d  

d i f f e r e n t  f a c t or s  t o  a d u l t C HG . 

C H G , 

by 

H og g e t  C H G  had a m e d i um n e g a t i v e  c or r e l a t i o n t o  a du l t  MFD , b u t  

n o  c o r r e l a t i o n w i t h  a du l t  G FW o r  CFW , s o  t h a t  h og g e t  C H G  c o u l d  

b e  u s e d  a s  a n  i n d i r e c t  s e l e c t i on c r i t er i on f o r c h a n g i n g  a d u l t 

M F D  wi t h o ut a f f ec t i n g a du l t  FW . H o w ev e r  s e l ec t i on p r ogr e s s  i n  

a du l t  MFD w o u l d  b e  o n l y  1 / 3  t o  1 / 2  t h a t  ob t a i n e d  s e l ec t i n g  o n  

h og g e t  MFD . 

T h e r e  h a v e  b e e n s ug g e s t i o n s  t h a t  s e l ec t i o n f o r  b e t t er f l e e c e 

c h a r ac t e r i n  h og g e t s w ou l d  l e a d  t o  h i gh e r f l e e c e w e i gh t s a n d  

l e s s  d i s c o l o ur a t i o n i n  l a t e r  f l e e c e s . T h e  p r e s e n t  g e n e t i c  

c or r e l a t i o n s d o  n o t  s upp o r t  t h e s e  s ugg e s t i o n s . 
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L u s t r e  
A s i m i l a r  r e l a t i o n s h i p b e t w e e n  h ogg e t  L U S a n d  a d u l t M F D , GFW 

a n d  C FW wa s f o u n d  a s  f o r  h o gg e t  C HG , p r ov i d i n g  a n o t h e r  

p os s i b l e , t h o ug h  l e s s  e f f i c i e n t , s e l e c t i o n r o ut e .  

H o gg e t  L U S  h a d  m e d i um n e ga t i v e c o r r e l a t i o n s  w i t h  b o t h  QN a n d  

M F D . A s i m i l a r r e l a t i o n s h i p e x i s t e d f o r  w i t h i n - h o gg e t  t r a i t s . 

H e n c e a l t h o ug h  d e c r e a s e d L U S  wa s a s s o c i a t e d w i t h  a n  i n c r e a s e d 

M F D , t o  a n  ob s e rv e r  t h e  d e c r e a s e  1 n  L U S  m u s t  h a v e  s ug g e s t e d a 

f i n e r  f i b r e  a n d h e n c e i n c r e a s e d Q N . 

H o gg e t  L U S  h a d  m e d i um c o r r e l a t i o n s  w i t h  m a n y  a d u l t t r a i t s  s uc h  

t h a t  s e l e c t i o n f o r  l ow e r  L U S  i n  h o gg e t s i n  t h i s  f l o c k  w o u l d 

r e s u l t  i n  e w e  f l e e c e s  w i t h  h i g h e r  Q N , h i g h e r  M FD , h i gh e r  T C N  

a n d  C F ,  d e c r ea s e d  t i p p i n e s s  ( h i gh e r  T I P  g r a d e ) , d e c r e a s e d C O T  
a n d C AG , d e c r e a s e d s o u n d n e s s ( l ow e r  S O U  g r a d e )  a n d  h a r s h e r  

h a n d l e .  

T i pp i n e s s  

T h e g e n e t i c  c o r r e l a t i o n s  b e t w e e n  h o gg e t  t i p p i n e s s  a n d  a v e r a g e  

e w e  g r e a s y  a n d  c l e a n  f l e e c e  w e i gh t s e x c l ud i ng i n t e r a c t i o n s  

w e r e  m e d i um t o  h i g h n e g a t i v e  b u t d e c l i n e d t o  n e g l i b i b l e  wh e n  

i n t � r a c t i o n s  w e r e i n c l u d e d . 

H o gg e t  T I P  a n d  a du l t Q N  w e r e h i gh l y p o s i t i v e l y  c o r r e l a t e d .  

H e n c e s e l e c t i o n 1 n  h o gg e t s f o r m o r e b l o c ky s t a p l e s , a l t h o ugh 

h av i n g v e r y  l i t t l e  e f f e c t  on a du l t  MFD , w o u l d  i n c r e a s e  a du l t  

Q N . 

H o g g e t  T I P  wa s a l s o  w e l l  c o r r e l a t e d  w i t h  a du l t T I P , C OT , CAG 

a n d  HND i n d i c a t i n g t h a t  s e l e c t i o n f o r  l e s s  t i pp y  w o o l  1 n  

h o g g e t s w o u l d  l e a d  t o  i mp r o v e m e n t  1 n  a du l t T I P  a n d w o u l d  a l s o  

d e c r e a s e  c o t t i n g i n  a d u l t  f l e e c e s  a n d  i mp r o v e  h a n d l e .  
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C HG , SOU , T I P ,  CAG a n d  C OT 

C o r r e l a t i o n s  b e t w e e n s ev er a l  o f  t h e  a s s e s s e d t r a i t s  t en d e d  t o  

b e  c o n s i s t e n t  b e t w e e n  h o g g e t  a n d  a d u l t  l ev e l s .  C H G , T I P ,  C OT , 

CAG a n d  SOU w e r e  m e d i um t o  h i gh l y c or r e l a t e d  f o r  m o s t  

c omb i n a t i o n s . H o w ev e r , h e r i t ab i l i t i e s  o f  t h e s e t r a i t s  t e n d e d  

t o  b e  l ow s o  s e l ec t i o n o n  t h em w o u l d  n o t  b e  v e ry e f f ec t i v e  a t  

ob t a i n i n g i mp r ov e m e n t  i n  t h e  n e x t  g e n e r a t i on s . 

H a n d l e 

H o g g e t  

t r a i t s .  

w e i gh t  

HND t o  

HND h a d  s t r o n g  a s s oc i a t i o n s  w i t h  s ev e r a l  i mp o r t a n t  

I t  h a d  a h i gh n e g a t i v e  c or r e l a t i o n w i t h  a du l t  f l e e c e  

a n d  m e a n  f i b r e  d i a m e t e r . H ow ev e r  s e l e c t i o n on h og g e t  

d e c r e a s e  a du l t  M F D  w ou l d  r e s u l t  i n  on l y  5 0- 7 0% o f  

p o s s i b l e p r o gr e s s  i n  adu l t  MFD a n d  a g r e a t e r  d e c l i n e  i n  a du l t  

GFW a n d  C FW t h a n  d i r e c t  s e l ec t i on o n  h og g e t  MFD . 
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CHAPTER F IVE 

CONCLU S I ONS 

Th e N ew Z e a l and R omney i s  g e n e r a l l y c o n s i d e r e d  a d u a l - p u rp o s e 

s h e ep b r e e d . T h e ma j o r s e l e c t i o n ob j e c t i v e s a r e  n umb e r  o f  

l amb s w e a n e d , f l e e c e w e i gh t  a n d  w e a n i n g w e i g h t  (M o r r i s , 

C l a r k e  a n d  E l l i o t t , 1 9 82 ) . E·..r i d e n c e p r e s e n t e d  i n  t h i s  s t u dy 

i n d i c a t e s  t h a t  i f  g e n o t yp e x e n v i r o nm e n t  i n t e r a c t i o n s  a r e  n o t 

t ak e n  i n t o a c c o u n t  t h ey may b e  o f  s u f f i c i e n t  i mp o r t a n c e t o  

l i m i t  g e n e t i c  pr ogr e s s  1 n  New Z e a l a nd R omn ey b r e e d i n g  

p r o g r a m s . S i r e  x s t o ck i n g  r a t e a n d  s i r e  x y e a r  i n t e r a c t i o n s  

w e r e  i m po r t a n t  s o ur c e s  o f  va r i a t i o n i n  l i v ew e i gh t  a n d  f l e e c e 

w e i gh t , t w o  o f  t h e  ma i n  s e l e c t i o n obj e c t iv e s  i n  R o mn ey s . 

H i gh l y s i g n i f i c a n t  s i r e  x y e a r i n t e r a c t i o n s  w e r e  f o un d f o r 

h o g g e t  LW b ut s 1 r e  x s t o c k i n g r a t e i n t e r a c t i o n s  w e r e 

s t a t i s t i c a l l y n o n - s i gn i f i c a n t . Nut r i t i o n a l  d i f f e r e n c e s  

b e t w e e n y e a r s  may e xp l a i n  t h e s i r e  x y e a r  i n t e r a c t i o n s  o r  

t h ey m a y  b e  d u e  t o  d i s e a s e  e f f e c t s ,  s uc h a s  pa r a s i t e s , w i t h  

v a r i a t i o n i n  l a rva l s ur v i v a l  a s s oc i a t e d w i t h  c l i ma t i c  

di f f e r e n c e s  b e t w e e n  y e a r s  o r  d i f f e r e n t  dr e n c h i n g  po l i c i e s . 

M o r e r e s e a r c h  i s  r e qu i r e d  t o  i d e n t i fy t h e  di f f e r e n c e s  b e t w e e n  

y e a r s  w h i c h  g i v e  r i s e  t o  t h e  s i r e  x y e a r  i n t e r a c t i o n s . 

A l t h o u g h  t h e  s 1 r e  x s t o ck i n g r a t e i n t e r a c t i o n wa s n o t 

s t a t i s t i c a l l y s i gn i f i c a n t  i t  c o nt r i b ut ed a s i m i l a r  a m o u n t  o f  

va r i a n c e a s  t h e  s i r e  c om pon e n t , s u ppo r t i n g  t h e  ob s e rva t i o n 

t h a t  t h e  s 1 r e  x s t o c k i n g  r a t e i n t e r a c t i o n s , t h o ugh s ma l l  

r e l a t i v e  t o  t h e  e r r o r  a n d  s i r e  x y e a r  va r i a n c e s , h av e  a 

c o n s i d e r ab l e  i m pa c t  i n  h o g g e t  l i v ew e i gh t  g e n e t i c  i mp r ov em e n t  

p l a n s . I n  l a t er y e a r s , h o gg e t s w e r e  r e a r e d  t o g e t h e r f r om 

w e a n i n g t h r ough t o  h o gg e t  w e i gh i n g a n d  s h e a r i n g w h i c h  r e duc e d  

s i r e  x s t o c k i n g  r a t e i n t e r a c t i o n s  f o r h o gg e t t r a i t s  a n d  m a y  

h a v e  l e a d  t o  t h e  l ow e r  s i gn i f i c a n c e o f  G x E i n t e r a c t i o n s  

ov e r a l l  f o r h o gget a s  c omp a r e d t o  e w e  l i v ew e i gh t  a n d  w o o l  

t ra i t s . 
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T h e  r e l a t i v e l y  s ma l l  s i r e va r i a nc e  a nd i mp o r t a n c e o f  g e n o t y p e  

x e nv i r o nm e n t  i n t e r a c t i o n s  i n  h og g e t  l i vewe i gh t  i s  r e f l e c t e d 

i n  t h e  h e r i t ab i l i t y e s t i ma t e s . E s t i m a t e s  i nc r e a s e d  f r om 

n e g l i b l e t o  m o d e r a t e w i t h  i n c l u s i o n o f  G x E i n t e r a c t i o n s . 

I n  t h e  e w e  l i v ew e i gh t  a n a l y s e s , s i r e x s t oc k i n g  r a t e 

i n t e r a c t i o n s  w e r e  m o s t  i mp o r t a n t . T h e  e s t i ma t ed i n t r a - t ra i t  

g e n e t i c  c o r r e l a t i o n wa s - 0 . 2 4 ± 0 . 0 3 ,  i mp l y i n g t h a t  g e n e s  

c o n t r o l l i ng l i v e w e i gh t  i n  o n e  o f  t h e  s t o c k i n g  r a t e s  h a d  t h e  

opp o s i t e  e f f e c t  i n  t h e  o t h e r  s t o c k i n g r a t e . 

T h e  r e s u l t s  o f  t h i s  s t udy s ugg e s t t ha t  t h e  l ow ( c o n t r o l )  

s t o c k i n g  r a t e i s  m o r e f a v o u r ab l e  f o r  t h e  e x p r e s s i o n o f  t h e  

g e n e t i c d i f f e r e n c e s  1 n  l i v e w e i gh t  - h e r i t ab i l i t i e s t e n d e d  t o  

b e  t w i c e  a s  h i gh i n  t h e  C SR a s  i n  t h e HSR . Howev e r , t h e  l ow 

h o g·:;r e t  i n t r a - t r a i t  g e n e t i c  c o r r e l a t i o n m e a n s  t h at d i r ec t  

s e l e c t i o n o f  s 1 r e s  a t  t h e  s t o c k i n g r a t e 1 n  wh i c h  t h e i r  

p r o g e n y  a r e  t o  p e r f o r m  w o u l d  y i e l d  b e t t e r g e n e t i c  ga 1 n s  i n  

h o gg e t  l i v e'vl e i gh t  t h a n  s e l e c t i o n o f  s i r e s  a t  t h e  s t oc k i ng 

r a t e o t h e r t h a n  t h a t  i n  w h i c h  t h e i r  p r o g e ny a r e t o  p e r f o rm . 

T h e  n e ga t i v e  i n t r a - t r a i t  J.. • g e n e �.. 1 c  c o r r e l a t i o n f o r  e ·w e  

l i v ew e i gh t  i mp l i e s t h a t  s e l ec t i o n o f  s i r e s  a t  a s t o c k i n g  r a t e 

o t h e r  t h a n  t h a t  i n  wh i c h  t h e i r  p r o g e n y  a r e  t o  p e r f o rm 1 s  

w o r s e  t h a n  n o  s e l e c t i o n f or e w e  l i v ew e i gh t  a t  a l l .  T h i s  

f i n d i n g  i s  n o t  r e a d i l y  a c c ep t e d  a n d  i t  may b e  m o r e r e a l i s t i c 

t o  c o n s i d e r  t h e  i n t r a - t r a i t  g e n e t i c  c o r r e l a t i o n t o  b e  z e r o . 

S i r e  x s t o c k i n g r a t e i n t e r a c t i o n s  w e r e  o f  l i t t l e  i mp o r t a n c e 

f o r  h o gg e t  c l e a n  a n d  g r e a s y  f l e e c e  w e i gh t . T h e  h i gh i n t r a -

t r a i t  g e n e t i c  c o r r e l a t i o n s  m e a n  t h e r e  w o u l d  b e  l i t t l e  l o s s  o f  

g e n e t i c  ga i n  i n  f l e e c e w e i gh t  i f  s i r e s  a r e  s e l e c t e d a t  a 

d i f f e r e n t  s t o c k i n g r a t e t o  w h i c h  t h e y w i l l  b e  u s e d . 

I n  e w e  c l e a n  a n d  g r e a s y  f l e e c e  w e i gh t  t ra i t s  s i r e  x s t o c k i n g 

r a t e i n t e r a c t i o n s  w e r e  m o r e i mp o r t a n t . T h e  i n t r a - t r a i t  

g e n e t i c  c o r r e l a t i o n s  o f  l e s s  t h an un i t y m e a n s  t h a t  g e n e s  
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c ontrol l ing f l eece weight i n  the c ontro l stoc k i ng rate h ave a 

d i f ferent e f fect l n  part l n  the high stoc king rate . 

Se l ection o f  sires i n  the C SR f or use i n  the HSR resu l ts l n  

on ly 56 to 7 9% o f  the genetic g a i ns p ossib l e  in ewe f l eece 

we i ght . 

S i re x year inter a c tions were s ig n i fic a nt f or GFW a n d  CFw l n  

both hoggets a n d  ewes . 

The prese n c e  o f  these i nter a c t i ons i n  f l eece we i ght h as 

imp l ic at ions i n  c ommer c i a l  breeding . The breed i ng va l ues o f  

s i res estim ated from per f orm a n c e  i n  o n e  year a nd at one 

stoc king r ate may not be very a c c ur ate when the same sires 

are used i n  a di f fere nt year or di f ferent stocking r a t e . 

e nvir o nment The con notations of the sign i fi c a nt genotype x 
intera ction s f or l ivewe ight a nd f l eec e  we ight 

se lection of rams shou l d  oc c ur a t  the ' commerc ia l '  

rate . F or t his t o  be put i n t o  e f fect l n  sheep 

are th at 

stoc king 

breeding 

pra c tise r am b uyers wou l d  h ave t o  be prepared to a c c ept rams 

whic h  are not so we l l  g r own as most ten d to expec t at present 

a nd they wi l l have to take the environment o f  the stu d  i nto 

a c c ount whe n  assessing mea n per form a n c e  rec or ds o f  t he stud . 

W i th the ex c ept i on o f  c l e a n  scoured y i e l d, s l re x stocking 

rate i nter a c tions were of l ow m ag nitude f or hogget w oo l  

character i st ic s . Th i s  was c o n f i rmed by the high i n t r a -tr a i t  

genet i c  c orre l at ions between t he two stoc k i ng r ates for most 

o f  the tra i ts .  A l t hough s i re x stoc k i ng r ate i n t e r a c t i ons 

were not s t at ist i c a l ly signi f i c a n t  for GCM a n d  SCM , l ow s i re 

var i a n c es 

between 

unity . 

resu l ted in i ntra - tra i t  geneti c 

stoc k i ng r a t es t h a t  were s i g ni f i c a nt l y  

c orre l at i ons 

l ess tha n  

Assessment errors are a sourc e  o f  e nv ironmenta l var i ation 

that con t r i b utes 

assessed tr aits . 

to the error vari a n c e  i n  sub j e c tive ly 

As a resu l t  s i re a nd i ntera cti o n  varia n c es 
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c o n t r o l  l e s s  o f  t h e  t o t a l  var i a t i o n  a n d  h e r i t ab i l i t y 

e s t i ma t e s  t e n d  t o  b e  l ow e r  f o r a s s e s s e d t ha n  qua n t i t a t i v e l y 

m e a s ur e d  t r a i t s . 

S i r e  x y e a r  i n t e r a c t i o n s  a l s o  

i mp o r t a n c e f o r  h o g g e t  w o o l  t r a i t s .  

t e nded t o  b e  o f  l i t t l e  

T h i s  i s  r e f l e c t ed by t h e  

h e r i t ab i l i t y e s t i m a t e s  f o r  t h e  s ep a r a t e  s t o c k i n g  r a t e s , t h e r e  

i s  l i t t l e  o r  n o  d i f f e r e nc e b e t w e e n  h e r i t ab i l i t y e s t i m a t e s  

e x c l ud i n g a n d  i n c l ud i ng i n t e r a c t i o n s  f o r  m o s t  t r a i t s . 

S i r e  x e nv i r o n m e n t  i n t e r a c t i o n s  w e r e  i mp o r t a n t  s ourc e s  o f  

va r i a t i o n f o r  m o s t  a du l t e w e  w o o l  c ha r a c t e r i s t i c s , a s  wa s 

f ou n d  f o r  ew e G FW a n d  C FW . H o w e v e r , a s  t h e s e  t r a i t s  a r e  n o t  

i n c l ud e d  i n  t h e  s e l e c t i o n o b j e c t i v e s  t h ey have l e s s  p r a c t i c a l  

s i g n i f i c a n c e i n  N e w  Z e a l a nd R omn e y  b r e e d i n g  p r ograms . 

S i r e  x s t o c k i n g  r a t e i n t e r a c t i o n s  w e r e  g e n e r a l l y 

f o r  e w e  w o o l  t r a i t s  a n d i n t r a - t r a i t  g e n e t i c  

t e nd e d  t o  b e  s i gn i f i c a n t l y  l ow e r  f o r ewe t h a n  

t ra i t s . S i r e  x b i r t h  y e a r  i n t e r a c t i o n s  

s i gn i f i c a n t . T h e  t wo i n t e r a c t i o n s  c omb i n e d  

s i gn i f i c a n t  

c o r r e l a t i o n s  

f o r  h o gg e t  

w e r e  a l s o  

t e n d e d  t o  

c o n t r i but e m o r e  t o  t h e t o t a l  v a r i a t i o n t h a n  t h e  s i r e  

v a r i a n c e . T h i s  wa s r e f l ec t e d i n  t h e  h e r i t ab i l i t y  e s t i ma t e s  
be 

w i t h  E I  e s t i m a t e s  t e n d i n g  t o� l e s s  t h a n  h a l f  t h e  I I  e s t i ma t e s . 

Ewe w o o l  t r a i t s  n o t  a f f ec t e d by s 1 r e  X e n v i r o nm e n t  

i n t e r a c t i o n s  w e r e  T I P ,  GCM a n d  S CM . T h i s  wa s s upp o r t e d f o r  

T I P  b y  t h e h i gh i n t r a - t r a i t  g e n e t i c  c o r r e l a t i o n ( 0 . 8 5 ± 0 . 0 2) 
a n d  E I  a n d  I I  h e r i t ab i l i t y e s t i ma t e s  w h i c h  w e r e  r e l a t i v e l y  

c o n s i s t e n t  f o r  t h e  c omb i n ed a g e  a n a l y s e s . Howev e r , z e r o  s i r e 

v a r i a n c e s  f o r  GCM a n d  S CM m e a n t  t h a t  l a r g e  n e ga t i v e  i n t r a ­

t r a i t  g e n e t i c  c o r r e l a t i o n s  w e r e  o b t a i n ed f o r  t h e s e  t r a i t s .  

B e t w e e n  s 1 r e  d i f f e r e n c e s a v e r a g e d  over e n v i r o nme n t s  

c o n t r i but ed l i t t l e  or n o n e  o f  t h e  t o t a l  var 1 a n c e 

r ep r o duc t i v e t r a i t s  r e c o r d e d  e a c h y e a r , h e nc e s 1 r e  

i n t e r a c t i o n s  a c c o un t e d f o r m o s t  o f  t h e  ge n e t i c  va r 1 a n c e .  
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H ow ev e r , f o r  l i f e t i m e  r ep r o duc t i v e  p e r f o rma n c e n o  s i gn i f i c a n t  

s i r e  i n t e r a c t i o n s  w e r e i d e n t i f i ab l e a n d  s i r e  va r i a n c e ,  t h ough 

s ma l l , c on t r o l l ed m o s t  of t h e  g e n e t i c  va r i a t i o n .  L ow o r  z e r o  

v a l u e s  f o r s i r e  a n d  i n t e r a c t i on v a r i a n c e c omp o n e n t s r e s u l t e d  

i n  m e a n i n g l e s s  i n t r a - t r a i t  g e n e t i c  c or r e l a t i o n v a l u e s  a n d  

h e r i t ab i l i t y e s t i ma t e s  w e r e  n e g l i g i b l e .  Wh en s i n g l e y e a r  

r ep r oduc t i o n t r a i t s w e r e a s s e s s e d ,  b i r t h  y e a r  e f f e c t s  w o u l d 

a l s o  h ave i n c l u d e d  y e a r  o f  r e c o r d  e f f ec t s . W i t h  l i f e t i m e  

t r a i t s , b i r t h y e a r  e f f e c t s w o u l d  s t i l l  b e  i n c l ud e d  b ut y e a r  

o f  r e c o r d  e f f e c t s  w o u l d b e  av e r a g e d . 

S i g n i f i c a n t  g e n o t y p e  x e nv i r o nm e n t  i n t e r a c t i o n s  w i l l  a l s o  

h a v e  i mp o r t a n t  i mp l i c a t i on s  i n  r e l a t i o n t o  b r e e d i n g  s y s t e m s  

u s e d  t o  a s s i s t  1 n  t h e  g e n e t i c  i mp r ov e m e n t  o f  t h e  s h e ep 

p op u l a t i on .  Gr o up b r e e d i n g s c h em e s  a n d  s 1 r e  r e f e r e n c e 

p r o gr am s  w i l l  b e  a f f e c t e d . 

I n  g r oup br e e d i n g s c h em e s  h i gh p r o duc i n g a n i ma l s  f r om s ev e r a l  

f l o c k s  may b e  t r a n s f e r r e d t o  a c omm o n  n uc l e u s  u n i t  i n  wh i c h  

s i r e s  a r e  b r e d  f o r t r a n s f e r b a c k  t o  c on t r i b ut i n g  f l o c k s . On e 

p o t e n t i a l  d i s a dva n t a g e  1 s  t h e  d i f f i c u l t y  o f  mak i n g  va l i d  

g e n e t i c  c omp a r i s o n s  a m o n g  a n i ma l s  f r om d i f f e r e n t  f l oc k s  

b e c a u s e o f  t h e  d i f f e r e n t  e nv i r on m e n t a l  c o n d i t i o n s  1 n  wh i c h  

t h e s e  p e r f o r m . I n  a c omput e r  s i m u l a t i on s t udy , d e l - B o s qu e ­

G on z a l e z  a n d  K i n g h o r n  ( 1 9 87 )  f o u n d  t h a t  wh e n  t h e  G B S  n uc l e u s  

1 s  1 n  a d i f f e r e n t  e n v i r o nm e n t  f r om t h e  b a s e ,  b o t h  c l o s e d a n d  

op e n  s c h em e s  c a n  s u f f e r a c on s i d e r ab l e  l o s s  1 n  o v e r a l l  

s e l ec t i on r e s p o n s e  wh e n  g e n o t yp e  x e nv i r onm e n t  i n t e r a c t i o n s  

e x i s t . F o r  c l o s e d n uc l e u s  b r e ed i n g  p l a n s , i f  t h e r e  a r e  t w o  

e nv i r onme n t s i t  i s  a l m o s t  a l way s b e t t e r  t o  h a v e  t w o  s ep a r a t e 

c l o s e d- n uc l e u s  s c h em e s , r a t h e r t h a n  o n e l a r g e r  s c h em e  

c ov e r i n g b ot h  e nvi r o nm e n t s .  F o r  op e n - nuc l e u s  s c h em e s , o n e 

l a r g e r  s c h em e  i s  b e t t e r i f  t h e  g e n e t i c  c o r r e l a t i o n b et w e e n  

t h e  s am e  t r a i t  e xp r e s s e d i n  t h e  t w o  e nv i r onmen t s i s  g r e a t e r 

t h a n  ab out 0 . 7 8 .  
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C omp a r i s o n 

c ur r e n t l y  

o f  s l r e s  a c r o s s  f l o c k s  u s l n g s l r e  r e f e r e n c i n g l S  

r e c e i v i n g muc h a t t e n t i o n . I f  s i r e  x e n v i r o nm e n t  

i n t e r a c t i o n s  a r e  i mp o r t a n t , i n c o n s i s t e nc i e s  may o c c u r i n  t h e  

r a nk i n g  o f  s i r e s . S h o u l d  t h i s  o c c u r , i t  m a y  b e  n e c e s s a ry t o  

c a t e g o r i s e  p a r t i c i p a t i n g f l o c k s  a c c o r d i n g  t o  

e nv i r o n m e n t a l  c r i t e r i a , a n d  s e l e c t  s up e r i o r s i r e s  

s p e c i f i e d 

f o r  e a c h  

c a t e g o ry (W o o l a s t o n ,  1 9 8 7 ) . A m o r e  e f f i c i e n t  a l t e r n a t i v e  

w o u l d  b e  t o  u s e t h e  t e c h n q i u e  d e v e l o p e d  b y  J a m e s  ( 1 9 6 1 ) , 

wh e r e  t h e  p e r f o r ma n c e o f  p r o g e ny i n  e a c h e n v i r o n m e n t  l S  

e n t e r e d  i n t o a n  i n d e x  f o r  o v e r a l l  ga l n . T h i s  m e t h o d c a n 

p r o duc e g r e a t e r  o v e r a l l  g a l n  t h a n  s e p a r a t e s e l e c t i o n ,  b u t  i t  

r e l i e s o n  a c c ur a t e e s t i m a t e s  o f  g e n e t i c  p a r a m e t e r s , i n c l ud i n g  

i n t r a - t r a i t  g e n e t i c  c o r r e l a t i o n s  f o r  t h e  p o p u l a t i o n 

(Wo o l a s t o n , 1 9 8 7 ) . I t  ·..,· o u l d  b e  e ;..-; t r e m e l y  d i f f i c u l t  a n d  

c o s t l y  t o  o b t a i n  a d equa t e e s t i ma t e s  o f  t h e s e  i n t r a - t r a i t  

g e n e t i c  c o r r e l a t i o n s  f o r  a N e w  Z e a l a n d  s h e ep p o p u l a t i o n . 

A n o t h e r ma j o r p r o b l em i s  t. h a t  h om e  s i r e s a r e  o n l y  t .e s t e d l n  

o n e  e n v i r o n m e n t . 

I n  a d d i t i o n t o  i n t r a - t r a i t  g e n e t i c  c o r r e l a t i o n s  b e t w e e n  

s t o c k i n g  r a t e s , b e t w e e n  t r a i t  g e n e t i c  c o r r e l a t i o n s  w i t h i n  a g e  

c l a s s e s a n d  a c r o s s  a g e s w e r e  eva l ua t e d  l n  r e l a t i o n t o  

s e l e c t i o n p o l i c i e s o f  N ew Z e a l a n d.  R omn ey s h e ep . 

A l t h o ug h  p h e n o t y p i c a l l y h o g g e t LW t o  ewe GFW c o r r e l a t i o n s  a r e  

g e n e r a l l y p o s i t i v e  ( O s ma n a n d.  Br a d f o r d. , 1 9 6 5 ; E l l i o t t , 

1 9 7 5 ) t h e  p r e s e n t  da t a  s ug g e s t  t h a t  ge n e t i c a l l y 

r e l a t i o n s h i p , 

t h ey a r e  

t o g e t h e r  n e ga t i v e . T h e  p o s i t i v e  p h e n o t yp i c  

w i t h  t h e  p o s i t i v e  g e n e t i c  c o r r e l a t i o n b e t w e e n  h o g g e t  LW a n d  

h o gg e t  G FW , l S  o f t e n u s e d  a s  j u s t. i f i c a t i o n f o r  u s i n g 

l i v e w e i g h t  t o  l n c r e a s e t l e e c e  w e i gh t , h ow e v e r  t h e  p h e n o t y p i c  

r e l a t i o n s h i p  b e t w e e n 

o r i g i n . A l t h o ugh 
a g e s  may b e  

t h e  s t a n da r d  

p ur e l y 

e r r o r s  

e n v i r o n m e n t a l  l n  

a s s o c i a t e d ·..: i t h  

e s t i m a t e s  l n  t h i s  s t udy w e r e  l a r g e , t h e  t r e n d  i n  t h e  g e n e t i c  

c o r r e l a t i o n s  wa s f o r s e l e c t i o n o n  h o gg e t  l i v ew e i g h t  t o  l e a d  

t o  a s ma l l  r e d uc t i o n i n  a du l t  f l e e c e w e i gh t . 
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T h e  l a r g e  G x E e f f e c t s  f or l i v ew e i gh t  a n d  t h e  l ow E I  

e s t i m a t e s  o f  t h e  h e r i t ab i l i t y  o f  l i v ew e i gh t  a r e  f u r t h e r 

e v i d e n c e i n di c a t i n g t h a t  s e l e c t i o n o n  l i v ew e i gh t  i s  n o t a s  

e f f e c t i v e  a t  i n c r e a s i n g G FW a s  p r evi o u s l y  t h o ught . 

T h e  h i gh g e n e t i c  c o r r e l a t i o n s  b e t w e e n  h o g g e t  and a du l t  e w e  LW 

m e a n s  t h a t  a t t e mp t e d  u s e o f  h o gg e t  LW t o  i n c r e a s e  adu l t G FW 

w o u l d i n c r e a s e  a d u l t  ew e LW . 

T h e  c o r r e l a t i o n s  b e t w e e n  l i v ew e i gh t  a n d  m e a n  f i b r e d i am e t e r  

w e r e  n e ga t i v e , i n d i c a t i n g MFD i s  l i k e l y  t o  d e c l i n e  a s  a 

r e s u l t  o f  s e l e c t i o n f o r l i v ew e i gh t . H o w ev e r  MFD c h a n g e s  a r e 

n o t v e r y  i mp o r t a n t  i n  N ew Z e a l a n d  R omn ey s . 

A l l t h e  ev i d e n c e s ugg e s t s t h a t  e x a c t l y t h e  s ame r e s p o n s e  i s  

obt a i n e d  s e l ec t i n g  f o r G FW a s  f o r C FW i n  t e r m s  o f  c o r r e l a t e d  

r e s p o n s e s . H e n c e i t  i s  u n n e c e s s a ry t o  s c o u r  w o o l  t o  o b t a i n  

C FW f o r u s e i n  s e l e c t i o n p r o g r a m s  f o r  N ew Z e a l a n d  Romn ey s . 

Q ua l i t y  n umb e r  c o r r e l at i on s  i n d i c a t e t h a t  s e l ec t i o n o n  h o gg e t  

Q N  w i l l  n ot d o  muc h e x c e p t  i n c r e a s e  QN a n d  r educ e FW . I t  

w i l l  h a v e  l i t t l e  e f f ec t  o n  MFD . 

S e l e c t i o n o n  m e a n  f i b r e  d i a m e t e r  w i l l  b e  h i gh l y e f f e c t i v e  a t  

c h a n g i n g  MFD b u t  w i l l  a l s o  c h a n g e  f l e e c e w e i gh t  i n  t h e  s am e  

d i r e c t i o n 1 . e .  s e l ec t i o n f o r  f i n e r MFD w i l l  d e c r e a s e  G �{ 

d r a s t i c a l l y . 

S t ap l e  l e n gt h  h a s m a ny f av o u r ab l e  c o r r e l a t i o n s . I t  w o u l d b e  

a n  e f f e c t i v e  w a y  o f  i n c r e a s i n g  f l e e c e w e i gh t  i f  b r e e d e r s  d o  

n o t w a n t  t o  w e i gh f l e ec e s . Howev e r , i t  m i gh t  a l s o  r e s u l t  1 n  

a s l i gh t  i n c r e a s e i n  s u s c ep t i b i l i t y  t o  c o t t i n g . Ev i d e n c e  

f r om o t h e r s o ur c e s  ( B i g h am ;::;· t ,;;;I . ,  1 9 8 3 ) s ugg e s t s  t h a t  i t  

w o u l d  a l s o  r e duc e b u l k  w h i c h  w ou l d  b e  l i k e l y  t o  b e  

u n d e s i r ab l e .  
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C h o p r a  ( 1 97 8 )  i n  a s ub s e t o f  t h e  da t a  h i g h l i gh t ed t h e  f a c t 

t h a t  h ogg e t  T C N  h a d  m a ny f a v ou r ab l e  c o r r e l a t i o n s  a n d a h i gh 

h e r i t ab i l i t y .  W h i l e  t h e  h i gh h e r i t ab i l i t y  wa s s t i l l  o b t a i n e d  

i n  t h i s s t udy , t h e  c o r r e l a t i o n s  a r e  n o t  a s  favourab l e .  

T h e r e  w ou l d  b e  a r e l a t i v e l y  s ma l l  i mp r o v em e n t i n  a du l t  e w e  

f l e e c e w e i gh t  w i t h  s e l e c t i o n f o r h o gget T C N , p l u s  i t  w ou l d  

c o n f e r s om e  r e s i s t a n c e t o  c o t t i n g .  

T h i s  s e t o f  da t a  i n d i c a t e s  t h a t  s e l e c t i o n o n  h o gg e t  C HG w i l l  

n o t  r e s u l t  i n  a n y  i mp r ov e m e n t  i n  f l e e c e  w e i gh t  a t  o l de r  a ge s , 

a l t h ough i t  may d o  w i t h i n  t h e  h o gget . T h e r e  i s  a l s o  n o  

e v i d e n c e t h a t  s e l e c t i o n f o r  C HG w i l l  i mp r ov e  c o l our wh i c h  

s om e  p e op l e  h a v e  s ugge s t e d i n  t h e  p a s t  ( H e n d e r s o n , 1 9 7 3 ) . 

W h i l e  S O U  a nd S ST a r e  s ub j e c t i v e  a n d  obj e c t i v e  a s s e s s m e n t s o f  

t h e  s am e  t r a i t  t h e i r  r e l a t i o n s h i p wa s un c l e a r . A m i x t ur e o f  

p o s i t i v e  a n d  n e g a t i v e  g e n e t i c  c o r r e l a t i o n s  wos o b t a i n e d 

wh i c h  w as d i f f i c u l t  t o  i n t e r p r e t . T h e  l ow g e n e t i c  i n f l u e n c e 

o n  t h e s e  t r a i t s  p o i n t s  t o  t h e  ma i n  p r ob l em w i t h  t h e  

a s s e s s m e n t  o f  SOU . A s s e s s m e n t  o f  SOU b a s e d o n  m o r e  s t ap l e s  

m i gh t  h av e  

c o n c l u s i o n s  

b e e n m o r e  r e l i ab l e  a n d  may h av e  

t o  b e  r e a c h e d . 

e n ab l e d f i rm e r  

S e l e c t i o n o n  h o gg e t  C OT s h ou l d  r e su l t 1 n  p r o gr e s s  1 n  

i mp r ov i n g a du l t  COT . T h e  h e r i t ab i l i t y i s  n o t  h i gh but h o gg e t  

C OT h a s  a v e r y  g o od g e n e t i c  c o r r e l a t i o n t o  o l d e r  a g e s , a t  t h e  

e xp e n s e o f  a s l i gh t l y  d e c r e a s e d f l e ec e  w e i gh t . 

C o r r e l a t i o n s  o f  c o l our w i t h  o t h e r t r a i t s  a r e  i n c o n s i s t e nt a n d  

i t  i s  d i f f i c u l t  t o  m a k e  a ny r e c omm e n d a t i o n s . T h e  

h e r i t ab i l i t y o f  m i d s i d e c o l our i s  m ode r a t e but t h e r e  a r e  

un f a v o u r a b l e  g e n e t i c  c o r r e l a t i o n s . 
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L ow g e n e t i c  va r i a n c e s  f o r  r epr oduc t i v e  t r a i t s  m e a n t  t h a t  E I  

e s t i m a t e s  o f  g e n e t i c  c o r r e l a t i on s  c o u l d  n o t  b e  c a l c u l a t ed a n d  

I I  e s t i ma t e s  w e r e o ut s i d e  t h e  c o r r e l a t i o n r a n ge o r  h a d  h i gh 

s t a n da r d  e r r or s . M o r e r e s e a r c h i s  r e qui r e d i n t o t h e  

a s s o c i a t i o n b e t w e e n  r ep r oduc t i v e  a n d  w o o l  t r a i t s . 
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9 - 2 1 . 

B a r l o•,.; R .  ( 1 9 7 4 ) S e l e c t i o n f o r c l e a n  f l e e c e  w e i gh t  i n  M e r i n o  
s h e ep . I I . C o r r e l a t e d r e s p o n s e s  t o  s e l e c t i o n .  P u s t . 
,J .• Pq .r i  o.: . i:,;· e :::� .  _;· . .:. •-' : 9 7 3 - 9 94 . 

B a r l ow R .  ( 1 9 8 5 )  A n  i n t r oduc t i o n t o  i n t e r a c t i o n b e t w e e n  
g e n o t y p e  a n d  e nv i r on m e n t . P r o c . 5 t �  C o n f .  P u s t  P s s . 

P n i m .  B r e e d . G e n e t . :  3 3 - 3 8 . 

Ba r l ow R .  ( 1 9 8 7 )  T h e  s i gn i f i c a n c e o f  g e n o t y p e  by e nv i r o nm e n t  
i n t e r ac t i o n s  o n  b r e e d i n g  p r ogram s . p . 5 4 - 5 7 . P r o c . 

,, __ .;_ ,. __ ,:...;" _:·:- ::-7 • ... f.' 

Ba r l ow R .  a n d  O ' N e i l l  G . H .  
i n  a s ub t r o p i c a l  
i n t e r a c t i o n .  3 r d  

( 1 9 7 7 )  P o s t w ea n i n g ga i n  o f  h e i f e r s  
e nv i r o nm e n t : g e n o t yp e  x n utr i t i o n  

',',) :r . .  ··· . .  ··· . .  ··.' -·�· ... •.:; ,_._. .. '···' .... 
1 n  -� -� -� - -· -�- :::- -":· (_.' ..... -� 

c;· o n  :F . ,. A u s t . F e b . 1 9 7 7 . An i m . Br e e d . Pap e r s . 
C a nb e r r a , A u s t . ,  SABRAO 8 - 1  t o  8 - 4 . C i t e d f r om P n i m .  

i') .v· e e d . /1 /) s �': r . ( 1 9 7 8 ) , 4 .S : 5 5 1  Ab s t r . N o . 4 7 7 7 . 

Ba s ut h ak a r  A . K . , Bur f e n i ng P . J . , V a n  H o r n  J . L .  a n d  
R . L .  ( 1 9 7 3 ) A s t udy o f  s om e  a s p ec t s  o f  
p r o d uc t i o n i n  T a rg h e e  a n d  C o l umb i a  s h e ep . 
S c i . �  � 0  8 1 3 - 8 2 0 . 

B l ac kwe l l  
l i f e t i m e  

7 ,_, :1 .L.· n .z .m .  

B a t eman N .  ( 1 9 7 1 )  S e l ec t i o n o f  m i c e  f o r gr owt h o n  c o n s t a n t  a n d  
o n  c h a n g i n g ma i z e - m i l k  d i e t s . � n 1 m .  p - � � - � 1 3 : 4 2 5 -
4 4 0 . 

B a t eman N .  ( 1 9 7 4 ) Gr owt h i n  m i c e  a f t e r s e l e c t i o n o n  ma i z e - m i l k  
d i e t s . i::;· .n .i .c:r,. .. , F' r· c} d ., ,. j '::.O : 2 3 3 - 2 4 8 . 

Ba t r a T . R . , U s b o r n e W . R . , Gr i e v e  D . G .  a n d  Bur n s i de E . B .  ( 1 9 7 3 )  
G e n o t yp e - e nv i r o n m e n t  i n t e r a c t i o n i n  c a l f p r oduc t i o n . 
I I . L i v e  m e a s ur em e n t s  a n d  c a r c a s s e  t r a i t s .  J .  P n i m  
s � � . •  3 6 : 4 7 1 - 4 75 . 
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B e a t t i e  A . 'vl' .  ( l 9 6 l )  
o f  M e r i n o  
E s t i m a t e s  

R e l a t i o n s h i p s  am o n g  p r oduc t i o n c h a r a c t e r s  
s h e ep i n  n o r t h -w e s t e r n  Qu e e n s l a n d . I .  

o f  p h e n o t yp i c  p a r a m e t e r s . !} ] ci .. 1 ..  .:: .. 
4 3 7 - 4 4 .5 . 

B e a t t i e  A . W .  0 9 6 2 )  R e l a t i o n s h i p s  a m o n g  pr oduc t i v e  c h a r a c t e r s  
s h e ep 1 n  N o r t h - W e s t e r n  Q u e e n s l a n d  2 .  

o f  g e n e t i c  p a r a m e t e r s , w i t h  p a r t i c u l a r  
t o  s e l e c t i o n f o r w o o l  w e i gh t  a n d  c r 1 rnp 

o f  l-·1 e l- i n ()  
E s t i m a t e s  
r e f e r e n c e 
f r e qu e n c y . · . ..,' 

•.:': .f. '-·' ... - 1 7 - 2 6 .  

Beny i K . , Ak i n okun 0 .  a n d  L eb b i e  S . H . B .  ( 1 9 8 1 )  E f f e c t s  o f  f e e d  
r e s t r i c t i o n d ur i n g t h e  l ay i n g  p e r i o d o n  t h e  
p e r f o r m a n c e o f  t w o  s t r a i n s  o f  ma t ur e  c a g e d  c omm e r c i a l  
l ay e r s  i n  t h e  h um i d  t r op i c s .  J .  r • �  S c 1 . •  C ci m b Y 
<• ( : 1 9 5 - 2 0 3 . 

Beny i K .  a n d  G a l l  G . A . E .  
i n t e r a c t i o n e f f e c t s 

( 1 9 7 8 ) 
o n  gr o,,�t h 

G e n o t y p e - e n v i r o n m e n t  
a n d  d ev e l opm e n t  1 11  

(.. ) 7 1 - 7 6 . 

B i gh am t1 . L . ,  l1 ey e r  H . H .  a n d  S m e a t o n J . E .  ( 1 9 8 3 ) T h e 
h er i t ab i l i t y o f  l o o s e  w o o l  b u l k  a n d  c o l o ur t r a i t s  a n d  
t h e i r  g e n e t i c  a n d  p h e n o t yp i c  c o r r e l a t i o n s  w i t h  o t h e r  
w o o l t r a i t s . P r· c; ... :.· .... t.f .... . l ... .:::;· C! .. ::· 1-1 Ti .z .;·;•;- ... P r· -:") ci •. • :S : 8 3 - 8 5 , 

B i gh am l1 . L . ,  S umn e r  R . l1 . W .  a n d  Da l t o n D . C .  ( 1 9 7 8 )  W o o l  
p r oduc t i o n o f  d i f f e r en t  b r e e d s  o f  m i x ed a g e  ewe s o n  
h i l l  c o u n t ry . 1"·-t .�- .-f.. :: :.}' 1" .,. V'• } (: .o: � •.-;: .. : �::· .z : 1 1 9 - 1 2 6 . 

B i gh am M . L . , S um n e r  R . M . W . , Hawk e r  H .  a n d  F i t z g e r a l d  J . M .  
( 1 9 8 3 )  F l e e c e t e n d e r n e s s - a r ev i ew . P r· c <::: .. N ... .. � ... :: . c .::.· .  

i·i T·.: ... }i .  _;:::. y-·· () (/ ... ·" .--:;' 3" ! 7 3 - 7 8 , 

B i l eva D . S . , Z i m i n a L . N . , l1a 1 i n ov s ky A . A . , ( 1 9 7 8 ) E f f e c t  
g e n o t y p e  a n d  e nv i r on m e n t  o n  t h e  l o n g ev i t y 

i .:1' ' 
·'· .· . 8 4  8 - 8 .5 2 . 

o f  
o f  

B l a c kw e 1 l R . L .  a n d  H e n d e r s on C . R .  ( 1 9 5 5 )  V a r i a t i o n i n  f l e e c e 
w e i gh t , w e a n i n g w e i gh t  a n d  b i r t h  w e i gh t  o f  s h e ep u n d e r  
f a rm c o n  d i t i o n  s . •... .. .4 T.i .i _;r, .:>:: .i ... , ./ 4 : 8 3 1  - 8 4 3 . 

B l a i r  H . T .  ( 1 9 8 1 )  R e s p o n s e s  t o  s e l e c t i o n f o r  o p e n  

g r e a s ' t l e e c e  w e 1 g h t  i n  R o m n e v s h e e p , T h e s i s , P h . D .  
M a s s ey Un i v e r s i t y , Pa l m e r s t on N o r t h , New Z e a l a n d . 

B l a i r  H . T . , G a r r i c k D . J . , R a e  A . L . , W i c k h am G . A .  ( 1 9 85 )  
S e l ec t i o n r e s p on s e s  i n  N ew Z e a l a n d  R omn e y  s h e ep . 2 .  
S e l e c t i o n f o r y e a r l i n g g r e a s y f l e ec e  w e i gh t . N .... , .  J l . 
P g r .i c .  R e s . ! - 8 : 2 5 7 - 2 64 . 
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B e e r  F .  d e  a n d  Hamm G . G . H .  ( 1 9 7 7 )  E f f e c t  o f  d i f f e r e n t  p r o t e i n  
l ev e l s o n  g r owt h a n d  c a r c a s s  qua l i t y o f  Dut c h  B l a c k  
P i e d  a n d  M e u s e -R h i n e - Y s s e l  f a t t e n i n g b u l l s . 
r: ;e:· (·,i ;r· i ) l .:::: c· r;· f.: ,\;J z" i:· k ,--=:· .l i !) r;:;  .. , s ( 7 / 8 ) , 6 9 9 -7 0 3 . C i t ed f r om 
P n n o t .  B i b l p h y  - C o m m o n w . B u r . P n i m .  B r e e d . G e n e t . N o . 

2 6 9 (;· ( 1 9 7 8 )  : 2 3 3 8 . 

B o h r e n  B .  B . , Mc K e a n  H . E .  a n d  Y amada Y .  ( 1 9 6 1 )  Re l a t ive 
e f f i c i e n c i e s o f  h e r i t ab i l i t y  e s t i ma t e s  b a s ed o n  
r e gr e s s i o n o f  o f f s p r i ng o n  p a r e n t . B i o m e t r i c s �  1 7  
4 8 1 - 4 9 1 . 

B o j a r s k i i L . G .  a n d  Kad i e v s ka j a L . N .  ( 1 9 6 6 )  T h e  q ua l i t y  o f  
B l a c k  P i e d  a n d  c r o s s b r e d Ab e r d e e n-Angus b u l l s  r e a r e d  
o n  h i gh a n d  l ow p l a n e s  o f  n ut r i t i o n . Z h i v o t n o v o d s t v o  
N c) .:::: k . _. 2 s· ( 9 ) : 9 - 1 2 . C i t ed f r om f.:! n i ;::;- ., E r ,;:· e d ., O b s ( .!r 
( 1 9 6 7 ) , . .::: .:�: : 3 9 5  Ab s t r . N o . 2 2 4 5 . 

B o n d  J . , H i n e r  R . L . , H o ov e n  N . W . , T h o r n t o n  J .  a n d  Wa rw i c k E . J .  
( 1 9 6 5 )  I n f l u e n c e o f  b r e ed a n d  p l a n e  o f  n ut r i t i o n o n  

b e e f  p r o d uc t i o n f r om d a i ry , dua l -p urp o s e  a nd b e e f  
s t e e r s . i4 .l c1  l�' ;;:..:· v .. , .�: l�= .i nJ .. z l::..' r· r:;: .:J  .... .. = .. :l : 9 3 - 1 0 0 . 

B o n d  J . , H o ov e n  N . W . , W a r i c k  E . J . , H i n e r R . L .  a n d  R i c h a r d s o n  
G . V .  ( 1 97 2 ) I n f l u e n c e o f  .b r e e d  a n d  p l a n e  o f  n ut r i t i o n 
o n  p e r f o r ma nc e o f  da i ry , dua l -p urp o s e  a n d  b e e f  s t e e r s . 
I I . F r o m  1 8 0 day s o f  a g e  t o  s l a ug h t e r . J .. h' r:· :u;: . 
S c i . �  3 4 : 1 04 6 - 1 0 5 3 . 

B o n n i e r  G . , H a n s s o n A .  a n d  S k j e r v o l d  H .  
m o n o z y g o u s  c a t t l e  t w i n s  I X . T h e  
a n d  e n v i r o n m e n t  o n  g r owt h a n d  
S (": .-:;;· .-: .... _:� .j : 1 - 5 7 . 

( 1 9 4 8 ) S t udi e s  on 
i n t erp l ay o f  h e r ed i t y 
y i e l d . P c t a  H Q r l c .  

B o t k i n  M . P . , F i e l d  R . A . , R i l ey M . L . , N o l a n  J . C .  and 
R o e h r ka s s e  G . P .  ( 1 9 6 9 )  H e r i t ab i l i t y o f  c a r c a s s  t r a i t s  
i n  l amb s  . ._7 ., ��;· ;-; i r1.1 • . �::� .-::· 1 .  2 9 : 2 5 1 - 2 5 5 . 

B o w l  a n d  J .  P .  a n d  B e r g  R .  T .  ( 1 9 5 9 )  I n f l u e n c e o f  s t r a i n  a n d  s e x 
o n  t h e  r e l a t i o n s h i p  o f  p r o t e i n  t o  e n e r gy 1 n  t h e  
r a t i o n s  o f  g r o w i n g  a n d  f i n i s h i n g b a c o n  p 1 g s . C a n . J 
/i T.• } i!i . S .-:: .i .• , j" ·) :  1 0 2 - 1 1 4 . 

Bo·wma n  J .  C .  ( 1 9 7 2 ) G e n o t yp e  x e n v i r o n m e n t  i n t e r ac t i o n s  
P n i m . _. 4 :  1 1 7 - 1 2 3 . 

P�· n :n .or 

Bray D . F . , B e l l  A . E .  a n d  K i n g  S . C .  ( 1 9 6 2 )  T h e  i mp o r t a nc e  o f  
G e n o t y p e  b y  e n v i r o n m e n t  i n t e r a c t i o n s  w i t h  r e f e r e n c e t o  
c o n t r o l  p op u l a t i o n s . G e n e t .  R e s  . ..  J :  2 8 2 - 3 0 2 . 

Bray D . F . , B i e l y J .  a n d  Pop e W . H . ( 1 9 6 2 )  T h e  r e l a t i o n s h i p o f  
r a t i o n i n gr e d i e n t s t o  t h e  c o n c e p t  o f  g e n o t y p e  x 
e n v i r o n m e n t  i n t e r a c t i o n a s  d e m o n s t r a t e d  1 n  Br i t i s h  
C o l umb i a  r a n d o m  s amp l e  b r o i l e r t e s t s . P c>:J. .i. t .  Sc i �· ·; 
·:/ 1 : 1 3 6 7 - 1 3 7 4 . 
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Br ody . T . B . , C h e r ry J . A .  a n d  S i e g e l  P . B .  0 9 8 3 )  CF-r e r f e ed i n g  
a n d  r e s t r i c t i o n e f f e c t s on f o o d a n d  g l uc o s e  pr e f e r e n c e 
1 n  w e i g h t  s e l e c t e d l i n e s  o f  c h i c k e n s . P a u l � S � 2 
l: . . ? :  2 05 6 - 2 0 6 1 . 

Br own G . H .  a n d T ur n e r  H . N .  ( 1 9 6 8 )  R e s p o n s e  t o  S e l e c t i o n i n  
A u s t r a l i a n M e r i n o  S h e ep I I . Es t i ma t e s  o f  p h e n o t y p i c  
a n d  g e n et i c  p a r am e t e r s  f o r s om e  pr oduc t i o n t r a i t s i n  
M e r i n o  ew e s  a n d  a n  a n a l y s i s  o f  t h e  p o s s i b l e  e f f e c t s o f  
s e l e c t i o n o n  t h em . .  -. ..... :.: ·( ,. t.: , . .  · J c  . . -"·· '" "'' " '' ., '::.' : 3 0 3 - 3 2 2 . 

B ub l a t h  A . G .  ( 1 9 6 9 ) .::- ; . .: •:.: ·-- -� 0::::· .::
-

T h e s i s , 
N o r t h ,  

M . Agr . S c i . ,  M a s s ey Un i v er s i t y , 
N ew Z e a l a n d . 

Pa l m e r s t on 

Buda n t s ev V . P .  ( 1 9 7 3 )  l'1 e a t  p r oduc t i o n o f  l amb s 
d i f f e r e n t  r am s  a n d  f a t t e n e d  un d e r  

s i r e d by 
d i f f e r e n t  

C 0 n d i t  i 0 n S , f"./ 6: U C: !'! n '/ •:::·· 0 .:::· Fi 0 V ':/ t;' d .:::· ',·· .i ;:� :i V .;:;· z· i'! .i \.· Li ( i i <:..! •, ' .;  ' 1  c:· 

·:· .:::; :: r·: .. './ :/ ,o u :::;· i<' 3 ( 3 )  : 1 2 8 - 1 3 2 . C i t e d f r om 
1 7 3 4 . 

,!.".} :.-_:: j ·'·'·' = 

.C r e· .:;:· ci .. ,:.:,• ,'.: :=: ;':: •··· ., ( 1 9 7 5 ) , ·./ 3 : 2 [17 Ab s t r . N o . 

B u i l ov S . V . (1 9 7 0 )  I n h e r i t a n c e o f  p r oduc t i o n c h a r a c t e r s  o f  
R om n ey M a r s h  s h e ep . ? � - n a u c h .  o � k  u s e s . O r d . T !··· •• , '··' · ·:-· ...... ... . . 

7 0 . C i t e d f r om ,i�;· ;r'! .i .;'!i ,, i .. : ..... · .::: f::· ci .. ( 1 9 7 1 )  , '3 '> 
6 8 -
5 1 9  

Ab s t r . N o . 3 4 2 0 . 

Bur dukov s k a y a  T . K .  a n d  T i ma s h ev I . Z .  ( 1 9 7 1 )  I n h e r i t a n c e o f  
w o o l  l e n gt h a n d  l i v e  w e i gh t  o f  S ov i et M e r i n o  s h e ep 1 n  
r e l a t i o n t o  d e gr e e  o f  d ev e l opm e n t  o f  t h e s e  t r a i t s  1 n  
t h e  p a r e n t s a n d  l ev e l  o f  n ut r i t i on .  T r u d y v � � � . 
n a u c h n o - i s s l e d . l � s t  ... O v t s e v . ; ,· o z c· v .• ., :·,:· ( 1  ) : 2 3 - 3 1 . 
C i t e d f r om P n i m  ... B r e e d . P b s t ,  
N o . 4 6 3 7 . 

( 1  9 7 2 ) , 4 c· 7 2 1 Ab s t r , 

Bur duk o v s ka y a  T . K .  a n d  T i ma s h ev I . Z . ( 1 9 7 1 )  T h e  e f f e c t  a n d  
t y p e  o f  s e l ec t i o n a n d  l ev e l  o f  n ut r i t i o n o n  t h e  
h e r i t ab i l i t y o f  f l e ec e  w e i gh t  o f  S ov i e t  M e r i n o  s h e ep . 

-.. - .::· �7: .:.� -� 1' J) :.-:: t: •'= 

3 / ( 1 )  : 6 4 - 6 7 . C i t  e d f r o m  ,D, Fi 1 Tli • .e r · ,;,:· c· d ... i�;o t: s t: F· ( 1 9 7 2 ) , 
4 0 : 72 1 Ab s t r .  N o . 4 6 3 8 . 

Bur n s  W . C . , Kr o g e r  M . , 
B l a c kwe l l  R . L . 
i n t e r a c t i o n i n  
w e a n 1 n g t r a i t s . 

But t s 
( 1 9 7 9 )  

H e r e f o r d  

W . T . , Pa h n i s h  O . F .  a n d  
G e n o t y p e  b y  e nv i r o n m e n t  
c a t t l e : I I . B i r t h  a n d  

S c 1 . •  4 9 : 4 0 3- 4 0 9 . 

Bur n s i d e E . B . , Ba t r a T . R . , Mac l e od G . K .  a n d  G r i eve D . G .  
( 1 9 7 2 ) G e n o t yp e - e n v i r o n m e n t  i n t e r a c t i on 1 n  c a l f 

p r oduct i o n . I .  Gr owt. h t r a i t s .  ···' ·· " ' ' ·'· "' · .:::: o:.: .i ,· ,:· .:! .::: : 

3 1 7 - 3 2 0 . 
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Bur n s i d e  E . B . , Mac l e od G . K .  a nd G r i eve D . G .  
a nd e nv i r o n m e n t  i n  c a l f p r oduc t i o n . 
2 8 5 - 2 8 6 Ab s t r . N o . 3 4 . 

( 1 9 6 9 )  G e n o t y p e  

But l 8 r  L . G .  a n d  M a x w e l l  W . M . C . ( 1 9 8 4 )  A r ev 1 e w  o f  t h e  
e f f i c i e n c y  o f  c o nv e r s i o n o f  f e e d i n t o  w o o l . P n i m .  
B r e e d . P b s t . �  5 2 : 4 7 5 -4 85 . 

But t s  W . T . , 
E . J .  

K o g e r  M . , 
( 1 9 7 1 )  

Pa h n i s h  O . F . , Bur n s  W . C .  a nd 
P e r f o r ma n c e o f  t w o  l i n e s  o f  

Warw i c k  
h e r e f o r d  

.j .j :  9 2 3-c a t t l e  i n  t w o  e nv i r o nm e n t s .  
9 3 2 . 

·::·· .·- .. : 
·-· ·- ... � .. .,. 

C a l i ga r i  P . D . S .  a n d  
i n t e r a c t i o n . 

Ma t h e r  K .  ( 1 9 7 5 ) G e n o t yp e - e nvi r o nment 
I I I . I n t e r a c t i o n s  1 n  D r o s o  i l a  

S o c  .. B .. . h' 1 : 3 8 7 -4 1 1 . 

C a m e r o n  N . D .  a n d  S m i t h  C .  ( 1 9 8 5 )  R e s p o n s e  i n  l amb p e r f o rmanc e 
f r om s e l e c t i o n o n  s i r e  1 0 0 - day w e i gh t . B r  S o c . H n l m 
P r c c . �  P a p e r  N o . 36 W i n t e r  M e e t i n g 1 9 8 5 . 

C a n o n D . J .  ( 1 9 7 2 )  T h e  i n f l u e n c e o f  r a t e o f  s t o c k i n g  and 
app l i c a t i o n o f  s up e rp h o s p h a t e o n  t h e  p r o d uc t i o n a n d  
qua l i t y o f  w o o l  a n d o n  t h e  gr o s s ma r g i n  f r om M e r i n o  
w e t h e r s . 4 u s t . J .  E x p . r i c .  P n i m .  H u s b . y 1 2 : 34 8-
3 5 4 . 

C a r t e r R . C . , C a rman G . M . , Mc C l a ugh e r t y  F . S .  a n d  H a y d o n  
( 1 9 7 1 )  G e n o t yp e - e nv i r o n m e n t  i n t e r a c t i o n i n  s h e ep . 

Ew e p r oduc t i v i t y . J .  P n i m .  S c i . 1  J J  5 5 6 - 5 6 2 . 

P . S .  
I .  

C a r t e r R . C . , C a rma n G . M . , Mc C l a ugh e r t y  F . S .  a n d  H ay d o n  P . S .  
( 1 9 7 1 )  G e n o t yp e - e nv i r o n m e n t  i n t e r ac t i o n i n  s h e ep . 
I I . L a mb p e r f o rma n c e t r a i t s . ../ .. r�· .n i  or,;· ·' .::.. c 1 .  ,, .;: • . :, : 
7 3 2 - 7 3 5 . 

C h ' a n g T . S .  ( 1 9 6 3 ) G e n o t yp e - p a s t ur e  i n t e r a c t i o n 1 n  t h e  
f e r t i l i t y  o f  Romn ey M a r s h  e w e s . P r o c . N . Z . S o c .  P n i m .  
P r o d . y 2 3 : 1 0 0 - 1 0 6 . 

C h ' a n g  T . S .  ( 1 9 6 7 )  T h e  g e n e t i c  b a s i s o f  g r o w t h y  

b e h a v i o u r a n d  f e r t i l i t y  1 n  R o m n e y M a r s h  e w e s. T h e s i s , 
Ph . D . , Ma s s ey Un i v e r s i t y , Pa l m e r s t o n N o r t h , New 
Z e a l a n d . 

C h ' a n g  T . S .  a n d  Ra e A . L .  ( 1 9 6 1 )  S o urc e s  o f  va r i a t i o n i n  
w e a n i n g  w e i gh t  o f  Romn e y  Ma r s h  l amb s . N . Z .  J J . 
(:' ;;:.: .:::: .. ,. -/ :  5 7 8 - 5 8 2 . 

t h e  

C h ' a n g  T .  S .  a n d  R a e  A .  L .  ( 1 9 7 0 )  T h e  g e n e t i c  b a s i s  o f  g r o wt h , 
r ep r o d uc t i o n a n d  ma t e r n a l e nv i r o n m e n t  i n  Romn ey e w e s . 
I .  G e n e t i c  va r i a t i o n 1 11  h ogg e t  c h a r a c t e r s  a n d  
f e r t i l i t y o f  t h e  e w e . ,t:.;· .: ... : s t  • .  J .  P q r .;: .. :: . F' .:.;·· s ., ,  .. .  ·:? l : 1 1 5 -
1 2 9 .  
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C h ' a n g  T . S .  a n d  Ra e A . L .  ( 1 9 7 2 )  T h e  g e n e t i c  b a s i s  o f  g r ow t h .  
r ep r o d uc t i o n a n d  m a t e r n a l  e nvi r o n m e n t  i n  R omn e y  ew e s  
I I . G en e t i c  c ov a r i a t i o n b e t w e e n  h o q q e t  c h a r a c t e r s . 
f e r t i l i t y , a n d  m a t e r n a l  e nv i r o n m e n t  o f  t h e  ew e . � .  
. .. ..  . . . .. ... .. , .:? �::: : 1 4 9 - 1 6 5 . 

C h a pm a n  R . E .  ( 1 9 6 4 )  A s t udy o f  c h a n g e s  l n  s t ap l e  c r i mp w i t h i n  
t h e A u s t r a l i a n  w o o l  c l i p .  J .  H � s � .  J n s L . r 2 r 
. ; •> : 1 6 9 - 1 8 0 . 

C h a pm a n  R . E .  a n d  J a c k s on N .  ( 1 9 7 2 )  R e s p on s e  t o  s e l e c t i o n l n  
A u s t r a l i a n M e r i n o  s h e ep V .  I n h e r i t a n c e o f  abn orma l 
s t ap l e  c r i mp : c r i mp a b n orma l i t i e s i n  g r o up s  o f  
br e e d i n g  ew e s  s e l e c t e d f o r  h i gh a n d  l ow va l u e s  o f  
c l e a n  w o o l  w e i gh t  a n d  i t s  c omp o n e n t s .  P u s t  J P g r � � ­
� c � - �  � 6 : 3 6 3 - 3 7 9 , 

C h a p m a n  R .  E .  , S h o r t  B . F .  
c r i mp i n g i n  M e r i n o  

a n d  Hy l a n d  P . G .  ( 1 9 6 0 )  Ab n o rma l 
a n d  P ol w a r t h  w o o l s .  N a t u r & �  L e n d 

. ..
. :.

/ 
9 6 0 - 9 6 1 . 

C h op r a  S . C .  ( 1 9 7 8 )  
.·: ;::. ····. -:::- ·/· 2 c: 

G & n o t y p & - e n v i r o n m e n t  J n � & r a c t i o n s ._ .r,:: .j 

.I . .' /  

1 n e s i s , Ph . D . , Ma s s ey Un i v e r s i t y , 
N ew Z e a l a n d . 

Pa l m e r s t o n N o r t h , 

C h r i s t i a n L . L . , S t l- o c k  K . L . a n d  C a r l s on J . P .  ( 1 9 8 0 )  E f f ec t s  o f  
p r o t e i n , b r e e d c r o s s , s e x a n d  s l a ugh t e r  w e i gh t  o n  
s w i n e  p e r f o r m a n c e a n d  c a r c a s s  t r a i t s . J .  6 � - �  
5 ..: 5 1 - 5 8 .  

. .:: ,._ .!. :.· ;,.· 

C l a rk e  J.N. ( 1 9 7 2 )  C u r r e n t  l ev e l s o f  p e r f o r m a n c e l n  t h e  
Ruakur a f e r t i l i t y  f l oc k  o f  P om n e y  s h e ep . F r o c  N . , .  
� 0 r P � l m - P r o d .  3 2 : 9 9 - 1 1 1 . 

C l a rk e  J . N .  a n d  Ra e A . L .  ( 1 9 7 6 )  
MA F . , W e l l i n g t o n . 7 8  p .  

C l a r k e  S . E .  a n d  H o h e nb ok e n  W . D .  0 9 8 3 )  E s t i m a t i on o f  
r ep e a t ab i l i t y ,  h e r i t ab i l i t y  a n d  b r e ed d i f f e r e n c e s  f o r 
l amb p r o duc t i o n . J .  t-i n i m .. 8 .:: 1  . •  5 6 : 3 0 9 - 3 1 5 . 

C l  o e t  e S .  W .  P .  a n d  H e y d e n r y c h  H .  J .  ( 1 9 8 7 )  G e n e t i c  p a r a m e t e r s  
f o r r ep r oduc t i o n r a t e i n  t h e  T y g e r h o ek M e r i n o  f l o c k . 
1 .  H e r i t a b i l i t y . S .  P f r .  J .  P n i m .  S c i .  1 7  1 - 7 . 

C o op I . E .  ( 1 9 6 2 ) L i v ew e i gh t -p r o d u c t i v i t y  r e l a t i o n s h i p s  
s h e ep . I .  L i v ew e i gh t  a n d  r ep r o d uc t i o n . N . Z ... 
(..;- .. 7 r .1 .::: . P ·:=. s  • • . ::· : 2 4 9 - 2 6 4 . 

C o op I . E .  a n d  C l a r k  V . R .  ( 1 9 5 5 )  T h e i n f l u e n c e o f  m e t h od 
r e a r i n ·:J 
s h e ep . 

o n  t h e  l i f e t i m e  p r o d uc t i v i t y  
\ .  2 1 4 - 2 2 8 . 

l n  
' i  '-* ..!. 

o f  
o f  
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C r ewt h e r  W . G .  a n d  Do l l i n g  L . M .  ( 1 9 6 1 )  F e l t i ng i n v e s t i ga t i o n s  
P a r t  I I . R e l a t i o n s h i p b e t w e e n  w o o l  f i b r e  c r i mp a n d  
r a t e o f  f e l t i ng . T e x t . R e s . J • •  3 1  1 4 - 1 8 .  

C un n i n g h a m  E .  P .  ( 1 9 7 0 )  A p r o g r am f o r  l a r g e - s c a l e  n o n ­
o r t h og o n a l a n a l y s i s  o f  va r i a n c e a n d  c ov a r i a n c e .  P p p l . 
S t a t i s t . � 1 9 : 1 6 0 - 1 7 2 . 

C un n i n g h a m  E . P .  a n d  G j e d r e�T . ( 1 9 7 0 )  G e n e t i c  c o n t r o l  o f  e w e  
b ody w e i gh t  i n  s e l e c t i o n f o r  h i gh e r w o o l  a n d  l amb 
o ut p ut . P c t a  P g r i c .  S c a n d . y  2 0 : 1 94 -2 0 4 , 

Da i l ey R . A . , C l a r k  J . R . , F i r s t  N . L . ,  C h apman A . B .  a n d  C a s i da 
L . E .  ( 1 9 7 S )  L o s s  o f  f o l l i c l e s dur i ng t h e f o l l i c u l a r  
p h a s e  o f  t h e  e s t r o u s  c y c l e  o f  s w i n e  a s  a f f ec t e d by 
g e n e t i c  g r o up a n d  l ev e l  o f  f e ed i n t a k e . � - P n i m .  
·::; ,.. .. ; .,. :' ,.,,. 1 : 8 3 5 - 8 4 1 . 

Da l t o n D . C .  ( 1 9 6 2 )  C h a r a c t e r s  o f  e c o n o m i c  
M o un t a i n  s h e ep . P n i m .  P r o d . ,  4 :  

i mp o r t a n c e i n  
2 6 9- 2 7 8 . 

We l s h  

Da l t o n D . C .  ( 1 9 67 )  S e l e c t i o n f o r gr owt h i n  m i c e  o n  t w o  d i e t s . 
f.> n .z .;\? .• P r- o ci .... . , 9 :  4 2 5 - 4 3 4 . 

Da l t o n D . C . a n d  Bywa t e r  T . L .  ( 1 9 6 3 ) T h e  e f f e c t  o f  s e l e c t i o n 
f o r l i t t e r s i z e  a n d  l i t t e r w e i gh t  a t  w e a n i n g  i n  m i c e  
ma i n t a i n e d  o n  t w o  d i e t s . P n i m .  P r o d  • •  5 :  3 1 7 - 32 6 . 

Da l t o n D . C . a n d  Ra e A . L .  ( 1 9 7 8 )  T h e  New Z e a l a n d  R omn ey 
A r ev 1 ew o f  p r o duc t i v e  p e r f o rma n c e .  H " ' m  
P b s t r . ,  4 6 : 6 5 7 - 6 8 0 . 

s h e ep : 

Da l y  R . A .  a n d  C a r t e r H . B .  ( 1 9 5 5 )  T h e  f l e e c e gr owt h o f  y o ung 
L i n c o l n ,  C o r r i eda l e , P o l w o r t h , and f i n e  M e r i n o  ma i d e n  
ew e s  u n d e r  h o u s ed c o n d i t i o n s  a n d  u n r e s t r i c t e d a n d  
p r og r e s s i v e l y  r e s t r i c t ed f e e d i n g  o n  a s t a nda rd d i e t . 
P u s t . J .  P g r i c .  R e s . ,  0 :  4 7 6 - 5 1 3 . 

Davey R . J .  a n d  M o r g a n  D . P .  ( 1 9 6 9 )  Pr o t e i n  e f f ec t o n  gr owt h a n d  
c a r c a s s  c omp o s i t i o n o f  s w i n e  s e l e c t ed f o r h i gh a n d  l ow 
f a t n e s s . J .  P n i m .  S c i . ,  2 8 : 8 3 1 - 8 3 6 . 

Dav e y  R . J . , M o r g a n  D . P .  a n d  K i n c a i d  C . M .  ( 1 9 6 9 )  R e s p on s e  o f  
s w 1 n e  s e l e c t e d f o r  h i gh and l ow f a t n e s s  t o  a 
d i f f e r e n c e i n  d i e t a ry e n e r gy i n t ak e . 
:C' ;·:i : 1 9 7 - 2 0 3 . 

·=·· ... . ; 
····' '·- .! • .-: '1 

D e a t o n  J . W .  a n d  Qu i s e nb e r r y  J . H .  ( 1 9 6 5 )  
p r o t e i n  l e ve l o n  p e r f o r ma n c e  o f  
p r oduc t i o n s t o c k s . P o u l t .  S c i . �  

E f f e c t s  o f  d i e t a r y  
f o ur c omm e r c i a l  egg 
:/ 4 : 9 3 6 - 9 4 2 . 
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d e l - B o s qu e - G o n z a l e z A . S .  a n d K i n g h o r n B . P .  ( 1 9 8 7 )  C o n s e q u e n c e s  
o f  g e n o t y p e  x e nv i r o nm e n t  i n t e r a c t i o n l n  g r o up 
b r e e d i n g  s c h em e s . p .  4 3 7 - 4 4 2 . I n  ' ;-.-:.- ,:;· r·· J. .r·i o ... ,,. , . ... c; \--' O:·· iii f·· ri 't 

p , . L, •  .. ; ; · ,:.: .<i',;- s· ·': -' -' i·? \.!. 5· -,.': r .,:.:· ...- .:- .,:; Pr o c . N a t i o n a l  Symp . , L e ur a , 
N . S . W . , 1 9 8 7 . Edi t e d by B.J. M c G u i rk . Au s t . W o o l  
C o rp . 1 9 8 7  T e c h . Pub l i c a t i o n .  

D i c k e r s o n G . E .  ( 1 9 6 2 )  
i n t e r a c t i o n 1 n  
6 3 . 

I mp l i c a t i o n s  o f  
a n i ma l  b r e e d i n g . 

g e n e t i c - e nv i r o n m e n t a l  
P ;;-_; 1 _.,, P ' · .::.; cf .• ·· 4 7 -

D o l l i n g  C . H . S .  a n d  P i p e r  L . R .  ( 1 9 6 8 )  E f f i c i e n c y  o f  c on v e r s i o n 
o f  f o od t o  w o o l  I I I . W o o l  p r o duc t i o n o f  ew e s  s e l e c t e d 
f o r h i gh c l e a n  w o o l  w e i gh t  a n d  o f  r a n dom c o n t r o l  ew e s  
o n  r e s t r i c t e d a n d  un r e s t r i c t e d  f o o d  i n t ak e s  1 n  p e n s . 

, ...... ·= • .  , .. . , � .::. • r:· .. , .. .. =. .• ,. 2 ;.. · 1 o o 9 - 1 o 2 8 . 

D o n a l d  C . l"l .  a n d  A l l d e n  W . G .  0 9 5 9 ) T h e  s umm er n ut r i t i o n o f  
w e a n e r  s h e ep :  T h e  d e f i c i e n c i e s o f  t h e  ma t ur e  h e r b a g e  
o f  s ow n  p a s t ur e  a s  a f e e d f o r  y o u n g  s h e ep . 0 u s t ' 

D o n ey J .  1'1 . ( 1 9 5 5 )  

1 9 9 - 2 1 8 .  

Pr ob l em s o f  h i l l  s h e ep i mp r ov em en t . 
3 - 1 2 . 

D o n ey J .  1'1 . ( 1 9 5 7 )  Ef f ec t s  o f  i nb r e ed i n g o n  f o ur f a m i l i e s o f  
P epp i n  M e r i n o ' s .  .. '··' :: • .1. ·�· .... ('• 

·. ·= .::- .-: .• 2 9 9 - 3 1 1 .  

Don ey J . M .  ( 1 9 5 8 ) T h e  r o l e  o f  s e l ec t i o n l n  t h e  i mp r ov em e n t  o f  
W e l s h  M o un t a i n  s h e ep . 0 u s t  J .  � L .  R e s , , n 8 1 9 -
8 2 9 .  

D o r a n  B . H . , K r u e g e r  W . F . , Br a d l e y  J . W .  a n d  Qu i s e nb e r ry J . H .  
( 1 9 8 0 )  Ev i d e n c e f o r g e n o t yp e  b y  d i e t i n t e r a c t i o n s  i n  

t h i r t y  c r o s s e s  o f  a du l t l ay i n g  h e n s . P o u l t ,  S c i . ,  0 •  
1 6 0 1  Ab s t r . 

Dun l op A . A .  ( 1 9 6 2 )  I n t e r a c t i o n s  b e t ·w e e n  
e nv i r o nm e n t  i n  t h e  Au s t r a l i a n M e r i n o 
l oc a t i o n i nt e r a c t i o n s  i n  w o o l  t r a i t s . 

h e r e d i t y  a n d  
I .  S t r a i n  x 

h' e s  ". .. .l .:.:- : .S 0 3 - 5  3 1 . 

Dun l op A . A .  ( 1 9 6 3 )  I n t e r a c t i on s  b e t w e e n  h e r e d i t y  a n d  
e nv i r o n m e n t  i n  t h e  Au s t r a l i a n M e r i n o  I I . S t r a i n  x 
l oc a t i o n i n t e r a c t i o n s  i n  b o dy t r a i t s  a n d  r ep r o duc t i v e  
p e r f o r m a n c e .  P u s t . J .  P g r i c .  R e s  . •  1 4 : 6 9 0 - 7 0 3 . 

Dun l op A . A . , D o l l i n g C . H . S .  a n d  
E f f i c i e n c y  o f  c on v e r s i o n 
n u t r i t i o n a l  l ev e l s  by t h r e e  

• "· ._ • F) c· s ". .i / : 8 1  - 8 9 . 

C a rp e n t er M . T .  
o f  f o od t o  w o o l  
M e r i n o  s t r a i n s . 

( 1 9 6 6 )  
a t  t w o  
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Dun l op A . A .  a n d  Y o ung S . S . Y .  ( 1 9 6 6 )  I n t e r ac t i o n s  b e t w e e n  
h e r e d i t y  a n d  e n v i r o nm e n t  i n  t h e  Aus t r a l i a n  M e r i n o  I I I . 
S i r e  x e n v i r o n m e n t  i n t e r ac t i o n s . A u s t . v .  P g r i c .  

N e s  � 1 7 : 2 2 7 - 2 3 5 . 

D z akuma J . M . , Wh i t e m a n  J . V . a nd Mc N ew R . W .  ( 1 9 8 2 ) 
' R ep e a t ab i l i t y o f  

5 4 0 - 5 4 3 .  

l amb i n g ra t e . .} ,,  /i n i .m ,  4 :  .:.-- .-- ... 
·-' '- .L :.t ;.• 

E i kj e E . D .  ( 1 9 7 5 )  S t ud i e s  o n  s h e ep p r oduc t i o n r e c o r ds V I I  
G e n e t i c , p h e n o t yp i c  a n d  e nvi r o nme n t a l  p a r am e t e r s  f o r 
p r oduc t i v i t y  t r a i t s  o f  e w e s . A c t a  P g r i c .  S c a n d . � 2 5 : 
2 4 2 - 2 5 2 . 

E i kj e E . D .  ( 1 9 7 8 )  G e n e t i c  p a r am e t e r s  f o r l amb 
h og g e t  f l e ec e  w e i gh t  a n d  qua l i t y n umb e r  
P.omn ey . (unpub l . p a p e r )  . 

g r owt h 
1 n  t h e 

r a t e ,  
N . Z .  

E i s e n E . J .  ( 1 9 7 4 ) T h e  l ab o r a t o ry m o us e a s  a mamma l i a n  m o d e l 
f o r  t h e  g e n e t i c s  o f  gr owt h . 1 s t  � l d  C o n g r .  G e n e t . 
P p p l  L i ·; .. ' e s <':. !-.:- .  P r- o o· .. , / 4 6 7 - 4 9 2 . 

E l l i o t t  K . H .  ( 1 9 7 5 )  ,, s t u. d v  �-· { ! •.:: 1 n h e r i t a n c e  o f  s o m e  

t r a i t s i n  P e r e n d a l e  s h e e p  Th e s i s , 
M . Agr . S e . ,  
Z e a l a n d . 

Ma s s ey U n i ve r s i t y ,  Pa l m e r s t o n N o r t h , N e w  

E l l i o t t K . H . , R a e  P. . . L .  a n d  W i c kh a m  G . P.  . .  ( 1 9 7 9 ) An a l y s i s  o f  
r e c o r d s  o f  a P e r e n da l e  f l o c k  1 .  T h e  p h e n o t yp i c  
r e l a t i o n s h i p s  o f  h o gg e t  c h a rac t e r i s t i c s  t o  l i f e t i m e  
p e r f o r m a n c e . N . Z .  J l . P g r i c .  R e s . , 2 2 : 2 5 9 - 2 65 . 

E l l i o t t  K . H . , R a e  A . L .  a n d  W i c kh am G . A .  ( 1 9 7 9 )  
r e c o r d s  o f  a P e r e n da l e f l o c k . I I . 
p h e n o t yp i c  p a r a me t e r s  f o r imma t ur e  b o dy 
y e a r l i n g f l e e c e c h a r a c t e r i s t i c s . N . Z .  
R e s . � 2 2 : 2 67 - 7 2 . 

Em s l ey A . , D i c k e r s o n  G . E .  a n d  G ow e  R . S .  ( 1 9 8 0 ) 
e f f e c t s  o n  l a y e r  p e r f o rm a n c e a t  t wo l ev e l s  
i n t ak e . F' c• u .l L .'::: .-:: z ,. , 5 ·) :  1 1 5 5 - 1 1 6 6 . 

An a l y s i s  of 
G e n e t i c  a n d  
w e i gh t s a n d  

..... . f. .= ;-., .·-. :r • . ; .-· 
;: �:....f ... • :.. ·- ::: 

I nb r e ed i n g  
o f  p r o t e i n  

E r c a nb r a c k  S . K .  a nd P r i c e  D . A .  ( 1 9 6 9 )  G e n e t i c  a n d  
e nv i r o n m e n t a l  i n t e r ac t i o n s  i n  gr owt h r a t e o f  l amb s . 

.• : , _., : 8 5  3 . Ab s t r . N o  . 1 . 

Fa l c o n e r  D . S .  ( 1 9 5 2 )  T h e  p r ob l em o f  env i r o nm e n t  a n d  s e l ec t i o n . 
P m . N a t  . •  8 6 : 2 9 3 - 2 9 8 . 

Fa l c o n e r  D . S .  ( 1 9 6 0 ) ' I n t r o d u c t i o n � o  Q u. a n t l t a t i v e  G e n e t i c s ,  

E d i n b urgh : O l i v e r  a n d  B o y d . 3 65 p .  

Fa l c o n e r  D . S .  ( 1 9 6 0 )  S e l e c t i o n o f  m i c e  f o r g r owt h o n  h i gh a n d  
l ow p l a n e s  o f  n ut r i t i o n . G e n e t . R e s  • •  J :  9 1 - 1 1 3 . 
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F a l c o n e r  D . S .  
m i c e . 

( 1 9 7 3 ) R ep l i c a t e d  s e l e c t i o n f o r b o dy w e i g h t  l n  
i.) .··· . . ··· ,· ··. '::: .::- �-· .... 2 9 1 - 3 2 1 . 

F a  l c on e r  D . S . ( l  9 7 7 )  Nut r i t i o n  a l i n f 1 u e n  c e s on t h e o u t  c om e o f 
s e l e c t i o n  . r i' · c; (: .... ;· .. ; ! .. ·.-·: ,.,.. �::; c.i ....... _. ,.. , ·i ;: 4 7 - 5 1 . 

Fa l c o n e r  D . S .  a n d  L a t y s z e w s k i  M .  
r e l a t i o n t o  s e l e c t i o n f o r 
5 1 : 67 - 8 0 . 

( 1 9 5 2 )  T h e  e n v i r o n m e n t  l n  

F e s t i n g M . F . W . a n d  
i n t e r a c t i o n 
7 9 - 8 1 . 

s l z e l n  nn c e . 

F o r d  D . J .  ( 1 9 8 1 )  G e n o t yp e x 
f o r l i t t e r s i z e i n  m i c e .  L a b ,.. a n , 

d i e t  
:· _, : 

F l ux D . S . , I"la c K e n z i e  D . D . S .  a n d  vh l s o n G . F .  (1 9 8 4 ) P l a s m a  
m e t a b o l i t e  a n d  h o r m o n e c on c e n t r a t i o n s  l n  Fr i e s i a n c ow s  
o f  di f f e r i n g  g e n e t i c m e r i t  m e a s ur e d  a t  t w o  f e e d i n g  
l ev e l s .  (.,' Ti .Z ?!i .� P r· ..:..; ci  .... ? ;-:.;- .  3 7 7 - 3 8 4 . 

a n d  Y o u n g  L . D .  ( 1 9 8 5 )  F og a r t y  N . M . , D i c k e r s o n  G . E .  
p r oduc t i o n a n d  i t s  
c omp o s i t e l i n e s  I I I . 
S L � . f  60 : 4 0 - 5 7 . 

L a mb 
a n d  c omp o n en t s i n  pur e b r e e d s  

G e n e t i c  p a r a m e t e r s . J .  P n i m  

F o r r e s t  P.A. a n d  B i c h a r d  l"l . ( 1 9 74 ) An a l y s i s  o f  p r o d u c t i o n 
r e c o r d s  f r om a l ow l a n d  s h e ep f l o c k  3 .  Ph e n o t y p i c  a n d  
g e n e t i c  p a r a m e t e r s f o r r ep r o d uc t i v e  p e r f o rm a n c e . 
(; ·.- _ . . . . � F '" :..! '_i . ,. 1 ? : 3 3 - 4 5 . 

F ow l e r  S . H .  and E n s m i n g e r  !vl . E .  ( 1 9 6 0 )  I n t e r ac t i o n s  b e t w e e n  
g e n otyp e a n d  p l a n e  o t  n ut r i t i o n i n  s e l ec t i o n f or r a t e 
o f  g a i n i n s w i n  e . ·..! .... ,L) .n i .m .... ;: .. ,_._._. .z • .  , ... .  ,,... • 4 3 4 - 4 4 9 . 

F o x  S . , J e n n i n g s  R . C . ,  Ma r s d e n  A .  a n d  M o r r i s  T . R .  ( 1 9 6 0 )  A n  
i n t e r a c t i o n b et w e e n  b r e ed a n d  f e e d i n g  t r e a t m e n t  f o r  
e g g  pr oduc t i o n . P o u l t .  S c i , � � : 2 35 - 2 3 6 . 

Fr a hm R . R .  a n d  K o j i m a  K . I .  ( 1 9 6 6 )  C om p a r i s o n o f  s e l e c t i o n 
r e s p o n s e s  o n  b ody w e i gh t  un d e r  d i v e r g e n t  l a rv a l 
d e n s i t y  c o n di t i o n s  i n  D r o s o p h i l a  
G e n e t i c s . � 5 4 

6 2 5 - 6 37 . 

Fr e em a n  A . E .  ( 1 9 6 7 )  G e n e t i c  a s p e c t s o f  t h e  e f f i c i e n c y  o f  
n ut r i e n t  ut i l i z a t i o n f o r m i l k  p r oduc t i on . J ,.. P r ' m .  
S c i . �  26 : 9 7 6 - 9 8 3 . 

Fr e em a n  A . E .  ( 1 9 6 9 )  E s t i ma t e s o f  a g e n o t yp e  by e nv i r o n m e n t a l  
i n t e r a c t i o n a n d  e f f e c t s o f  c o n t emp o r a n e i t y up o n  g r ow t h 
a n d  pr oduc t i o n f r om c a t t l e  t w i n s . J .  D a i r y  S c i ,.. . - : . 
9 2 6 Ab s t r . N o . P 1 0 3 . 

G a r d i n e r  E . E .  ( 1 9 6 9 ) R e s p o n s e  o r  t •w o  b r e e d s  o f  c h i c k e n s t o  
g r a d e d l ev e l s o f  d i e t a r y  p h o s p h o r u s . P o u l t .  S c 1 � 0 : 
9 8 6 - 9 9 3 . 
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G e a y  Y .  a n d  R ob e l i n  J .  ( 1 9 7 9 ) V a r i a t i o n o f  m e a t  
c a pa c i t y i n  c a t t l e  d u e  t o  ge n o t y p e a n d  
f e e d i n g : G e n o t yp e - n ut r i t i o n i n t e r a c t i o n . 
F' r o d ,  S .-.:: i ..

.
. ,. 6 :  2 6 3 - 2 7 6 . 

p r oduc t i o n 
l ev e l o f  

G e ay Y . , Rob e l i n J .  a n d  
f e e d i n g l ev e l  
c omp o s i t i o n o f  

B e r a n g e r  C .  ( 1 9 7 6 )  I n f l u e nc e o f  

( 1 9 7 8 ) : 2 3 4 1 . 

ga i n  a n d  
d i f f e r e n t  

o n  l i v e -we i gh t  
y o u n g  b u l l s  o f  

:? 5 : 2 87 - 2 9.8 .  C i t e d f r om 
B u r .  P n i m .  B r e e d . G e n e t . l·i o  .... 

c a r c a s s  
b r e ed s . 

,.-•• ., ••• T"� ••••• ·i-r. .' .' .' .' ' . ..' ·-· -·� 

G eb l e r E .  a n d  J e z i e r s k i  T .  ( 1 97 5 )  P r e - a nd p o s t n a t a l  l i t t e r 
s i z e o f  m i c e s e l e c t ed f o r  h i gh w e i g h t  ga i n s  a t  
d i f f e r e n t  l ev e l s  o f  f e ed i n g . G e n e t . ' o l • •  1 6 : 2 2 1 -
2 2 7 . 

G i l e s J . R .  ( 1 9 6 8 )  T h e  e f f e c t s  o f  d i f f e r e n t  l ev e l s  o f  n ut r i t i o n 
f r om w e a n i n g t o  s ev e n t e e n  mo n t h s  o f  age o n  t h e  
l i f e t i m e  p r o d uc t i o n o f  m e r i n o  e w e s . P u s t . J .  E x o . 

f-i ',".;' t·· J c  .. i':i r,; l m .• i! u. s· b .• .• ;? 1 4 9 - 5 7 . 

G i l m o ur A . R .  ( 1 9 8 3 )  P g e n e r a l i z e d  l i n e a r  

1 9 8 3  e d i t i o n . NSW D e p t  Ag . ,  Sydney .• 

Au s t r a l i a . 

G i l m o u r  A . R . ( 1 9 8 3 ) T h e  e s t i m a t i o n o f  g e n e t i c  p a t a m e t � r s  
c a t e g o r i c a l  t r a i t s .  T h e s i s , P h . D . , Ma s s ey Un i v e r s i ty ,  
Pa l m e r s t o n N o r t h ,  N e w  Z e a l a n d . 

G i l m o u r  A . R .  ( 1 9 85 )  4 g e n e r a l i z e d  l i n e a r  
p ;-·· c· g r· a .m  • l''Ii s c . Bu l l . 1 ( 2 n d  e d i t n ) N . S . W .  D e p t . 
Agr i c . ,  A u s t r a l i a . 

G i l m o u r  A . R . , Ande r s o n R . D .  a n d  Ra e A . L .  ( 1 9 8 5 )  T h e  a n a l y s i s  
o f  b i n om i a l  d a t a  by a g e n e r a l i z e d  l i n e a r  m i x e d mod e l . 
B .i c: N.c e t r· i  ,( .:=.! _. 

· 

· .. · 

• 

5 9 3 - 5 9 9 . 

Gj e dr e m  T .  ( 1 9 67 )  P h e n o t yp i c  a n d  g e n e t i c  p a r am e t e r s  f o r  w e i g h t  
o f  l amb s a t  f i v e  a g e s . Ac t a  P g i i c .  S c a na . _. z ,  1 9 9 -
2 1 6 . 

G j  e d r e m  T .  ( 1 9 6 9 )  P h e n o t yp i c  a n d  q e n e t  i c  p a r am e t e r s f o r  
f l e e c e  w e i gh t  a n d  s om e  wo o l  q ua l i t y t r a i t s .  

� 1 c .  S c a n d . y  1 9 : 1 0 3 - 1 1 5 . 

G l i mp H . A .  ( 1 9 7 1 )  E f f ec t  o f  br e ed , r a t i o n e n e rgy l ev e l  a n d  
l amb t h e i r  i n t e r a c t i o n s  on r a t e a n d  e f f i c i e ncy o f  

g r owt h .  .} . ��i.n .;' .i!'.i ·' ��; •. :: .<: • , ·�i .J : 1 5 7 - 1 6 0 . 

G odda r d  M .  E .  ( 1 9 8 5 )  
da i ry c a t t l e . 

G e n o t yp e  x e nvi r o nm e n t  

s ... :: r: e !� . :  5 2 - 5 6 . 
/\ .· .· .-

.;.... ,-.· • .:· . .. -:- ·-· :.· 

i n t e r a c t i o n s  i n  
" " . - . .· ' .·- .- .. ' ·.-. ' ...... .. . . ..,., .-· . . ··· . .  ··· 

.-.. . 
::::- .. 7' :: 

,-.· 
.' :" .:". 

·'·'·' :: ·'··' ... <:::: '.'.7 '-·· ·" 
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G o l ' t s b l a t  A . I . a n d  Buda n t s ev 
o f  p n o g e n y  

V . P .  
o f  

( 1 9 7 3 )  T e s t i n g  a n d  
eva l ua t i o n s � r e s  un d e r  d i f f e r e n t  
e nv i r onme n t s . O t s e n k e  .. -. .  ··· ..... ·" / 

.�.· .; .,· .. . •·· . .::. ':-' ' •. :" ' •.. • .:·. •. · •.:: ,;, o::: .: . 

.. �:; .;�; "!.:: o i!: :::: t v .::f. ,. t1 o s c ow ,  U S SR . , K o l a s ( 1 9 7 3 )  
C i t ed f r om i) .n ] .,, , . . . · .· c?: ·:, ·:.c ;· ; , • - "�  · ·  ( 1 9 7 4 ) , ·:/ ::? : 
N o . 5 3 2 6 . 

2 6 0 - 2 6 7 . 
6 1 0  Ab s t r . 

G ow e  R . S . , L emay J . A .  a n d  J o h n s o n A . S .  ( 1 9 6 2 )  T h e  i mp o r t a n c e 
o f  g e n o t yp e - e n v i r onm e n t  i n t er a c t i o n s  f o r  qua n t i t a t i v e  
t r a i t s  i nv o l v i n g  c omm e r c i a l  e g g  p r o d uc t i o n s t r a i n s  a n d  
t w o  r e a r 1 n g p r o g r amm e s  - r e s t r i c t e d a n d  f u l l f e e d i n g . 

'··' '· 
... . , ·( . [", H .i. G "  .�· P c u .i ·( , c· ci 7"i :;  • •  Sy d . ' N . S . W . ' 1 9 6 2 : 4 3 -

4 8 .  C i t e d f r om 1-:· :--.: .z .::.:, ,. i:.: .J · · ;;:· E <I •. · , ._;- ;_. , ,:· -,:: ;· ( 1 9 6 3 ) , .:. .i : 2 6 0 
Ab s t r . N o . 1 5 3 5 . 

G r a v i r K .  ( l 9 6 1 )  
va l l ey 
C i t e d 
Ab s t r . 

M e a t  p r oduc t i o n 1 n  c a t t l e  o n  m o un t a i n  a n d  
p a s t u r  e . r:· .· .· -. _::_ -=·: ,n o �-:·:! ;:.:;. v cl _y·. �:;:· f t .:: ._, ·.-,· 8 .5 ' 8 7 - 8 9 . 

f r om ,Li r! .i'  .m ... � · · ·· ·· . . . .. i· . ..... • ::: / r· ( 1 9 6 2 )  •./ : 1 64 - 1 6 .5 
N o . 84 3 .  

Gr e g o r y  I .  P .  ( 1 9 7 7 )  
: h e e ; . T h e s i s , P h . D . , U n i v . N ew S o ut h Wa l e s , 

( 1 9 7 8 ) , A u s t r a l i a . C i t e d f r om D i s s .. P b s t r  
. .-�;: -:�:: 3 . 

G r e g o r y  I . P .  ( 1 9 8 2 )  G e n e t i c  s t ud i e s  o f  S o u t h A u s t r a l i a n  M e r i n o  
s h e ep . I l l  H e r i t ab i l i t i e s o f  va r i o u s  w o o l  a n d  b o dy 
t r a i t s . ,li .: .• ' .:::: /: , .J . 1 h' r:, s· ,. _, . .. :. ,:) : 35 5 - 3 6 2 . 

G r e g o r y  I . P . ( 1 9 8 2 )  
s h e ep ,  I V  
c or r e l a t i on s  

G e n e t i c  s t ud i e s  o f  S o u t h  
G e n et i c , p h e n o t yp i c  
b e t w e e n  v a r i ou s  w o o l  

J .. H g r ; c .  R e : 3 3 : 3 6 3 - 3 7 3 . 

Au s t r a l i a n M e r i n o  
a n d  e nv i r o n m e n t a l  
a n d  b o dy t r a i t s .  

Gr e g o r y  I . P . , R ob e r t s E . l'1 .  a n d  J am e s J . W .  ( 1 9 7 7 )  G e n e t i c  
i mp r ov em e n t  of m e a t  s h e ep 3 .  H e r i t ab i l i t y  o f  w e a n i n g  
w e i gh t  o f  D o r s e t a n d  B o r d e r  L e i c e s t e r  s h e ep . ,i.;• .:J. s t  • .. i 

3 8 - 4 2 . 

Gr e g o r y  K . E . a n d  D i c k e r s o n G . E .  ( 1 9 5 2 ) I n f l u enc e o f  
a n d  p l a n e  o f  n u t r i t i o n o n  r a t e a n d  ec o n omy 
d i g e s t i o n a n d  c a r c a s s  c omp o s i t i o n o f  p i g s . 
I1 o .  a g r i c . Exp . S t a . , N o . 4 9 3 : 4 8  pp . 
r::· .r-.:- .i ;Yc ... F: r .,:.. ;;,:: d .  ,'-·i t  .. :::: t i·· ( 1 95 3 ) , 2 1 : 3 7 4 - 3 7 5 . 
1 8 2 0 .  

h e t e r o s i s  
o f  ga i n s , 
R e s . Bu l l . 

C i t e d f r om 
Jl.b s t r . N o  . 

G u i r g i s R . A .  a n d  G a l a l  E . S . E .  ( 1 97 2 )  
k emp a n d  s om e  v i g o ur a n d w o o l  
a n d  Me r i n o  Ba r k i  c r o s s . J .  
3 4 5 - 34 9 . 

T h e a s s o c i a t i o n b e t w e e n  
c h a r a c t e r i s t i c s  i n  Ba r k i  

Ha l da n e  J . B . S .  ( 1 9 4 6 )  T h e  i n t era c t i on o f  n a t u r e  a n d  n u r t ur e .  
1 9 7 - 2 0 5 . 
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Ha l e  O . M .  a n d S ou t h w e l l  B . L .  ( 1 9 6 7 )  D i f f e r e n c e s  i n  s w i n e  
p e r f o r m a n c e a n d  c a r c a s s  c h a r a c t e r i s t i c s  b e c a u s e o f  
d i e t a r y  p r o t e i n  l ev e l , s e x a n d  b r e ed . J .  P n i m .  S c i . �  
:.:' c : 3 4 1 - 3 4 4 . 

H a l e  R . W .  a n d  C o ey W . E . ( 1 9 6 3 ) G e n o t yp e - e nv i r o nm e n t  
i n t e r a c t i o n s  i n  a h e r d  o f  b ac o n  p i g s . J .  P g r i c .  S c i . �  
(:· �::? -�:_;· /:..: .·.• 

·
" ,-:_, .l : 8 1 - 8 8 . 

Ham i l t o n B . A .  a n d  L a n g l a n d s  J . P .  ( 1 9 6 9 ) E f f i c i e n c y  
p r oduc t i o n o f  g r a z i n g s h e ep 1 .  D i f f e r e n c e s  
M e r i n o  s h e ep s e l e c t e d f o r  h i gh a n d  l ow f l e ec e 
P u s t . J .  E x p .  P g r i c .  P n i m .  H u s b . � 9 :  2 4 9 -2 5 3 .  

o f  w o o l  
b e t w e e n  
w e i gh t . 

Ha n c o c k  J .  ( 1 9 5 3 ) S t ud i e s  i n  m o n o zy go t i c  c a t t l e  t w i n s  V I I . 
T h e  r e l a t i v e  i mp o r t a n c e o f  i n h e r i t a n c e a n d  e nv i r o nm e n t  
1 n  t h e  p r oduc t i o n o f  da i ry c a t t l e . N . Z .  J .  S c i . 
T "'' .:.� h .... _., .:..- ;�. : 6 7 - 9 2 . 

Ha n c o c k  J .  ( 1 95 3 ) 
T h e  va l ue 

S t ud i e s  i n  m o n o zygo t i c  c a t t l e  t w i n s . I X . 
o f  i de n t i c a l  t w i n s  i n  s h o r t - t e rm t r i a l s .  

T e c h . � � � : 9 7 - 1 1 6 . 

Ha n r a h a n  J . P .  ( 1 9 7 6 )  R e s p o n s e  t o  s e l ec t i o n f o r  l i t t e r  s i z e  i n  
Ga l way s h e ep . f r . J .  P g r i c .  P e s . � 1 5 : 2 9 1 - 3 0 0 . 

H a n r a h a n  J .  P .  ( 1 9 7 7 )  
l i t t e r s 1 z e 

S o u r c e s  o f  va r i at i o n a n d  r ep e a t ab i l i t y o f  
i n  p e d i gr e e  Ga l way s h e ep f l o c k s . " ' .} 
;, 6 : 2 85 - 2 9 1 . 

H a n s e n  P . J . , Ba i k  D . H . , Rut l e dg e  J , J .  a n d  Han s e n E . R .  ( 1 9 8 2 )  
G e n o t y p e  x e nv i r o nm e n t a l  i n t e r ac t i o n s  o n  r ep r oduc t i v e  
t r a i t s  o f  b ov i n e  f ema l e s . I I . P o s t p a r t um 
r ep r oduc t i o n a s  i n f l ue n c e d  by g e n o t yp e , di e t a r y  
r e g i me n , l ev e l  o f  m i l k  p r oduc t i o n a n d  p a r i t y . ·.1 . 
i:! :r; i HJ ,  S c i . _., 5 .5 ( 6 ) : 1 4 5 8 - 1 4 7 2 . 

Ha n s e n P . J .  a n d  Ha u s e r  E . R .  ( 1 9 8 3 )  G e n o t y p e  x Env i r o nme n t a l  
I n t e r a c t i o n s  o n  r ep r oduc t i v e  t r a i t s  o f  b ovi n e  f ema l e s . 
I I I . S e a s o n a l  var i a t i o n i n  p o s t  p a r t um r ep r oduc t i o n 
a s  i n f l ue n c ed by g e n o t yp e , s uc k l i ng a n d  di e t a r y  
r e g i m e n  . .. J .  P n i H< ,  S c .i ... . ...... ·.:· : 1 3 6 2 - 1 3 6 9 . 

H a n s s o n  A .  ( 1 9 4 9 ) S t u d i e s  o n  m o n o zy g o u s  c a t t l e  t w i n s . X .  T h e  
e f f e c t s  o f  f e e d i n g e x c e s s i v e  amoun t s o f  c a l c i um a n d  
p h o s p h o r u s  t o  m i l k i n g  c ow s . .Li c t a  · .  .. .:::: u .. :; c .  ,.. ..::; : 
5 9 - 7 0 . 

H a r d i n  R . T .  a n d  B e l l  A . E .  ( 1 9 6 7 )  
w e i gh t  i n  T r i b o 1 1 u m o n  
B e n D � R e s . � 9 :  3 0 9 - 3 3 0 . 

Two-way s e l e c t i o n 
t wo l ev e l s  o f  

f o r  b ody 
n ut r i t i o n . 

Ha r d i n  R . T . , R og l e r  J . C .  a nd Be l l  A . E .  
e nv i r o nm e n t a l  i n t e r ac t i o n s  1 n  

C a n  . .  Z o o l . �  4 5 : 

( 1 9 67 )  
g r owt h 

1 3 9 - 1 4 4 . 

G e n e t i c a n d  
o f  T .r- i b c· .!. i u HJ 
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H a r i n g  F .  , W e n i g e r  J .  H .  , G r u h n  R .  a n d  L a n g h o l  z H .  J .  (1 9 6 3 )  T tJ e  

H a r m s  

H a r m s  

u s e o f f r e s h  a n d  dr i ed f e e d s t u f f s  i n  t h e  f a t t e n i n g o f  

y o u n g  bu l l s . A c o n t r i b u t i o n t o  t h e  m e t h o d o f  p r o g e n y  

t e s t i n g f o r f a t t e n i n g  p e r f o rm a n c e a n d  c a r c a s s  v a l u e i n  
c a t t l e .  ) . .:..=: ·, ·.··· , .. ..  i •. , :-.: =:.L _ ;= ::::-' ····· . ··, �::.· : 9 8- 1 1 3 .  C i t e d f r orn 

I ._ • � I • , _ . _ ..... .. C l  9 6 3 )  ' ·. '• i : 

R . H . , Damr o n  B . L .  a n d  W a l dr o up P . W .  

4 7 0  Ab s t r . N o . 2 8 0 2 . 

( 1 9 6 6 )  I n f l u e n c e o f  
s t r a i n  o r  b r e e d  up o n  t h e  p r o t e i n  r e q u i r e m e n t o f  l a y i n g 
h e n s . r:. c, i": .i l. ,  ·� -· . 2 7 2 - 2 7 5 . 

R . H . , D a m r o n  B . L .  a n d  Wa l dr o up P . W .  ( 1 9 6 7 )  Ev a l u a t i o n o f  
t h e  s u l f u r a m i n o  a c i d  r e q u i r e m e n t s o f  c omm e r c i a l  e g g  

p r o d u c t i o n t y p e p u l l e t s . P c J l t .  s r  1 6 : 1 8 1 - 1 8 6 . 

H a r m s  R . H .  a n d  W a l d r o up P . W .  (1 9 6 2 )  S t r a i n  d i f f e r e n c e s  i n  t h e  
p r o t e i n  r e qu i r em e n t  o f  l a y i n g  h e n s . ,.. , .. , � .! ·,": ,  · .... . :.: 1 ,. , •i / : 
1 9 8 5 - 1 9 8 7 . 

H a r v e y  W . R .  ( 1 9 6 0 )  L e a s t - s qu a r e s  a n a l y s i s  o f  d a t a  w i t h  un e q ua l 
s ub c l a s s  n umb e r s . p .  2 0 - 2  8 .  u .• ;:. • !"; ,.�· n , ... .? c t:' ,:c·· .:::: •. 

. ::;· u r· v· :: l .S  7p . 

H a u g h e y  K . G . , G e o r g e J . l"' .  a n d l"' c G u i rk B . J . ( 1 9 8 5 )  T h e r e p e a t ­
a b i l i t y  o f  r e a r i n g p e r f o rm a n c e  o f  M e r i n o  a n d  D o r s e t 
H o r n  e w e s  a n d  i t s r e l a t i o n s h i p w i t h  ma t ur e  p e l v i c 

s 1. z e . ,L:· .:J .:::: ·.::: •. .J t: .>.: p ,. i ·.:· ...:' r .:: •:.:· . ,., :·i ;o <;-.: ,, • · ·.:· ,. ,,... .'·', : 5 4 l - 5 4 9 . 

Ha z e l  L . N .  ( 1 94 3 ) 
i n d e x e s . 

T h e  g e n e t i c  b a s i s  f o r c o n s t r u c t i n g s e l e c t i o n 
G E � e t z c s .  � � : 4 7 6 - 4 9 0 . 

Ha z e l  L . N .  a n d  T e r r i l l  C . E .  ( 1 9 4 5 )  H e r i t a b i l i t y o f  
w e i g h t  a n d  s t a p l e  l e n g t h i n  r a n g e  R amb o u i l l e t 

v-1 e a n i n g  
l a mb s . 

·) • ['.:, i) 1 .'.'! ' �:: ;::, 1 ·' ., 4 : 3 4 7 - 3 5 8 . 

Ha z e l  L . N .  a n d  T e r r i l l  C . E .  ( 1 9 4 6 )  
e n v i r o n m e n t a l  f a c t o r s  
C o l umb i a , C o r r i e da l e  

3 1 8 - 3 2 5 . 

o n  ·.v e a n l  i n g 
a n d  T a r gh e e  

E f f e c t s o f  s om e  
t r a i t s o f  r a n g e  

l a mb s • .. "l . /�· _::-_:. 2 -��;- . 

H e a r n s h aw H .  a n d  Bar l ow 
i n t e r a c t i o n s  1. n 

R .  ( 1 9 8 2 )  G e n o t y p e  x e nv i r o n m e n t  
c r o s s e s  am o n g  b e e f  c a t t l e . p . 4 6 9 - 4 7 4 . 

I n  ' P r o c . � l d C o n g r .  S h e e p  B e e f C a t t l E  B r e e a  . •  U o l / '  

Ed i t o r s  Ba r t o n  R . A .  a n d  S m i t h  W . C . , Pa l m e r s t o n N o r t h : 
Dunm o r e Pr e s s . 

H e n d e r s o n A . E .  ( 1 9 5 3 ) F l e e c e d ev e l opm e n t  a n d  w o o l  
t h e  R omn ey l amb . ,] � ,L;· q r l  ;:, ·" .:::· ;.: . . i r c .:; .:r: H< i ,. , . . ;•: . .':( 

H e n d e r s o n A . E . ( 1 95 5 )  ·· r a u .l t .:::: .1 .n rf ;;:·· ;"i ,::: .:,;·· o;· .l ci· r . .. !'·: (:.; (,:; ) ·· 

C o l l e g e  t e c h n . p ub l i c . ,  N o . 1 2 . 

g r owt h o f  
1 2 - 5 3 , 

L i n c o l n  

H e n d e r s o n A . E . ( 1 9 6 8 )  ' G r o w l n J  U E � t e r  � 0 0 1  
A . H .  a n d  A . W .  R e e d , 1 0 8 p .  

W e l l i n g t o n : 
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H e n d e r s o n A . E .  ( 1 9 7 3 )  B i o l o g i c a l  C o n s i d e r a t i o n s . 
� " � c . N o o l  S t u d ;  G r o u p  D i s c u s s 1 o n P a oe r , 1 9 7 3 . 

6 p .  

H e n d e r s o n C . R .  ( 1 9 5 3 )  E s t i ma t i o n o f  v a r � a n c e a n d  c ov a r i a n c e  
c omp o n e n t s .  B i o m e t r i c s �  � .  2 2 6 - 2 5 2 . 

H e y de n ry c h H . J . , V o s l o o  L . P .  a n d  M e i s s e n h e i m e r  D . J . B .  
S e l e c t i o n r e s p o n s e  i n  S o ut h  A f r i c a n M e r i n o  
s e l ec t e d e i t h e r f o r  h i g h  c l e a n  f l e e c e  ma s s  o r  
w i d e r  S / P  r a t i o . A g r o a n i m a l i a .  9 :  6 7 -7 3 . 

( 1 9 7 7 )  
s h e ep 

f o r  a 

H i gh t  G . K . , A t k i n s o n J . J . , S um n e r  R . M . W .  a n d  B i g h a m  M . L .  
W o o l  

e w e s . 
( 1 9 7 6 )  H i l l  c o un t ry s h e ep p r oduc t i o n V I I . 
t r a i t s  o f  Romn ey a n d  B o r d e r  L e i c e s t e r x R omn e y  
i·-i " Z  • ... i .f. .  �;· :) .!" .Z ... .. (.' ,·::· .s· ... ... Z ? ; 1 9 7 - 2 1 0 . 

H i gh t  G . K .  a n d  Jury K . E .  ( 1 97 0 ) H i l l  c o un t ry s h e ep p r oduc t i o n 
I .  T h e  i n f l ue n c e o f  a g e , f l o c k ,  a n d y e a r  o n  s ome 
c omp o n e n t s o f  r ep r oduc t i v e  r a t e i n  Romn ey and B o r d e r  
L e i c e s t e r x R o m n e y  e w e s . N . , J .f. .  P g r i c .  r 
64 1 - 6 5 9 . 

:.• _.:: 

H i gh t  G . K .  a n d  Jury K . E .  ( 1 9 7 1 )  H i l l  c o un t ry s h e ep p r oduc t i o n 
a n d  B o r d e r  I I I . S o u r c e s  o f  v a r i a t i on i n  R omn ey 

L e i c e s t e r x Romn ey l amb s and h o gg e t s .  N . l .  J l . P g r i c .  
P e· :::· .� , / 4 : 6 6 9 - 6 8 6 . 

H i ght G . K . a n d  Jury K . E .  ( 1 97 3 ) 
I V , Ew e l i v e  w e i ·:rh t s 
w e i gh t  a n d  f e r t i l i t y i n  
R om n ey ew e s . N . , .  J l . 

H i l l  c o u n t ry s h e ep p r oduc t i on 
a n d  t h e  r e l a t i o n s h i p o f  l i v e  
R o m n ey a n d  B o r d e r  L e i c e s t e r x 

..... . : -::: .. ,.;, .=:· .. .'i .l ..-::.. : 4 4 7 - 4 .s 6 . 

H o f m ey r H . S . , R e n s b ur g  W . J . J . v a n , Kr o o n  F .  a nd O l i v i e r  I .  
( 1 9 7 6 )  D i f f e r e n c e s  i n  f o o d  c o nver s i o n e f f i c i e n c y  

b e t w e e n  l amb s o f  t h r e e  d i f f e r e n t  b r e e d s  o f  s h e ep : I I I  
I n f l u e n c e o f  b r e ed a n d  f e e d i ng l ev e l  o n  e f f i c i e n c y  o f  
e n e r gy ut i l i z a t i o n . o a n i m a l i a .  8 :  9 9 - 1 0 9 . 

H o h e n b ok e n  W . D .  ( 1 9 7 6 )  G e n e t i c , e n v i r o n m e n t a l  a n d  i n t e r a c t i o n 
e f f e c t s  � n  
i n c om e  p e r  

s h e e p . I I I . Wo o l  p r oduc t i o n a n d  g r o s s  
e w e . J .  P n i m .  S c 1 + 2 : 3 1 7 - 3 2 3 . 

H o h e nb ok e n  W . D .  a n d  C l a r k e  S . E .  ( 1 9 8 1 )  G e n e t i c , e nv i r o n m e n t a l  
a n d  i n t e r a c t i o n e f f e dt s o n  l amb s ur v i va l , c um u l a t i v e  
l amb p r o d uc t i o n a n d  l o n g ev i t y  o f  c r o s s b r e d ew e s . J .  
,::,:· ii i ;::; � s .. :: 1 ,. ' ::; j' : 9 6 6 - 9 7 6 . 

H o h e nb o k e n  �v . D .  , C o r um K .  a n d  B o g a r t  R .  ( 1 9 7 4 )  G e n o t y p e  a n d  
ma t i n g s y s t em t i m e s  e nv i r o n m e n t  i n t e r a c t i o n s  f o r  
r ep r o d uc t i o n i n  s h e ep . 1 s t  4 1 J  r � n g r .  G e n e �  H D � '  

- �  e s � k P r o d .  � 9 9 5 - 9 9 9 . 
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H o h e nb ok e n  W . , C a r um K .  a n d  B o ga r t  R .  ( 1 9 7 6 )  G e n e t i c , 
Env i r o n m e n t a l  a n d  I n t e r a c t i o n E f f e c t s  i n  
R ep r oduc t i o n a n d  L a mb Pr o d uc t i o n p e r Ew e .  

S h e ep I .  

� r  4 2  2 9 9 - 3 0 6 . 

H oh e nb ok e n  W . D . , K e n n i c k W . H .  a n d  B o g a r t  R .  
a n d  m a t i n g s y s t em t i m e s  e nv i r o n m e n t  
p r o d uc t i o n t r a i t s  i n  s h e ep . � s t  � �  
;:_ , , .. , .. . ... :: :. ·· e- s t: !-;" _., P J ·· c c' .-.. , ·,. · 1 0 0 1 - 1 0 0 5 . 

( 1 9 7 4 ) G e n o t yp e  
i n t e r a c t i o n s  f o r 

H o h e n b ok e n  W . D . , K e n n i c k W . H .  a n d  Bo g a r t  R .  ( 1 9 7 6 )  G e n e t i c , 
s h e ep I l . e nv i r o n m e n t. a l  

L amb gr o vJ t  h 
3 0 7- 3 1 6 .  

a n d  i n t e r a c t i o n e f f e c t s 1 n  
a n d  c a r c a s s m e r i t . 

H o l l ow a y  J . ¥1 .  a n d  Bu t t s W . T .  0 '�; 6 4 ) I n f l u e n c e o f  c ow f r am e 
s 1 z e a n d  f a t n e s s  o n  s e a s o n a l  p a t t e r n s  o f  f o r a g e  
i n t ak e , p e r f o r ma n c e a n d  e f f i c i e n c y  o f  A n g u s  c ow - c a l f  
p a 1 r s  g r a z i n g f e s c u e - l e g um e  o r  f e s c u e p a s t ur e s . � 

R n z m S c i . �  5 9 : 1 4 1 1 - 1 4 2 2 . 

H o l l o w a y  J . W . , But t s W . T . ,  M c C u r l ey J . R . , B e a v e r  E . E . , P e e l e r 
H . L .  a n d  Ba c k u s  W . L .  (1 9 8 5 )  Br e e d  x n ut r i t i o n a l 
envi r o n m e n t  i n t e r a c t i o n s  f o r b e e f  f em a l e  w e i g h t  a n d  
f a t n e s s , 
s· ,.··· .... .-::: .. f : 

m i l k p r o d uc t i o n a n d  c a l t  
1 3 5 4 - 1 3 6 3 . 

7 ,_, .... 

H o l l ow a y  J . W . , But t s W . T . , Mc C ur l ey J . R . , P e e l e r  H . L . , B e a v e r  
E . E .  a n d  Ba d-: u s  v� . L .  < 1 9 8 5 )  Br e e d x n utr i t i on a l  
e n v i r o n m e n t  i n t e r a c t i o n s  f o r i n t ak e  a n d  d i g e s t i b i l i t y  
o f  f o r a g e  g r a z e d by l a c t a t i n g b e e f  f ema l e s . � - � n 1 m .  
> �  • .  , 5 / :  1 3 4 5 - 1 3 5 3 . 

H o l m e s C . W . , Br o ok e s  I . M . , Nga r m s ak S . , M i t c h e l l K . D .  a n d  
Davey J>. • •  vi . F . 0 9 8 5 )  E f f e c t s  o f  l ev e l  o f  f e e d i n g  a t  
d i f f e r e n t  t i m e s  o f t h e  y e a r  o n  m i l k  p r o d uc t i o n b y  
Fr i e s i a n  c ow s  o f  h i g h o r  l ow g e n e t i c  m e r i t . f r o c 
f· . .t • Z • S '.J ,_ .... /.;> .i-:' .z i!i • F' ,..-. c c/ • ,. ·4 5 : 1 3 - 1 6 . 

C . E .  a n d  Hut t F . B .  ( 1 9 5 2 )  
n ut r i t i o n a l  e n c e p h a l oma l a c i a  
S e. , • . , 3 1 : 3 6 0 - 3 6 5 . 

Br e ed r e s i s t a n c e t o  
1 n  t h e  f ow l . P o u l t .  

H ow e s  J . R . , H e n t g e s  J . F . , Wa r n i c k A . C .  a n d  Cun h a  T . J .  ( 1 9 6 3 )  
C omp a r a t i v e  g r owt h a n d  r e p r odu c t i o n o f  H e r e f o r d  a n d  
Br a hm a n  c a t t l e  i n  Fl o r i da . Q u a r t . J .  f l a .  0 c a d . � c l  • •  

. C: (:· : 3 6 8 - 3 8 1 . C i t e d f r om i-! n .<: .�:.: . S r e -E-· (1 ., i'i i::• .:-::· t r · .. ( 1 9 6 4 ) ,  
.... . " 3 1 0  Ab s t r . N o . 1 9 0 7 . 

Hud s ky Z . , L a ut n e r V . ,  l"'ac h a l ek E .  ( 1 9 7 5 )  
i n  b r o i l e r g e e s e . Z i v o c 1 s n a  V y r o o a �  

C a r c a s s  e va l ua t i o n 
>) ( 6 ) : 4 4  7 - 4 5 4 . 

C i t ed f r om � n n o t .  B 1 b l p h y C o m m o n � . B u r· . D n 1 m • 

• ::;- .-:=·· ') E' (: f'-i 0 • :.:: 6 �:· 0 ( 1 9 7 8 )  : 2 3 4 3 . 
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H u f f ma n  D . L . , Pa l m e r  A . Z . , C a r p e n t er J . W . , H a r g r ove D . D .  a n d  
K o g e r  f1 .  ( 1 9 67 )  E f f e c t  o f  br e e d i n g , l ev e l o f  f e ed i ng 
a n d  a n t emo r t em i n j e c t i o n o f  papa 1 n  o n  t h e  t e nde r n e s s  
o f  w e a n i n g c a l v e s . J .  0 n i m .  S c i . ,  / 6 : 2 9 0 - 2 9 3 . 

Hu l a n  H . W . , P r o ud f o o t  F . G . , Ramey D .  a n d  Mc Ra e K . B .  ( 1 9 8 0 ) 
I n f l u e n c e o f  g e n o t yp e  a n d  d i e t o n  g e n e r a l  p e r f o r ma n c e  
a n d  i n c i d e n c e o f  l e g a b n o r ma l i t i e s  o f  c omme rc i a l  
b r o i l e r s  r e a r e d  t o  r oa s t e r w e i gh t . P o u l t .  S c i • • 5 0 

7 4 8 - 7 5 7 . 

H u l l P .  a n d  Go·we R .  S .  ( 1 9 6 2 )  T h e  i mp o r t a n c e o f  i n t e r ac t i o n s  
d e t e c t ed b e t w e e n  g e n o t y p e  and e nv i r o nm e n t a l  f a c t o r s  
f o r  c h a r a c t e r s  o f  e c o n o m i c  s i gn i f i c a nc e 1 n  p o u l t ry . 

H u l l P .  , 

:::·· ·-" f i · '" l:· .,: .:: < _., 4 /" 1 4 3 - 1 5 9 . 

G o  w e  R . S .  J S l e n S . B .  a n d  C r avJ f  o r d  
c omp a r i s o n o f  t h e  i n t e r a c t i o n ,  w i t h  

R . D .  
t w o  

e nv i r o nm e n t , o f  p u r e s t r a i n s  o r  s t r a i n  
p o u l t ry . ,s ,,;::· r .. · •::-::- ·,� _., l? .:·=· ::::· .-: .:t : 37 0 - 3 8 1 . 

( 1 9 6 3 )  A 
t yp e s  o f  

c r o s s e s  o f  

Hut t · F . B .  ( 1 9 6 1 )  Nut r i t i o n a n d  g e n e s  i n  t h e  dom e s t i c  f ow l . 
!"! u l:. r ., ,t;,_· ;:,:· v , _.  / 9 : 2 2 5 - 2 2 7 . 

I n s k e ep E . K . , Ba r r  A . L .  a n d  C u n n i n gh am C . J .  ( 1 9 6 7 )  
R ep e a t ab i l i t y o f  p r o l i f i c a c y  i n  s h e ep . u .  0 n i m .  Sc i . _.  
2 t_'.· : 4 5 8 - 4 6 1 . 

J a c k s  o n  N .  C 1 97 3 )  F-i r o c . c· c.:- .r-_; t" ·' ,.., ·-·· ·=· ·-· . 
C i t e d f r om T ur n e r  H . N .  ( 1 9 7 7 )  
4 5 :  9 - 3 1 . 

J a c k s o n  N .  a n d  C h apma n R . E .  ( 1 9 7 5 ) R e s p o n s e  t o  s e l ec t i o n i n  
Au s t r a l i a n  M e r i n o  s h e ep . V I . I n h e r i t a n c e o f  abn o rma l 
s t ap l e  c r i mp ;  e s t i ma t e s  o f  p h e n o t y p i c  a n d  ge n e t i c  
p a r a m e t e r s . P u s t . J .  r 1 c .  R e s  . •  2 6 : 3 7 5 - 3 92 . 

J a c k s  o n  N .  a n d  R ob e r t  s E .  M .  ( 1 9 7 0 )  C om p a r i s o n  o f  
Au s t r a l i a n  M e r i n o  s t r a i n s f o r w o o l  a nd b o dy 
I .  G e n e t i c  m e a n s  o f  s t uds a ri d  s t r a i n s  a n d  
i n t e r a c t i o n s  w i t h  y e a r s a n d s e x e s . P u s � - J .  
R e s . , 2 1  8 1 5 - 8 3 5 . 

Jam e s  J .  W .  ( 1 9 6 1 )  
1 4 5 - 1 5 2 . 

S e l e c t i o n i n  t w o  e nv i r o n m e n t s .  H e r e d  

t h r e e  
t r a i t s . 

t h e i r  

Ja nkow s k i  S .  , D a w i dow i c  z E .  a n d  P.oguska E .  ( 1 9 8 3 )  Examp l e s  o f  
s e x - e n v i r o n m e n t  a n d  g e n o t yp e - e nv i r o nm e n t  i n t e r a c t i o n s  
i n  l amb gr owt h . 3 4 t h  P n n . H e e t . E u r o p  P s s o c . P n i m .  
P r o d . ,  Madr i d , S p a i n . V o l ume 2 ,  S umma r i e s : 5 84 - 5 8 5 . 
C i t e d f r om P n  .i iT; .  E' .'" \0' .:::"" .::;· ., r::;· /: .. s ( . ( l 9 84 )  , 5 2  : 2 2 1  Ab s t r .  
N o . 1 7 3 0 . 

J o h n s o n E . A .  a n d  Abp l a n a l p  H .  ( 1 9 6 0 ) S t r a i n - f e e d 
i n  c h i c k e n  f r y e r  s t oc k . P o u l t .  S c i . ,  5 9  

i n t e r ac t i o n 
1 2 6 3  Ab s t r . 
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J oy c e  J . P .  ( l 9 6 l ) C o t t i n g  i n  w o o l  a n d  w a y s o f  r e d u c i n g 1 � . 
'· ' .::. 3 3 5 - 3 3 9 . 

J o y c e J . P . , C l a r k e  J . N . , M a c L e a n K . S .  a n d  C o x E . H .  l 1 9 7 6 )  
p r o d u c t i v i t y  o f  T h e e f f e c t s o f  s t o c k i n g  r a t e o n  t h e  

s h e ep o f  d i f f e r e n t  g e n e t i c  o r i g i n . 
t C. r; f .. .' :c> / 6 : 3 4 - 3 8 , 

J o y c e J . P . , C l a r k e  J . N . , M a c L e a n  K . S . , Ly n c h  R . J .  a n d  C o x  
o n  t h e  
Or i g i n . 

E . H .  ( 1 9 7 6 )  T h e E f f e c t  o f  L e v e l  o f  N u t r i t i o n 
Pr o d u c t i v i t y  o f  S h e ep o f  D i f f e r e n t  G e n e t i c  
D .:· · ()  0:: ,. ;\f , .. :: ,. -· ... .�.; ··.; c '" ,. p !' •.) .;:; .• , · . •'.· ! 1 f 0 - 1 7 8 , 

J u r y  K . E . , J oh n s o n D . L .  a n d  C l a r k e  J . N .  < 1 9 7 9 ) A d j u s t m e n t  
I .  E s t i m a t e s  f r om f a c t o r s  f o r l a mb w e a n i n g w e i gh t  

c omm e r c i a l  f l o c k s . .\• , ... ... ·..' / 
3 8 9 . 

... . 
·. ':': -=· :: ;: -:. c  .. c: -

._. ·-· ._. 

K a r am H . A . , C h a pm a n  A . B .  a n d  P op e  A . L .  < l  9 5  3 )  S e l e c t i n g  l amb s 
1 4 :3 -u n d e r  f a r m f l o c k  c o n d i t i o n s . ·-· ·· ,., ,• ; " ,;;:. , : · •:. 1 • •  L? :  

1 6 4 . 

K a t a da A .  a n d  T a k e d a  I .  (1 9 .5 9 ) F:. e p e a t a b i l i t y  o f  g r e a s y f l e e c e 
w e i g h t , s t a p l e l e n g t h a n d  b o dy w e i g h t b e f o r e s h e a r i n g 
1 n  C o r r i e d a l e s h e e p . J a o .  0 .  B r e e d  • •  8 :  2 6 9- 2 7 6 . 
C i t e d f r om ,::; ,_. ,. m .• ,::: r .. ::. · :.� /.:· ·"·. ; ·t: !'· ( 1 9 6 0 ) , ./ .':' : 1 .5 4  
Ab s t r .  N o . 7 4 8 .  

K emp s t e r A . J .  ( l  97 4 )  G e n o t y p e  x e nv i r o n m e n t  i n t e r a c t i o n s  1 n  
p i g s . 1 s t  
8 7 3 - 8 8 4 . 

... • .. - ,  . 
! · ... · ,_, ·":' ·' 

K emp t h o r n e 0 .  ( 1 9 5 2 )  · t n e d e s 1 9 n  a n d  a n a l y s 1 s 0 1  e x o e r 1 m e n t s '  
N ew Y o r k : J o h n  W i l ey a n d S o n s . 

K emp t h o r n e 0 .  ( 1 9 5 7 )  
... .... ... ' ' . 
· H n  i D � r D G U C � l O D 

N ew Y o rk : J .  W i l ey a n d  S o n s . .5 4 5  p .  

K emp t h o r n e 0 .  a n d  T a n d o n  O . B .  (1 9 5 3 ) T h e  e s t i ma t i o n o f  
h e r i t a b i l i t y  by r e g r e s s 1 o n o f  o f f s p r i n g o n  p a r e n t . 
'8 1 0 T!i E i:. .Y' :i .:: S, c' : 9 0- 1 0 0 . 

K e n n e dy J . P . ( 1 9 6 7 )  G e n o t yp i c a n d  ph e n o t yp i c  r e l a t i o n s h i p s  
b e t � e e n  f e r t i l i t y a n d  w o o l  p r o d u c t i o n i n  2 - y e a r - o l d 
l"1 e r i n o  s h e ep . . Li u .::·� t • .J .. )-· .;: •:.� .- t;:' ('· .:::- , . .  , J .';; : .S l .S - .5 2 2 . 

Kh e i r e l d e n  l1 . Jl. .  a n d  S h a f f n e r C .  S .  0 9 5 7 )  F a m i l y  d i f f e r e n c e s  i n  

K i dw e l l  

t o l e r a n c e t o  l1 i ·3 l1 l e"" e l s t o  p r o t a m o n e . ,

;..- .:") -' .. ..=: .i. r.: ... 
.:, t:, : 1 04 2 - 1  0 4  6 . 

::. ·  .�- ., 
',,,I IM, ,t, ,l' ";' 

J . F . , 'vi e e t h  H . J . Hav e r l a n d L . H  . . C l a r k  R . T .  a n d  
S h e l by C . E . < 1 9 6 0 )  T h e e f f e c t  o f  s e l e c t i o n a n d  p l a n e  
o f  n ut r i t i o n  o n  r e l a t i v e s i z e i n t h e r a t  . ·�' r c ' ··' 

.,. ' ·, 

4 7 - 5 8 . 
_,_ ·: : 
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K i n g J . W . B .  ( 1 9 6 3 ) A g e n o t yp e - e n v i r o n m e n t  i n t e r a c t i o n 
e x p e r i m e n t  w i t h  b a c o n  p i g s . � n i m .  P r o d . •  5 :  2 8 3 - 2 8 8 . 

K i n g J . W . B .  ( 1 9 7 1 )  T h e  i n t e r a c t i o n o f  g e n o t y p e  a n d  e n v i r o n m e n t  
i n  p i g  p r o d uc t i o n . p . 2 1 - 3 6 . I n  ' P i g  P r o d u c t 1 o n '  
E d i t e d by C o 1 e  D . J . A .  L o n d o n : But t e rwor t h s . 

K i n g  J .  W .  B . , W a t s o n  J . H .  a n d  Y o un g  G . B .  ( 1 95 9 ) G e n o t y p e ­
o f  l amb s . e nv i r o n m e n t  i n t e r a c t i o n s  i n  t h e  w i n t e r i n g  

.] ." {i:} r i c: .  :.:: ;_:· .-: . ,  c·· a .m i'} .• , 5 3  1 5 6 - 1 7 1 . 

K i ng J . W . B .  a n d  Y o u n g  G . B .  ( 1 9 5 5 )  A s t udy o f  t h r e e  b r e e ds o f  
s h e ep w i n t e r e d i n  f o ur e nv i r o n m e n t s . .J ,. r--.· q

.
" 1 . - . �:: •. :: i .  _. 

c ,-:: m i::.- . ,  4 5 : 3 3 1 - 3 3 8 . 

K n o t h e  A .  ( 1 9 64 )  I n d e x  o f  l i f e t i m e  p r oduc t i o n i n  s h e ep o f  t h e  
P o l i s h M e r i n o b r e e d b a s e d on c h a r a c t e r s  me a s ur e d i n  
p e r f o rma n c e t e s t s . � e t a  P g r n n S i l v e s t  w e ,  z o o t e c h  
( Kr akow . ) , 4 :  2 1 3 - 2 3 1 . C i t ed f r om P n i ;-2.. i:.' .J' i::C' E o' .. r:;· r.:.· �� t. r .  

{ /:.J 6 .':1 > ,. . :)  .} : 5 8 0 Ab s t r . N o  . 3 4 6 3 . 

K o g e r  M . , R e y n o l d s  W . L . , K i rk W . G . , P e a c o c k  F . M .  a n d  Wa r n i c k  
A . C . ( 1 9 6 2 )  R e p r oduc t i v e  p e r f o r m a n c e o f  c r o s s b r ed a n d  
s t r a i g h t b r e d c a t t l e  o n  d i f f e r e n t  p a s t ur e  p r ograms i n  
F l o r i da . ,_.. • f�· .r;- i .:·:t; • :::: .::: " • • ) ? : 1 4  - 1  9 . 

K o m i y ama T .  , Y amada Y .  , M i y a z o n o  Y .  ( 1 9 7 3 ) G e n e t i c  
d i f f e r e n c e s  i n  p r o t e i n  a n d  e n e r gy r e qu i r em e n t s  f o r 
gr owt h o f  c h i c k s . G e n e t i c s �  7 4 : Ab s t r . S 1 4 3 . 

K o n d r a  P . A . , C h o o  S . H .  a n d  S e l l J . L .  ( 1 9 6 8 )  
s t r a i n  
t r a i t s . 

o f  c h i c k e n  a n d  d i e t a ry f a t  o n  
F·' c.l u. l t • :::: . :: i • , 4 / 1 2 9 0 - 1 2 9 6 . 

K o n d r a  P . A .  and H o d g s o n  G . C .  ( 1 9 6 1 )  G e n e t i c  
e n e r gy -p r o t e i n r e qui r em e n t s o f  c h i c k s . 
4 G· : 5 2 5 -5 3 1 . 

I n f l u e n c e o f  
egg p r oduc t i o n 

di f f e r e n c e s  i n  
P (:.:. u .. .l t ::  

K o n d r a  P . A .  a n d  S e l l  J . L .  ( 1 9 6 6 )  S t r a i n  d i f f e r e nc e s  a f f ec t i n g 
p r o t e i n  a nd e n e r gy r e q u i r em e n t s f o r  e gg p r oduc t i o n . 
P r o c . 1 3 t h  H l a  s P o u. l t .  G o n g . , K i e v , 1 9 6 6 : 4 2 -4 9 . 
C i t e d f r om ,; ::�· .;: .m .  H r·· :::.:· ,-;:: o' . ,t:;• t, s ·( .•" ( 1 9 67 ) , 3 5 : -5 1 4  Ab s t r . 
N o . 3 0 4 7 . 

K o r km a n  N .  ( 1 9 5 3 ) T h e  p o s s i b i l i t i e s  o f  c omp a r i n g b ul l s  o n  t h e 
b a s i s  o f  p r og e ny t e s t s  i n  h e r d s  o n  d i f f e r e n t  p l a n e s  o f  
n u t  r i t i o n . -� . T 1 _..-:_.·· z . i. u (: i.:- t .. F z ;::- .! .• , ·- ... 3 7 .S - 3 9 0 . 
C i t e d f r om ,::,· :::- ./ :::; _. E' r· .·:' ·-:::· c' -'�i · . · ·;· ( r·· ( 1 9 5 3 ) , .;� .t : 3 4 7 . 
Ab s t r . N o . 1 6 7 5 . 

K o r km a n  N .  ( 1 9 6 1 )  
n ut r i t i o n a l  

S e l e c t i o n t o r S l z e i n  m l c e  
e n v i r o n m e n t s .  H e r e d i t a s . � �  

i n  d i f f e r e n t  
3 4 2 - 3 5 6 . 
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K o rv e r  S .  ( 1 9 8 2 )  G e n o t yp e - r a t i o n i n t e r a c t i on s  o n  f e e d  i n t a k e . 
m i l k  p r oduc t i o n a n d  v.> e i gh t  c h a n g e  i n  d a i ry c m,> s . .. .. .... · 

i-,' .i ci . · · .. .. .... C ;;:. · F_:, (: t /-i r , ; .. L .:: , .. .  ,. · :· >':. '· · · r .:: .:: .. .. , ,  1 7 8 - 1 8 2 . 

K ov1n a c k i  l"i . a n d  G eb l e r E .  (1 9 7 2 )  G e n o t y p e - e n v i r o nm e n t  
i n t e r a c t i o n e x emp l i f i e d 1 n  m 1 c e . 
1 8 5 - 1 9 1 . 

6 •::·:· Ti t::-· ;�: · ,· ... : (") ).: :.· / .• :\ : 

Kr e s s D . D . , Eng l a nd B . G . , Ha u s e r  E . R .  a n d  C h aprn a n  A . B .  ( 1 S 7 1 J  
G e n e t i c - e nv i r o n m e n t a l  i n t e r a c t i o n s  i n  1 d e n t i c a l  a n d  
f r a t e r n a l t w i n  b e e f  c a t t l e .  I I . F e e d  e f f i c i e n c y , 
r ep r oduc t i v e  p e r f o r ma n c e , c on f o r m a t i o n s c o r e  a n d  f a t  
t h i c kn e s s . ·· · .. ·" ;· 7·;- _:· _;-:;- ·::: . .. . · · • 1 1 8 6 - 1 1 9 7 .  

Kr e s s  D . D . , H a u s e r E . R .  a n d C h a p m a n  A . B .  < 1 9 6 9 )  G e n e t i c -
e nv i r o n m e n t a l  i n t e r a c t i o n s  1 n  b e e f  c a t t l e . 
= 
•. · 

.. ... . : . • : ·'· .•: ·

=-

... : . . · 1 0 8 - 1 0 9 . Ab s t r . N o . 2 5 . 

K r e s s  D .  D . , Ha u s e r  E . R .  a n d  C h a p m a n  A . B .  ( 1 9 7 1 )  G e n et i c -
e nv i r onm e n t a l i n t e r a c t i o n s  i n  i d e n t i c a l  a n d  f r a t e r n a l  
t w i n  b e e f  c a t t l e . I .  G r ow t h f r om 7 t o  2 4  m o n t h s  o f  
a g e . ,, .... /} i".i .i' ii.: ·::;· ,... ..:) .. :) : 1 1  7 7 - 1 1 8 .S • 

K r e s s  D . D . , Ha u s e r  E . R .  a n d  C h a pm a n  A . B .  0 9 7 1 )  G en e t i c -
e nv i r o n m e n t a l  i n t e r a c t i o n s  i n  i d e n t i c a l  a n d  f r a t e r n a l  
t w i n  b e e f  c a t t l e . I I I . W e i g h t c h a n g e , f e e d  
c o n s ump t i o n a n d  p r o d uc t i o n t r a i t s dur i n g  l a c t a t i o n .  

· :;· ::.:: -,-, .,. ·.-.·. s (:: .? .� .;.- -.::= --�' : 1 1  9 8 - 1 2 D 5 . 

Kr o e s k e  D .  ( 1 9 6 8 )  G e n o t y p e - e nv i r o n m e n t  i n t e r a c t i o n 1 n  p i g s . 
_; .. , .. , ... :---.: ·:�· .. ... 1�' /";o .::' -:':.'· n , .... ,. ·.-. .! / 3 1 - 4 2 . C i t e d f r om -� ···: .. . . . ((c··· c .:ii·· o  ... 

t-. '<' t r ( 1  9 7 0) , .3 3 : 1 2 0 Ab s t r . N o  . 5 9 9 . 

Kuh l e r s  D . L . , C h apm a n  A . B .  a n d  F i r s t  N . L .  
g e n o t yp e - e nv i r o nm e n t  i n t e r a c t i o n s  
c a r c a s s  t r a i t s  i n  s w i n e . 0 .  P n i 0 .  

( 1 9 7 2 )  E s t i ma t e s  o f  
1 n p r o d uc t i on a n d  
::: .. ·- ·; _ : .. . ' '; : 1 - 7 ' 

Kuh l e r s  D . L . , C h apm a n  A . B .  a n d  F i r s t  N . L .  ( 1 9 7 7 )  E s t i m a t e s  o f  
g e n o t yp e  x e nv i r o n m e n t  i n t e r a c t i on s  w i t h i n  a n d  
b e t w e e n t w o  b r e e d s  o f  s w 1 n e  f o r p r oduc t i o n a n d  
c a r c  a s s e t r a i t s . ,_... ... {:;· T.:o .i _;.-;_:- ... .::;· .... -' ... . ,. .-::: .-..;: 5 4  9 - 5 5 6 . 

L a g o s  F .  a n d  C a r t w r i gh t T . C .  ( 1 9 6 3 ) 
i n t e r a c t i o n o f  g a i n  i n  c a t t l e .  
82 0 Ab s t r . N o , 2 2 . 

S i r e - e nv i r o n m e n t a l  
.:::;· (: .Z �- "-' 

L a mb R . C .  ( 1 9 64 )  C omp a r a t i v e  p r oduc t i o n o f  p r o g e ny 
d i f f e r e n t  s i r e s  o n  t w o  l ev e l s  o f  f e ed i n g . J 
:::·· ,-· '). 4

:;::· : 
6 9 9 Ab s t r . N o  . P 5 9 . 

L a mb R . C .  a n d  J.l.n d e r s o n M . . J .  ( 1 9 6 6 )  C omp a r a t i v e  gr o s s  

.·· � .·· .· 
·'· .: .. . 

o f  
I ;-!. z -· u 

f e ed 
e f f i c i e n c y  i n  1 4  H o l s t e i n  s 1 r e gr o up s . 
4 9 · 7 3 5 Ab s t r . N o . P 8 9 . 

:':/ -::-=· ,;' .. .  )/ · .. .' •.. .•. 
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L a mb R . C . , A n d e r s o n M . J . , M i l l e r R . H . , S t odda r d  G . E .  a n d 
M i c h e l s e n  C . H .  ( 1 9 7 3 )  S i r e  b y  r a t i o n i n t e r a c t i o n s  i n  
gr o s s  f e ed e f f i c i e n c y . • ... .... ii _.:;; _, r u  ... · · .. � . ,  · ' ' ·· · 6 6 3  Ab s t r . 
N o . P 9 4 . 

L a mb R . C . , Wa l t e r s  J . L . , A n d e r s o n M . J . , P l o wma n R . D . , 
i1 i c k e l s e n  C . H .  a n d  M i l l e r  R . H .  ( 1 9 7 7 )  E f f e c t s  o f  s i r e  
a n d  i nt e r a c t i o n o f  s i r e w i t h  r a t i o n o n  e f f i c i e nc y  o f  
f e e d u t i l i z a t i o n by H o l s t e i n s . J .  D a i r y  � c 1 . ,  6 0 : 
1 7 5 5 - 1 7 6 7 . 

L am o r e u x  W . F .  a n d  Hut t F . B .  ( 1 9 4 8 ) G e n e t i c  r e s i s t a n c e  t o  
de f i c i e n c y  o f  r i b o f l av i n  i n  t h e  c h i c k . 
.2 7' : 3 3 4 - 34 1 . 

.P c; .:".;: } t .. , 
.::·- .... . j '···' '- ·'· -�- .;.· 

L a n gh o l z  H . J .  ( 1 9 7 7 )  I n t e r a c t i o n b e t w e e n  gr owt h p o t e n t i a l  a n d  
f e e d i n g  l ev e l 1 n  b e e f  p r o d uc t i o n . p 4 4 5 - 4 6 6 . I n  

:.!:::· .>.: ,_ .. •  ;::.- _r- .Z r_; •::� . .: =-- .::-

u t i l i z a t i o n t o  i n c r e a s e  b e e f p r o a u c t i o n '  A s em i n a r  
i n  t h e  E EC p r o gr amm e o f  c o o r d i n a t i o n o f  r e s ea r c h  o n  
b e e f  p r o d uc t i o n . V e rd e n , G e rmany 1 9 7 6 . 

L a n gh o l z  H . J .  ( 1 9 7 8 ) E f f e c t  o f  b r e e d  a n d  i n t e r a c t i o n w i t h  
n ut r i t i o n . p 4 6 1 - 4 8 0 . I n  
D 0 � _ _  o ; m e n t  i n  C a t t l e  A s em i n a r  i n  t h e  E . E . C . 
p r o gr . o f  c o o r d . i n  r e s e a r c h  o n  b e e f  p r od G h e n t , Oc t 
1 1 - 1 3 ,  1 9 7 7  T h e  Hague , N e t h e r l a n d s . C i t e d f r om P n 2 m .  
i) ;- .::; c:;; .::i . f; 1::, =: ( r  ( 1 9 7 9 ) , ··f /  4 4 2  .l\b s t r . N o . 4 1 1 1 . 

L a n g l a n d s  ,J . P .  a n d  B e n n e t t  I . L .  ( 1 9 7 3 ) S t o c k i n g  i n t e n s i t y a n d  
p a s t o r a l p r oduc t i o n I V . w o o l  p r oduc t i o n , f l e e c e 
c h a r a c t e r i s t i c s , a n d  t h e  ut i l i z a t i o n o f  n ut r i e n t s  f o r  
ma i n t e n a n c e a n d  w o o l  gr owt h b y  m e r 1 n o  s h e e p gra z e d  a t  
d i f f e r e n t  s t. oc k i n g  r a t. e s . , ".1  ,: . -::- '··· ·'· . ,. c. :::i li'. i:· . ... . · :··i / : 

2 1 1 - 2 1 8 . 

L a n g l a n d s  J . P . , D o n a l d  G . E .  a n d  P a tl l l D . P. .  ( 1 9 8 4 ) E f f e c t s  o f  
d i f f e r e n t  s t o c k i n g i n t e n s i t i e s  i n  ea r l y l i f e  o n  t h e  
p r o d uc t i v i t y  o f  M e r i n o  e w e s g r a z e d a s  a d u l t s  a t  t w o  
s t o c k i ng r a t e s . 1 .  W o o l  p r o d u6 t i o n a n d  qua l i t y , l amb 
gr o w t h r a t e ,  a n d  s i z e  a n d  l i v e w e i gh t  o f  ew e s . P u s t . 
'-' L .'·.:· ,o ., � ·-· · ,:..;· n i .m  .... ii .'.i. s /":. .. .... _., :;� ··i : 3 4 -4 6 . 

L a n g l a n d s  J .  P .  , D o n a l d  G . E .  a n d  Pa u l l D . R .  ( 1 9 8 4 )  E f f e c t s  o f  
d i f f e r e n t  s t o c k i n g  i n t e n s i t i e s  i n  e a r l y  l i f e  
p r o d uc t i v i t y  o f· M e r i n o  ew e s  g r a z e d a s  a d u l t s  
s t o c k i n g r a t e s . 2 .  R e p r o d uc t i v e  p e r f o rma n c e .  
· · E x p .  R g r i c .  R n i m  H u s b . � 2 4 : 4 7 - 5 6 . 

o n  t h e  
a t  t w o  

L a n g l a n d s  J . P . , D o n a l d  G . E .  a n d  Pa u l l D . R .  ( 1 9 8 4 )  E f f e c t s  o f  
d i f f e r e n t  s t o c k i n g i n t e n s i t i e s i n  e a r l y  l i f e  o n  t h e  
p r o duc t i v i t y  o f  M e r i n o  ewe s g r a z e d a s  adu l t s  a t  t w o 
s t o c k i n g  r a t e s . 3 .  S ur v i va l  o f  ew e s  a n d  t h e i r  l amb s , 
a n d  t h e  i mp l i c a t i o n s  f o r  f l oc k  p r oduc t i v i t y . P u s ( . u .  

r: . . -·· . .. _ _.. ·· ..--.. . , :..-- _;-�- c: -�- ,q _::--;• .z' H!· .... h' .:'.:.� S l::.• .·.· ::·· .'2' .�f.' : 5 7 - 6 5 , 
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L a s s l o  L . L . , Br a d f o r d  G . E . , T o r e l l D . T . a n d  K e n n edy B . W .  
( 1 9 85 )  S e l e c t i o n f o r w e a n i n g  w e i gh t  i n  T a r gh e e  s h e ep 
i n t w o  e n  v i  r o n  m e n  t s . 1 . D i r e c t r e s p o n  s e . .} , ,Li ; , ·' ,,, • 

. i . .  ·.· ·":' 3 7 6 - 3 8 6  . 

La s s l o  L . L . , Br a d f o r d  G . E . , T o r e l l  D . T . a n d  K e n n e dy B . W .  

L a \.; s  o n  

( 1 9 8 5 )  S e l e c t i o n f o r w e a n i n g w e i gh t  i n  
l n  t vJ O  e nv i r o nm e n t s .  2 .  C o r r e l a t e d 

C .  L .  a n d  

( .. .l : 3 8 7 - 3 9 7 . 

H a n s on R . J .  

T a  r gh e e  s r1 e ep 
E f f e c t s .  

En g l  evl o o d 
( 1 9 7 4 ) 

C l i f f s , N eH ,.J e r s ey : ?r e n t  i c e -
H a l l  I n c . 

L a x  J .  a n d  T ur n e r  H . N .  ( l 'j 6 5 )  T h e  i n f l u e n c e o r  v a r l o u s  f a c t o r s 
o n  s u r v i va l r a t  e t o 'v<' e a  n i n g o f M e r  i n o l a mb s . l . S e x  ·' 

s t gr a i n , l o c a t i o n , a n d  a g e  o f  ew e f o r s i n q l e - b o r n  
l a m b  s . i-i ' : "' t ,, '··' ,_. ·- '-·· ··: ""  .:::· . .!. .::;- 9 8 1  - 9 9 .s . 

L eb e d ev Y. .  V .  a n d S e l e z n ev a  P .  P .  ( 1 9 7 5 )  G e n o t yp e - e n v i r o nm e n t  
i n t e r a c t i o n f or p r o d uc t i o n t r a i t s i n  p i g s .  � :  " P 7 1 Y 2 
L. :� :::_:· i�' ./ 1 ( 9) : 2 2 - 2 6 . C i t e d f r om P r; .:.�· o t ,. '· (, } _f.";!:: ;,. 

·r· . •  , .·- :" i .I . .'.'.' ( 1 9 7 8 )  : 
2 34 5 . 

( 1 9 7 8 ) -. , ... _ .··i 
-:::: .: .: : · 

T h e s i s . P h  . D . , 1'1a s s ey 
Un i v e r s i t y , Pa l m e r s t on N o r t h ,  N e w  Z e a l a n d . 

L ew e r  R . P . , Ra e A . L .  a n d  W i c kh a m  G . A .  ( 1 9 8 3 )  An a l y s i s  o f  
r e c or d s  o f  a P e r e n d a l e  f l o c k . I I I . E s t i m a t e s o f  
e n v i r o nm e n t a l  e f f e c t s o n  p r o duc t i v e  t r a i t s o f  m a t u r e  
ew e s . l-·! ,_. ,! " ,_) .! , • ·

· 
:· .

-
:: . .  - ·''· · ... . :·:-:· ,. , . .  , ,  .. , 3 0 3- 3 0 7 . 

L ew e r  R . P . , R a e  
r e c o r d s  
g e n e t i c  

A . L .  a n d  W i c kh am G . A .  (1 9 8 3 )  
I V . o f  a P e r e n d a l e  f l o c k  

a n d  p h e n o t yp i c  p a r a m e t e r s  
(-_i 9 J'"" .i: .-:: : i · "·: .C· ... .c .::, : 3 0 9 - 3 1 4  , 

o f  

A n a l y s i s  o f  
E s t i ma t e s  o f  
m a t ur e e·w e s . 

l--l _ ... Z .... ,_:r .l :: 

L ew e r  R . P . , Ra e A . L .  a n d  W i c kh am G . A .  ( 1 9 8 3 )  An a l y s i s  o f  
r e c o r d s  o f  a P e r e nda l e  f l o c k  V .  R e p e a t ab i l i t i e s a n d  
g e n et i c  c or r e l a t i o n s  b e t w e e n  a g e s . N . Z .  J l . 1 C .  
R e s . y � �  3 1 5 - 3 1 9 .  

L i b o r i u s s e n T . , N e i ma n n - S or e n s e n A .  a n d  A n d e r s e n B . B .  ( 1 9 7 7 )  
G e n o t yp e x e nv i r o n m e n t  i n t e r a t i on i n  b e e f  p r oduc t i o n .  
p 4 2 7 - 4 4 4 . I n  ' C r o s s b re e d 1 n q e x p e r- 1 m e n t s  a n d s t r 2 t e ; y 

.,-:· 
'---·· .. b e e f u t i l i z 2 t i o n t o  i n c r e a s e  b e e t p r- o d u c t 1 o n '  A 
s em i n a r  1 n  t h e  EEC p r ogr a mm e  o f  c o o r d i n a t i o n o f  
r e s e a r c h o n  b e e f  p r o d uc t i o n . V e r d e n , G e rm a n y  1 9 7 6 . 

L i l j eda h l , L . E . , W i l h e l m s o n M .  a n d C a r l g r e n A . B . 
G e n ot yp e - n u t r i t i o n i n t e r a c t i o n s  1 n  W h i t e  
s t r a i n s . ::: ;·:· ,,,, .n ci ., ./ .. :'· : 1 2 7 - 1 3 9 . 

( 1 9 7 3 ) 
L e g h o r n 
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L i l l i e  R . J . , T w i n i n g P . F .  a n d  D e n t on C . A .  ( 1 9 6 4 ) C a l c i um a n d  
p h o s p h o r u s  r eq u i r em e n t s o f  b r o i l e r s  a s  i n f l u e n c e d  b y  
e n e r gy , s e x  a nd s t r a i n . ('  o u 1 t: .·::;

· c i , ,. ¥ ··, : 1 1 2 6 - 1 1  3 1  . 

L i p s o n f'-1 . a n d  Ba c o n - Ha l l  R . E .  ( 1 9 7 4 ) I n f l u e n c e o f  s t oc k i n g 
r a t e o n  t h e  ma n u f a c t ur i n g p e r f o r ma n c e a n d t e x t i l e  
p r op e r t i e s  o f  w o o l  . .. / ". ,q u. :::;· ( ., I ri s { .  r::;· q r .z ,.:· ,, · ... ' '··· ·' · ·· 4 <) : 

7 1 -7 3 . 

L op e z  D . , P l a n a s T .  a n d  Ru i z  C .  ( 1 9 8 2 )  Gr o w t h t r a i t  
c omp a r i s o n o f  ma l e  H o l s t e i n  a n d  d i f f e r e n t  V o l s t e i n  
C eb u  c r o s s e s unde r g r a z i n g a n d  p e r f o rma nc e t e s t  
s t a t i o n c o n d i t i o n s . 2 n d  H l G  C o n q r .  C e n e t . P p r l . 
L i v e s t k  P � o d . � 8 :  4 4 1 - 4 4 5 . 

L op e z  D . , W i l l i s  M . B .  a nd P e r e z  R .  ( 1 9 7 0) C omp a r i s o n  o f  t h r e e  
b r o i l e r l i n e s  a n d  o n e  m ed i um - h e avy l i n e  o n  ma � z e - a n d  
s uga r -b a s ed d i e t s . !< e· \J ,. ' ... •:.i. i .. · ::: . :• .,::i L .i E i) '::: . ·="" <:; ... ... • ., ··/ ( 3 ) : 

1 6 9 - 1 7 4 . 

L o uc a A .  a n d  H a n c o c k  J .  ( 1 9 7 7 )  G e n o t y p e  by e nv i r o nm e n t  
i n t e r a c t i o n s  f o r p o s t w e a n i n g gr owt h � n  t h e  Dama s c u s  
b r e e d o f  g o a t  . ._7 "  (.:i i) i Hi .· .::: .· · i ., ,. 4 /  9 2 7 - 9 3 1 . 

L uc a s  I . A . M .  a n d  Ca l d e r  A . F . C . ( 1 9 5 6 ) T h e  r e s p o n s e  o f  
d i f f e r e n t  t yp e s  o f  p i gs t o  va ry i n g  l ev e l s  o f  f e e d i n g  
f r om w e a n i n g t o  b a c o n  w e i gh t , w i t h  pa r t i c u l a r 
r e f e r e n c e  t o  c ar c a s s q ua l i t y . . _r , ... .... .. ::. ; . . , ., .... . ,, ,,, !::, • •  , 

· <7 2 8 7 - 3 2 3 . 

L un d i e R . S .  ( 1 9 7 1 )  o f  p r o d u c t i v e f � a i t s  

:::. ::._. .::; ::;; 
... _ .,.  .. _ __ , 

·::-: ..- ... • . .} 

r e p e a t a b i l i t i e s . T h e s i s , M . Ag . Sc . ,  Ma s s ey U n i v e r s i t y ,  
P a l m e r s t o n N o r t h ,  New Z e a l a nd . 

L u s h J . L .  ( 1 9 4 0 ) I n t r a - s i r e c o r r e l a t i o n s  o r  
o f f s p r i n g o n  dam a s  a m e t h od 
h e r i t ab i l i t y  o f  c h a r a c t e r i s t i c s . R e c . 
P n 1 m � � o o . �  � �  2 9 3 - 3 0 1 . 

Mac kay T . F . C . ( 1 9 8 1 )  
e n v i r o n m e n t s .  

G e n e t i c  va r i a t i o n 
:� . 7 9 - 9 3 . 

r e gr e s s i o n s  o f  
o f  e s t i ma t i ng 

.:::• : ... = :. .. :.: 

i n  vary i ng 

Ma g h r aby N . A . , S t i n o F . K . R .  G o h e r  N . E .  a n d  Kam a r  G . A . R .  
( 1 9 8 0 ) G e n o t yp e  x e nv i r o n m e n t  i n t e r a c t i o n e f f e c t  o f  
h o u s i n g s y s t em a n d  d i e t o n  t h e  p e r f o r ma n c e o f  Fay oun i 
a n d  B a l a d i  l a y e r s . t=' () e, } .r; . s .... ..1 : 1 6 3 2 - 1 6 3 3  Ab s t r . 

Ma h m o ud l"I . H . S .  
.-. .  ··. -�- .; -···· ···. i 

• . ...- ,...: = .. · .• : .•n -:::;; .::. 
( 1 9 6 6 ) 

-:::-: .-" .-" ' .. .' ::.�· {} /-:.: C} .0 "( .i _;-:,�;- -:::.:· .l :: .• : •, . .. � .·· . ·, ,-·, ;r, '-· ,· I •• ,; 

.• ·:·· . . · ·• , ::. .· .. . , , ... r 

f o r  b o a y  w e 1 q h t  i n  

T h e s i s , Ph . D . , 
T e x a s  A & M .  Un i v . C i t ed f r om D i s s .  R b s t r . 
( 1 9 6 7 ) , 2 7 : 3 3 5 9 - 3 3 6 0 . 



J•1a 1 t o s  J . , Agui l a r  r L a r e d o  M .  a n d  
Pr o g e n y  t e s t i n a  1 n  t r op i c a l  f e ed 

S • ... " , , � '·· 9 0 8 Ab s t r . N o  . 

D e  A l b a  
l ot s  a n d  

2 .5 . 
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J .  < 1 9 6 1 )  

p a s t ur e s . 

l'1a 1 t o  s J . a n d  D e  J .  ( 1 9 6 7 )  G e n e t i c - e nv i r o nm e n t  
i n t e r a c t i o n s  i n  t r op i c a l  b e e f  c a t t l e . T u r r 1 2 l b a .  
4 04 - 4 Cl 8 . c� i t e d f r 0 m /-

·
._;· .::-

.
:: } _;·:,�- ... /·_; .. ··· �::-· •::::· .. :/ .... .·· ' ·

·
·, .:- ·.:·· !''· ( l 9 6 8 ) 

5 7 9 - 5 8 0  Ab s t r . N o . 3 4 8 0 . 

l"la o  I . L .  a n d B u r n s i d e E . B . ( 1 9 6 9 )  S i r e  b y  h e r d  e nv i r o n m e n t  
i n t e r a c t i o n 
1 0 5 5 - 1 0 62 . 

f o r m i l k  p r o d u c t i o n . (_/ .. ::: ·· ... · . .-: �-

M a r k s  H . L .  ( 1 97 1 )  Eva l u a t i o n o f  gr owt h s e l e c t e d  Qu a i l l i n e s 
u n d e r  n ut r i t i o n a l  e nv i r o 11 m e n t s . ---· ·-; u j  = •• • •. • • . ..  _ .:: .... � 

.·.·,··�, • 

1 7 5 3 - 1 7 6 1 . 

M a r k s  i-L L . , Gy l e s N . R .  W i l s o n H . R . , T i n d e l l  L . D . , J o h n s o n 
W . A . , Dr e s s e n L . J . , B l o w  W . L . , K r u e g e r  W . F . a n d  
S i e g e l  P . B .  0 9 6 9 )  G e n o t yp e - e n v i r o n m e n t  i n t e r a c t i o n s  
i n  e gg p r o d uc t i o n s t o c k s  o f  c h i c k e n s  2 .  Ma i n  e f f e c t s  
a n d  i n t e r a c t i o n s  o f  s t o c k  .. p r o t e i n , y e a r , a n d  
l oc a t i o n .  � ,  . . . .  , ,: .. . :;, .:: . .z ·'i ';:; :  1 CI 7 [1 - l 0 8 l . 

l'1a r k s  H . L . , I"l o or e C . H . , Gy l e s N . R .  T i n d e l l L . D . , J o h n s o n 
W . A . , Dr e e s e n  L . J . , B l ow W . L  . . Ma r t i n  G . A .  Kr u e g e r  
W . F .  a n d S i e g e l  P . F .  ( 1 9 6 9 )  G e n o t y p e - e n v i r o n m e n t  
i n t e r a c t i o n s  i n  b r o i l e r s t o c k s  o f  c h i c k e n s 4 .  Ma i n 
e f f ec t s  a n d  i n t e r a c t i o n s  o f  p a r e n t - f l o c k  l o c a t i o n ,  
p a r e n t  s t o c k , p r o t e i n  a n d  gr ow 1 n g l o c a t i o n .  P o u l t .  
<:; C .? ,. f •; .�.: 1 .5 .5 3 - 1 5 6 2 . 

!,..la t h e r  K .  ( 1 9 7 5 ) G e n o t yp e x e n v i r o nm e n t  i n t e r a c t i o n s  I I . S om e  
3 1 - 5 3 . g e n e t i c a l c o 11 s i d e r a t i o n s . h' ;;:-::· _.;--·· ,. .. ::·· c,. .i ·t: =�/ .. � . . j .� : .. ( 1 ) : 

!'1 a t h e r  K .  a n d  J on e s  R . M .  ( 1 9 5 8 ) I n t e r a c t i o n o f  g e n o t y p e  a nd 
e nv i r o nm e n t  i n  c o n t i n u o u s  v a r i a t i o n .  I .  D e s c r i p t i on .  
� .z o m e t r z c s ,  : 4 : 3 4 3 - 35 9 . 

I1c Br i d e  G .  ( 1 9 5 8 ) 
p r ob l em s . 

T h e  e nv i r o n m e n t  a n d  
� n i m  B r e e d . P b s t r . ,  2 6 : 

a n i m a l b r e e d i n g  
3 4  9 - 3 5  8 .  

l"lc D o n a l d  I1 . W .  ( 1 9 5 7 )  1'1 e t h i on i n e  s upp l e m e n t s  i n  c h i c k e n  d i e t s . 
I I . A b r e e d d i f f e r e n c e i n  gr owt h r e s p o n s e  t o  DL-
m et h i o n  i n e  . f-i !.!. s .:': ,. .}  • , ·' . _  ,. i? •:= . .  o ·' , ') : 5 8 7 - 5 9 4 . 

i'1c D o n a l d  M . W .  ( 1 9 5 8 ) l"1 e t h i o n i n e  s upp l eme n t s 
I I I . T h e  b i o c h em i c a l d i f f e r e n c e  i n  
m e t ab o l i s m b e t w e e n W h i t e  L e g h o r n s 
/.i .:'! s { • · .i • i··; • .. 1 , c '· • r:' ,: :;.. >' : 1 6 l - 1 6 9 . 

1 n  c h i c k e n  d i e t s . 
s u l p h u r - a m i n o  a c i d  

a n d  A u s t r a l o r p s . 

Mc D o n a l d  M . W .  ( 1 9 8 5 )  G e n o t yp e - e n v i r o n m e n t i n t e r a c t i o n s  1 n  
i n t e n s i v e  a n i ma l p r o d uc t i o n .  P r o c  � t h  C o n 1  � �  . . :, . . ;,. ,. •·· · ·  .,. ·· , . , .... ,.: . .. .,. • ... . n ;;:.· i; ,. : .5 7 - 6 1 . 
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Mc Gu i rk B . J .  ( 1 9 8 3 ) G e n e t i c  s e l ec t i o n f o r  w o o l  
Pr o c . 

p r oduc t i o n 
N o t t i ngham p 5 4 5 - 5 6 6 . I n .. s· i".l e· -�:::· p .:s r·· •:c·'' .;:_: ::/ .i T} ·7 

E a s t e r S c h o o l  o f  Agr i c . 1 9 8 3 . 

Mc Kay R . I . ( 1 9 8 5 )  S e l e c t i o n f o r  b ody w e i gh t  a n d  f e ed 
e f f i c i e n c y  o f  m i c e  i n  t h r e e  n ut r i t i o na l e n v i r o nm e n t s .  
u 1 s s· ., f.,' /:; �� -t. r· ,  I n t ., B ( 1 9 8 .5 ) , 4 6 : 1 .  C i t e d f r om ;.::· 7-_; .i. (l!' ,  
F..\' r- e e d  • P b s t �� ., ( 1  9 8 6 )  , 5 4 : 4 1 .5  -4 1 6 . Ab s t r . N o  . 3 2 2 3 . 

Mc Kay R .  I . ,  Pa r k e r  R .  J .  a n d  G ue n t e r W .  ( 1 9 8 6 )  G e n o t y p e  by 
d i e t  i n t e r ac t i o n i n  m i c e  s e l ec t e d o n  t h r e e  d i e t a ry 
r e g i m e n s . C a n . J .  P n 1 m .  S c i . y  6 6 : 3 9 9 - 4 0 4 . 

Mc Ma h o n  P . R .  ( 1 9 4 3 ) T h e  i n h e r i t a n c e o f  m u l t i f a c t o r c h a r ac t e r s  
i n  s h e ep .  P r· (} C  .• N , Z  .• S cj .-.:: . ,L} n .i. m ,  P .v·· c .::i .• . ,. :.; 7 0 - 8 1 . 

i"'lc Ph e r s o n A . W .  ( 1 9 8 2 )  P n  a p p r a i s a l  o f  s e l e c t i o n - e c t i v e s  a n d  
c r i t e r i a  t � � N e w  Z e a l a n d  R c m n e y s h e e p  w i t h p a r t i c u l a r  

r e f e r e n c e s  t o  w o o l  t r a i t s .  T h e s i s , M . Ag r . Sc i . ,  Ma s s ey 
U n i v e r s i t y , Pa l m e r s t o n N o r t h ,  N e w  Z e a l a n d . 

M e i s s n e r  H . H .  a n d  R o u z  C . Z .  ( 1 9 8 2 )  T ow a r d s  a n  u n d e r s t a n d i n g  o f  
t h e  c o n c e p t o f  g e n o t yp e - d i e t a ry i n t e r ac t i o n . S .  P f r 

P r., i .m  .. S .-::: i ... , 2 .2 : 3 4 7 - 3.5 4 . 

D ow n s J . H . , B o r d e l ea u  i"'l e r r  i t  t E .  S .  , 
( 1 9 6 0 )  G r owt h , va r i ab i l i t y o f  

qua l i t y  o f  b r o i l e r s  o n  ma s h  a n d  
r.:;·:n i .m ., S c .z ·' ·" 4 0 : 7 - 1 4 . 

f·Iey e r  H . H .  ( 1 9 7 2 )  

R .  a n d  T i n n ey B . F .  
g r owt h . a n d  m a r k e t  

p e l l e t s . ·-· -::.� .� ... 
' 

r e p r o d u c t i v e t r a i t s  

C a l i f o r n i a , Dav i s .  
i n  e w e s  T h e s i s , Ph . D . , U n i v . 
C i t ed f r om D i s s .  P b s t r .  l n t .  � 

( 1 9 7 3 ) , .-:.i .:f.' : 5 4 8 . 

M ey e r  H . H .  a n d  B r a d f o r d  G . E .  ( 1 97 4 )  Es t r u s , ovu l a t i o n r a t e a n d  
b o dy c omp o s i t i o n o f  s e l e c t ed s t r a i n s  o f  m 1 c e  o n  P d  
L i b i t u m a n d  r e s t r i c t e d f e e d i n t ak e . v .  P n i m .  S c i .  
3S : 2 7 1 - 2 7 8 . 

i"'I o h ammad Y.l . A . , L e e  A . J .  a n d  G r o s s ma n  i"'I . ( 1 9 8 2 ) I n t e r ac t i o n s  
f a c t o r s  1 n  o f  s i r e s  w i t h  f e e d i ng a n d  m a n a g em e n t  

I l l i n o i s H o l s t e i n  c ow s . J .  D a i r v  � c .z . , � � : 6 2 5 - 6 3 1 . 

l"l o r e n g  R . E . , En o s  H . L . , Wh i t t e t W . A .  a n d  .N i l l e r  B . F .  ( 1 9 6 4 )  
A n  a n a l y s i s  o f  s t r a i n  r e s p o n s e  t o  d i e t a ry p r o t e i n  
l ev e l s . P ci o'..' / .� .. :::: ;:- 2 .. • .:,< . ."!' : 6 3 0 - 6 3 8 . 

f"I o r l ey F . H . W .  ( 1 9 5 0 )  S e l e c t i o n  f o r  e c o n c m l c c t a r a c t c , � 1 n  
M e r i n o s h e e p , T h e s i s , P h . D . , I o wa S t a t e C o l l . ,  Ame s . 
C i t ed f r om (..',' n Z ,;::_; ,  i) .'- e ,,-::· -::: . P i) _s· f. r ,, ( 1 9 5 2 ) , .} 0 : 35 7 Ab s t r . 
N o . 1 7 0 4 . 
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M o r l ey r· . rl . W .  ( 1 9 5 1 )  S e l e c t i o n f o r e c o n om 2 c  c h a r a c t e r s  i n  

M o r l ey 

Au s t r a l i a n M e r i n o  s h e ep . I .  E s t i ma t e s  o f  p h e n o t yp i c  
a n d  g e n e t i c  p a r  am et er s .  .�: ._. _,_ .  .e u l. J ;_:· t: . , r w . .. · .:_; ,  /-i S ."'-! 
D e p t . r 1 c . ,  A u s t r a l i a . 

F . H . W .  ( 1 9 5 5 )  S e l e c t i o n f o r e c o n om i c  c h a r a c t e r s i n  
o f  Aus t r a l i a n M e r i n o  s h e ep . V .  Fur t h e r  e s t i m a t e s  

p h e n o t yp i c  a n d  g e n e t i c  p a r am e t e r s . H u s t . � - H 0 r � � ­
i? es .- .• ·�· : 7 7 - 9 0 . 

l1 o r l ey F . H . W .  0 9 5 5 )  S e l e c t i o n f o r e c o n om 1 c  c h a r a c t e r s  i n  
I n h e r i t a n c e a n d  i n t e r ­
s ub j e c t i v e l y  sr a d e d  

A u s t r a l i a n Me r i n o  s h e ep . V I . 
r e l a t i o n s h i p s  o f  s om e  
c h a r a c t e r i s t i c s . R u s t . J .  .. '··· . ,.,. e s . , 6 : 8 7 3 - 8 8 1  . 

M o r l ey F . H . W . ( 1 9 5 6 ) S e l e c t i on f o r e c o n om 1 c c h a r a c t e r s  i n  
A u s t r a l i a n M e r i n o  s h e ep . V I I . I n t e r a c t i o n s  b e t w e e n 
g e n o t y p e  a n d  p l a n e  o f  n ut r i t i on . P u s t .  � .  P ; r : c .  
R es . , 1 4 0 - 1 4 6 .  

!"! o r r i s  C . A . , C l a r k e  J . N .  a n d E l l i o t t  K . H .  ( 1 9 8 2 )  Ob j e c t i v e s  
f o r  s h e ep i mp r o v e m e n t . p 1 4 3 - 1 67 . I n  ·' 8 h e e p  
P r o d u c t i o n :  U o l 1 Breed i n g � n d R e p r o d u c t i o n  Ed i t e d 
by W i c k h am G . A .  a n d  Mc D o n a l d  M . F .  N . Z .  I n s t . Ag r i c . 
S c i . :  R a y  R i c h a r d ::: Pub l i s h e r . 

M u l l a n ey P . D . , Br own G . H . , Y ou n g  S . S . Y . a n d  Hy l a n d  P . G .  
( 1 9 7 0 )  G e n e t i c  a n d  ph e n o t yp i c  p a r am e t e r s  f o r w o o l  

c h a r a c t e r i s t i c s  i n  f i n e - w o o l  M e r i n o ,  C o r r i e da l e ,  a n d  
P o l wa r t h  s h e ep I I . Ph e n o t y p i c a n d  g e n e t i c  
c or r e l a t i o n s , h e r i t ab i l i t y  a n d  r ep e a t a b i l i t y . P u s t  . 
.J . P ; .•-· i ·: .  ,:;:,· e s . , 2 1 : 5 2 7 - 5 4 0 .  

M un r o  J .  ( 1 9 6 2 )  ."A. s t udy o f  t h e  m i l k  y i e l d o f  t h r e e  s t r a i n s  o f  
Sc o t t i s h B l a c k f a c e  ew e s  2 n  t w o  e n v i r o n m e n t s . P � � m .  
P r o d  • •  4 :  2 0 3 - 2 1 3 .  

I'1ur t h y K . I·1 . K .  a n d  T a n e j a V . K .  ( 1 9 8 2 )  L ev e l  o f  g e n o t yp e -
e nv i r o nm e n t  i n t e r a c t i o n f o r s om e  t r a i t s 2 n  T r i b o l i u m 

5 1 - 5 5 . 

Nawa r a  W .  ( 1 9 7 1 )  H e r i t ab i l i t i e s o f  ma i n  p r o d u c t i o n t r a i t s  i n  
Po l i s h M e r i n o  s h e ep .  F:.' .::u: z .  N e u k .  P o l n .  b' , , 9 3  ( 4 ) : 
1 5 - 2 5 . C i t e d f r om P n 1 .m • .  e r· e e cf . ,'-· t:· i- -r.r ( 1 9 7 4 ) , 4 2 : 
1 2 6  �� s t r . N o . 1 0 8 6 . 

N e l s o n R . H .  a n d  V e nka t a cha l a m G .  <1 94 9 ) E s t i m a t e s  o f  t h e 
h e r i t ab i l i t y  o f  b i r t h  w e i gh t  a n d  w e an i n g  w e i g h t  o f  
l amb s . J .  h' n i m .  �: c i . ,  S :  6 0 7 - 6 0 8 . 

N e s h e i m M . C .  ( 1 9 6 8 )  G e n e t i c  v a r i a t i o n i n  a r g i n i n e  a n d  l y s i n e 
ut i l i z a t i o n . f .:::·· d n . f' r .:, .-:· . F � · .-:_: n .  ,..., ,,, ,. ::: o .: s  .. f:· _;.-· /J . L· 1 CJ J , _, 
.'2 ? : 1 2 1 0- 1 2 1 4 . 
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N e s h e i m M . C .  ( 1 9 6 8 )  K i dn ey a r g i n a s e  a c t i v i t y  a n d  l y s i n e  
t o l e r a n c e i n  s t r a i n s  o f  c h i c k e n s s e l e c t e d f o r  a h i gh 
o r  l ow r e qu i r em e n t  o f  a r g i n i n e . J .  N u t r . � 9 5 : 7 9 - 8 7 . 

N e s h e i m  M . C .  ( 1 9 7 2 )  G e n e t i c  v a r i a t i o n i n  n i c o t i n i c  a c i d  
r e qu i r em e n t s o f  c h i c k s . J .  H e r e d . ,  6 3 : 3 4 7 - 35 0 . 

N ewma n  S -A . N . , W i c kh am G . A . , Ra e A . L .  a n d  A n d e r s o n R . D .  
( 1 9 8 3 ) We a n i ng w e i gh t  a d j u s t m e n t s  f o r  s e l ec t i n g l amb s 

b o r n  t o  y e a r - o l d  ew e s . i'J .• Z .  • .. l .l ,  /-.i q r / .... . f.-! .::::· s . .  .2 "S : 
4 2 7 - 4 3 1 . 

N i t z s c h e  G .  a nd En g l i s c h  H . G .  ( 1 9 6 7 )  I nv e s t i ga t i o n o f  t h e 
oc c ur r e n c e o f  g e n o t yp e - e nv i r o n m e n t a l  i n t e r a c t i o n i n  
t h e  f a t t e n i n g p e r f o rmanc e and c a rc a s s c h a r a c t e r s  o f  
p i g s . f:i r .-::: h ., i <: ·:'' r· .::: .• . ,. i <) :  2 2 7 - 2 4 3 . C i t e d f r om (i .n i ;T ,  
B y · .::; ·'::· d • P /:. .. s l::. r • ( 1 9 6 8 )  , .;;' .s : 9 6 Ab s t r . N o  . 5 5  2 . 

N i t z s c h e  G .  a n d  Sc h o nm u t h G .  ( 1 9 7 1 )  An e xp e r i m e n t a l  s t udy on 
g e n o t yp e - e nv i r o n m e n t  i n t e r ac t i o n s  i n  p i g s . H l s s .  , .  
H u m b o l d t - U n i v .  B e r 1 . � 2 0 : 4 1 5 - 4 2 9 .  C i t e d f r om P n n o t .  
B i b l p h y - C o m m o n w . P n i m .  B r e e d . G e n e t .  
( 1 97 8 ) : 2 3 5 1 . 

N o l a n T .  a n d  B l a c k  W .  J .  [V! , ( 1 9 7 0 )  
t o o t h  w e a r  i n  e •w e s .  .u '· 

E f f e c t  o f  s t o c k i ng r a t e on 
.] . f.iq _;-- z ,.:.: . !··:' ::::· .::: . ... '1 •  1 8 7 - 1 9 6 . 

N a t t e r  D . R .  ( 1 9 8 1 )  R ep e a t ab i l i t y  o f  c o nc ept i o n r a t e a n d  l i t t e r 
s � z e  f o r  e w e s  i n  a n  a c c e l e r at e d  l amb i ng s y s t em .  
,L) _;-.; i .m .  ·�: c i  • .. , 5 .3 : 6 4 3 - 65 0 . 

O ' F e r r a l l  G . J . M .  ( 1 9 7 6 )  Ph e n o t yp i c  a n d  g e n e t i c  p a r am e t e r s  o f  
p r od uc t i v i t y  � n  Ga l way e w e s . 4 n i m .  P r n rl  2 ! : 2 9 5 -
3 0 4 . 

O l d e nb r o ek J . K .  ( 1 9 8 4 )  H o l s t e i n  Fr i e s i a n s , D ut c h  Fr i e s i a n s and 
Dut c h  R e d  and W h i t e s o n  t w o  c omp l e t e  d i e t s  w i t h  a 
d i f f e r e n t  a m o u n t  o f  r o ug h age : p e r f o r ma n c e i n  f i r s t  
l a c t a t i o n . L i v e s t k  P r o d .  S c i . , 1 1  4 0 1 - 4 1 5 . 

O l d e nb r o ek J . K .  ( 1 9 8 4 )  H o l s t e i n F r i e s i a n s , D ut c h  Fr i e s i a n s and 
Dut c h  Red a n d  W h i t e s  on t w o c omp l e t e  d i e t s  w i t h  a 
d i f f e r e n t  a m o u n t  o f  r o ugh a g e : D i f f e r e nc e s  i n  
p e r f o rma nc e b e t w e e n  f i r s t  a n d  s e c o n d  l a c t a t i o n . 

Orw i n 

L .i '-· '=:·· .'::· ·,.-:- 1. • ) � ·.::· •. :< ,. S '.:: i .. ·' "- ... : 4 1 7- 4 2 8 . 

D . F . G .  a n d W o o d  S . .J . L .  ( 1 9 8 3) T h e  e f f e c t s  o f  
f i b r e  d i am e t e r  v a r i ab i l i t y  a nd o t h e r  
c h a r a c t e r i s t i c s  o n  t h e  l us t r e  o f  w o o l . 
l n s t . �  7 4 : 1 1 8 - 1 3 0 . 

w i t h i n ­
f i b r e  
7" .--. ' ·" + 
i '= .·\ ·-· :: 
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O s m a n  A .  H .  a n d  Br a d f o r d  G .  E .  ( 1 9 6 5 )  E f f ec t s o f  e nv i r onm e n t  o n  

O s  m a n  

p h e n o t yp i c  a n d  g e n e t i c  va r i a t i o n i n  s h e ep . 
7 6 6 - 7 7 4 . 

� ·,;' .·· 

A . H .  a n d  Br a d f o r d  
i n t e r a c t i o n a n d  

G . E .  ( 1 9 6 7 )  G e n o t y p e - e n v i r o n m e n t  
c omp e n s a t o r y  g r owt h 1 n  s h e ep . J .  

1 2 3 9 - 1 2 4 3 .  

O z c a n  H .  (1 97 1 )  T h e  h e r i t a b i l i t i e ::: o f  l i v e  w e i gh t , gr e a s y  
f l e ec e w e i gh t , s t ap l e  l e n g t h a n d  f i b r e d i a m e t e r , a n d  
t h e r e l a t i o n s h i p s  am o n g  t h e s e  w o o l  c h a r a c t e r s i n  
K i v i r c i k y e a r l i n g  s h e ep a t  I n a nk S t a t e Fa rm . 0 � · - " 
_ n l V  V e t F � �  D e r u . , 1 8 : 1 4 9 - 1 6 0 . 

P a n i S . N .  ( 1 9 7 1 )  .:.: ..-. . · , . .. 

·:::.:· ·:- .. ::· .,· u . . ,,, .•. • ... · · ::.·. • T h e s i s , 
M o . ,  U SA . 
( 1 9 7 2 ) . 

C i t e d 
Ph . D . , U n i v . M i s s o ur i , C o l umb i a ,  
f r om Pa n i  S . N .  a n d  L a s l ey J . F .  

P a n i S . N .  a n d  L a s l ey J . F .  ( 1 9 7 2 )  G e n o t yp e  x e nv i r o n m e n t  
i n t e r a c t i o n s  1 11 a n i ma l s . l ···, ·, 

Pa r k  Y . I . ,  H a n s e n C . T . , C h un g  C . S .  a n d  C h apma n A . B .  ( 1 9 6 6 )  
I n f l u e n c e o f  f e e d i n g r e g i m e  o n  t h e  e f f e c t s o f  
s e l e c t i o n f o r p o s t w e a n i ng g a i n  i n  t h e  r a t . B e n e f i c �  
. .! '! 1 3 1  5 - 1 3 2 7 . 

P a t t i e  W . A .  a n d  Ba r l ow R .  ( 1 9 7 4 )  S e l e c t i o n f o r c l e a n  f l e ec e 
1 .  D i r e c t  r e s p o n s e  t o  

F\:::- s . ,.. �:' :::., : 6 4 3 - 6 5 5  . 
w e i gh t  i n  M e r i n o  
s e l e c t i o n . c:, ; , ._.,.. ... 

s h e ep . 
.. _;-: c 

P e a c ock F . M . , K o g e r  M . , H e dg e s  E . M .  a n d K i rk W . G .  
by 

( 1 9 7 4 )  
b r e e d  B e e f  c a t t l e  p r oduc t i o n a s  a f f ec t e d  

c omp o s i t i o n a n d  f o r a g e  s y s t em s . P r u ... .:: .-; ;· 1 C r  ... · 1. 
� u �  F l o r i d a �  � �  5 0 - 5 3 , 

P e a c o c k  F . M . , Kr o g e r  M . , K i rk W . G . , 
A . C . ( 1 9 7 1 )  R ep r oduc t i o n i n  
c r o s s b r e d  c ow s  o n  d i f f e r e n t  
A n i m ,  � � � . ,  3 3 : 4 5 8 - 4 6 5 . 

H odg e s  E . M .  a n d  W a r n i ck 
B r a hma n , S h o r t h o r n  a n d  

p a s t ur e  p r o g r a m s . v .  

P e t e r s  H . F .  a n d  
·::rr owt h 
d a m s . 

H e a n e y D . P .  ( 1 9 7 4 )  Fa c t o r s  
o f  l amb s r e a r ed a r t i f i c i a l l y 

C .... , • ... . .. l ,. ,.�;· r.:• .' H;· , .�. ·-· ... ·.J .;: : 9 - 1 8 . 

i n f l u e n c i n g -r n e  
o r  w i t h  t h e 1 r  

P i p e r L . R .  a n d  D o l l i n g C . H . S .  ( 1 9 6 9 )  E f f i c i e n c y  o f  c o n v e r s i on 
o f  f o o d  t o  w o o l  I V . C omp a r i s o n o f  s h e ep s e l ec t e d f o r 
h i gh c l e a n  w o o l  w e i gh t  w i t h  s h e ep f r om a r a n d om 
c on t r o l  gr o up a t  t h r e e  l ev e l s o f  d i e t a r y  pr o t e i n . 
P u s t . J .  r i c .  R e s . � 2 0 : 5 6 1 - 5 7 8 . 
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P i p e r  L . R .  a n d  D o l l i n g  C . H . S .  ( 1 9 6 9 ) E f f i c i e n c y  o f  c o n v· e r s i o n 
o f  f o o d  t o  w o o l  V . C omp a r i s o n  o f  t h e  app a r e n t  
d i g e s t i v e a b i l i t y  o f  s h e ep s e l e c t ed f o r h i gh c l e a n  
w o o l w e i g h t  w i t h  t h a t  o f  s h e ep f r om a r a n dom c o nt r o l  
gr o up . H u s � . J .  P g r i c . R e s . �  2 0 : 5 7 9 - 5 8 7 . 

P l a nk R . N .  a n d  B e r g  R . T . ( 1 9 6 3 )  I n h e r i t a nc e a n d  p l a n e  o f  
n ut r i t i o n i n  s w i n e  1 .  E f f e c t s  o f  s e a s o n , p l a n e  o f  
n ut r i t i o n , s e x a n d  s i r e  o n  f e e d l o t  p e r f orma n c e a n d  
c a r c a s s  c h a r a c t e r i s t i c s . C a n . J .  P n i m .  S c i . �  3 :  7 2 -
8 5 . 

P r o ud f o o t  F . G .  ( 1 9 7 3 )  E f f e c t s  o n  b r o i l e r p e r f o rma n c e o f  a 
s i n g l e g e n e r a t i o n o f  s i r e  s e l e c t i o n f o r  b ody w e i gh t  a t  
e i gh t  w e ek s  o f  a g e  f r om t wo c omm e r c i a l  p a r en t a l  
g e n o t yp e s  r e a r e d  o n  s i x d i e t a ry t r e a t m e n t s .  C a n . J .  
P n i  m .� S e  1 .  ·' 5 .�\ : 3 8 1 - 3 8 8 . 

P r o ud f o o t  F . G .  T h e  e f f e c t s  o f  d i e t a ry p r o t e i n  l eve l s , 
a h em e r a l l i g h t  a n d  da r k  cyc l e s , a nd i n t e rm i t t e n t 
p h o t op e r i o d s  o n  t h e  p e r f o rma nc e o f  c h i c k e n  b r o i l e r 

( 1 9 8 0 )  

p a r e n t g e n o t yp e s . F-'c.: u. .l /: .;: . .::: .:-: .. , .-: : ,:.· 1 2 5 8 - 1 2 6 7 . 

P r o ud f o o t  F . G . a nd G o  w e  R . . J .  ( 1 9 6 7 )  T h e  e f f ec t  o f  
p h o t op e r i od i s m  a n d  r ea r i n g p e r i o d f e ed r e s t r i c t i o n o n  
t h e  p e r f o r ma n c e o f  f i v e  L e g h o r n  s t r a i n s . c o u l t .  � c 2  • •  

-:/ .S : 1 05 6 - 1 0 7 2 . 

P r o ud f o o t  F . G .  a n d  Hu l a n H . W .  ( 1 97 8 )  T h e  i n t e r r e l a t e d e f f e c t s  
o f  f e e d i ng d i e t c omb i n a t i o n s  w i t h  d i f f e r e n t  p r o t e i n 
a nd e n e r gy l e v e l s  t o  ma l e s a n d  f ema l e s  o f  c omme r c i a l  
b r o i l e r g e n o t yp e s . c·· ,;;.· r; .. , J ..,  i�· n i _;;.c .... S c::: i . ... . ) ·: : 3 9 1 - 3 9 8 . 

P ur s e r A . F .  ( 1 9 6 5 )  R ep ea t ab i l i t y  a n d  h e r i t ab i l i t y o f  f e r t i l i t y  
1 n  h i l l  s h e ep . P n i m .  P r o d . �  7 5 - 8 2 . 

P ur s e r A . F .  ( 1 9 8 2 )  I mp l i c a t i o n s  
p 2 3 9 - 2 4 8 .  I n  

o f  s h e ep s e l e c t i o n 
e xp e r i m e n t s .  ·-· t.-· ·::·? :::: _,0 

,--·. ·-. .  ;:. -/- ,. ---� • .... -:::,: '-· ·-· .!. ·=: B r e e d . ,  V o l 1 Ed i t o r s  Ba r t on R . A .  a nd 
S m i t h  W .  C . , Pa l m e r s t o n N o r t h : Dunm o r e  Pr e s s .  

Ra d o m s ka M . J . , M i c h a l s ka E .  a n d  K o rw i n - K o s s ak o w s k i  J .  ( 1 97 5 )  
R e s p o n s e  t o  d i f f e r e n t i a t e d f e e d i ng o f  t h r e e  l i n e s  o f  
m i c e  s e l e c t e d f o r  b ody w e i ght . P a r t  1 .  6 e n e t . � o l . ,  
__ (.- : 3 1 3 - 3 1 7 . 

R a d o m s ka M . J  . .  • S zy nk i e w i c z E .  a n d  L ep e c k a  1"1 . ( 1 9 7 5 ) 
t o  d i f f e r e n t i a t ed f e ed i n g o f  t h r e e  l i n e s 
s e l e c t e d f o r b o dy w e i g h t . Part I I . S e n e t .  
3 1 9 - 3 2 2 . 

Ra d o m s ka M . J .  a n d  T y s zka P. . .  0 9 7 2 ) 
c o r r e l a t i o n s  o f  s om e  t r a i t s  

3 8 3 - 3 8 5 . ·i .· �-
-'· ..... . 

Ph e n o t yp i c  
i n  R om n ey 

a n d  
Ma r s h  

R e s p o n s e  
o f  m i c e  

g e n e t i c  
s h e ep . 



Ra e A . L .  

R a e  A . L .  

( 1 9 4 6)  ... .. ... ..... ' ... . :·:· '·· :' :' •: .. . .... ·:.: ' .. · .;.: )'} .. 
T h e s i s , M . A g r . S c i . 

Ag r i c . C o l l e g e , Pa l m e r s t o n N o r t h , N ew Z e a l a n d . 

( l  9 4  8 )  S ome a s p e c t s  
·, ,'.' .: .. . ·. · .. •  ( .... ... . •.· 

o f  t h e p r o g E: n y  t e s t i n g 
: , 9 7 - 1 04 . 
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1""'1 a s s e y  

s h e e p . 

Ra e A .  L .  ( 1 9 5 0 )  ,_ .... �7: / ... •::: '··· ,:'. . .. .. . ... �.: �-- -:::. ... -· · .. · . . ' . 

,_ .. ' .. .' '--� '-· '· . . .r · :· . r '  

T h e s i s , Ph . D . , I owa S t a t e C a l l . ,  Am e s . 

R a e A . L .  ( 1 9 5 7 )  T h e  e s t ab l i s h m e n t  o f  t h e  C h ev i o t x R omn ey 
1 1 4 -

R a e A . L .  

H a l f b r e d a s  a b r e e d . N . , .  S ne e p  L m c - 0 .  � . . . 

1 1 8 . 

( 1 9 5 8 )  G e n e t i c  v a r i a t i o n 
p r oduc t i v e  c h a r a c t e r s  o f  N ew 
s h e ep . ri •. .. � � ,_T .f i� q t·· i ·� .  ;.:.) .;_:·· s  , . . i :  

a n d  c ova r i a t i o n 
Z e a l a n d  R omn ey 

1 04 - 1 2  3 .  

1 11 
!1a r s h  

Ra e A . L . 0 9 8 2 )  S e l e c t i on a n d  i t s  e f f e c t s . p . 6 0 - 1 0 9 . I n  
� n e e o  P r o d u c � i o n ;  

Ed i t e d by W i c kh am G . A .  a n d  Mc D o n a l d  M . F .  

A gr i c . S c i . :  Ray R i c h a r d s  Pub l i s h e r . 

R a e A . L . a n d  C h ' a n g  T . S .  ( 1 9 5 5 ) S om e  a s p e c t s 
i n h e r i t a n c e o f  f e r t i l i t y  1 11 s h e ep . ..�) 1:". ;• 

·- ... 
_;','_;· . . · . . .. :· · ,: 

.
.. = ::.: . .? -�:.' : 

N . Z .  I n s t . 

o f  t h e  
, ,  . ... . :.:-:· .· 

Rav e G .  ( 1 9 7 3 )  G e n o t yp e - e n v i r o n m e n t  i n t e r a c t i on s  f o r t w o  
m e t h o d s  o f  p r o g e ny t e s t i n g c a t t l e f o r m e a t  y i e l d  . 
..... u c i'.> t. u r.: g �:· 1·: c. :·:· :: _ .. / 5 ( 1 ) : 2 2 - :3 0 . 

R. e a r d o n  T . F .  a n d  L a mb our n e  L . J .  ( 1 9 6 6 )  Ea r l y n u t r i t i o n a n d  
l i f e t i m e  r ep r oduc t i v e  p e r f o r ma n c e o f  ew e s . � r o e  
0 u s t  S o c . R n 1 m . � r o o - �  . - · 1 0 6 - 1 0 8 . 

R e ev e  E . C . R .  ( 1 9 5 5 )  T h e  v a r i a n c e o f  t h e  g e n e t 1 c  c o r r e l a t i on 
c o e f f i c i e n t . B 1  o m e t t·· .o c :::. 5 .. "., / .  3 5 7 - 3 74 . 

R e n d e l  J . M .  ( 1 9 8 5 ) P s t u d y  o f  r e o 1 o n a l  d i f f e r e n c e s  1 n  w 1 t h 1 n -
f l o c k  s o u r c e s  o f  v a r i a t 1 o n  i n  S h e e o l a n r e c o r d s  o f  

.P _r· f) .·::/ {J. ··:: t 1 C) )�' 
!1 . Agr . Se i . , 
Z e a l a n d . 

'f.: F ·c:;.' 1 t: 5' ! () r c· () 0 p hJ c. }'' ·.:': h �·: !'! e (3:' ,::; ,. T h e s i s ! 

Ma s s ey U n i v e r s i t y , P a l m e r s t o n N o r t h ,  N ew 

R i c h  S . S . a n d  B e l l  A . E .  ( 1 9 8 0 ) G e n o t y p e - e nv i r o n m e n t  
i n t e r a c t i o n e f f e c t s  1 n  l o n q - t e r m  s e l e c t e d  p op u l a t i o n s  
o f  T r i b o l 1 u m .  j .  H e r e d . ,  7 1 : 3 1 9 - 3 2 2 . 

R i c h a r d s o n  D . O . , Ow e n  J . R . , P l owma n R . D .  a n d  M i l e s J . T .  
( 1 9 7 1 )  I mp o r t a n c e  o f  s i r e  x r a t i o n i n t e r a c t i o n s  i n  

p r o d uc t i o n a n d  f e e d i n t ak e  t r a i t s  o f  da i ry c a t t l e . 0 ,  
D E .z' v v s ,::: i . , ..::; 4 1 5 1 8 - 1 5 2 5 . 
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R i c o  C .  a n d  i"1 e n c  h a c  a M .  A .  ( 1 9 7 3 )  S t ud i e s  o n  g e n o t yp e -
e nv i r o nm e n t  i n t e r a c t i o n a n d  opt i mum p r o t e i n  l ev e l  � n  
r abb i t  d i e t s . C u b a n  J .  R q r 1 c .  S c 1 . •  ' 9 - 1 5 . 

R i c o  C .  a n d  M e n c h a c a  M . A .  ( 1 9 7 9 )  P e r f o r ma n c e o f  Dur o c  a n d  
t w o  s e x e s  i n  t w o  d i f f e r e n t  f e e d i n g  Y o r k s h i r e  p i g s o f  

s y s t e m s . :_ .-· ., 
··-' '••• ,(, .T ·7 i -.�.- : 2 7 3 - 2 8 1 . 

R i nd s i g  G . L .  a n d  F r e em a n  A . E .  ( 1 97 3 ) G e n o t yp e by r a t i o n 
i n t e r a c t i o n a n d  c o n t emp o r a n e i t y i n  Ho l s t e i n  t w i n s . v .  

i:!' :!· i r' �l S o:·: i .  ,. 5 6 : 6 6 2 - 6 6 3  Ab s t r . N o . P 9 3 . 

R o b a r d s  G . E . a n d  Pa t t i e  W . A .  ( 1 9 6 7 )  
f r e q u e n c y  i n  w o o l  o f  M e r i n o  
r e s p o n s e  t o  s e l ec t i o n . R u s t . J .  
5 5 2 - 5 5 8 .  

S e l ec t i o n f o r 
s h e ep . I ,  

c r i mp 
D i r ec t  

R o b a r d s  G . E . , W i l l i am s  A . J .  a n d  Hunt M . H . R .  ( 1 97 4 )  
f o r  c r i mp f r e q u e n c y  i n  t h e  w o o l  o f  M e r i n o  
E f f i c i e n c y  o f  c o n v e r s i o n  o f  f o o d  t o  w o o l . 

S e l e c t i o n 
s h e ep . 2 .  

:: <,,:· • ..:..·- :.,• ,T 

4 4 1 - 4 4 8 . 

R obb i n s  K . R .  ( 1 9 8 1 )  E f f ec t s  o f  s e x ,  b r e e d , di e t a ry e n e r gy 
l e v e l , e n e r gy s o u r c e a n d  c a l o r i e :  p r o t e i n  r a t i o  o n  
p e r f o r ma n c e a n d  e n e r gy ut i l i z a t i o n by b r o i l e r c h i c k s . 
P o u l t .  S c 1 . 6 0 : 2 3 0 6 - 2 3 1 5 . 

R ob e r t s  R . C .  ( 1 9 8 1 )  T h e  g r owt h o f  m � c e s e l e c t e d f o r  l a r g e  a n d  
s ma l l s � z e  � n  r e l a t i o n t o  f o o d  i n t ak e  a n d  t h e  
e f f i c i e n c y  o f  c o n v e r s i o n . {7 •::::- .n .:::· f.. "" .- . =::: .:.' :: -.:) .:::·.:' : 9-24 

R o b e r t s o n A .  ( 1 9 5 9 ) T h e  s amp l i n g  va r i a n c e o f  t h e  g e n e t i c  
4 6 9-485 . c o r r e l a t i o n c o e f f i c i e n t . B 1 a m e t r i c s �  . ·.:: . ::. . __ .. : 

R o l l i n s  W . C .  a n d  Wagn o n  K . A .  ( 1 9 5 6) A g e n e t i c  a n a l y s i s  o f  
w e a n i n g w e i gh t s  i n  a r a n g e  b e e f  h e r d  op e r a t ed u n d e r  
op t i m um a n d s ub - op t i mum n ut r i t i o n a l  r e g i me s . .J .  tq :·; :i.  m 
S c 1 . ,  L � : 1 2 5 - 1 3 3 . 

R o s s  D . A .  ( 1 9 6 5 )  
. ,: ... }·- : ·-- �-

W o o l  qr owt h o f  t h e  N e �  Z e a l and R o m n ey . 
R e s . �  � .  5 8 5 - 6 0 1  . 

i-i ' z .  

Ryd e r  M . L .  a n d  S t e p h e n s o n  S . K .  ( 1 9 6 8 ) 
P r e s s I n c . ( L o n d o n )  L t d .  

;: /.:./ C/ () .Z ,•_' 1 '  :.:- /n} C /"} Ac a d em i c  

S a l m e l a  A .  B . , R e mp e l  W .  E .  a n d  C om s t oc k  R .  E .  ( 1 9 6 0 )  T h e  
r e a c t i o n o f  t h r e e  k i n d s  o f  s i n g l e - c r o s s  p i g s t o  t h r e e  
l ev e l s  o f  f e e d  i n t ak e . I .  F e e d  l o t p e r f o rmanc e .  � ­
R n i m .  S c i . �  1 9 : 8 4 - 8 8 . 

S a n g  J . H .  ( 1 9 6 4 )  
c r o s s e s  
5 0 - 6 7 . 

Nut r i t i o n a l  r eq u i r em e n t s o f  i nb r e d  l i n e s  a n d  
o f  lJ .•--· a ::::· o  :C; .-. .-· · - •.-:: ;::. .... :'� 

-·-. 
.. .  



S a n t a n a  I . ,  D i e g u e z  F . J . ,  
Na r a n j o P . A . ( 1 9 8 2 )  
D u r o c  a n d  Y o r k s h i r e  

T r u j i l l o  
G e n o t y p e x 

p � g s f e d 
c e r e a l s . (. u. i> "

·
'· :n . '? ,._, ·��: ,, _:, ·... ,, .::·; .. .-.-· 
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G .  G e r a r ci o  L .  
d i e t  i n t e r a c t i o n 
p r o c e s s e d s w i l l  

.· ,:, : 4 5 - .s .s . 

a: n d  
� n  

a n d  

S a oud N . B .  a n d  H o h e n b ok e n  W . D . ( 1 9 8 4 ) G e n e t i c , e n v i r o n m e n t a l  
a n d  i n t e r a c t i o n e f f e c t s  o n  l i f e t i m e  p r o d u c t i o n 
e f f i c i e n c y  o f  c r o s s b r e d e w e s . � .  
5 9 4 - 6 0 6 . 

S a o u d N . B .  a n d  H o h e n b o k e n  'w . D .  ( 1 9 8 4 ) ? h e n o t y p i c  r e l a t i o n s h i p s  
a m o n g  e a r l y  l i f e t r a i t s  a n d  l i f e t i m e  e w e  p r o d uc t i o n 
e f f i c i e n c y . ,.., . .... · .· . . . . - .. 6 [1 7 - 6 1 9 .  

S a  v i  l l  e D . G . a n d  R ob a r d s G . E . ( l 9 7 2 )  E f f i c i e n  c y o f  c o n v e r  s i o n  
o f  f o o d  t o  w o o l  � n  s e l e c t e d a n d  un s e l e c t e d M e r i n o 
t y p e s . P u .:=.- t . ,. _ , .... .... , .:·.� ....... .. ,. , ,  

· ·
., · 1 1 7 - 1 3 0 . 

S c h i n c k e l  P . G .  ( 1 9 5 8 ) I n t e r r e l a t i o n s h i p s  o f  f l e e c e  
c h a r a c t e r s  a n d  t h e  d e t e r m i n a t i o n o f  f l e e c e 

a n d  b o dy 
s t r uc t ur e . 

(."' (:,i T) / .... .::·· ; .. 
· ... • :· .: •.:·: ... ,..... -:: .. .. :::r 

Hawk e s b ury Ag r i c . C o l l . ,  N SW , C S I RO ( A u s t )  m i m e o . 

S c h i n c k e l  P . G .  a n d  S h o r t  B . F . ( 1 9 6 1 ) T h e  i n f l u e n c e o f  
n u t r i t i o n a l  l ev e l  d u r i n g p r e - n a t a l  a n d  e a r l y  p o s t ­
n a t a l  l i f e o n  a d u l t  f l e e c e a n d  b o dy c h a r a c t e r s . R � s t . 

}''• 1 :·.: / :;? : 1 7 6 - 2 0 2 . 

S c h n e i d e r  .A. . J . , B o h r e n B . B .  a n d  An d e r s o n '1/ . L .  ( 1 9 5 5 )  T h e  
e f f e c t  o f  r e s t r i c t e d  f e e d i n g  o n  s ev e r a l  g e n e t i c a l l y 
c o n t r o l l e d c h a r a c t e r s i n  t h e  f ow l . ' o u l t .  _ _  1 4 : 
6 9 1 - 7 0 2 . 

S e a r l e  S . R .  ( 1 9 6 6 )  ' f.Y ;:, ·f. ,. 

.. ::. <. .. ": •::: Ti '.:: e .:::: '· . N ew Y o r k : 

/·: .:: ,.__.: _;: i ' (.",! .. 
J o h n  W i l e y a n d  S o n s . 

S e l l J . L . , C h o o  S . H .  a n d  K o n dr a  P . A .  ( 1 9 6 8 )  F a t t y  a c i d  
c omp o s i t i o n 
i n f l u e n c e d  

o f  e g g  y o l k . , a n d  a d i p o s e t i s s u e a s  
by d i e t a r y  f a t  a n d  s t r a i n  o f  h e n . P o u l t .  

·-· ··- ... 
"'' _.; 

1 2 9 6 - 1 3 02 . 

S e l l e r s  H . I . ,  W i l l i am R . L .  a n d  d e  B a c a R . C . ( 1 9 6 9 )  E f f e c t  
c e r t a i n  f a c t o r s  o n  w e a n i n g  w e i g h t  o f  b e e f  c a l v e s . 
P n i m .  s � � - �  2 9 : 1 1 1 - 1 1 2 Ab s t r . N o . 3 7 . 

o f  
7 · .. ' : 

S h e l t o n  !'1 . a n d  M e n z i e s  J . W . 0 9 6 8 )  G e n e t i c  p a r a m e t e r s  o f  s om e  
p e r f o r ma nc e c h a r a c t e r i s t i c s  o f  r a n g e  f i n e - w o o l  e w e s . 
0 P n i m .  S c i . y  2 ? : 1 2 1 9 - 1 2 2 3 . 

S h e l t o n M .  a n d  
m e a s ur e s  
s h e e p . 

M e n z i e s J . W . ( 1 9 6 8 )  H e r i t a b i l i t y o f  s om e  
o f  p r o d uc t i v e  e f f i c i e n c y  i n  r a n g e  f i n e - w o o l  

••• / N ,[._;· .Yi .i :r;_;· .•· -�-:; i.:: 1 j. �-· �:/ (:: : 8 8 9- 8 9 0 Ab s t r . 1� o . 3 0 . 
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S h e l t o n M .  a n d  M e n z i e s J . W .  ( 1 9 7 0 )  R ep e a t a b i 1 i t y a n d  
h e r i t ab i l i t y  o f  c omp o n e n t s  o f  r ep r oduc t i v e e f f i c i e n c y  
i n  f i n e -w o o l  s h e ep . � .  P n 1 m .  S c 1 • •  J O : 1 - 5 . 

S i bba l d  I . R .  a n d  S l i n g e r  S . J .  ( 1 9 6 3 ) T h e  e f f ec t s  o f  b r e e d , 
s e x ,  a n  a r s e n i c a l  a n d  nu t r i e n t  d e n s i t y  on t h e  
ut i l i z a t i o n o f  d i e t a ry e n e rgy . P o u l t .  
1 3 2 5 - 1 3 32 . 

·
.:·· .... . .. 

··
-' '- .::. '"' .T 

S k i t s k o  P . J .  a n d  B ow l a n d  J . P .  ( 1 9 7 0 )  P e r f o r ma n c e o f  g i l t s  a n d  
b a r r ow s  f r om t h r e e  b r e e d i n g g r o up s  m a r k e t e d a t  t h r e e  
l i v ew e i gh t s  w h e n  o f f e r e d d i e t s c o n t a i n i n g t wo l ev e l s 
o f  d i g e s t i b l e  e n e r gy f o r a l i m i t e d p e r i od p e r day . 
(." d n .. .J .  ,t.:i r;· ;: ;:�; • . :::� (: ) ... , . .  ::;· '·-' : 1 6 1 - 1 7 0 . 

S o r e n s e n  P .  ( 1 9 7 7 )  G e n o t yp e - l ev e l  
g r owt h r a t e i n  b r o i l e r s . 
6 32 . 

o f  p r o t e i n  i n t e r a t i o n f or 
6 2 5 -

S t ak a n  G . A .  ( 1 9 6 6 )  T h e  e f f ec t  o f  
h e r i t ab i l i t y 

e nv i r o nm e n t a l  f a c t o r s  o n  
i n  f i n e -wo o l ed s h e ep 2 .  i n d i c e s  o f  

i<1 o s k ,. ,  2 C ( l 0 ) 2 1 - 2 6 . C i t ed f r om 
P n i m .  B r e e d . P b s t r  ( 1 9 6 7 )  ' 3 5 : 4 5 2  Ab s t r . N o . 2 6 3 6 . 

S t a k a n  G . A . , S o s k i n  A . A .  a n d  V ovc e n k o  
o f  s om e  c ha r a c t e r s  i n  

F . J .  ( 1 9 6 3 )  T h e  
s h e ep . 
.�: .? ( 6 )  : 

h e r i t ab i l i t y f i n e -·..ro o l  e d  
... . ... . } .:::· p '/ ·.::: .-: l-' _y·- ·: , .... 

1 2 2 - 1 3 2 . C i t e d f r om P n i m .  B r e e d . H o s � r  
6 8  Ab s t r . N o . 3 6 9 . 

( 1 9 6 6 )  ' 

S t a n i e r M . W .  a n d  M o u n t  L . E . ( 1 97 2 )  Gr owt h r a t e , f o o d i n t ak e  
a n d  b o dy c omp o s i t i o n b e f o r e  a n d  a f t e r  w e a n i ng � n  
s t r a i n s  o f  m i c e s e l e c t ed f o r m a t ur e b o dy w e i gh t . B r  
.. / • i"i u L r ... ,. ;::· ::;; : 3 0 7 - 3 2 5 . 

S t e a n e  D . E . ( 1 9 8 3 ) T h e  s i gn i f i c a n c e o f  i n t e r a c t i o n s  i n  
p r a c t i c a l s h e ep b r e e d i ng i n  N o r t h e r n  Eur op e . L .i v e s t k  

S umn e r  R .  £"1 . W .  ( 1 9 6 9 ) 
... .. ·: . ... �- .

· 

.::- �-· '··· .-. .. ,'".: ., Ti ,.-] 

M .  Agr . S e  i . , 
Z e a l a n d . 

S umn e r  R . M . W .  a n d  
i n c r e a s e d 

·-' '·-·· '·- :.· 

3 9 - 4 8 . 

0 c c m o a J a � l v e s t u d v o f  � n e e r r e c t s  o f  t w o  

!"let s s ey 
fo..f .... Z . •  t; o m :c: :o· • ·  S t"i C' ·:'::- ,o .•. T h e s i s , 

U n i v e r s i t y , Pa l m e r s t o n N o r t h , N ew 

W i c k h a m G . A .  ( 1 9 6 9 )  S om e  e f f e c t s  
s t o c k i n g  l ev e l  o n  w o o l  g r o wt h . P r o 

o f  a n  

2 0 8 - 2 1 7 . 

S um n e r  R . M . W . a n d  W i c kh am G . A .  ( 1 9 7 0 )  A c omp a r i s o n 
f o l l i c l e  d e ve l o pm e n t  o f  N e w  Z e a l a n d  R omn ey 
t w o  s t o c k i n g l ev e l s . N . Z .  J l  P 0 r i r R c � . 1  
4 0 0 . 

o f  w o o l  
l amb s a t  

". . 3 95 -
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Sw i g e r  L . A . , H a r v ey W . R . , Ev e r s o n D . O .  a n d Gr e g o ry K . E .  
c o r r e l a t i o n ( 1 9 6 4 )  T h e va r i a n c e o f  i n t r a c l a s s  

i nv o l v i n g g r oup s w i t h  o n e  ob s e r v a t i o n . 
,: ) : 8 1  8- 82 6 . 

7:.' .. .. -. -... . . .  ,- . •. . . . . 
;_: _;_ , __ .. _•.'.' '.:': • ... _.: .i • •.. •. :' J: 

Sy r s t a d  0 .  ( 1 9 7 6 )  I n t e r a c t i o n b e t w e e n g e n o t y p e  a n d  n ut r i t i o n 

T a i t  S . J .  

1 n  d a i ry p r oduc t i o n - A r ev 1 ew . � � u  

' ' L' ·;• J / (2 ) : 3 3 - 3 8 . 

( 1 9 8 3 )  .::: .••· .;.. .; ..... ... ·i- ., .•··. ·.··� 
·-· .:::- • .. · ,{. .'�.' �::-: '··· .{, • .. :' / ... 

.. t'.i ·:·: ·::: .-:, .. T h e s i s  , 
M . Agr . Sc i . ,  Ma s s ey U n i v e r s i t y , Pa l m e r s t on N o r t h , N ew 
Z e a l a n d . 

T a l l i s  G . l"1 .  ( 1  9 5  9 )  S a mp l i n g e r r o r s  o f  g e n e t i c  c o r r e l a t i o n 
c o e f f i c i e n t s c a l c u l a t e d f r om a n a l y s e s  o f  v a r i a n c e a n d  
c ov a r 1 a n c e .  3 5 - 4  3 . 

T a n e j a V .  K .  a n d  R a o  V . P .  
da i r y 

( 1 9 8 2 )  
c a t t l e  f o r 

G e n o t y p e - e nv i r o n m e n t  
i n t e r a c t i o n 1 n  m i l k  p r o d uc t i o n A 
r ev 1 ew . 6 8 - 7 6 . 

T a y l e r J . C .  
o f  

( 1 9 7 6 )  Nut r i t i o n / g e n o t yp e i n t e r a c t i o n a n d  out put 
l e a n  m e a t  f r om f o r a ·::r e . I -''i _,l) r  ··· · .. • ···· ·:.:: t .  ;.-:. ,·:.:·· .,. . .  , ,. ,  ._,.. . .... :,· -c -" C.' r:o e i 

e f f i c l e n c y o f  � e e t p r o d u c t i o n , A s em i n a r  i n  t h e  EEC 
p r o gr amm e  o f  c o - o r d i n a t i o n o f  r e s e a r c h on b e e f  
p r o duc t i o n , T h e i x , 1 97 5 . ' S c i e n t i f i c a n d  T e c h n i c a l  
I n f o rma t i o n a n d  I n f o r m a t i o n Ma n a g em e n t ' C omm i s s i o n o f  
t h e  Eur op e a n  C ommun i t i e s D i r e c t o r a t e G e n e r a l : 
L ux e nb ourg 0 9 7 6 ) : 3 � � - j j � . C i t ed f r om P n i m .  .::: r t:· ·�· ci " 
;::i /:, .s i r· , ( 1 9 7 7 ) , 4 5  ( 4 ) : 2 2 4 - 2 2 5 , Ab s t r . N o . 1 8 1 4 . 

T ay l o r C . E .  a n d C o n dr a  C .  0 9 7 8 ) 
i n t e r ac t i o n i n  D r o s o r n i l a  
.-::.. c.:-: :  6 3- 6 4 . 

G e n e t i c  a n d  e nv i r o n m e n t a l  

T e r r i l l  C . E .  0 9 3 9 ) S e l e c t i o n o f  r a n g e  R amb o u i l l e t ew e s . ···, ... -· 

,:··: o:: .-. .. :::: 
.:::;· (.J '-· ... /1 .r  .. . i . .  '.'.' .-: ·� · . 3 3 3- 3 4 0 . 

T e s l i k V .  a n d  M a r k ov i c  P .  T h e s i g n i f i c a n c e o f  
i n t e r a c t i o n o f  g e n o t yp e  w i t h  n ut r i t i o n f o r g r owt h a n d  

( 1 9 8 0 )  

d e v e l opm e n t  o f  h e i f e r s . ./ .i ·;..
.- c_; ,:: .i ::::· r.:: a './ (_ .. · r- c-' b a ,.. ::,: 5 ( 9 ) : 

6 5 1 - 6 5 8 . C i t ed f r om � n .i' m . B r E e d ,.. � b s � r  ( 1 9 8 1 )  4 9 : 
3 1 5  Ab s t r . N o . 2 5 6 4 . 

T e s s  M . W . , J e s k e  K . E . , D i l l a r d  E . U .  a n d  R ob i s o n O . W . 0 9 84 ) 
S i r e  x e nv i r o n m e n t  i n t e r a c t i on s  f o r g r owt h t r a i t s o f  
H e r  e f or d c a t  t l e . .} .... (::0 T) i _;·:.·.t .-: :�:: .-::· 1 :: .:.. .:·::.; :�.1 : 1 4  6 7 - 1 4 7 6 . 

T i e r n ey M . L .  ( 1 97 6 ) G e n e t i c  a s p e c t s  o f  p ub e r t y  i n  1'1 e r i n o  ew e s . 
S h e e o  b r e e d i n g .  P r o c ,.. � � � 6  l � t .  L o n Q r e s s  Mur e s k  a n d  
P e r t h ,  W .  Au s t . ,  Aug . 1 9 7 6 : 3 2 2 - 32 9 . C i t e d f r om 

L.• .; ; •.. ;: t••, /.-• •• , ·-· / '  :-. •n , •.•o ,  .·-. '•''' : . : 
·'··' .(. {. .· ·'· /··' ! ! '! • ... · • ..... !.'! .'.'! • •• ! / ! �-·-· 

::? .-:: 9 P  ( 1 9 7 8 )  : 2 3 3 9 . 
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T own e r  R . H .  ( 1 9 7 5 ) 
f e e d  c o n s u m p t i o n 

W i s c o n s i n -Mad i s o n . 
( 1 97 6 ) . ,  3 6 : 4 3 0 3 . 

.·- ·-•
. ,-: • • , • ._ j' _ •• , 

'··· ·:::,: :_. ·-· .i. •:::: 

C i t e d 

a n d  m 1 l k  p r o a u c r 1 o n 

T h e s i s , Ph . D . , U n i v . 
f r om D i s s .  � b s t r . 1 n c .  

o f  

T r i p a t h y  L . P .  ( 1 9 6 6 )  E s t i m a t i o n  o t  s o m e  i m p o r t a n t  g e n e t i c  a n a  
p h e n o t y p i c  p a r a m e t e r s  o f  s o m e  p r o d u c t i v e t r a i t s  1 n  
t r  .... ...:. . P o m .n .-:::· v N c:;,· .r' s h  .-::.- i"_; .;:::· .::::· p .• T h e s i s , M . Agr . S c i . ,  
U n i v e r s i t y , Pa l m e r s t o n N o r t h , New Z e a l a n d . 

f"la s s ey 

T ur n e r  H . N .  M e a s ur em e n t  
s h e ep f o r  w o o l  

P b s t . �  2 4 : 8 7 - 1 1 8 . 

( 1 9 5 6 ) a s  a n  a i d  t o  
p r oduc t i o n . 

s e l e c t i o n 1. n  
b r e e d i n g  

T ur n e r  H . N .  ( 1 9 6 1 )  R e l a t i o n s h i p s  a m o n g  c l e a n  w o o l  w e i gh t  and 
i t s c omp o n e n t s .  I I . T h e  e f f ec t  o f  ma t e r n a l  h a n d i c ap 
a n d  i t s  i n f l ue n c e o n  s e l e c t i o n . � u s t . J .  r i c .  R e s  • •  

/ ?  9 7 4 - 9 9 1 . 

T ur n e r  H . N .  ( 1 9 7 7 )  Au s t r a l i a n  s h e ep b r e e d i n g r e s e a r c h . 
B r e e d . P b s t r . � 4 5 : 9 - 3 1 . 

T u r n e r  H . N .  ( 1 9 7 8 )  S e l e c t i o n f o r  r epr oduc t i v e  r a t e i n  
Au s t r a l i a n  M e r i n o  s h e ep : D i r e c t r e s p o n s e s . 

- l e .  R e s . � � 9 : 3 2 7 - 3 5 0 .  

'{ '··' .-: 

T ur n e r H . N .  a n d  Y o ung S . S . Y .  ( 1 9 6 9 )  

V a r o M .  

Au s t r a l i a : McMi l l a n . 3 3 1 p . 

( 1 9 6 2 )  R e s u l t s  o f  p r e l i m i n a ry 
c a l v e s . M a a t a l o u s K o e t o i m . , / 6 : 
P n �; .m .e r ,-::_:· e c;' . .L.' b :-:: t r· .  ( 1 9 6 5 )  , .. -::: .3 : 

f e e d i n g  t r i a l s  w i t h  
1 85 - 1 9 4 . C i t ed f r om 
3 9 9  Ab s t r . N o . 2 2 6 6 . 

V e s e l y J . A . , P e t e r s  H . F . , S l e n S . B .  a n d  R ob i s o n C . W .  ( 1 97 0 )  
H e r i t ab i l i t i e s a n d  g e n e t i c c o r r e l a t i o n s  i n  gr owt h a nd 
w o o l  t r a i t s  o f  Ramb o tt i l l e t and Romn e l e t s h e ep . •) :: 
P n i m .  � � � - y  � u : 1 7 4 - 1 8 1 . 

V e s e l y J . A .  a n d  R o b i s o n O . W .  
1. n  s h e ep . 

"' .... . 
' � ; .,.., .. .,.., 1w1 ::..· r! .' / .(, .'.'.' :: 

( 1 9 7 0 )  G e n o t yp e- s e x 
S c i . �  3 1 : 2 7 3 - 2 7 7 . 

i n t e r a c t i o n s  

Wagn o n  K . A .  a n d R o l l i n s  W . C .  ( 1 9 5 9 ) H e r i t ab i l i t y  e s t i m a t e s  o f  
p o s t -w e a n i n g gr owt h t o  l o n g  y ea r l i n g a g e  o f  r a n g e  b e e f  
h e i f e r s  r a i s e d o n  g r a s s . .J .• /.:;· n .i r.;; • ... c .z ·" ,  .i >:; : 9 1 8 - 92 4 . 

Wa r r e n  W .  f"[ . a n d  D i c k e r s o n G . E .  ( 1 95 2 )  C omp o n e n t s o f  
p e r f o r ma n c e i n  s e l e c t i n g  f o r  h e t e r o s i s  ' . 

1. n  s w 1. n e . ... �.: �::' .:·:- :1 

f r om {i n .z m .... B r· •:::·· ,c::· d ... ,C.:: ,t:.-, _:::· t r· ( 1 9 5 4 )  , 2 .'? : 
1 6 0 2 . 

Wa rw i c k E . J .  ( 1 97 2 )  
c a t t l e . r.f .Z d  

G e n o t y p e - e nv i r o nm e n t  
r-.' . - ·- ,  0 n -' .m .• P !" o ci .... ,, �:-; ( 1 ) : 

7 l pp . C i t e d 
3 4 4  Ab s t r .  N o . 

i n t e r a c t i o n s  
3 3 - 3 8 . 
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W a r ¥l i c k E .  J .  , D a v i s 
m o n o z y g o t i c  

R . E .  a n d  H i n e r  R . L .  ( 1 9 6 4 )  R e s p o n s e  o f  
b ov i n e  t w i n s  t o  h i g h a n d  l ow c o n c e n t r a � e 

r a t i o n s . '··' ·" . . ... ... . :: .'.'.' ,_. -· ..... 
-. -� 7 8 - 8 3 . 

W a s h b u r n  K . W .  
s t o c k s  

0 9 6 9 )  
o f  

H em a t o l o g i c a l  r e s p o n s e  o f  d i f f e r e n t  
c h i c k e n s t o  i r o n - c opp e r  d e f i c i e n t  d i e t . 

! .·: : 2 0 4 - 2 0 9 . 

'w a t k i n s  L . E . , Svl i g e r L . A .  a n d  M a h a n  D . C . ( 1 9 7 7 )  E f f e c t s a n d 
i n t e r a c t i o n s  o f  b r e e d g r o up , s e x a n d  p r o t e i n  l ev e l  o n  
p e r f o r m a n c e  o f  s w i n e . ..} ,. /-i Fi .Z ,;:1,; •. ·· 2 4 - 2 9 . 

W a t s o n N . , J a c k s o n  N .  a n d  'rl h i t e l ey K . J .  ( 1 9 7 7 )  I n h e r i t a n c e  o f  
t h e  r e s i s t a n c e t o  c omp r e s s i o n p r op e r t y  o f  A u s t r a l i a n 
M e r i n o  w o o l  a n d  i t s  g e n e t i c  c o r r e l a t i o n w i t h  f o l l i c l e  
c ur va t u r e  a n d  va r i o u s  w o o l  a n d  b o dy c h a r a c t e r s . 0 u s t . 
J .  � • �  � C � • y  2 8 : 1 0 8 3 - 1 0 9 4 , 

W eb b  A . J .  a n d  C u r r a n  M . K .  ( 1 9 8 6 )  S e l e c t i o n r e g i m e  by 
p r o d uc t i o n s y s t em i n t e r a c t i o n i n  p i g  i mp r ov em e n t : a 
r e v 1 ew o f  p o s s i b l e c a u s e s  a n d  s o l u t i o n s . L z v e s t k  
P r c.! o' .� ;: . .-::· 1 •. _. / 4 : 4 1 - 5 4 . 

W e b b  A . J .  a n d  K i n g  J . 'l'l . B . ( 1 9 8 3 )  S e l e c t i o n f o r i mp r o v e d  f o o d  
c o n v e r s i o n r a t i o  on a d  1 1 t i t u m g r o u p  f e e d i n g  1 n  p 1 g s . 

37 5 - 3 8 5 . 

W e s t o n R . H .  ( 1 9 5 9 )  T h e  e f f i c i e n c y  
gr a z i n g  M e r i n o  s h e e p . H u s t  
8 85 . 

o f  w o o l  p r o duc t i o n o f  
8 65 -7 '··' 

... . . ... ·- :.· -�-- .l {) : :.··. 2 c: 

i,ol e""T a l a  G . S .  ( 1 9 8 4 )  
·i n 
_r· .,:?. .!··· .::.· m ;;:;· ·t ;;;: r· s· T h e s i s ,  P h . D .  
Pa l m e r s t o n N o r t h , N e w  Z e a l a n d . 

t1a s s e y U n i v e r s i t y . 

W h i t e  D . H .  a n d  M c C o n c h i e B . J . ( 1 9 7 6 )  
o n  f l e e c e m e a s u r em e n t s a n d  

E f f e c t  o f  s t o c k i n g  r a t e 
t h e i r  r e l a t i o n s h i p i n  

M e r i n o  s h e ep .  P u s t . J .  r z c .  1"-. 0::: ·=· " .'" _,. i : 1 6 3 - 1 7 4 . 

W i c k h a m  G . A .  ( 1 9 6 8 ) Br e a k  a n d  t e n d e r n e s s  i n  w o o l . 
_{.· T!l '} • p • • .Z ::·· :_:. ? : 7 3- 7 8 , 

W i c k h a m  G . A .  ( 1 9 7 1 )  S om e  a s p e c t s  o f  t h e  r e l a t i o n o f  f i b r e 
f i n  e n  e s  s e s t i m a t e s  . H O  o .i. _. p ,:J .l !"i.; \'::· .r· .:::· f.: c_; n t·l .. , ,. ,.J ( 3 )  : 
3 7 . 

W i c k h a m  G . A .  ( 1 9 7 3 )  S e l e c t i o n c r i t e r i a  f o r w o o l  i mp r ov e m e n t  by 
s h e ep b r e e d i n g . N . £  S o c  H n z m .  P r o d .  0 o o l  S t u d y  G r p 
;·) .i s ;_:· ,. P a p e r' , 1 97 3 . 3 2 p .  

W i c k h a m  G . A .  a n d  B i g h am M . L .  ( 1 9 7 3 )  T h e e f f e c t s  o f  s h e ep 
m a n a g em e n t  o n  w o o l  c h a r a c t e r i s t i c s . N . l .  S o L . R n 2 m 
;::.. r· o c.i .• 14 <.":' <.".! 1  .:::. r: u c; v ' . .! / ,_ • . . :' .z s· .::: P -::t r· c·:::· r·· 1 9 7 3 . 2 9p .  
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W i c k h a m  G . A .  a nd f1c Ph e r s o n  A . W .  ( 1 9 8 5 )  A r ev i ew o f  t h e  
i mp o r t a n c e o f  w o o l  t r a i t s  a s  g e n e t i c  i mp r ov em e n t  
o b j e c t i v e s  a n d  s e l e c t i o n c r i t e r i a  f o r N ew Z e a l a n d  
R omn ey s h e ep . P r o c . N . Z .  S o c . P n i m .  r r o a . ,  4 5 : 2 0 3 -
2 0 8 . 

W i e n e r G .  ( 1 97 9 )  o f  g e n e t i c  a s p e c t s  
p a r t i c u l a r  r e f e r e nc e t o  

L i v e s t k r r a d .  S c i . y  6 :  2 2 3 -2 3 2 .  

R ev i ew 
w i t h  m e t ab o l i s m 

s h e ep . 

o f  m i n e r a l  
c opp e r  i n  

W i e n e r  G .  ( 1 9 8 2 )  G e n e t i c  v a r i a t i o n i n  t h e  m i n e r a l  m e t ab o l i s m 
o f  s h e ep a n d  c a t t l e . p . 3 3 3 - 3 4 2 . I n  ' P r o c .  N l d  C a n g r .  
S i".; r::· c:::·· p .e r:: r:: l C a :� f: .l e P r ,;,;· ,::7· d ,.. , !/ (: ]  ! ·' Edi t o r s  Ba r t o n R . A .  
a n d  S m i t h  W . C . , P a l m e r s t o n N o r t h : Dunm o r e P r e s s . 

W i gg a n s  G . R .  a n d  V a n  V l e c k  L . D .  ( 1 9 7 8 )  Eva l ua t i o n o f  s i r e s  � n  
h e r d s  f e e d i n g  d i f f e r i n g p r op o r t i o n s  o f  c o nc e n t r a t e s  
a n d  r o ugh a g e s . .J .� i) a i r· v  s ... :· :i ... • ( .. . ,. : 2 4 6 - 2 4 9 .  

W i l l i am s  A . J .  ( 1 9 6 6 )  T h e  e f f i c i e n c y  o f  c o n v e r s i o n o f  f e e d t o  
w o o l  dur i n g l i m i t e d  a n d  un l im i t ed f e e d i n g  o f  f l oc k s  
s e l e c t e d o n  c l e a n  f l e e c e  w e i ght . P u s t . J .  E x p .  P g r i  
P n i m .  H u s b . � o :  9 0 - 9 5 . 

W i l l i am s  A . J .  ( 1 9 7 6 )  M e t ab o l i s m o f  cy s t i n e  b y  M e r i n o  s h e ep 
g e n e t i c a l l y  d i f f e r e n t  i n  w o o l  p r oduc t i o n . I V  Rat e s  
o f  e n t ry o f  c y s t i n e  i n t o  p l a s ma , 

3
�e a s ur ed w i t h  a 

s i n g l e i n t r a v e n o u s  i n j e c t i o n o f
3
5- [  S ]  c y s t i n e , a n d  

t h e  s ub s e qu e n t  i n c o r p o r a t i o n o f  S i n t o  w o o l  f i b r e s . 
f.·) u s· t • . ] .  S' i o l �� �::· .-::: :!. . _,. 2 �;:.- . 5 1 3 -5 2 4 . 

W i l l i am s  A . J .  a n d  W i n s t o n R . J .  ( 1 9 65 )  R e l a t i v e  e f f i c i e n c i e s  o f  
c o nv e r s � o n o f  f e e d t o  w o o l  a t  t h r e e  l ev e l s  o f  
n ut r i t i o n i n  f l o c k s  g e n e t i c a l l y  d i f f e r en t  i n  w o o l  
p r o d uc t i o n  . i'.:i u s  "f:: .� •. f ... L .:..:· .P r·· .i .-:� • () n i ,;-:r; • h' u . . ::. u .. ,. ··:: • 

3 9 0 - 3 9 5 . 

W i l l i s  t'l . B . , S a n t i a g o  0 .  a n d  Sa n t o s  A .  ( 1 9 7 0 )  G e n o t yp e -
n ut r i t i o n i n t e r ac t i o n s  i n  b e e f  c a t t l e . R e v t a . 
(:· i ·::; , ,. ,_  .. . � .:t •,1' r .i .::: . ,. 4 : 1 5  5 - 1 6 1  . 

W i l s o n S . P .  ( 1 9 7 4 )  G e n o t yp e  b y  e nv i r onm e n t  i n t e r ac t i o n i n  t h e  
c o n t e xt o f  a n i ma l  b r e e d i n g . 1 .:-:-:- -.� l·./ .l G'' t.- .::-·.:: :·:] ·.:--·· {:; r:::·· _r_:. �-:-:·· t: .. � 

(..;. ,u ,u 1 .� i.. i ·;.· .•::· s- ·c f.:· P .r !) ,j .� ., / : 3 9 3 - 4 l 2 . 

W i l t b a n k  J . N . , Ka s s o n C . W .  a n d  I n ga l l s  J . E .  ( 1 9 6 9 )  Pub e r t y  i n  
c r o s s b r e d a n d  s t r a i gh t b r ed b e e f  h e i f e r s o n  t w o  l ev e l s  
o f f e e d . . .. l _., {.:;· _:,--,, i l:'.;· .... ,..-:: .i � .. / :2 �:> : 6 0 2 - 6 0 5 . 

Wo l f  G .  ( 1 9 5 1 ) C a n  c o n c l u s i o n s  b e  drawn a b out a v e r a g e  l i f e t i m e  
w o o l  y i e l d  f r om t h e  y e a r l i n g wo o l  y i e l d  i n  Bava r i a n 
M e r i n o - L a n d  s h e ep ?  Z u c h t u n g s k u n d e . 2 / : 1 8 3 - 1 8 9 . 
C i t ed f r om P n i m .  B r e e d . P b s t r  ( 1 9 5 1 ) , 1 9 : 3 5 3 Ab s t r . 
N o . 1 2 5 6 . 



i 

,J ·=L l_ oi j_ Ud i n  
g e n o t yp e x 

S .  a n d M ukh e r j e e  T . K .  
f e e d i n g  i n t e r a c t i o n s  

c h i c k e n s . N a l a v � 1 2 n H p r  
f r om P n .i  {:;· " 
5 1 0 3 . 

' ,(:.• .::.-:· { )''• ( 1 9 7 9 )  ' 
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( 1 9 7 7 )  A s t udy o f  
1 n  hy b r i d  b r o i l e r 

'' · : 2 0 1 - 2 0 9 . C i t e d 
4 7  5 9 9 Ab s t r .  N o . 

W o o l l i am s  J . A . , S ut t l e  N . F . , W i e n e r  G . , F i e l d  A . C .  a n d 
W o o l l i am s  C .  ( 1 9 8 3 )  T h e  l o n g - t e r m  a c c umu l a t i o n a n d 
d ep l e t i o n o f  c opp e r  i n  t h e  l i v e r  o f  d i f f e r e n t  b r e e d s  
o f  s h e ep f e d d i e t s o f  d i f f e r i n g c op p e r  c o n t e n t . � -

.. "' .:·.· . ' ' ' .. ,, c. ,::; ;;_;- (:, • .' / () 0 : 4 4 1 - 4 4 9 . 

W o o  l l  i am s J . A . , W i e n  e r  G . , S ut t l e N . F . a n d  F i e l d A . C . ( 1 9 8 3 )  
T h e c opp e r  c o n t e n t  o f  w o o l  i n  r e l a t i o n t o  b r e e d  a n d  
t h e  c on c e n t r a t i o n s  o f  c opp e r  i n  t h e l i v e r  a n d  p l a s m a . 
-;: '-' t: y·- ... ..-·· s· .·::: 1 .... 5 0 5 - 5 0 7 . 

W o od J . D . , L od g e  G . .  A.. . a n d  L i s t e r D .  ( 1 9 7 9 )  R e s p o n s e  t o  
O l d  d i f f e r e n t  r a t e s  o f  e n e r gy i n t ak e  by G l o u c e s t e r 

Sp o t  a n d  L a r g e  W h i t e  b o a r s a n d  g i l t s  g i v e n  t h e  
t ot a l  f e e d  a l l ow a n c e .  r':i r· . ;- r::· (' v , . ; • . . :., • .37 1 - 3 8 0 . 

s a m e  

W o o l a s t o n  R . R .  
s h e ep . 

( 1 9 8 5 ) G e n o t yp e - e nv i r o n m e n t  i n t er a c t i o n s  w i t h  
P .:.-·· e; ,·::: ·"" ;;:_ .j.. f. •.. . _ ... '··· ,· _: 

3 9 - 4 4 . 

W o o l a s t o n R . R .  ( 1 9 8 6 ) Pe r s . c omm . Ex t r a c t  f r om pap e r  p r ep a r e d 
f o r A . W . C .  R ev i ew Symp o s i um ,  M a y  1 9 8 7 . 

W o o l a s t o n R . R .  0 9 8 7 )  G e n o t y p e  �{ e nv i r o n m e n t i n t e r a c t i on s  a n d  
t h e i r  p o s s i b l e i mp a c t  o n  b r e ed i n g  p r ogr am s . p 4 2 1 - 4 3 5 . 
I n  ·' h' e r  .i n e)  I rH _r;. r c_:.  �� .::·' i?i .:::: .:c-.:· ·f:; P r· o  q r· .,:i _;'ii :::: :i n  f.! u. s· t: r a J. i .,;;; '' Pr o c  . 
N a t i on a l  S y mp . ,  L e ura , N SW , 1 9 8 7 . Ed i t e d by B . J .  
M c Gu i rk . A u s t . W o o l  C orp . 1 9 8 7  T e c h . P ub l i c a t i o n . 

W r i gh t  G . M .  a n d  S t e v e n s P . G .  0 9 5 3 ) 
a n d  b r e e d i n g p e r f o rma n c e 
C or r i e da l e  e w e s . i-L l "  .J ., 

·:; ,.. .. . , 

L i f e t i m e  w o o l  
o f  R o m n e y  

Y a l c i n  B . C . a n d  B i c h a r d  M .  (1 9 6 4 )  C r o s s b r e d  s h e ep 
I I . T h e r ep e a t ab i l i t y  o f  p e r f o r m a n c e a n d  
f or c u l l i n g . P n i m .  P r o d . f  6 :  8 5 - 9 0 . 

p r oduc t i o n 
l'1ar s h  a n d  
4 3 0 - 4 3 5 . 

p r oduc t i o n . 
t h e  s c op e  

Y am a da Y .  ( 1 9 6 2 )  G e n o t yp e by env i r o n m e n t  i n t e r a c t i o n a n d  

Y am a da Y .  

g e n e t i c  c o r r e l a t i o n o f  t h e s am e  t r a i t  u n d e r  d i f f e r e n t  
e nv i r o n m e n t s  . .. )' ·=-2· .. o :.- �}' �.. {��- .:-:-::- r.:: ,:.;.:·· t: ... · _;,· .J / : 4 9 8 - 5 0 9 . 

( 1 9 7 4 ) 
qua n t i t a t i v e  

a s  a 
g e n e t i c s . .i s (  

L .i -;.: r::.:- :.::: ·( k r:' .. v·- C) cl �-- _.;· 1 : 4 3 9 - 4 5 0 . 

b i o l o g i c a l  m od e l  1 n  
.···_; r · r· { 

Y am a da Y .  a n d  Be l l  
g r owt h i n  

.A . . E .  0 9 6 3 )  S e l e c t i o n f o r 1 3 -day 
T r i b o l 2 u m un der t w o  n u t r i t i o n a l  

l a r v a l 
l ev e l s .  

1 ,:;-;. "(': " C O F.:O (} .,. i:; ,:.c·- _:;; ,.,:· f .,. ·'' / :  2 5 6 - 2 5 7 . 

\ 
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Y amada Y .  a n d  Be l l  A . E .  ( 1 9 6 9 )  S e l e c t i o n f o r  l a rva l gr owt h 1 n  
l r i b o i i u m u n d e r  t w o l ev e l s o f  n ut r i t i o n . G e n e t . R e s . � 
.t :.: : 1 7 S - 1 9 S . 

Y o un g  G . B .  ( 1 9 5 3 ) 
i n  m i c e , 

A s t udy o f  g e n o t y p e - e nv i r o nm e n t  i n t e r a c t i o n 
J .  P g r i c . S c 1 . C a m b  . •  4 3 : 2 1 8 - 2 2 2 . 

Y o u n g  S . S . Y . , T ur n e r  H . N .  a n d  D o l l i n g C . H . S .  ( 1 9 6 0 )  
C o mp a r i s o n o f  e s t i ma t e s  o f  r ep e a t ab i l i t y  a n d  
h e r i t ab i l i t y  f o r  s om e  p r oduc t i o n t r a i t s  i n  M e r i n o  r a m s  
a nd e w e s  I .  R e p  e a  t a b i  1 i t y . .4 u .:=: f.: ., .. / .  {;· :;; ;- J. . :. ,i.� e ::: . . 1 i : 
2 S 7 - 2 7 S . 

Y o u n g  S . S . Y . , T u r n e r  H . N .  a n d  D o l l i n g  C . H . S .  ( 1 9 6 0 )  
C omp a r i s o n o f  e s t i ma t e s  o f  r ep e a t ab i l i ty a n d  
h e r i t ab i l i t y  f o r s om e  p r oduc t i o n t r a i t s  1 n  M e r i n o  r a m s  
a n d  ew e s  I I . H e r i t ab i l i t y . P u .:=: t . J .  r 1 c .  R e s  • •  

1 l : 6 04 - 6 1 7 . 

Y o un g S . S . Y . , T ur n e r  H . N .  a n d  D o l l i n g  C . H . S .  ( 1 9 6 3 )  
f o r f e r t i l i t y i n  A u s t r a l i a n M e r i n o  S h e ep . 
(� q .! ·' ·- • .hi_ ,::;·· s . ..  ,. l 4 : 4 6 0 - 4 8 2 . 

S e l e c t i o n 

Z i mm e rm a n  D . R . , Sp i e s  H . G . , R i g or E . M . , S e l f H . L .  a n d  C a s i d a  
L . E .  ( 1 9 6 0 )  E f f e c t s  o f  r e s t r i c t e d f e e d i n g , 
c r o s s b r e e d i n g  a n d  s e a s o n o f  b i r t h  o n  a g e  a t  p ub e r t y  i n  
s w i n e . ._! = ,.-:'.:i .TJ .i .-:n � �:;· ·-: -�· . · ., .:: ·::: 6 8 7 - 6 9 4 . 
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